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Introduction
• The data at the LHC indicates the SM is very promising.


• The SM fails to give a quantitative explanation of baryon asymmetry of 
the Universe. Baryogenesis requires additional CP phases and it is 
important to find them.


• The Higgs sector has not been well tested experimentally.


• It is important to constrain CPV Higgs couplings experimentally or 
theoretically in a model independent way.


• In particular, the interaction between Higgs and top quark is strongly 
related to the fine-tuning problem as well as the stability of the EW 
vacuum. 


• No new particle has been found so far at the LHC. EFT approach is 
desirable to model-independently study the anomalous CP violating 
Higgs coupling.  



Plan
1. Constraining anomalous Higgs couplings theoretically 

with unitarity.


2. Study measurements of the CPV Higgs-top coupling in 
pp→ttH and tHj processes at colliders.



EFT approach

• The SM considers all possible D=4 terms that are consistent with 
Lorentz and gauge symmetry (except for the QCD θ term).

• After EW symmetry breaking, we consider the following CP violating 
operators in the Higgs sector up to D=5:

• Effective Field Theory (EFT) provides a powerful framework to study 
new type of interactions among the SM degrees of freedom.

F̃µν ≡ ϵµνρσFρσ
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Ohff = hψ̄fγ5ψf
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OhFF̃ = hFµν F̃
µν
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OhhZ = h(∂µh)Z
µ
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D = 4
<latexit sha1_base64="ti1OP7XeHgqpOqVoFTsaZ/GluRY=">AAAB6nicZVBNSwMxEJ2tX7V+VT16CZaCp7IrgnoQinrwWNG1hXYp2TTbhibZJckKZelP8CQo4tV/5Ml/Y9ouYtsHA4/3ZpiZFyacaeO6P05hZXVtfaO4Wdra3tndK+8fPOk4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw5uJ33ymSrNYPppRQgOB+5JFjGBjpYfbq7NuueLW3CnQMvFyUoEcjW75u9OLSSqoNIRjrduem5ggw8owwum41Ek1TTAZ4j5tWyqxoDrIpqeOUdUqPRTFypY0aKr+n8iw0HokQtspsBnoRW8i/nnVuVUmuggyJpPUUElmm6KUIxOjyeOoxxQlho8swUQxeywiA6wwMTaekk3BW/x5mfintcuad+9W6td5HEU4gmM4AQ/OoQ530AAfCPThBd7g3RHOq/PhfM5aC04+cwhzcL5+AXjejUg=</latexit><latexit sha1_base64="ti1OP7XeHgqpOqVoFTsaZ/GluRY=">AAAB6nicZVBNSwMxEJ2tX7V+VT16CZaCp7IrgnoQinrwWNG1hXYp2TTbhibZJckKZelP8CQo4tV/5Ml/Y9ouYtsHA4/3ZpiZFyacaeO6P05hZXVtfaO4Wdra3tndK+8fPOk4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw5uJ33ymSrNYPppRQgOB+5JFjGBjpYfbq7NuueLW3CnQMvFyUoEcjW75u9OLSSqoNIRjrduem5ggw8owwum41Ek1TTAZ4j5tWyqxoDrIpqeOUdUqPRTFypY0aKr+n8iw0HokQtspsBnoRW8i/nnVuVUmuggyJpPUUElmm6KUIxOjyeOoxxQlho8swUQxeywiA6wwMTaekk3BW/x5mfintcuad+9W6td5HEU4gmM4AQ/OoQ530AAfCPThBd7g3RHOq/PhfM5aC04+cwhzcL5+AXjejUg=</latexit><latexit sha1_base64="ti1OP7XeHgqpOqVoFTsaZ/GluRY=">AAAB6nicZVBNSwMxEJ2tX7V+VT16CZaCp7IrgnoQinrwWNG1hXYp2TTbhibZJckKZelP8CQo4tV/5Ml/Y9ouYtsHA4/3ZpiZFyacaeO6P05hZXVtfaO4Wdra3tndK+8fPOk4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw5uJ33ymSrNYPppRQgOB+5JFjGBjpYfbq7NuueLW3CnQMvFyUoEcjW75u9OLSSqoNIRjrduem5ggw8owwum41Ek1TTAZ4j5tWyqxoDrIpqeOUdUqPRTFypY0aKr+n8iw0HokQtspsBnoRW8i/nnVuVUmuggyJpPUUElmm6KUIxOjyeOoxxQlho8swUQxeywiA6wwMTaekk3BW/x5mfintcuad+9W6td5HEU4gmM4AQ/OoQ530AAfCPThBd7g3RHOq/PhfM5aC04+cwhzcL5+AXjejUg=</latexit><latexit sha1_base64="ti1OP7XeHgqpOqVoFTsaZ/GluRY=">AAAB6nicZVBNSwMxEJ2tX7V+VT16CZaCp7IrgnoQinrwWNG1hXYp2TTbhibZJckKZelP8CQo4tV/5Ml/Y9ouYtsHA4/3ZpiZFyacaeO6P05hZXVtfaO4Wdra3tndK+8fPOk4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw5uJ33ymSrNYPppRQgOB+5JFjGBjpYfbq7NuueLW3CnQMvFyUoEcjW75u9OLSSqoNIRjrduem5ggw8owwum41Ek1TTAZ4j5tWyqxoDrIpqeOUdUqPRTFypY0aKr+n8iw0HokQtspsBnoRW8i/nnVuVUmuggyJpPUUElmm6KUIxOjyeOoxxQlho8swUQxeywiA6wwMTaekk3BW/x5mfintcuad+9W6td5HEU4gmM4AQ/OoQ530AAfCPThBd7g3RHOq/PhfM5aC04+cwhzcL5+AXjejUg=</latexit><latexit sha1_base64="pG3cLVfWbkILBOsLmzXb4sB1HwQ=">AAAB6nicZVBNS8NAEJ3Ur1q/qh69LJaCp5KI+HEQinrwWNHYQhvKZrtpl+4mYXcjlNCf4ElQxKv/yJP/xm2aiq0PBh7vzTAzz485U9q2v63C0vLK6lpxvbSxubW9U97de1RRIgl1ScQj2fKxopyF1NVMc9qKJcXC57TpD68nfvOJSsWi8EGPYuoJ3A9ZwAjWRrq/uTzplit2zc6A/hMnJxXI0eiWvzq9iCSChppwrFTbsWPtpVhqRjgdlzqJojEmQ9ynbUNDLKjy0uzUMaoapYeCSJoKNcrUvxMpFkqNhG86BdYDtehNxF+vOrdKB+deysI40TQk001BwpGO0ORx1GOSEs1HhmAimTkWkQGWmGgTTylL4XT2/CKZpeAe1y5qzp1dqV/lcRThAA7hCBw4gzrcQgNcINCHZ3iFN0tYL9a79TFtLVj5zD7Mwfr8AX9ZjVc=</latexit><latexit sha1_base64="pG3cLVfWbkILBOsLmzXb4sB1HwQ=">AAAB6nicZVBNS8NAEJ3Ur1q/qh69LJaCp5KI+HEQinrwWNHYQhvKZrtpl+4mYXcjlNCf4ElQxKv/yJP/xm2aiq0PBh7vzTAzz485U9q2v63C0vLK6lpxvbSxubW9U97de1RRIgl1ScQj2fKxopyF1NVMc9qKJcXC57TpD68nfvOJSsWi8EGPYuoJ3A9ZwAjWRrq/uTzplit2zc6A/hMnJxXI0eiWvzq9iCSChppwrFTbsWPtpVhqRjgdlzqJojEmQ9ynbUNDLKjy0uzUMaoapYeCSJoKNcrUvxMpFkqNhG86BdYDtehNxF+vOrdKB+deysI40TQk001BwpGO0ORx1GOSEs1HhmAimTkWkQGWmGgTTylL4XT2/CKZpeAe1y5qzp1dqV/lcRThAA7hCBw4gzrcQgNcINCHZ3iFN0tYL9a79TFtLVj5zD7Mwfr8AX9ZjVc=</latexit>

D = 5
<latexit sha1_base64="dhnHHNnzqzcnFrW9UD/Y5Fipd78=">AAAB6nicZVBNSwMxEJ2tX7V+VT16CZaCp7IriHoQinrwWNG1hXYp2TTbhibZJckKZelP8CQo4tV/5Ml/Y9ouYtsHA4/3ZpiZFyacaeO6P05hZXVtfaO4Wdra3tndK+8fPOk4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw5uJ33ymSrNYPppRQgOB+5JFjGBjpYfbq7NuueLW3CnQMvFyUoEcjW75u9OLSSqoNIRjrduem5ggw8owwum41Ek1TTAZ4j5tWyqxoDrIpqeOUdUqPRTFypY0aKr+n8iw0HokQtspsBnoRW8i/nnVuVUmuggyJpPUUElmm6KUIxOjyeOoxxQlho8swUQxeywiA6wwMTaekk3BW/x5mfintcuad+9W6td5HEU4gmM4AQ/OoQ530AAfCPThBd7g3RHOq/PhfM5aC04+cwhzcL5+AXpijUk=</latexit><latexit sha1_base64="dhnHHNnzqzcnFrW9UD/Y5Fipd78=">AAAB6nicZVBNSwMxEJ2tX7V+VT16CZaCp7IriHoQinrwWNG1hXYp2TTbhibZJckKZelP8CQo4tV/5Ml/Y9ouYtsHA4/3ZpiZFyacaeO6P05hZXVtfaO4Wdra3tndK+8fPOk4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw5uJ33ymSrNYPppRQgOB+5JFjGBjpYfbq7NuueLW3CnQMvFyUoEcjW75u9OLSSqoNIRjrduem5ggw8owwum41Ek1TTAZ4j5tWyqxoDrIpqeOUdUqPRTFypY0aKr+n8iw0HokQtspsBnoRW8i/nnVuVUmuggyJpPUUElmm6KUIxOjyeOoxxQlho8swUQxeywiA6wwMTaekk3BW/x5mfintcuad+9W6td5HEU4gmM4AQ/OoQ530AAfCPThBd7g3RHOq/PhfM5aC04+cwhzcL5+AXpijUk=</latexit><latexit sha1_base64="dhnHHNnzqzcnFrW9UD/Y5Fipd78=">AAAB6nicZVBNSwMxEJ2tX7V+VT16CZaCp7IriHoQinrwWNG1hXYp2TTbhibZJckKZelP8CQo4tV/5Ml/Y9ouYtsHA4/3ZpiZFyacaeO6P05hZXVtfaO4Wdra3tndK+8fPOk4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw5uJ33ymSrNYPppRQgOB+5JFjGBjpYfbq7NuueLW3CnQMvFyUoEcjW75u9OLSSqoNIRjrduem5ggw8owwum41Ek1TTAZ4j5tWyqxoDrIpqeOUdUqPRTFypY0aKr+n8iw0HokQtspsBnoRW8i/nnVuVUmuggyJpPUUElmm6KUIxOjyeOoxxQlho8swUQxeywiA6wwMTaekk3BW/x5mfintcuad+9W6td5HEU4gmM4AQ/OoQ530AAfCPThBd7g3RHOq/PhfM5aC04+cwhzcL5+AXpijUk=</latexit><latexit sha1_base64="dhnHHNnzqzcnFrW9UD/Y5Fipd78=">AAAB6nicZVBNSwMxEJ2tX7V+VT16CZaCp7IriHoQinrwWNG1hXYp2TTbhibZJckKZelP8CQo4tV/5Ml/Y9ouYtsHA4/3ZpiZFyacaeO6P05hZXVtfaO4Wdra3tndK+8fPOk4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw5uJ33ymSrNYPppRQgOB+5JFjGBjpYfbq7NuueLW3CnQMvFyUoEcjW75u9OLSSqoNIRjrduem5ggw8owwum41Ek1TTAZ4j5tWyqxoDrIpqeOUdUqPRTFypY0aKr+n8iw0HokQtspsBnoRW8i/nnVuVUmuggyJpPUUElmm6KUIxOjyeOoxxQlho8swUQxeywiA6wwMTaekk3BW/x5mfintcuad+9W6td5HEU4gmM4AQ/OoQ530AAfCPThBd7g3RHOq/PhfM5aC04+cwhzcL5+AXpijUk=</latexit><latexit sha1_base64="If73zCE+soN97C6CD2/vuYwy54A=">AAAB6nicZVBNS8NAEJ3Ur1q/qh69LJaCp5IIfh2Eoh48VjS20Iay2W7apbtJ2N0IJfQneBIU8eo/8uS/cZumYuuDgcd7M8zM82POlLbtb6uwtLyyulZcL21sbm3vlHf3HlWUSEJdEvFItnysKGchdTXTnLZiSbHwOW36w+uJ33yiUrEofNCjmHoC90MWMIK1ke5vLk+65YpdszOg/8TJSQVyNLrlr04vIomgoSYcK9V27Fh7KZaaEU7HpU6iaIzJEPdp29AQC6q8NDt1jKpG6aEgkqZCjTL170SKhVIj4ZtOgfVALXoT8derzq3SwbmXsjBONA3JdFOQcKQjNHkc9ZikRPORIZhIZo5FZIAlJtrEU8pSOJ09v0hmKbjHtYuac2dX6ld5HEU4gEM4AgfOoA630AAXCPThGV7hzRLWi/VufUxbC1Y+sw9zsD5/AIDdjVg=</latexit><latexit sha1_base64="If73zCE+soN97C6CD2/vuYwy54A=">AAAB6nicZVBNS8NAEJ3Ur1q/qh69LJaCp5IIfh2Eoh48VjS20Iay2W7apbtJ2N0IJfQneBIU8eo/8uS/cZumYuuDgcd7M8zM82POlLbtb6uwtLyyulZcL21sbm3vlHf3HlWUSEJdEvFItnysKGchdTXTnLZiSbHwOW36w+uJ33yiUrEofNCjmHoC90MWMIK1ke5vLk+65YpdszOg/8TJSQVyNLrlr04vIomgoSYcK9V27Fh7KZaaEU7HpU6iaIzJEPdp29AQC6q8NDt1jKpG6aEgkqZCjTL170SKhVIj4ZtOgfVALXoT8derzq3SwbmXsjBONA3JdFOQcKQjNHkc9ZikRPORIZhIZo5FZIAlJtrEU8pSOJ09v0hmKbjHtYuac2dX6ld5HEU4gEM4AgfOoA630AAXCPThGV7hzRLWi/VufUxbC1Y+sw9zsD5/AIDdjVg=</latexit>



hψ̄fγ5ψf
<latexit sha1_base64="ZpFAOf7+biKJy1rNQuMluZpi2/8=">AAACBnicZVDLSsNAFL2p7/qKuhRhsAquSiKIuhPduKxgVDAl3Ewn7dCZJMxMhFK6cuXCD/ATXAmKuO0/uPJvnD4QqwcGzj3nXu7cE+eCa+N5X05panpmdm5+oby4tLyy6q6tX+msUJQFNBOZuolRM8FTFhhuBLvJFUMZC3Ydt88G/vUdU5pn6aXp5KwusZnyhFM0VorcrRYJY1QkzDWPEhI2UUqMDsZ15Fa8qjcE+U/8Mamc7Dw99gGgFrmfYSOjhWSpoQK1vvW93NS7qAyngvXKYaFZjrSNTXZraYqS6Xp3eEaP7FqlQZJM2ZcaMlR/T3RRat2Rse2UaFr6rzcQf7zdiVUmOap3eZoXhqV0tCkpBDEZGYRCGlwxakTHEqSK288S2kKF1NjoyjYF/+/N/0mwXz2u+hc2jVMYYR42YRv2wIdDOIFzqEEAFO7hGV7hzXlwXpx352PUWnLGMxswAaf/Ddgzmlg=</latexit><latexit sha1_base64="3MIub6vO9Zk4KlXn1J77RTivpbo=">AAACBnicZVDLSgMxFM34rPVVdSlCsBZclRlB1F3RjcsKji10ynAnzbShycyQZIRSu3Llwg/QP3AlWMStP+DKlX9j+kBseyBw7jn3cnNPkHCmtG3/WHPzC4tLy5mV7Ora+sZmbmv7RsWpJNQlMY9lNQBFOYuoq5nmtJpICiLgtBK0LwZ+5ZZKxeLoWncSWhfQjFjICGgj+bm9FvYCkNhLFPND7DVBCPCPx7Wfy9tFewg8S5wxyZcOnh6/+nfPZT/37TVikgoaacJBqZpjJ7reBakZ4bSX9VJFEyBtaNKaoREIqurd4Rk9XDBKA4exNC/SeKj+n+iCUKojAtMpQLfUtDcQ/7zCxCodnta7LEpSTSMy2hSmHOsYD0LBDSYp0bxjCBDJzGcxaYEEok10WZOCM33zLHGPimdF58qkcY5GyKBdtI8OkYNOUAldojJyEUH36AW9ob71YL1a79bHqHXOGs/soAlYn79Md5wu</latexit><latexit sha1_base64="3MIub6vO9Zk4KlXn1J77RTivpbo=">AAACBnicZVDLSgMxFM34rPVVdSlCsBZclRlB1F3RjcsKji10ynAnzbShycyQZIRSu3Llwg/QP3AlWMStP+DKlX9j+kBseyBw7jn3cnNPkHCmtG3/WHPzC4tLy5mV7Ora+sZmbmv7RsWpJNQlMY9lNQBFOYuoq5nmtJpICiLgtBK0LwZ+5ZZKxeLoWncSWhfQjFjICGgj+bm9FvYCkNhLFPND7DVBCPCPx7Wfy9tFewg8S5wxyZcOnh6/+nfPZT/37TVikgoaacJBqZpjJ7reBakZ4bSX9VJFEyBtaNKaoREIqurd4Rk9XDBKA4exNC/SeKj+n+iCUKojAtMpQLfUtDcQ/7zCxCodnta7LEpSTSMy2hSmHOsYD0LBDSYp0bxjCBDJzGcxaYEEok10WZOCM33zLHGPimdF58qkcY5GyKBdtI8OkYNOUAldojJyEUH36AW9ob71YL1a79bHqHXOGs/soAlYn79Md5wu</latexit><latexit sha1_base64="3MIub6vO9Zk4KlXn1J77RTivpbo=">AAACBnicZVDLSgMxFM34rPVVdSlCsBZclRlB1F3RjcsKji10ynAnzbShycyQZIRSu3Llwg/QP3AlWMStP+DKlX9j+kBseyBw7jn3cnNPkHCmtG3/WHPzC4tLy5mV7Ora+sZmbmv7RsWpJNQlMY9lNQBFOYuoq5nmtJpICiLgtBK0LwZ+5ZZKxeLoWncSWhfQjFjICGgj+bm9FvYCkNhLFPND7DVBCPCPx7Wfy9tFewg8S5wxyZcOnh6/+nfPZT/37TVikgoaacJBqZpjJ7reBakZ4bSX9VJFEyBtaNKaoREIqurd4Rk9XDBKA4exNC/SeKj+n+iCUKojAtMpQLfUtDcQ/7zCxCodnta7LEpSTSMy2hSmHOsYD0LBDSYp0bxjCBDJzGcxaYEEok10WZOCM33zLHGPimdF58qkcY5GyKBdtI8OkYNOUAldojJyEUH36AW9ob71YL1a79bHqHXOGs/soAlYn79Md5wu</latexit><latexit sha1_base64="ye+YQCvoamG/XMpaKgUtmkM/3vI=">AAACBnicZVDLSgMxFM34rPVVdSlCsBZclanga1d047KCtYVOGe6kmTY0mRmSjFBqV65c+AH6B64Ei7j1B1y58m9Mp63YeiBw7jn3cnOPF3GmtG1/WzOzc/MLi6ml9PLK6tp6ZmPzWoWxJLRMQh7KqgeKchbQsmaa02okKQiP04rXPh/4lRsqFQuDK92JaF1AM2A+I6CN5GZ2WtjxQGInUsz1sdMEIcA9HNVuJmvn7QT4PymMSLa49/jw2b99KrmZL6cRkljQQBMOStUKdqTrXZCaEU57aSdWNALShiatGRqAoKreTc7o4ZxRGtgPpXmBxon6d6ILQqmO8EynAN1S095A/PVyE6u0f1LvsiCKNQ3IcJMfc6xDPAgFN5ikRPOOIUAkM5/FpAUSiDbRpZMUjsbHT5NxCuWD/Gm+cGnSOENDpNA22kX7qICOURFdoBIqI4Lu0DN6RX3r3nqx3qz3YeuMNZrZQhOwPn4AUvKcPQ==</latexit><latexit sha1_base64="6m62/hcARUsQn4BW8zN0f/TbRJc=">AAACBnicZVDLSsNAFJ3UV62vqEsRBkvBVUkFX7uiG5cVjC00IdxMJ+3QmSTMTIQSunLlp7gSFHHrP7jyb0zTVGw9MHDuOfdy5x4/5kxpy/o2SkvLK6tr5fXKxubW9o65u3evokQSapOIR7Ljg6KchdTWTHPaiSUF4XPa9ofXE7/9QKViUXinRzF1BfRDFjACOpM883CAHR8kdmLFvAA7fRACvNOi9syqVbdy4P+kUZAqKtDyzC+nF5FE0FATDkp1G1as3RSkZoTTccVJFI2BDKFPuxkNQVDlpvkZY1zLlB4OIpm9UONc/TuRglBqJPysU4AeqEVvIv56tblVOrhwUxbGiaYhmW4KEo51hCeh4B6TlGg+yggQybLPYjIACURn0VXyFM5mxy+SWQr2Sf2y3ri1qs2rIo4yOkBH6Bg10DlqohvUQjYi6BE9o1f0ZjwZL8a78TFtLRnFzD6ag/H5A8fmmB0=</latexit>

h(∂µh)Z
µ

<latexit sha1_base64="HNdb6wAQunB1hvwWCc/egXVJWr4=">AAACAXicZVC7SgNBFL3rM8bXqo1gMxgDsQm7NmoXtLGMYEwwu4bZyWwyZPbBzKwQlljZ+gH2VoIitjb+g5V/42wSxCQHBg7n3Mfc48WcSWVZP8bc/MLi0nJuJb+6tr6xaW5tX8soEYTWSMQj0fCwpJyFtKaY4rQRC4oDj9O61zvP/PodFZJF4ZXqx9QNcCdkPiNYaall7nZRyYmxUAzzlhMkqHuIbm41aZkFq2wNgWaJPSaFysHT4xcAVFvmt9OOSBLQUBGOpWzaVqzcNBtNOB3knUTSGJMe7tCmpiEOqHTT4QUDVNRKG/mR0C9UaKj+70hxIGU/8HRlgFVXTnuZ+OcVJ1Yp/8RNWRgnioZktMlPOFIRyvJAbSYoUbyvCSaC6c8i0sUCE6VTy+sU7OmbZ0ntqHxati91GmcwQg72YB9KYMMxVOACqlADAvfwDK/wZjwYL8a78TEqnTPGPTswAePzFws6mD0=</latexit><latexit sha1_base64="CVkJxsqoQEhIJdEsuSP1B9HW6cA=">AAACAXicZVC7TsMwFHXKq5RXgAWJxaJUKkuVsABbBQtjkQitaELkuE5r1XnIdpCqUCZWPgBmJiQQgpFvYGLib3DaCtH2SJaOzrkP3+PFjAppGD9abmZ2bn4hv1hYWl5ZXdPXNy5ElHBMLByxiDc8JAijIbEklYw0Yk5Q4DFS97onmV+/JlzQKDyXvZg4AWqH1KcYSSW5+lYHlu0YcUkRc+0ggZ09eHmliKsXjYoxAJwm5ogUq7sP918fN481V/+2WxFOAhJKzJAQTdOIpZNmozEj/YKdCBIj3EVt0lQ0RAERTjq4oA9LSmlBP+LqhRIO1P8dKQqE6AWeqgyQ7IhJLxP/vNLYKukfOikN40SSEA83+QmDMoJZHrBFOcGS9RRBmFP1WYg7iCMsVWoFlYI5efM0sfYrRxXzTKVxDIbIg22wA8rABAegCk5BDVgAg1vwBF7Aq3anPWtv2vuwNKeNejbBGLTPX39vmhM=</latexit><latexit sha1_base64="CVkJxsqoQEhIJdEsuSP1B9HW6cA=">AAACAXicZVC7TsMwFHXKq5RXgAWJxaJUKkuVsABbBQtjkQitaELkuE5r1XnIdpCqUCZWPgBmJiQQgpFvYGLib3DaCtH2SJaOzrkP3+PFjAppGD9abmZ2bn4hv1hYWl5ZXdPXNy5ElHBMLByxiDc8JAijIbEklYw0Yk5Q4DFS97onmV+/JlzQKDyXvZg4AWqH1KcYSSW5+lYHlu0YcUkRc+0ggZ09eHmliKsXjYoxAJwm5ogUq7sP918fN481V/+2WxFOAhJKzJAQTdOIpZNmozEj/YKdCBIj3EVt0lQ0RAERTjq4oA9LSmlBP+LqhRIO1P8dKQqE6AWeqgyQ7IhJLxP/vNLYKukfOikN40SSEA83+QmDMoJZHrBFOcGS9RRBmFP1WYg7iCMsVWoFlYI5efM0sfYrRxXzTKVxDIbIg22wA8rABAegCk5BDVgAg1vwBF7Aq3anPWtv2vuwNKeNejbBGLTPX39vmhM=</latexit><latexit sha1_base64="CVkJxsqoQEhIJdEsuSP1B9HW6cA=">AAACAXicZVC7TsMwFHXKq5RXgAWJxaJUKkuVsABbBQtjkQitaELkuE5r1XnIdpCqUCZWPgBmJiQQgpFvYGLib3DaCtH2SJaOzrkP3+PFjAppGD9abmZ2bn4hv1hYWl5ZXdPXNy5ElHBMLByxiDc8JAijIbEklYw0Yk5Q4DFS97onmV+/JlzQKDyXvZg4AWqH1KcYSSW5+lYHlu0YcUkRc+0ggZ09eHmliKsXjYoxAJwm5ogUq7sP918fN481V/+2WxFOAhJKzJAQTdOIpZNmozEj/YKdCBIj3EVt0lQ0RAERTjq4oA9LSmlBP+LqhRIO1P8dKQqE6AWeqgyQ7IhJLxP/vNLYKukfOikN40SSEA83+QmDMoJZHrBFOcGS9RRBmFP1WYg7iCMsVWoFlYI5efM0sfYrRxXzTKVxDIbIg22wA8rABAegCk5BDVgAg1vwBF7Aq3anPWtv2vuwNKeNejbBGLTPX39vmhM=</latexit><latexit sha1_base64="9aNX0xnQyDF378+D/h7csQVgZig=">AAACAXicZVC7TgJBFL2LL8TXqo2JzUQkwYbsWvjoiDaWmIgQAcnsMAsTZh+ZmTUhiJWtH6C1lYnGaOk3WFn5N87yMIInmeTknPuYe5yQM6ks69tITE3PzM4l51MLi0vLK+bq2rkMIkFokQQ8EGUHS8qZT4uKKU7LoaDYczgtOe3j2C9dUSFZ4J+pTkhrHm76zGUEKy3VzY0WylZDLBTDvF71ItTaQReXmtTNtJWz+kD/iT0k6fz2/d3n+/VDoW5+VRsBiTzqK8KxlBXbClWtG48mnPZS1UjSEJM2btKKpj72qKx1+xf0UEYrDeQGQj9fob76t6OLPSk7nqMrPaxactKLxV8vM7ZKuQe1LvPDSFGfDDa5EUcqQHEeqMEEJYp3NMFEMP1ZRFpYYKJ0aql+Cnuj4yfJKIXibu4wZ5/qNI5ggCRswhZkwYZ9yMMJFKAIBG7gEZ7hxbg1noxX421QmjCGPeswBuPjB4XqmiI=</latexit><latexit sha1_base64="6ld8fkXq3vgLC7Ckr/wcvaVo+Go=">AAACAXicZVDLSsNAFJ34rPUVdSO4GSyFuimJCx+7ohuXFYwtNjFMppNm6OTBzEQooa78FFeCIm79DFf+jZM0FVsPDBzOuY+5x0sYFdIwvrWFxaXlldXKWnV9Y3NrW9/ZvRVxyjGxcMxi3vWQIIxGxJJUMtJNOEGhx0jHG17mfueBcEHj6EaOEuKEaBBRn2IkleTq+wFs2AnikiLm2mEKgyN4d6+Iq9eMplEA/idmSWqgRNvVv+x+jNOQRBIzJETPNBLpZPlozMi4aqeCJAgP0YD0FI1QSISTFReMYV0pfejHXL1IwkL925GhUIhR6KnKEMlAzHu5+OvVZ1ZJ/8zJaJSkkkR4sslPGZQxzPOAfcoJlmykCMKcqs9CHCCOsFSpVYsUTqbHz5NpCtZx87xpXhu11kUZRwUcgEPQACY4BS1wBdrAAhg8gmfwCt60J+1Fe9c+JqULWtmzB2agff4A+t6WAg==</latexit>

hFµν F̃
µν

<latexit sha1_base64="cnKDwjs0/InCx3OAeAqFMHWjK+A=">AAACCXicZVDLSgNBEOyNrxhfUY9eBmPAU9j1ot6CQvAYwTWB7BpmJ5NkyOzsMjMrhCVXT/oB/oMnQRFPgp/gyb9x8iCYpKChqOqmuyuIOVPatn+tzNLyyupadj23sbm1vZPf3btVUSIJdUnEI1kPsKKcCepqpjmtx5LiMOC0FvQuh37tnkrFInGj+zH1Q9wRrM0I1kZq5lEXVZqpFybIE8kAeZrxFkWVu6nUzBfskj0CWiTOhBTKR89PXwBQbeZ/vFZEkpAKTThWquHYsfZTLDUjnA5yXqJojEkPd2jDUIFDqvx09MkAFY3SQu1ImhIajdT/EykOleqHgekMse6qeW8oTr3izCrdPvNTJuJEU0HGm9oJRzpCw1xQi0lKNO8bgolk5lhEulhiok16OZOCM//zInFPSucl59qkcQFjZOEADuEYHDiFMlxBFVwg8AAv8Abv1qP1an1Yn+PWjDWZ2YcZWN9/hQGb2Q==</latexit><latexit sha1_base64="6kZycbWGJwFb0M1rbBvy2qjxlvs=">AAACCXicZVDLSsNAFJ34rPUVdelmsBZclcSNuisKxWUFYwtNLJPJpB06mYSZiVBit670A/QbXCmKuHXtypV/4/RBse2BC4dz7uXee/yEUaks69eYm19YXFrOreRX19Y3Ns2t7SsZpwITB8csFnUfScIoJ46iipF6IgiKfEZqfues79duiJA05peqmxAvQi1OQ4qR0lLThG1YaWZulEKXpz3oKsoCAivXY6lpFqySNQCcJfaIFMr7jw/fr7dP1ab54wYxTiPCFWZIyoZtJcrLkFAUM9LLu6kkCcId1CINTTmKiPSywSc9WNRKAMNY6OIKDtT/ExmKpOxGvu6MkGrLaa8vjr3ixCoVHnsZ5UmqCMfDTWHKoIphPxcYUEGwYl1NEBZUHwtxGwmElU4vr1Owp3+eJc5h6aRkX+g0TsEQObAL9sABsMERKINzUAUOwOAOPIM38G7cGy/Gh/E5bJ0zRjM7YALG1x/5Np2v</latexit><latexit sha1_base64="6kZycbWGJwFb0M1rbBvy2qjxlvs=">AAACCXicZVDLSsNAFJ34rPUVdelmsBZclcSNuisKxWUFYwtNLJPJpB06mYSZiVBit670A/QbXCmKuHXtypV/4/RBse2BC4dz7uXee/yEUaks69eYm19YXFrOreRX19Y3Ns2t7SsZpwITB8csFnUfScIoJ46iipF6IgiKfEZqfues79duiJA05peqmxAvQi1OQ4qR0lLThG1YaWZulEKXpz3oKsoCAivXY6lpFqySNQCcJfaIFMr7jw/fr7dP1ab54wYxTiPCFWZIyoZtJcrLkFAUM9LLu6kkCcId1CINTTmKiPSywSc9WNRKAMNY6OIKDtT/ExmKpOxGvu6MkGrLaa8vjr3ixCoVHnsZ5UmqCMfDTWHKoIphPxcYUEGwYl1NEBZUHwtxGwmElU4vr1Owp3+eJc5h6aRkX+g0TsEQObAL9sABsMERKINzUAUOwOAOPIM38G7cGy/Gh/E5bJ0zRjM7YALG1x/5Np2v</latexit><latexit sha1_base64="6kZycbWGJwFb0M1rbBvy2qjxlvs=">AAACCXicZVDLSsNAFJ34rPUVdelmsBZclcSNuisKxWUFYwtNLJPJpB06mYSZiVBit670A/QbXCmKuHXtypV/4/RBse2BC4dz7uXee/yEUaks69eYm19YXFrOreRX19Y3Ns2t7SsZpwITB8csFnUfScIoJ46iipF6IgiKfEZqfues79duiJA05peqmxAvQi1OQ4qR0lLThG1YaWZulEKXpz3oKsoCAivXY6lpFqySNQCcJfaIFMr7jw/fr7dP1ab54wYxTiPCFWZIyoZtJcrLkFAUM9LLu6kkCcId1CINTTmKiPSywSc9WNRKAMNY6OIKDtT/ExmKpOxGvu6MkGrLaa8vjr3ixCoVHnsZ5UmqCMfDTWHKoIphPxcYUEGwYl1NEBZUHwtxGwmElU4vr1Owp3+eJc5h6aRkX+g0TsEQObAL9sABsMERKINzUAUOwOAOPIM38G7cGy/Gh/E5bJ0zRjM7YALG1x/5Np2v</latexit><latexit sha1_base64="r0BuNeDEhxpyZuZtq9Ap5DJcGFU=">AAACCXicZVC7SgNBFJ31GeMramkzGANWYWPhowsKwTKCawLZuMxOZpMhM7PLzKwQ1rRW+gH6DVaKIrbWVlb+jZMnJh64cDjnXu69x48YVdq2f6yZ2bn5hcXUUnp5ZXVtPbOxeanCWGLi4JCFsuojRRgVxNFUM1KNJEHcZ6Tit097fuWaSEVDcaE7Ealz1BQ0oBhpI3kZ2IIlL3F5DF0Rd6GrKWsQWLoaS14ma+ftPuB/UhiSbHH34f7r5eax7GW+3UaIY06ExgwpVSvYka4nSGqKGemm3ViRCOE2apKaoQJxoupJ/5MuzBmlAYNQmhIa9tW/EwniSnW4bzo50i017fXEsZebWKWDo3pCRRRrIvBgUxAzqEPYywU2qCRYs44hCEtqjoW4hSTC2qSX7qdwMHp+moxScPbzx/nCuUnjBAyQAttgB+yBAjgERXAGysABGNyCJ/AK3qw769l6tz4GrTPWcGYLTMD6/AX/sZ2+</latexit><latexit sha1_base64="0W079lXdJiAnld6CvLTmBgi7HYg=">AAACCXicZVDLSsNAFJ3UV62vqEs3g6XgqqQufOyKQnFZwdhCE8NkMmmHTiZhZiKU0K0rP8WVoIhbP8GVf+M0TYutBy4czrmXe+/xE0alsqwfo7Syura+Ud6sbG3v7O6Z+wf3Mk4FJjaOWSy6PpKEUU5sRRUj3UQQFPmMdPzh9cTvPBIhaczv1CghboT6nIYUI6Ulz4QD2PIyJ0qhw9MxdBRlAYGth7nkmVWrbuWA/0mjIFVQoO2Z304Q4zQiXGGGpOw1rES5GRKKYkbGFSeVJEF4iPqkpylHEZFuln8yhjWtBDCMhS6uYK7+nchQJOUo8nVnhNRALnsTce7VFlap8MLNKE9SRTiebgpTBlUMJ7nAgAqCFRtpgrCg+liIB0ggrHR6lTyFs9nzy2SWgn1av6w3bq1q86qIowyOwDE4AQ1wDprgBrSBDTB4Ai/gDbwbz8ar8WF8TltLRjFzCBZgfP0CdLSZng==</latexit>

(H†H)Ψ̄LHψR + h.c.
<latexit sha1_base64="uTkqQrg/awkXrChgtCwXUzWJ31c="></latexit><latexit sha1_base64="YcqjylCjIbJQzaKkv3sBKsUGpDU="></latexit><latexit sha1_base64="YcqjylCjIbJQzaKkv3sBKsUGpDU="></latexit><latexit sha1_base64="YcqjylCjIbJQzaKkv3sBKsUGpDU="></latexit><latexit sha1_base64="g96U3Y0jyFJhE2OeSzrH4x9eXBs="></latexit><latexit sha1_base64="m1C9AFRNG9N0wN5B0z1ujfaG4hs="></latexit>

(H†H)Fµν F̃
µν

<latexit sha1_base64="y3wziRm42a7x/ulZBWZ2SnDIj9o=">AAACFXicZVBNS8NAEJ3U7/oV9ehl8QMUpCRe1JsolB4rWC00tWw207q42YTdjVBCf4IXT/pPPImKePXgyX/jthXR+mDg8d4MM/PCVHBtPO/TKYyNT0xOTc8UZ+fmFxbdpeUznWSKYY0lIlH1kGoUXGLNcCOwniqkcSjwPLw67vvn16g0T+Sp6abYjGlH8jZn1Fip5e5sVS6CiHY6qEhlm5RbeRBnJJBZjwSGiwhJ+eJHarnrXskbgPwn/jdZP9y4v3kCgGrL/QiihGUxSsME1brhe6lp5lQZzgT2ikGmMaXsinawYamkMepmPviqRzatEpF2omxJQwbq74mcxlp349B2xtRc6lGvL/54m39WmfZ+M+cyzQxKNtzUzgQxCelnRCKukBnRtYQyxe2xhF1SRZmxSRZtCv7oz/9Jbbd0UPJPbBpHMMQ0rMIabIEPe3AIFahCDRjcwgM8w4tz5zw6r87bsLXgfM+swB8471985qAO</latexit><latexit sha1_base64="BUn80QUGnksYMJ+N41wdqNDBOQQ=">AAACFXicZVA9SwNBEN2LXzF+nVraLEZBQcKdjdoFhZBSwaiQS8Le3iRZsrd37O4J4cxPsLFS/4aNlaCInVhY+W/cJCKaPBh4vDfDzDw/5kxpx/myMhOTU9Mz2dnc3PzC4pK9vHKmokRSqNCIR/LCJwo4E1DRTHO4iCWQ0Odw7neO+v75JUjFInGquzHUQtISrMko0UZq2Dtb5boXkFYLJC5v41Ij9cIEeyLpYU8zHgAu1X+lhp13Cs4AeJy4PyRf3Li7fn+4uj9u2J9eENEkBKEpJ0pVXSfWtZRIzSiHXs5LFMSEdkgLqoYKEoKqpYOvenjTKAFuRtKU0Hig/p1ISahUN/RNZ0h0W416ffHX2/y3Sjf3aykTcaJB0OGmZsKxjnA/IxwwCVTzriGESmaOxbRNJKHaJJkzKbijP4+Tym7hoOCemDQO0RBZtIbW0RZy0R4qojI6RhVE0Q16RM/oxbq1nqxX623YmrF+ZlbRP1gf3/EboeQ=</latexit><latexit sha1_base64="BUn80QUGnksYMJ+N41wdqNDBOQQ=">AAACFXicZVA9SwNBEN2LXzF+nVraLEZBQcKdjdoFhZBSwaiQS8Le3iRZsrd37O4J4cxPsLFS/4aNlaCInVhY+W/cJCKaPBh4vDfDzDw/5kxpx/myMhOTU9Mz2dnc3PzC4pK9vHKmokRSqNCIR/LCJwo4E1DRTHO4iCWQ0Odw7neO+v75JUjFInGquzHUQtISrMko0UZq2Dtb5boXkFYLJC5v41Ij9cIEeyLpYU8zHgAu1X+lhp13Cs4AeJy4PyRf3Li7fn+4uj9u2J9eENEkBKEpJ0pVXSfWtZRIzSiHXs5LFMSEdkgLqoYKEoKqpYOvenjTKAFuRtKU0Hig/p1ISahUN/RNZ0h0W416ffHX2/y3Sjf3aykTcaJB0OGmZsKxjnA/IxwwCVTzriGESmaOxbRNJKHaJJkzKbijP4+Tym7hoOCemDQO0RBZtIbW0RZy0R4qojI6RhVE0Q16RM/oxbq1nqxX623YmrF+ZlbRP1gf3/EboeQ=</latexit><latexit sha1_base64="BUn80QUGnksYMJ+N41wdqNDBOQQ=">AAACFXicZVA9SwNBEN2LXzF+nVraLEZBQcKdjdoFhZBSwaiQS8Le3iRZsrd37O4J4cxPsLFS/4aNlaCInVhY+W/cJCKaPBh4vDfDzDw/5kxpx/myMhOTU9Mz2dnc3PzC4pK9vHKmokRSqNCIR/LCJwo4E1DRTHO4iCWQ0Odw7neO+v75JUjFInGquzHUQtISrMko0UZq2Dtb5boXkFYLJC5v41Ij9cIEeyLpYU8zHgAu1X+lhp13Cs4AeJy4PyRf3Li7fn+4uj9u2J9eENEkBKEpJ0pVXSfWtZRIzSiHXs5LFMSEdkgLqoYKEoKqpYOvenjTKAFuRtKU0Hig/p1ISahUN/RNZ0h0W416ffHX2/y3Sjf3aykTcaJB0OGmZsKxjnA/IxwwCVTzriGESmaOxbRNJKHaJJkzKbijP4+Tym7hoOCemDQO0RBZtIbW0RZy0R4qojI6RhVE0Q16RM/oxbq1nqxX623YmrF+ZlbRP1gf3/EboeQ=</latexit><latexit sha1_base64="nnoqJmxaq5YQ2NK32/4wbFK0ZTQ="></latexit><latexit sha1_base64="vDxHFJHe/nw1vgy0Is9WxtF13jc=">AAACFXicZVDLSsNAFJ34rPVVdelmsBQqSEld+NgVhdJlBWMLTVomk9t26GQSZiZCCf0JV36KK0ERty5c+Tem6QNbD1w4nHMv997jhpwpbZo/xsrq2vrGZmYru72zu7efOzh8UEEkKVg04IFsukQBZwIszTSHZiiB+C6Hhju4HfuNR5CKBeJeD0NwfNITrMso0YnUyZ0Va23bI70eSFw7xdVObPsRtkU0wrZm3ANcbc+lTi5vlswU+D8pT0keTVHv5L5tL6CRD0JTTpRqlc1QOzGRmlEOo6wdKQgJHZAetBIqiA/KidOvRriQKB7uBjIpoXGq/p2Iia/U0HeTTp/ovlr2xuLcKyys0t0rJ2YijDQIOtnUjTjWAR5nhD0mgWo+TAihkiXHYtonklCdJJlNU7iYPb9MZilY56XrUvnOzFdupnFk0DE6QUVURpeogmqojixE0RN6QW/o3Xg2Xo0P43PSumJMZ47QAoyvX2yZndM=</latexit>

S|DµHi|2 ∋ vSZµ∂
µA

<latexit sha1_base64="OCr2qTY2LHjrNMjcZlVs71ylx5Q=">AAACF3icZVC7TsMwFL0pr1JeBUYWi4fEVCVdgI3XwAgqoRWkRI7rgoXtRLaDVJV+AhsLfApTJRBiRUz8DU5aIQpHsnR8zr2+vidKONPGdb+cwtj4xORUcbo0Mzs3v1BeXDrTcaoI9UnMY9WIsKacSeobZjhtJIpiEXFaj24OMr9+S5VmsTw1nYQ2Bb6SrM0INlYKy5UaujsMA5Gio5DdXVZRIBm6RTV0notBgpVhmF9mlz2EwvKaW3FzoP/EG5K13fXH+z4AHIflz6AVk1RQaQjHWl94bmKa3exVwmmvFKSaJpjc4Ct6YanEgupmN9+rhzas0kLtWNkjDcrV3x1dLLTuiMhWCmyu9V8vE3+8jZFRpr3d7DKZpIZKMpjUTjkyMcpSQi2mKDG8YwkmitnPInKNFSbGZlmyKXh/d/5P/Gplp+Kd2DT2YYAirMAqbIIHW7ALR3AMPhB4gGd4gVfnyek7b877oLTgDHuWYQTOxzd+p5/h</latexit><latexit sha1_base64="RZaaMUMrVjaB8vwC9/LAf+BSpRk="></latexit><latexit sha1_base64="RZaaMUMrVjaB8vwC9/LAf+BSpRk="></latexit><latexit sha1_base64="RZaaMUMrVjaB8vwC9/LAf+BSpRk="></latexit><latexit sha1_base64="neZjnlZT5fr3nuYdjFjLCpucK8c="></latexit><latexit sha1_base64="TxtxPeJHxoM1A6EdUNU9cmKb5jE=">AAACF3icZVDLTsJAFJ3iC/GFunQzkZC4Ii0LHzt8LFhisEKk0EyHKUyYTpuZKQkp/IUrP8WVica4Na78G9sCRvAkk5w55965c48TMCqVrn9rmZXVtfWN7GZua3tndy+/f3Av/VBgYmKf+aLpIEkY5cRUVDHSDARBnsNIwxlcJ35jSISkPr9To4C0PdTj1KUYqViy86U6HN/YlhfCqk3HnTK0OIVDWIcPqWgFSCiKWCe5XEJo5wt6SU8B/xNjRgpghpqd/7K6Pg49whVmSMqWoQeqHSWvYkYmOSuUJEB4gHqkFVOOPCLbUbrXBBZjpQtdX8SHK5iqfzsi5Ek58py40kOqL5e9RPz1igujlHvejigPQkU4nk5yQwaVD5OUYJcKghUbxQRhQePPQtxHAmEVZ5lLUzidL79M5imY5dJFybjVC5WrWRxZcASOwQkwwBmogCqoARNg8AiewSt40560F+1d+5iWZrRZzyFYgPb5A25anaY=</latexit>

2HDM + 1 singlet

h = sinα(cosβ S + sinβA) + cosα(· · · )
<latexit sha1_base64="/dVCpadBLfYXo9n1qsd3P2VTrZ0="></latexit><latexit sha1_base64="wU3LAJ0iVHSDv83KXrL7WWOe8w0="></latexit><latexit sha1_base64="wU3LAJ0iVHSDv83KXrL7WWOe8w0="></latexit><latexit sha1_base64="wU3LAJ0iVHSDv83KXrL7WWOe8w0="></latexit><latexit sha1_base64="4XI5ukEcUWTsHZeWE2Ub7Kt5gRU="></latexit><latexit sha1_base64="kZChhAYBhp2FHGa/vQsdwdsGYv8="></latexit>

broken phase symmetric phase

• The operators in broken phase may be generated from the 
SU(2) x U(1) symmetric higher dimensional operators.

• We work on the following effective Lagrangian:

(neglecting nondiagonal terms for convenience). Then we
have the additional interactions in unitary gauge

Leff ⊃ gZ
c2 − c1

Λ
v1v2
2v

S∂μ ~sZμ: ð2:8Þ

Similar terms are present for the Goldstone boson if we
work in a general gauge; in the following we will, however,
adopt unitary gauge for convenience.
Explicit CP-violating terms in the two Higgs doublet

potential (i.e. complex Higgs self-interactions) induce a
mixing of ðhi; ~s; SÞ. For instance,

VðH 1; H 2Þ ⊃ λ6jH 1j2ðH †
1H 2Þ þ H:c:

⊃ −Imðλ6Þ
v1
2v

ðð3v2 − v22Þh1 ~sþ v1v2h2 ~sÞ:

ð2:9Þ

If we also introduce a portal interaction

VðH 1; SÞ ⊃ ηjH 1j2S ⊃ ηv1h1S; ð2:10Þ

we can see that mixings ~s → h1 and S → h1 in Eq. (2.8)
will induce Eq. (2.1c), if we understand h1 as the SM-like
boson in the mass basis. Note that the CP-violating
interaction Eq. (2.1c) cannot be introduced from the kinetic
terms Eq. (2.2), which preserves CP. This can explicitly be
seen by the antisymmetric structure in Eq. (2.6), which
results in zero diagonal couplings after diagonalization of
the mass mixing matrices. Since we are not interested in the
effects of other couplings, we assume that these additional
states are sufficiently heavy to not immediately influence
the Higgs decay phenomenology as well as unitarization
rules through additional channels opening up. We therefore
assume h is dominantly composed of h1 in the following.3

Equation (2.7) is part of the first term of a linear expansion
in S. We will see that this particular coupling is perturba-
tively unconstrained and has an intriguing relation to the
complex mass scheme in the SM.
In order to respect the stringent flavor constraints we

only consider flavor diagonal operators as in Eq. (2.1)
(we will comment on the impact of flavor constraints later;
see also [26]). With these operators we can calculate the
high energy behavior of 2 → 2 scattering amplitudes from
an initial state i to a final state f

aJfiðsÞ ¼
1

32π

Z
d cos θdJμμ0ðcos θÞMfiðs; cos θÞ

ðfor
ffiffiffi
s

p
≫ m i; m fÞ; ð2:11Þ

whereMdenotes thematrixelementmodulo factorsof
ffiffiffi
2

p
for

identical particles.4 The dJμμ0 are Wigner functions with the
angular momentum J that appear in the expansion of [37].
μ; μ0 are calculated from the helicity differences of initial and
final states of the participating particles, respectively. In
particular, dJ00 is given by the Legendre polynomial as
dJ00 ¼ PJðcos θÞ. Unitarity together with perturbativity
[which we also have to impose for an expansion of the
operators (2.1) to bemeaningful] requires the partial waves to
be small compared to unity, and critical couplings at tree level
are conventionally derived from saturating

jaJfiðΛÞj ¼ 1 ð2:12Þ

(see Refs. [38,39] for a detailed discussion).
In the following we consider the Lagrangian

L ¼ LSM þ ChhZhð∂μhÞZμ þ Chttht̄γ5tþ
X

F; ~F

ChF ~F

v
OhF ~F

5 ;

ð2:13Þ

i.e. we focus on the top quark in particular and choose the
electroweak vacuum expectation value as reference scale
where necessary. Typically the partial waves exhibit a
hierarchy in the angular momentum J.
We have surveyed the list of processes relevant for

unitarity violation at tree level (see also [40] for a first
discussion of unitarity in the SM). These include vector,
Higgs, and fermion scattering, as well as combinations of
the different particle species [38,39]. We find that the
tightest constraints follow from the J ¼ 0 projections and
will focus on the most constraining channels, but we also
mention other channels that are relevant for the discussion
of the remainder of this paper. Our results are collected
in Fig. 1, and we detail them below:
Ohff

4 : We first consider fermion-fermion scattering
tt̄ → tt̄, which receives contributions from the
operator (2.1). We include the (modified) Higgs,
Z boson, and photon intermediate states and dis-
card the gluon contribution as it corresponds to a
nontrivial color configuration, which does not
interfere with the color singlet exchange. The
zeroth partial wave of tt̄ → tt̄ for identical helicity
(zero total angular momentum) gives rise to only
weak constraints on the Wilson coefficient
jChttj≃ 7.1, not dependent on the scale Λ. The
amplitude also quickly approaches an asymptotic
value as a consequence of energy scales canceling
between the spinor normalizations and the s-channel
suppression leading to an energy-independent value
of this value.3It should also be noted that the presence of multiple mixings

typically yields a more SM-like phenomenology of the lightest
state in terms of signal strengths as compared to minimal Higgs
portal scenarios [36].

4We choose a convention for M which gives rise to a real
value at large s.
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Unitarity Constraints
• Unitarity of S-matrix requires partial amplitudes to be less than 1

aℓ(s) ≡ 1

32π

∫
d cos θM(s, cos θ)Pℓ(cos θ)
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• This places a non-trivial constrains among coupling because the 
Matrix elements naively grows as energy.

u(pf ) ∼
√

Ef
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longitudinal polarisation vector:

fermion spinor:

ϵL(pW ) ∼ EW /mW
<latexit sha1_base64="sNxm1rCAFIBlUCt8U/Fd8+VD8rk="></latexit><latexit sha1_base64="FhsGTYIBGVRgbtgWOv36IsdU7/M="></latexit><latexit sha1_base64="FhsGTYIBGVRgbtgWOv36IsdU7/M="></latexit><latexit sha1_base64="FhsGTYIBGVRgbtgWOv36IsdU7/M="></latexit><latexit sha1_base64="dOK+26bzBblC1b1fnKe7pqc1Gk8="></latexit><latexit sha1_base64="Dm0v4if4RyHVSh92PgHHcrNWdEg=">AAACKXicbZDLSsNAFIYn9VbjrepSF4OlUDc1ceFlVxTBhYsKxhSaECbTSR06k4SZiVBKNz6NCzf6KK7UrQ/h1mmbQlv9YeDnP+dw5nxhyqhUlvVpFBYWl5ZXiqvm2vrG5lZpe+deJpnAxMEJS0QzRJIwGhNHUcVIMxUE8ZARN+xeDuvuIxGSJvGd6qXE56gT04hipHQUlPY9kkrKtL2ppoF7CD1JObwK3CMeuEGpbNWskeBfY+emDHI1gtKP105wxkmsMENStmwrVX4fCUUxIwPTyyRJEe6iDmlpGyNOpN8fXTGAFZ20YZQI/WIFR+n0RB9xKXs81J0cqQc5XxuG/9VamYrO/D6N00yRGI8XRRmDKoFDJLBNBcGK9bRBWFD9V4gfkEBYaXBmZXpNGCasPXOHjvjAHJE6mQCaNxNSznHtvGbfWuX6RY6sCPbAAagCG5yCOrgGDeAADJ7AM3gFb8aL8W58GF/j1oKRz+yCGRnfv8nUpnE=</latexit>

f
<latexit sha1_base64="UFrAyCLafHSBGE6HHWvdRUIYy20=">AAACDHicbVC7TsNAEFyHVzCvACUUJ6JIVJFNA3QRNJSJhEmkxIrO53Nyyp1t3Z2RIitfQEEDn0KFaPkHvoSWi5MiD0ZaaTSzq92dIOVMacf5sUobm1vbO+Vde2//4PCocnzypJJMEuqRhCeyE2BFOYupp5nmtJNKikXAaTsY3U/99jOViiXxox6n1Bd4ELOIEayN1Ir6lapTdwqgdeLOSbVxDgWa/cpvL0xIJmisCcdKdV0n1X6OpWaE04ndyxRNMRnhAe0aGmNBlZ8Xh05QzSghihJpKtaoUBcnciyUGovAdAqsh2rVm4r/ed1MRzd+zuI00zQms0VRxpFO0PRrFDJJieZjQzCRzNyKyBBLTLTJxq4trgmChIdLfxhJTGyTlLuayzrxruq3dbdlErubJQZlOIMLuAQXrqEBD9AEDwhQeIE3eLderQ/r0/qatZas+cwpLMH6/gMCM5w7</latexit><latexit sha1_base64="UFrAyCLafHSBGE6HHWvdRUIYy20=">AAACDHicbVC7TsNAEFyHVzCvACUUJ6JIVJFNA3QRNJSJhEmkxIrO53Nyyp1t3Z2RIitfQEEDn0KFaPkHvoSWi5MiD0ZaaTSzq92dIOVMacf5sUobm1vbO+Vde2//4PCocnzypJJMEuqRhCeyE2BFOYupp5nmtJNKikXAaTsY3U/99jOViiXxox6n1Bd4ELOIEayN1Ir6lapTdwqgdeLOSbVxDgWa/cpvL0xIJmisCcdKdV0n1X6OpWaE04ndyxRNMRnhAe0aGmNBlZ8Xh05QzSghihJpKtaoUBcnciyUGovAdAqsh2rVm4r/ed1MRzd+zuI00zQms0VRxpFO0PRrFDJJieZjQzCRzNyKyBBLTLTJxq4trgmChIdLfxhJTGyTlLuayzrxruq3dbdlErubJQZlOIMLuAQXrqEBD9AEDwhQeIE3eLderQ/r0/qatZas+cwpLMH6/gMCM5w7</latexit><latexit sha1_base64="UFrAyCLafHSBGE6HHWvdRUIYy20=">AAACDHicbVC7TsNAEFyHVzCvACUUJ6JIVJFNA3QRNJSJhEmkxIrO53Nyyp1t3Z2RIitfQEEDn0KFaPkHvoSWi5MiD0ZaaTSzq92dIOVMacf5sUobm1vbO+Vde2//4PCocnzypJJMEuqRhCeyE2BFOYupp5nmtJNKikXAaTsY3U/99jOViiXxox6n1Bd4ELOIEayN1Ir6lapTdwqgdeLOSbVxDgWa/cpvL0xIJmisCcdKdV0n1X6OpWaE04ndyxRNMRnhAe0aGmNBlZ8Xh05QzSghihJpKtaoUBcnciyUGovAdAqsh2rVm4r/ed1MRzd+zuI00zQms0VRxpFO0PRrFDJJieZjQzCRzNyKyBBLTLTJxq4trgmChIdLfxhJTGyTlLuayzrxruq3dbdlErubJQZlOIMLuAQXrqEBD9AEDwhQeIE3eLderQ/r0/qatZas+cwpLMH6/gMCM5w7</latexit><latexit sha1_base64="UFrAyCLafHSBGE6HHWvdRUIYy20=">AAACDHicbVC7TsNAEFyHVzCvACUUJ6JIVJFNA3QRNJSJhEmkxIrO53Nyyp1t3Z2RIitfQEEDn0KFaPkHvoSWi5MiD0ZaaTSzq92dIOVMacf5sUobm1vbO+Vde2//4PCocnzypJJMEuqRhCeyE2BFOYupp5nmtJNKikXAaTsY3U/99jOViiXxox6n1Bd4ELOIEayN1Ir6lapTdwqgdeLOSbVxDgWa/cpvL0xIJmisCcdKdV0n1X6OpWaE04ndyxRNMRnhAe0aGmNBlZ8Xh05QzSghihJpKtaoUBcnciyUGovAdAqsh2rVm4r/ed1MRzd+zuI00zQms0VRxpFO0PRrFDJJieZjQzCRzNyKyBBLTLTJxq4trgmChIdLfxhJTGyTlLuayzrxruq3dbdlErubJQZlOIMLuAQXrqEBD9AEDwhQeIE3eLderQ/r0/qatZas+cwpLMH6/gMCM5w7</latexit><latexit sha1_base64="8FPxebal8pjC7446LCmLCXhqCyo=">AAACDHicbVDLSsNAFL2prxpfVZe6GCwFVyV14WNXdOOyBWMLbSiTyaQdOpmEmYlQQr/AhRv9FFfi1n/wS9w6TVtoqwcuHM65l3vv8RPOlHacb6uwtr6xuVXctnd29/YPSodHjypOJaEuiXks2z5WlDNBXc00p+1EUhz5nLb84d3Ebz1RqVgsHvQooV6E+4KFjGBtpGbYK5WdqpMD/SW1GSnXTyFHo1f66QYxSSMqNOFYqU7NSbSXYakZ4XRsd1NFE0yGuE87hgocUeVl+aFjVDFKgMJYmhIa5eriRIYjpUaRbzojrAdq1ZuI/3mdVIfXXsZEkmoqyHRRmHKkYzT5GgVMUqL5yBBMJDO3IjLAEhNtsrEri2t8P+bB0h9GisZ2ntTlPKBVMk/KvajeVGtNk9jtNDEowgmcwTnU4ArqcA8NcIEAhWd4hTfrxXq3PqzPaWvBms0cwxKsr18IrpxK</latexit><latexit sha1_base64="v78ZgPv1mj1EHeG0ch1QaXtlkFc=">AAACDHicbVDLSsNAFJ34rPVVdelmsBRclcSFj13RjcsWjC20oUwmk3boPMLMRCihX+DCjX6KK3HrP/glbp2mKbTVAxcO59zLvfeECaPauO63s7a+sbm1Xdop7+7tHxxWjo4ftUwVJj6WTKpOiDRhVBDfUMNIJ1EE8ZCRdji6m/rtJ6I0leLBjBMScDQQNKYYGSu14n6l6tbdHPAv8QpSBQWa/cpPL5I45UQYzJDWXc9NTJAhZShmZFLupZokCI/QgHQtFYgTHWT5oRNYs0oEY6lsCQNzdXEiQ1zrMQ9tJ0dmqFe9qfif101NfB1kVCSpIQLPFsUpg0bC6dcwoopgw8aWIKyovRXiIVIIG5tNuba4Jgwli5b+sBKflPOkLucBrZJ5Uv5F/abutdxq47aIrAROwRk4Bx64Ag1wD5rABxgQ8AxewZvz4rw7H87nrHXNKWZOwBKcr19+u5vu</latexit>

f̄
<latexit sha1_base64="0oZjmpbooK43HgFSlKNHs/AXe+E=">AAACEnicbVC7TsNAEFzzDOEVoITiRBSJKrJpgC6ChjJImERKrOh8Pien3PmsuzNSZOUjKGjgU6gQLT/Al9BycVLkwUgrjWZ2tbsTppxp47o/ztr6xubWdmmnvLu3f3BYOTp+0jJThPpEcqnaIdaUs4T6hhlO26miWISctsLh3cRvPVOlmUwezSilgcD9hMWMYGOlVjfECqG4V6m6dbcAWiXejFQbZ1Cg2av8diNJMkETQzjWuuO5qQlyrAwjnI7L3UzTFJMh7tOOpQkWVAd5ce4Y1awSoVgqW4lBhTo/kWOh9UiEtlNgM9DL3kT8z+tkJr4OcpakmaEJmS6KM46MRJPfUcQUJYaPLMFEMXsrIgOsMDE2oXJtfk0YSh4t/GElMS7bpLzlXFaJf1m/qXsPNrHbaWJQglM4hwvw4AoacA9N8IHAEF7gDd6dV+fD+XS+pq1rzmzmBBbgfP8B6iKeSA==</latexit><latexit sha1_base64="0oZjmpbooK43HgFSlKNHs/AXe+E=">AAACEnicbVC7TsNAEFzzDOEVoITiRBSJKrJpgC6ChjJImERKrOh8Pien3PmsuzNSZOUjKGjgU6gQLT/Al9BycVLkwUgrjWZ2tbsTppxp47o/ztr6xubWdmmnvLu3f3BYOTp+0jJThPpEcqnaIdaUs4T6hhlO26miWISctsLh3cRvPVOlmUwezSilgcD9hMWMYGOlVjfECqG4V6m6dbcAWiXejFQbZ1Cg2av8diNJMkETQzjWuuO5qQlyrAwjnI7L3UzTFJMh7tOOpQkWVAd5ce4Y1awSoVgqW4lBhTo/kWOh9UiEtlNgM9DL3kT8z+tkJr4OcpakmaEJmS6KM46MRJPfUcQUJYaPLMFEMXsrIgOsMDE2oXJtfk0YSh4t/GElMS7bpLzlXFaJf1m/qXsPNrHbaWJQglM4hwvw4AoacA9N8IHAEF7gDd6dV+fD+XS+pq1rzmzmBBbgfP8B6iKeSA==</latexit><latexit sha1_base64="0oZjmpbooK43HgFSlKNHs/AXe+E=">AAACEnicbVC7TsNAEFzzDOEVoITiRBSJKrJpgC6ChjJImERKrOh8Pien3PmsuzNSZOUjKGjgU6gQLT/Al9BycVLkwUgrjWZ2tbsTppxp47o/ztr6xubWdmmnvLu3f3BYOTp+0jJThPpEcqnaIdaUs4T6hhlO26miWISctsLh3cRvPVOlmUwezSilgcD9hMWMYGOlVjfECqG4V6m6dbcAWiXejFQbZ1Cg2av8diNJMkETQzjWuuO5qQlyrAwjnI7L3UzTFJMh7tOOpQkWVAd5ce4Y1awSoVgqW4lBhTo/kWOh9UiEtlNgM9DL3kT8z+tkJr4OcpakmaEJmS6KM46MRJPfUcQUJYaPLMFEMXsrIgOsMDE2oXJtfk0YSh4t/GElMS7bpLzlXFaJf1m/qXsPNrHbaWJQglM4hwvw4AoacA9N8IHAEF7gDd6dV+fD+XS+pq1rzmzmBBbgfP8B6iKeSA==</latexit><latexit sha1_base64="0oZjmpbooK43HgFSlKNHs/AXe+E=">AAACEnicbVC7TsNAEFzzDOEVoITiRBSJKrJpgC6ChjJImERKrOh8Pien3PmsuzNSZOUjKGjgU6gQLT/Al9BycVLkwUgrjWZ2tbsTppxp47o/ztr6xubWdmmnvLu3f3BYOTp+0jJThPpEcqnaIdaUs4T6hhlO26miWISctsLh3cRvPVOlmUwezSilgcD9hMWMYGOlVjfECqG4V6m6dbcAWiXejFQbZ1Cg2av8diNJMkETQzjWuuO5qQlyrAwjnI7L3UzTFJMh7tOOpQkWVAd5ce4Y1awSoVgqW4lBhTo/kWOh9UiEtlNgM9DL3kT8z+tkJr4OcpakmaEJmS6KM46MRJPfUcQUJYaPLMFEMXsrIgOsMDE2oXJtfk0YSh4t/GElMS7bpLzlXFaJf1m/qXsPNrHbaWJQglM4hwvw4AoacA9N8IHAEF7gDd6dV+fD+XS+pq1rzmzmBBbgfP8B6iKeSA==</latexit><latexit sha1_base64="Y4KwB4bzgLMRZg4SSTCrSRCHUTc=">AAACEnicbVDLSgNBEOz1GddX1KMeBkPAU9j14OMW9OIxgmsCyRJmZmeTIbMPZmaFsOQjPHjRT/EkXv0Bv8Srk00CSbSgoajqpruLpIIr7Tjf1srq2vrGZmnL3t7Z3dsvHxw+qiSTlHk0EYlsEayY4DHzNNeCtVLJcEQEa5LB7dhvPjGpeBI/6GHK/Aj3Yh5yirWRmh2CJUJht1xxak4B9Je4U1Kpn0CBRrf80wkSmkUs1lRgpdquk2o/x1JzKtjI7mSKpZgOcI+1DY1xxJSfF+eOUNUoAQoTaSrWqFDnJ3IcKTWMiOmMsO6rZW8s/ue1Mx1e+TmP00yzmE4WhZlAOkHj31HAJaNaDA3BVHJzK6J9LDHVJiG7Or+GkEQEC38YKRrZRVIXs4CWySwp77x2XXPvTWI3k8SgBMdwCmfgwiXU4Q4a4AGFATzDK7xZL9a79WF9TlpXrOnMESzA+voF8J2eVw==</latexit><latexit sha1_base64="gxg8kUpJjPHw84FNNNCXASmSHJE=">AAACEnicbVDLSsNAFJ3UV62vqks3g6XgqiQufOyKblxWMLbQhjKZTNqh8wgzE6GEfoQLN/oprsStP+CXuHWaptBWD1w4nHMv994TJoxq47rfTmltfWNzq7xd2dnd2z+oHh49apkqTHwsmVSdEGnCqCC+oYaRTqII4iEj7XB0O/XbT0RpKsWDGSck4GggaEwxMlZq90KkIIz71ZrbcHPAv8QrSA0UaPWrP71I4pQTYTBDWnc9NzFBhpShmJFJpZdqkiA8QgPStVQgTnSQ5edOYN0qEYylsiUMzNXFiQxxrcc8tJ0cmaFe9abif143NfFVkFGRpIYIPFsUpwwaCae/w4gqgg0bW4KwovZWiIdIIWxsQpX64powlCxa+sNKfFLJk7qYB7RK5kn5543rhnfv1po3RWRlcAJOwRnwwCVogjvQAj7AYASewSt4c16cd+fD+Zy1lpxi5hgswfn6BWa5nfs=</latexit> WL

<latexit sha1_base64="KQzsUIw/jPsfXGLbACFjXMCzjTI=">AAACDnicbVC7SgNBFL0bX3F9RcXKZjAErMKujdoFbSwsIromkCxhdnaSDJmdXWZmhbAE/AAtbBS/xEps/QW/xNbJo8jDAxcO59zLvfcECWdKO86PlVtaXlldy6/bG5tb2zuF3b17FaeSUI/EPJb1ACvKmaCeZprTeiIpjgJOa0HvcujXHqhULBZ3up9QP8IdwdqMYG2k21rrulUoOmVnBLRI3AkpVg7enx4BoNoq/DbDmKQRFZpwrFTDdRLtZ1hqRjgd2M1U0QSTHu7QhqECR1T52ejUASoZJUTtWJoSGo3U6YkMR0r1o8B0Rlh31bw3FP/zGqlun/kZE0mqqSDjRe2UIx2j4d8oZJISzfuGYCKZuRWRLpaYaJOOXZpeEwQxD2f+MFI0sE1S7nwui8Q7KZ+X3RuT2AWMkYdDOIJjcOEUKnAFVfCAQAee4RXerBfrw/q0vsatOWsysw8zsL7/ALgQnok=</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="P2b0H2ydLlvWchVNEJjmMPcNSg4=">AAACDnicbVDLSsNAFJ34rKmPqrhyE6yFrkriwseu6MaFi4rGFtpQJpNJO3RmEmYmQgn1C3ThRvFLXIlbf8Evces0baGtHrhwOOde7r3HjymRyra/jYXFpeWV1dyamV/f2NwqbO/cySgRCLsoopFo+FBiSjh2FVEUN2KBIfMprvu9i6Ffv8dCkojfqn6MPQY7nIQEQaWlm3r7ql0o2hU7g/WXOGNSrO69PT6UD/O1duGnFUQoYZgrRKGUTceOlZdCoQiieGC2EoljiHqwg5uacsiw9NLs1IFV0kpghZHQxZWVqdMTKWRS9pmvOxlUXTnvDcX/vGaiwlMvJTxOFOZotChMqKUia/i3FRCBkaJ9TSASRN9qoS4UECmdjlmaXuP7EQ1m/tASG5hZUseTgObJJCn3qHJWca51YudghBzYBwegDBxwAqrgEtSACxDogCfwAl6NZ+Pd+DA+R60LxnhmF8zA+PoFPDWe7Q==</latexit><latexit sha1_base64="j+u8MUCv1r2Iy7YZFTl9UoYKND4=">AAACDnicbVDLSsNAFJ3UV42vqks3wVJwVRIXPnZFNy5cVDS20IYymUzaofMIMxOhhH6CCzf6Ka7Erb/gl7h1mqbQVg9cOJxzL/feEyaUKO2631ZpZXVtfaO8aW9t7+zuVfYPHpVIJcI+ElTIdggVpoRjXxNNcTuRGLKQ4lY4vJ74rScsFRH8QY8SHDDY5yQmCGoj3bd6t71K1a27OZy/xCtIFRRo9io/3UiglGGuEYVKdTw30UEGpSaI4rHdTRVOIBrCPu4YyiHDKsjyU8dOzSiREwtpimsnV+cnMsiUGrHQdDKoB2rZm4j/eZ1UxxdBRniSaszRdFGcUkcLZ/K3ExGJkaYjQyCSxNzqoAGUEGmTjl2bXxOGgkYLfxiJje08qbNZQMtklpR/Wr+se3dutXFVRFYGR+AYnAAPnIMGuAFN4AME+uAZvII368V6tz6sz2lrySpmDsECrK9fzEmcng==</latexit>

WL
<latexit sha1_base64="KQzsUIw/jPsfXGLbACFjXMCzjTI=">AAACDnicbVC7SgNBFL0bX3F9RcXKZjAErMKujdoFbSwsIromkCxhdnaSDJmdXWZmhbAE/AAtbBS/xEps/QW/xNbJo8jDAxcO59zLvfcECWdKO86PlVtaXlldy6/bG5tb2zuF3b17FaeSUI/EPJb1ACvKmaCeZprTeiIpjgJOa0HvcujXHqhULBZ3up9QP8IdwdqMYG2k21rrulUoOmVnBLRI3AkpVg7enx4BoNoq/DbDmKQRFZpwrFTDdRLtZ1hqRjgd2M1U0QSTHu7QhqECR1T52ejUASoZJUTtWJoSGo3U6YkMR0r1o8B0Rlh31bw3FP/zGqlun/kZE0mqqSDjRe2UIx2j4d8oZJISzfuGYCKZuRWRLpaYaJOOXZpeEwQxD2f+MFI0sE1S7nwui8Q7KZ+X3RuT2AWMkYdDOIJjcOEUKnAFVfCAQAee4RXerBfrw/q0vsatOWsysw8zsL7/ALgQnok=</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="P2b0H2ydLlvWchVNEJjmMPcNSg4=">AAACDnicbVDLSsNAFJ34rKmPqrhyE6yFrkriwseu6MaFi4rGFtpQJpNJO3RmEmYmQgn1C3ThRvFLXIlbf8Evces0baGtHrhwOOde7r3HjymRyra/jYXFpeWV1dyamV/f2NwqbO/cySgRCLsoopFo+FBiSjh2FVEUN2KBIfMprvu9i6Ffv8dCkojfqn6MPQY7nIQEQaWlm3r7ql0o2hU7g/WXOGNSrO69PT6UD/O1duGnFUQoYZgrRKGUTceOlZdCoQiieGC2EoljiHqwg5uacsiw9NLs1IFV0kpghZHQxZWVqdMTKWRS9pmvOxlUXTnvDcX/vGaiwlMvJTxOFOZotChMqKUia/i3FRCBkaJ9TSASRN9qoS4UECmdjlmaXuP7EQ1m/tASG5hZUseTgObJJCn3qHJWca51YudghBzYBwegDBxwAqrgEtSACxDogCfwAl6NZ+Pd+DA+R60LxnhmF8zA+PoFPDWe7Q==</latexit><latexit sha1_base64="j+u8MUCv1r2Iy7YZFTl9UoYKND4=">AAACDnicbVDLSsNAFJ3UV42vqks3wVJwVRIXPnZFNy5cVDS20IYymUzaofMIMxOhhH6CCzf6Ka7Erb/gl7h1mqbQVg9cOJxzL/feEyaUKO2631ZpZXVtfaO8aW9t7+zuVfYPHpVIJcI+ElTIdggVpoRjXxNNcTuRGLKQ4lY4vJ74rScsFRH8QY8SHDDY5yQmCGoj3bd6t71K1a27OZy/xCtIFRRo9io/3UiglGGuEYVKdTw30UEGpSaI4rHdTRVOIBrCPu4YyiHDKsjyU8dOzSiREwtpimsnV+cnMsiUGrHQdDKoB2rZm4j/eZ1UxxdBRniSaszRdFGcUkcLZ/K3ExGJkaYjQyCSxNzqoAGUEGmTjl2bXxOGgkYLfxiJje08qbNZQMtklpR/Wr+se3dutXFVRFYGR+AYnAAPnIMGuAFN4AME+uAZvII368V6tz6sz2lrySpmDsECrK9fzEmcng==</latexit>

∂
<latexit sha1_base64="zHBn0YCfbjN+2nNSugjC5bgcZag=">AAACE3icbVC7TsMwFHXKq4RXgZHFoqrEVCUswFbBwlgkQiu1UeU4TmvVj8h2kKqoP8HAAp/ChFj5AL6EFafN0AdHsnR0zr2+954oZVQbz/txKhubW9s71V13b//g8Kh2fPKkZaYwCbBkUnUjpAmjggSGGka6qSKIR4x0ovFd4XeeidJUikczSUnI0VDQhGJkrNTtp0gZitigVvea3gxwnfglqYMS7UHttx9LnHEiDGZI657vpSbMi98wI1O3n2mSIjxGQ9KzVCBOdJjP9p3ChlVimEhlnzBwpi525IhrPeGRreTIjPSqV4j/eb3MJNdhTkWaGSLwfFCSMWgkLI6HMVUEGzaxBGFF7a4Qj5BC2NiI3MbimCiSLF66w0p86tqk/NVc1klw2bxp+g9evXVbRlYFZ+AcXAAfXIEWuAdtEAAMGHgBb+DdeXU+nE/na15accqeU7AE5/sPT1SfCA==</latexit><latexit sha1_base64="zHBn0YCfbjN+2nNSugjC5bgcZag=">AAACE3icbVC7TsMwFHXKq4RXgZHFoqrEVCUswFbBwlgkQiu1UeU4TmvVj8h2kKqoP8HAAp/ChFj5AL6EFafN0AdHsnR0zr2+954oZVQbz/txKhubW9s71V13b//g8Kh2fPKkZaYwCbBkUnUjpAmjggSGGka6qSKIR4x0ovFd4XeeidJUikczSUnI0VDQhGJkrNTtp0gZitigVvea3gxwnfglqYMS7UHttx9LnHEiDGZI657vpSbMi98wI1O3n2mSIjxGQ9KzVCBOdJjP9p3ChlVimEhlnzBwpi525IhrPeGRreTIjPSqV4j/eb3MJNdhTkWaGSLwfFCSMWgkLI6HMVUEGzaxBGFF7a4Qj5BC2NiI3MbimCiSLF66w0p86tqk/NVc1klw2bxp+g9evXVbRlYFZ+AcXAAfXIEWuAdtEAAMGHgBb+DdeXU+nE/na15accqeU7AE5/sPT1SfCA==</latexit><latexit sha1_base64="zHBn0YCfbjN+2nNSugjC5bgcZag=">AAACE3icbVC7TsMwFHXKq4RXgZHFoqrEVCUswFbBwlgkQiu1UeU4TmvVj8h2kKqoP8HAAp/ChFj5AL6EFafN0AdHsnR0zr2+954oZVQbz/txKhubW9s71V13b//g8Kh2fPKkZaYwCbBkUnUjpAmjggSGGka6qSKIR4x0ovFd4XeeidJUikczSUnI0VDQhGJkrNTtp0gZitigVvea3gxwnfglqYMS7UHttx9LnHEiDGZI657vpSbMi98wI1O3n2mSIjxGQ9KzVCBOdJjP9p3ChlVimEhlnzBwpi525IhrPeGRreTIjPSqV4j/eb3MJNdhTkWaGSLwfFCSMWgkLI6HMVUEGzaxBGFF7a4Qj5BC2NiI3MbimCiSLF66w0p86tqk/NVc1klw2bxp+g9evXVbRlYFZ+AcXAAfXIEWuAdtEAAMGHgBb+DdeXU+nE/na15accqeU7AE5/sPT1SfCA==</latexit><latexit sha1_base64="zHBn0YCfbjN+2nNSugjC5bgcZag=">AAACE3icbVC7TsMwFHXKq4RXgZHFoqrEVCUswFbBwlgkQiu1UeU4TmvVj8h2kKqoP8HAAp/ChFj5AL6EFafN0AdHsnR0zr2+954oZVQbz/txKhubW9s71V13b//g8Kh2fPKkZaYwCbBkUnUjpAmjggSGGka6qSKIR4x0ovFd4XeeidJUikczSUnI0VDQhGJkrNTtp0gZitigVvea3gxwnfglqYMS7UHttx9LnHEiDGZI657vpSbMi98wI1O3n2mSIjxGQ9KzVCBOdJjP9p3ChlVimEhlnzBwpi525IhrPeGRreTIjPSqV4j/eb3MJNdhTkWaGSLwfFCSMWgkLI6HMVUEGzaxBGFF7a4Qj5BC2NiI3MbimCiSLF66w0p86tqk/NVc1klw2bxp+g9evXVbRlYFZ+AcXAAfXIEWuAdtEAAMGHgBb+DdeXU+nE/na15accqeU7AE5/sPT1SfCA==</latexit><latexit sha1_base64="b2hGo2SkG4TSo3VsX7AgXb+d1io=">AAACE3icbVC7TsMwFHXKq4RXgZHFoqrEVCUMPLYKFsYiEVqpjSrHcVqrthPZDlIV9ScYWOBTmBArH8CXsOKkqdQWjmTp6Jx7fe89QcKo0o7zbVXW1jc2t6rb9s7u3v5B7fDoUcWpxMTDMYtlN0CKMCqIp6lmpJtIgnjASCcY3+Z+54lIRWPxoCcJ8TkaChpRjLSRuv0ESU0RG9TqTtMpAP8StyR1UKI9qP30wxinnAiNGVKq5zqJ9rP8N8zI1O6niiQIj9GQ9AwViBPlZ8W+U9gwSgijWJonNCzUxY4McaUmPDCVHOmRWvVy8T+vl+roys+oSFJNBJ4NilIGdQzz42FIJcGaTQxBWFKzK8QjJBHWJiK7sTgmCGIWLt1hJD61i6Qu5gGtknlS3nnzuuneO/XWTRlZFZyAU3AGXHAJWuAOtIEHMGDgGbyCN+vFerc+rM9ZacUqe47BEqyvX1XPnxc=</latexit><latexit sha1_base64="b2hGo2SkG4TSo3VsX7AgXb+d1io=">AAACE3icbVC7TsMwFHXKq4RXgZHFoqrEVCUMPLYKFsYiEVqpjSrHcVqrthPZDlIV9ScYWOBTmBArH8CXsOKkqdQWjmTp6Jx7fe89QcKo0o7zbVXW1jc2t6rb9s7u3v5B7fDoUcWpxMTDMYtlN0CKMCqIp6lmpJtIgnjASCcY3+Z+54lIRWPxoCcJ8TkaChpRjLSRuv0ESU0RG9TqTtMpAP8StyR1UKI9qP30wxinnAiNGVKq5zqJ9rP8N8zI1O6niiQIj9GQ9AwViBPlZ8W+U9gwSgijWJonNCzUxY4McaUmPDCVHOmRWvVy8T+vl+roys+oSFJNBJ4NilIGdQzz42FIJcGaTQxBWFKzK8QjJBHWJiK7sTgmCGIWLt1hJD61i6Qu5gGtknlS3nnzuuneO/XWTRlZFZyAU3AGXHAJWuAOtIEHMGDgGbyCN+vFerc+rM9ZacUqe47BEqyvX1XPnxc=</latexit>

∼ E2
<latexit sha1_base64="4U5VQu/DmD5AydOdPq+HVgD7omg=">AAACE3icbVDLSsNAFJ34rPFVdelmsBRclaQbdVcUwWUFYwttLJPJpB06jzAzEUroT7hwo5/iStz6AX6JW6dtFn144MLhnHu5954oZVQbz/tx1tY3Nre2Szvu7t7+wWH56PhRy0xhEmDJpGpHSBNGBQkMNYy0U0UQjxhpRcObid96JkpTKR7MKCUhR31BE4qRsVK7qymHt0/1Xrni1bwp4CrxC1IBBZq98m83ljjjRBjMkNYd30tNmCNlKGZk7HYzTVKEh6hPOpYKxIkO8+m9Y1i1SgwTqWwJA6fq/ESOuNYjHtlOjsxAL3sT8T+vk5nkMsypSDNDBJ4tSjIGjYST52FMFcGGjSxBWFF7K8QDpBA2NiK3Or8miiSLF/6wEh+7Nil/OZdVEtRrVzX/3qs0rovISuAUnIFz4IML0AB3oAkCgAEDL+ANvDuvzofz6XzNWtecYuYELMD5/gMsTJ5Z</latexit><latexit sha1_base64="4U5VQu/DmD5AydOdPq+HVgD7omg=">AAACE3icbVDLSsNAFJ34rPFVdelmsBRclaQbdVcUwWUFYwttLJPJpB06jzAzEUroT7hwo5/iStz6AX6JW6dtFn144MLhnHu5954oZVQbz/tx1tY3Nre2Szvu7t7+wWH56PhRy0xhEmDJpGpHSBNGBQkMNYy0U0UQjxhpRcObid96JkpTKR7MKCUhR31BE4qRsVK7qymHt0/1Xrni1bwp4CrxC1IBBZq98m83ljjjRBjMkNYd30tNmCNlKGZk7HYzTVKEh6hPOpYKxIkO8+m9Y1i1SgwTqWwJA6fq/ESOuNYjHtlOjsxAL3sT8T+vk5nkMsypSDNDBJ4tSjIGjYST52FMFcGGjSxBWFF7K8QDpBA2NiK3Or8miiSLF/6wEh+7Nil/OZdVEtRrVzX/3qs0rovISuAUnIFz4IML0AB3oAkCgAEDL+ANvDuvzofz6XzNWtecYuYELMD5/gMsTJ5Z</latexit><latexit sha1_base64="4U5VQu/DmD5AydOdPq+HVgD7omg=">AAACE3icbVDLSsNAFJ34rPFVdelmsBRclaQbdVcUwWUFYwttLJPJpB06jzAzEUroT7hwo5/iStz6AX6JW6dtFn144MLhnHu5954oZVQbz/tx1tY3Nre2Szvu7t7+wWH56PhRy0xhEmDJpGpHSBNGBQkMNYy0U0UQjxhpRcObid96JkpTKR7MKCUhR31BE4qRsVK7qymHt0/1Xrni1bwp4CrxC1IBBZq98m83ljjjRBjMkNYd30tNmCNlKGZk7HYzTVKEh6hPOpYKxIkO8+m9Y1i1SgwTqWwJA6fq/ESOuNYjHtlOjsxAL3sT8T+vk5nkMsypSDNDBJ4tSjIGjYST52FMFcGGjSxBWFF7K8QDpBA2NiK3Or8miiSLF/6wEh+7Nil/OZdVEtRrVzX/3qs0rovISuAUnIFz4IML0AB3oAkCgAEDL+ANvDuvzofz6XzNWtecYuYELMD5/gMsTJ5Z</latexit><latexit sha1_base64="4U5VQu/DmD5AydOdPq+HVgD7omg=">AAACE3icbVDLSsNAFJ34rPFVdelmsBRclaQbdVcUwWUFYwttLJPJpB06jzAzEUroT7hwo5/iStz6AX6JW6dtFn144MLhnHu5954oZVQbz/tx1tY3Nre2Szvu7t7+wWH56PhRy0xhEmDJpGpHSBNGBQkMNYy0U0UQjxhpRcObid96JkpTKR7MKCUhR31BE4qRsVK7qymHt0/1Xrni1bwp4CrxC1IBBZq98m83ljjjRBjMkNYd30tNmCNlKGZk7HYzTVKEh6hPOpYKxIkO8+m9Y1i1SgwTqWwJA6fq/ESOuNYjHtlOjsxAL3sT8T+vk5nkMsypSDNDBJ4tSjIGjYST52FMFcGGjSxBWFF7K8QDpBA2NiK3Or8miiSLF/6wEh+7Nil/OZdVEtRrVzX/3qs0rovISuAUnIFz4IML0AB3oAkCgAEDL+ANvDuvzofz6XzNWtecYuYELMD5/gMsTJ5Z</latexit><latexit sha1_base64="PmFQHx0xNiuZa52movpXMBc2N7c=">AAACE3icbVDLSsNAFJ3UV42vqks3g6XgqiRd+NgVRXBZwdhCG8tkMmmHzkzCzEQooT/hwo1+iitx6wf4JW6dpinY6oELh3Pu5d57goRRpR3nyyqtrK6tb5Q37a3tnd29yv7BvYpTiYmHYxbLToAUYVQQT1PNSCeRBPGAkXYwupr67UciFY3FnR4nxOdoIGhEMdJG6vQU5fD6odGvVJ26kwP+JW5BqqBAq1/57oUxTjkRGjOkVNd1Eu1nSGqKGZnYvVSRBOERGpCuoQJxovwsv3cCa0YJYRRLU0LDXP09kSGu1JgHppMjPVTL3lT8z+umOjr3MyqSVBOBZ4uilEEdw+nzMKSSYM3GhiAsqbkV4iGSCGsTkV37vSYIYhYu/GEkPrHzpE7nAS2TeVJeo35Rd2+davOyiKwMjsAxOAEuOANNcANawAMYMPAEXsCr9Wy9We/Wx6y1ZBUzh2AB1ucPMseeaA==</latexit><latexit sha1_base64="PmFQHx0xNiuZa52movpXMBc2N7c=">AAACE3icbVDLSsNAFJ3UV42vqks3g6XgqiRd+NgVRXBZwdhCG8tkMmmHzkzCzEQooT/hwo1+iitx6wf4JW6dpinY6oELh3Pu5d57goRRpR3nyyqtrK6tb5Q37a3tnd29yv7BvYpTiYmHYxbLToAUYVQQT1PNSCeRBPGAkXYwupr67UciFY3FnR4nxOdoIGhEMdJG6vQU5fD6odGvVJ26kwP+JW5BqqBAq1/57oUxTjkRGjOkVNd1Eu1nSGqKGZnYvVSRBOERGpCuoQJxovwsv3cCa0YJYRRLU0LDXP09kSGu1JgHppMjPVTL3lT8z+umOjr3MyqSVBOBZ4uilEEdw+nzMKSSYM3GhiAsqbkV4iGSCGsTkV37vSYIYhYu/GEkPrHzpE7nAS2TeVJeo35Rd2+davOyiKwMjsAxOAEuOANNcANawAMYMPAEXsCr9Wy9We/Wx6y1ZBUzh2AB1ucPMseeaA==</latexit> ∼ E2

<latexit sha1_base64="4U5VQu/DmD5AydOdPq+HVgD7omg=">AAACE3icbVDLSsNAFJ34rPFVdelmsBRclaQbdVcUwWUFYwttLJPJpB06jzAzEUroT7hwo5/iStz6AX6JW6dtFn144MLhnHu5954oZVQbz/tx1tY3Nre2Szvu7t7+wWH56PhRy0xhEmDJpGpHSBNGBQkMNYy0U0UQjxhpRcObid96JkpTKR7MKCUhR31BE4qRsVK7qymHt0/1Xrni1bwp4CrxC1IBBZq98m83ljjjRBjMkNYd30tNmCNlKGZk7HYzTVKEh6hPOpYKxIkO8+m9Y1i1SgwTqWwJA6fq/ESOuNYjHtlOjsxAL3sT8T+vk5nkMsypSDNDBJ4tSjIGjYST52FMFcGGjSxBWFF7K8QDpBA2NiK3Or8miiSLF/6wEh+7Nil/OZdVEtRrVzX/3qs0rovISuAUnIFz4IML0AB3oAkCgAEDL+ANvDuvzofz6XzNWtecYuYELMD5/gMsTJ5Z</latexit><latexit sha1_base64="4U5VQu/DmD5AydOdPq+HVgD7omg=">AAACE3icbVDLSsNAFJ34rPFVdelmsBRclaQbdVcUwWUFYwttLJPJpB06jzAzEUroT7hwo5/iStz6AX6JW6dtFn144MLhnHu5954oZVQbz/tx1tY3Nre2Szvu7t7+wWH56PhRy0xhEmDJpGpHSBNGBQkMNYy0U0UQjxhpRcObid96JkpTKR7MKCUhR31BE4qRsVK7qymHt0/1Xrni1bwp4CrxC1IBBZq98m83ljjjRBjMkNYd30tNmCNlKGZk7HYzTVKEh6hPOpYKxIkO8+m9Y1i1SgwTqWwJA6fq/ESOuNYjHtlOjsxAL3sT8T+vk5nkMsypSDNDBJ4tSjIGjYST52FMFcGGjSxBWFF7K8QDpBA2NiK3Or8miiSLF/6wEh+7Nil/OZdVEtRrVzX/3qs0rovISuAUnIFz4IML0AB3oAkCgAEDL+ANvDuvzofz6XzNWtecYuYELMD5/gMsTJ5Z</latexit><latexit sha1_base64="4U5VQu/DmD5AydOdPq+HVgD7omg=">AAACE3icbVDLSsNAFJ34rPFVdelmsBRclaQbdVcUwWUFYwttLJPJpB06jzAzEUroT7hwo5/iStz6AX6JW6dtFn144MLhnHu5954oZVQbz/tx1tY3Nre2Szvu7t7+wWH56PhRy0xhEmDJpGpHSBNGBQkMNYy0U0UQjxhpRcObid96JkpTKR7MKCUhR31BE4qRsVK7qymHt0/1Xrni1bwp4CrxC1IBBZq98m83ljjjRBjMkNYd30tNmCNlKGZk7HYzTVKEh6hPOpYKxIkO8+m9Y1i1SgwTqWwJA6fq/ESOuNYjHtlOjsxAL3sT8T+vk5nkMsypSDNDBJ4tSjIGjYST52FMFcGGjSxBWFF7K8QDpBA2NiK3Or8miiSLF/6wEh+7Nil/OZdVEtRrVzX/3qs0rovISuAUnIFz4IML0AB3oAkCgAEDL+ANvDuvzofz6XzNWtecYuYELMD5/gMsTJ5Z</latexit><latexit sha1_base64="4U5VQu/DmD5AydOdPq+HVgD7omg=">AAACE3icbVDLSsNAFJ34rPFVdelmsBRclaQbdVcUwWUFYwttLJPJpB06jzAzEUroT7hwo5/iStz6AX6JW6dtFn144MLhnHu5954oZVQbz/tx1tY3Nre2Szvu7t7+wWH56PhRy0xhEmDJpGpHSBNGBQkMNYy0U0UQjxhpRcObid96JkpTKR7MKCUhR31BE4qRsVK7qymHt0/1Xrni1bwp4CrxC1IBBZq98m83ljjjRBjMkNYd30tNmCNlKGZk7HYzTVKEh6hPOpYKxIkO8+m9Y1i1SgwTqWwJA6fq/ESOuNYjHtlOjsxAL3sT8T+vk5nkMsypSDNDBJ4tSjIGjYST52FMFcGGjSxBWFF7K8QDpBA2NiK3Or8miiSLF/6wEh+7Nil/OZdVEtRrVzX/3qs0rovISuAUnIFz4IML0AB3oAkCgAEDL+ANvDuvzofz6XzNWtecYuYELMD5/gMsTJ5Z</latexit><latexit sha1_base64="PmFQHx0xNiuZa52movpXMBc2N7c=">AAACE3icbVDLSsNAFJ3UV42vqks3g6XgqiRd+NgVRXBZwdhCG8tkMmmHzkzCzEQooT/hwo1+iitx6wf4JW6dpinY6oELh3Pu5d57goRRpR3nyyqtrK6tb5Q37a3tnd29yv7BvYpTiYmHYxbLToAUYVQQT1PNSCeRBPGAkXYwupr67UciFY3FnR4nxOdoIGhEMdJG6vQU5fD6odGvVJ26kwP+JW5BqqBAq1/57oUxTjkRGjOkVNd1Eu1nSGqKGZnYvVSRBOERGpCuoQJxovwsv3cCa0YJYRRLU0LDXP09kSGu1JgHppMjPVTL3lT8z+umOjr3MyqSVBOBZ4uilEEdw+nzMKSSYM3GhiAsqbkV4iGSCGsTkV37vSYIYhYu/GEkPrHzpE7nAS2TeVJeo35Rd2+davOyiKwMjsAxOAEuOANNcANawAMYMPAEXsCr9Wy9We/Wx6y1ZBUzh2AB1ucPMseeaA==</latexit><latexit sha1_base64="PmFQHx0xNiuZa52movpXMBc2N7c=">AAACE3icbVDLSsNAFJ3UV42vqks3g6XgqiRd+NgVRXBZwdhCG8tkMmmHzkzCzEQooT/hwo1+iitx6wf4JW6dpinY6oELh3Pu5d57goRRpR3nyyqtrK6tb5Q37a3tnd29yv7BvYpTiYmHYxbLToAUYVQQT1PNSCeRBPGAkXYwupr67UciFY3FnR4nxOdoIGhEMdJG6vQU5fD6odGvVJ26kwP+JW5BqqBAq1/57oUxTjkRGjOkVNd1Eu1nSGqKGZnYvVSRBOERGpCuoQJxovwsv3cCa0YJYRRLU0LDXP09kSGu1JgHppMjPVTL3lT8z+umOjr3MyqSVBOBZ4uilEEdw+nzMKSSYM3GhiAsqbkV4iGSCGsTkV37vSYIYhYu/GEkPrHzpE7nAS2TeVJeo35Rd2+davOyiKwMjsAxOAEuOANNcANawAMYMPAEXsCr9Wy9We/Wx6y1ZBUzh2AB1ucPMseeaA==</latexit>

+
<latexit sha1_base64="swLIJieEKKEBoAieNSgs2aWwWBo=">AAACDHicbVDLSsNAFL2pj9b4qrp0M1gKglASN+qu6MZlC8YW2lImk0k7dDIJMxOhhIJ7F270U1yJW//BDxGXOn0s+vDAhcM593LvPX7CmdKO82Xl1tY3NvOFLXt7Z3dvv3hweK/iVBLqkZjHsuljRTkT1NNMc9pMJMWRz2nDH9yM/cYDlYrF4k4PE9qJcE+wkBGsjVQ/6xZLTsWZAK0Sd0ZK1fzv9yMA1LrFn3YQkzSiQhOOlWq5TqI7GZaaEU5HdjtVNMFkgHu0ZajAEVWdbHLoCJWNEqAwlqaERhN1fiLDkVLDyDedEdZ9teyNxf+8VqrDy07GRJJqKsh0UZhypGM0/hoFTFKi+dAQTCQztyLSxxITbbKxy/NrfD/mwcIfRopGtknKXc5llXjnlauKWzeJXcMUBTiGEzgFFy6gCrdQAw8IUHiCF3i1nq036936mLbmrNnMESzA+vwDKGCeXw==</latexit><latexit sha1_base64="GGbUIsGqWuqsMgLkPr3krLLhndE=">AAACDHicbVC7SgNBFJ31lbi+opY2gyEgCGHXRsUmaGOZgGsCyRJmZ2eTITM7y8ysEJZUloI2+gl+gpXY+g9+iFjq5FHk4YELh3Pu5d57goRRpR3ny1paXlldy+XX7Y3Nre2dwu7erRKpxMTDggnZCJAijMbE01Qz0kgkQTxgpB70roZ+/Y5IRUV8o/sJ8TnqxDSiGGkj1Y7bhaJTdkaAi8SdkGIl9/t9/3rxWG0XflqhwCknscYMKdV0nUT7GZKaYkYGditVJEG4hzqkaWiMOFF+Njp0AEtGCWEkpKlYw5E6PZEhrlSfB6aTI91V895Q/M9rpjo68zMaJ6kmMR4vilIGtYDDr2FIJcGa9Q1BWFJzK8RdJBHWJhu7NL0mCAQLZ/4wEh/YJil3PpdF4p2Uz8tuzSR2CcbIgwNwCI6AC05BBVyDKvAABgQ8gGfwYj1Zb9a79TFuXbImM/tgBtbnH0l1n9A=</latexit><latexit sha1_base64="GGbUIsGqWuqsMgLkPr3krLLhndE=">AAACDHicbVC7SgNBFJ31lbi+opY2gyEgCGHXRsUmaGOZgGsCyRJmZ2eTITM7y8ysEJZUloI2+gl+gpXY+g9+iFjq5FHk4YELh3Pu5d57goRRpR3ny1paXlldy+XX7Y3Nre2dwu7erRKpxMTDggnZCJAijMbE01Qz0kgkQTxgpB70roZ+/Y5IRUV8o/sJ8TnqxDSiGGkj1Y7bhaJTdkaAi8SdkGIl9/t9/3rxWG0XflqhwCknscYMKdV0nUT7GZKaYkYGditVJEG4hzqkaWiMOFF+Njp0AEtGCWEkpKlYw5E6PZEhrlSfB6aTI91V895Q/M9rpjo68zMaJ6kmMR4vilIGtYDDr2FIJcGa9Q1BWFJzK8RdJBHWJhu7NL0mCAQLZ/4wEh/YJil3PpdF4p2Uz8tuzSR2CcbIgwNwCI6AC05BBVyDKvAABgQ8gGfwYj1Zb9a79TFuXbImM/tgBtbnH0l1n9A=</latexit><latexit sha1_base64="GGbUIsGqWuqsMgLkPr3krLLhndE=">AAACDHicbVC7SgNBFJ31lbi+opY2gyEgCGHXRsUmaGOZgGsCyRJmZ2eTITM7y8ysEJZUloI2+gl+gpXY+g9+iFjq5FHk4YELh3Pu5d57goRRpR3ny1paXlldy+XX7Y3Nre2dwu7erRKpxMTDggnZCJAijMbE01Qz0kgkQTxgpB70roZ+/Y5IRUV8o/sJ8TnqxDSiGGkj1Y7bhaJTdkaAi8SdkGIl9/t9/3rxWG0XflqhwCknscYMKdV0nUT7GZKaYkYGditVJEG4hzqkaWiMOFF+Njp0AEtGCWEkpKlYw5E6PZEhrlSfB6aTI91V895Q/M9rpjo68zMaJ6kmMR4vilIGtYDDr2FIJcGa9Q1BWFJzK8RdJBHWJhu7NL0mCAQLZ/4wEh/YJil3PpdF4p2Uz8tuzSR2CcbIgwNwCI6AC05BBVyDKvAABgQ8gGfwYj1Zb9a79TFuXbImM/tgBtbnH0l1n9A=</latexit><latexit sha1_base64="wKT2usM/wLfvxL5hA3br9ZNX0nk=">AAACDHicbVDLSsNAFJ34ao2vqks3g6UgCCVx4QM3RTcuWzC20IYymUzaoTNJmJkIJXTlUtCNfoKf4Erc+g9+iLjUadpCWz1w4XDOvdx7jxczKpVlfRoLi0vLK7n8qrm2vrG5VdjeuZFRIjBxcMQi0fCQJIyGxFFUMdKIBUHcY6Tu9S6Hfv2WCEmj8Fr1Y+Jy1AlpQDFSWqodtgtFq2xlgH+JPSbFSu7n6+7l/KHaLny3/AgnnIQKMyRl07Zi5aZIKIoZGZitRJIY4R7qkKamIeJEuml26ACWtOLDIBK6QgUzdXoiRVzKPvd0J0eqK+e9ofif10xUcOqmNIwTRUI8WhQkDKoIDr+GPhUEK9bXBGFB9a0Qd5FAWOlszNL0Gs+LmD/zh5b4wMySOp4ENE8mSTlH5bOyXdOJXYAR8mAP7IMDYIMTUAFXoAocgAEB9+AJPBuPxqvxZryPWheM8cwumIHx8QtP8J/f</latexit><latexit sha1_base64="5B3OporaB2UOmm7RZegZUrsJ/kk=">AAACDHicbVDLSsNAFJ3UV42vqks3g6UgCCVx4WNXdOOyBWMLbSiTyaQdOpMJMxOhhH6BCzf6Ka7Erf/gl7h1mqbQVg9cOJxzL/feEySMKu0431ZpbX1jc6u8be/s7u0fVA6PHpVIJSYeFkzIToAUYTQmnqaakU4iCeIBI+1gdDf1209EKiriBz1OiM/RIKYRxUgbqXXer1SdupMD/iVuQaqgQLNf+emFAqecxBozpFTXdRLtZ0hqihmZ2L1UkQThERqQrqEx4kT5WX7oBNaMEsJISFOxhrm6OJEhrtSYB6aTIz1Uq95U/M/rpjq69jMaJ6kmMZ4tilIGtYDTr2FIJcGajQ1BWFJzK8RDJBHWJhu7trgmCAQLl/4wEp/YeVKX84BWyTwp76J+U3dbTrVxW0RWBifgFJwBF1yBBrgHTeABDAh4Bq/gzXqx3q0P63PWWrKKmWOwBOvrFx0Dm7M=</latexit>

+
<latexit sha1_base64="swLIJieEKKEBoAieNSgs2aWwWBo=">AAACDHicbVDLSsNAFL2pj9b4qrp0M1gKglASN+qu6MZlC8YW2lImk0k7dDIJMxOhhIJ7F270U1yJW//BDxGXOn0s+vDAhcM593LvPX7CmdKO82Xl1tY3NvOFLXt7Z3dvv3hweK/iVBLqkZjHsuljRTkT1NNMc9pMJMWRz2nDH9yM/cYDlYrF4k4PE9qJcE+wkBGsjVQ/6xZLTsWZAK0Sd0ZK1fzv9yMA1LrFn3YQkzSiQhOOlWq5TqI7GZaaEU5HdjtVNMFkgHu0ZajAEVWdbHLoCJWNEqAwlqaERhN1fiLDkVLDyDedEdZ9teyNxf+8VqrDy07GRJJqKsh0UZhypGM0/hoFTFKi+dAQTCQztyLSxxITbbKxy/NrfD/mwcIfRopGtknKXc5llXjnlauKWzeJXcMUBTiGEzgFFy6gCrdQAw8IUHiCF3i1nq036936mLbmrNnMESzA+vwDKGCeXw==</latexit><latexit sha1_base64="GGbUIsGqWuqsMgLkPr3krLLhndE=">AAACDHicbVC7SgNBFJ31lbi+opY2gyEgCGHXRsUmaGOZgGsCyRJmZ2eTITM7y8ysEJZUloI2+gl+gpXY+g9+iFjq5FHk4YELh3Pu5d57goRRpR3ny1paXlldy+XX7Y3Nre2dwu7erRKpxMTDggnZCJAijMbE01Qz0kgkQTxgpB70roZ+/Y5IRUV8o/sJ8TnqxDSiGGkj1Y7bhaJTdkaAi8SdkGIl9/t9/3rxWG0XflqhwCknscYMKdV0nUT7GZKaYkYGditVJEG4hzqkaWiMOFF+Njp0AEtGCWEkpKlYw5E6PZEhrlSfB6aTI91V895Q/M9rpjo68zMaJ6kmMR4vilIGtYDDr2FIJcGa9Q1BWFJzK8RdJBHWJhu7NL0mCAQLZ/4wEh/YJil3PpdF4p2Uz8tuzSR2CcbIgwNwCI6AC05BBVyDKvAABgQ8gGfwYj1Zb9a79TFuXbImM/tgBtbnH0l1n9A=</latexit><latexit sha1_base64="GGbUIsGqWuqsMgLkPr3krLLhndE=">AAACDHicbVC7SgNBFJ31lbi+opY2gyEgCGHXRsUmaGOZgGsCyRJmZ2eTITM7y8ysEJZUloI2+gl+gpXY+g9+iFjq5FHk4YELh3Pu5d57goRRpR3ny1paXlldy+XX7Y3Nre2dwu7erRKpxMTDggnZCJAijMbE01Qz0kgkQTxgpB70roZ+/Y5IRUV8o/sJ8TnqxDSiGGkj1Y7bhaJTdkaAi8SdkGIl9/t9/3rxWG0XflqhwCknscYMKdV0nUT7GZKaYkYGditVJEG4hzqkaWiMOFF+Njp0AEtGCWEkpKlYw5E6PZEhrlSfB6aTI91V895Q/M9rpjo68zMaJ6kmMR4vilIGtYDDr2FIJcGa9Q1BWFJzK8RdJBHWJhu7NL0mCAQLZ/4wEh/YJil3PpdF4p2Uz8tuzSR2CcbIgwNwCI6AC05BBVyDKvAABgQ8gGfwYj1Zb9a79TFuXbImM/tgBtbnH0l1n9A=</latexit><latexit sha1_base64="GGbUIsGqWuqsMgLkPr3krLLhndE=">AAACDHicbVC7SgNBFJ31lbi+opY2gyEgCGHXRsUmaGOZgGsCyRJmZ2eTITM7y8ysEJZUloI2+gl+gpXY+g9+iFjq5FHk4YELh3Pu5d57goRRpR3ny1paXlldy+XX7Y3Nre2dwu7erRKpxMTDggnZCJAijMbE01Qz0kgkQTxgpB70roZ+/Y5IRUV8o/sJ8TnqxDSiGGkj1Y7bhaJTdkaAi8SdkGIl9/t9/3rxWG0XflqhwCknscYMKdV0nUT7GZKaYkYGditVJEG4hzqkaWiMOFF+Njp0AEtGCWEkpKlYw5E6PZEhrlSfB6aTI91V895Q/M9rpjo68zMaJ6kmMR4vilIGtYDDr2FIJcGa9Q1BWFJzK8RdJBHWJhu7NL0mCAQLZ/4wEh/YJil3PpdF4p2Uz8tuzSR2CcbIgwNwCI6AC05BBVyDKvAABgQ8gGfwYj1Zb9a79TFuXbImM/tgBtbnH0l1n9A=</latexit><latexit sha1_base64="wKT2usM/wLfvxL5hA3br9ZNX0nk=">AAACDHicbVDLSsNAFJ34ao2vqks3g6UgCCVx4QM3RTcuWzC20IYymUzaoTNJmJkIJXTlUtCNfoKf4Erc+g9+iLjUadpCWz1w4XDOvdx7jxczKpVlfRoLi0vLK7n8qrm2vrG5VdjeuZFRIjBxcMQi0fCQJIyGxFFUMdKIBUHcY6Tu9S6Hfv2WCEmj8Fr1Y+Jy1AlpQDFSWqodtgtFq2xlgH+JPSbFSu7n6+7l/KHaLny3/AgnnIQKMyRl07Zi5aZIKIoZGZitRJIY4R7qkKamIeJEuml26ACWtOLDIBK6QgUzdXoiRVzKPvd0J0eqK+e9ofif10xUcOqmNIwTRUI8WhQkDKoIDr+GPhUEK9bXBGFB9a0Qd5FAWOlszNL0Gs+LmD/zh5b4wMySOp4ENE8mSTlH5bOyXdOJXYAR8mAP7IMDYIMTUAFXoAocgAEB9+AJPBuPxqvxZryPWheM8cwumIHx8QtP8J/f</latexit><latexit sha1_base64="5B3OporaB2UOmm7RZegZUrsJ/kk=">AAACDHicbVDLSsNAFJ3UV42vqks3g6UgCCVx4WNXdOOyBWMLbSiTyaQdOpMJMxOhhH6BCzf6Ka7Erf/gl7h1mqbQVg9cOJxzL/feEySMKu0431ZpbX1jc6u8be/s7u0fVA6PHpVIJSYeFkzIToAUYTQmnqaakU4iCeIBI+1gdDf1209EKiriBz1OiM/RIKYRxUgbqXXer1SdupMD/iVuQaqgQLNf+emFAqecxBozpFTXdRLtZ0hqihmZ2L1UkQThERqQrqEx4kT5WX7oBNaMEsJISFOxhrm6OJEhrtSYB6aTIz1Uq95U/M/rpjq69jMaJ6kmMZ4tilIGtYDTr2FIJcGajQ1BWFJzK8RDJBHWJhu7trgmCAQLl/4wEp/YeVKX84BWyTwp76J+U3dbTrVxW0RWBifgFJwBF1yBBrgHTeABDAh4Bq/gzXqx3q0P63PWWrKKmWOwBOvrFx0Dm7M=</latexit>

∼ E
<latexit sha1_base64="frRRc9x4ERf+0LF8Ys1+vvOiAVM=">AAACEXicbVDLSsNAFJ3UV42vqks3g6XgqiRu1F1RBJcVTFtoQ5lMJu3YeYSZiVBC/8GFG/0UV+LWL/BL3Dpts7CtBy4czrmXe++JUka18bxvp7S2vrG5Vd52d3b39g8qh0ctLTOFSYAlk6oTIU0YFSQw1DDSSRVBPGKkHY1upn77iShNpXgw45SEHA0ETShGxkqtnqYc3vYrVa/uzQBXiV+QKijQ7Fd+erHEGSfCYIa07vpeasIcKUMxIxO3l2mSIjxCA9K1VCBOdJjPrp3AmlVimEhlSxg4U/9O5IhrPeaR7eTIDPWyNxX/87qZSS7DnIo0M0Tg+aIkY9BIOH0dxlQRbNjYEoQVtbdCPEQKYWMDcmt/10SRZPHCH1biE9cm5S/nskqC8/pV3b/3qo3rIrIyOAGn4Az44AI0wB1oggBg8AiewSt4c16cd+fD+Zy3lpxi5hgswPn6Be8WnbU=</latexit><latexit sha1_base64="frRRc9x4ERf+0LF8Ys1+vvOiAVM=">AAACEXicbVDLSsNAFJ3UV42vqks3g6XgqiRu1F1RBJcVTFtoQ5lMJu3YeYSZiVBC/8GFG/0UV+LWL/BL3Dpts7CtBy4czrmXe++JUka18bxvp7S2vrG5Vd52d3b39g8qh0ctLTOFSYAlk6oTIU0YFSQw1DDSSRVBPGKkHY1upn77iShNpXgw45SEHA0ETShGxkqtnqYc3vYrVa/uzQBXiV+QKijQ7Fd+erHEGSfCYIa07vpeasIcKUMxIxO3l2mSIjxCA9K1VCBOdJjPrp3AmlVimEhlSxg4U/9O5IhrPeaR7eTIDPWyNxX/87qZSS7DnIo0M0Tg+aIkY9BIOH0dxlQRbNjYEoQVtbdCPEQKYWMDcmt/10SRZPHCH1biE9cm5S/nskqC8/pV3b/3qo3rIrIyOAGn4Az44AI0wB1oggBg8AiewSt4c16cd+fD+Zy3lpxi5hgswPn6Be8WnbU=</latexit><latexit sha1_base64="frRRc9x4ERf+0LF8Ys1+vvOiAVM=">AAACEXicbVDLSsNAFJ3UV42vqks3g6XgqiRu1F1RBJcVTFtoQ5lMJu3YeYSZiVBC/8GFG/0UV+LWL/BL3Dpts7CtBy4czrmXe++JUka18bxvp7S2vrG5Vd52d3b39g8qh0ctLTOFSYAlk6oTIU0YFSQw1DDSSRVBPGKkHY1upn77iShNpXgw45SEHA0ETShGxkqtnqYc3vYrVa/uzQBXiV+QKijQ7Fd+erHEGSfCYIa07vpeasIcKUMxIxO3l2mSIjxCA9K1VCBOdJjPrp3AmlVimEhlSxg4U/9O5IhrPeaR7eTIDPWyNxX/87qZSS7DnIo0M0Tg+aIkY9BIOH0dxlQRbNjYEoQVtbdCPEQKYWMDcmt/10SRZPHCH1biE9cm5S/nskqC8/pV3b/3qo3rIrIyOAGn4Az44AI0wB1oggBg8AiewSt4c16cd+fD+Zy3lpxi5hgswPn6Be8WnbU=</latexit><latexit sha1_base64="frRRc9x4ERf+0LF8Ys1+vvOiAVM=">AAACEXicbVDLSsNAFJ3UV42vqks3g6XgqiRu1F1RBJcVTFtoQ5lMJu3YeYSZiVBC/8GFG/0UV+LWL/BL3Dpts7CtBy4czrmXe++JUka18bxvp7S2vrG5Vd52d3b39g8qh0ctLTOFSYAlk6oTIU0YFSQw1DDSSRVBPGKkHY1upn77iShNpXgw45SEHA0ETShGxkqtnqYc3vYrVa/uzQBXiV+QKijQ7Fd+erHEGSfCYIa07vpeasIcKUMxIxO3l2mSIjxCA9K1VCBOdJjPrp3AmlVimEhlSxg4U/9O5IhrPeaR7eTIDPWyNxX/87qZSS7DnIo0M0Tg+aIkY9BIOH0dxlQRbNjYEoQVtbdCPEQKYWMDcmt/10SRZPHCH1biE9cm5S/nskqC8/pV3b/3qo3rIrIyOAGn4Az44AI0wB1oggBg8AiewSt4c16cd+fD+Zy3lpxi5hgswPn6Be8WnbU=</latexit><latexit sha1_base64="n/vAw8H7grZNoEo86UdmNorUdt8=">AAACEXicbVDLSsNAFJ34rPFVdelmsBRclcSFj11RBJcVTFtoQ5lMJu3YmUmYmQgl9B9cuNFPcSVu/QK/xK3TNIW2euDC4Zx7ufeeIGFUacf5tlZW19Y3Nktb9vbO7t5++eCwqeJUYuLhmMWyHSBFGBXE01Qz0k4kQTxgpBUMbyZ+64lIRWPxoEcJ8TnqCxpRjLSRml1FObztlStOzckB/xK3IBVQoNEr/3TDGKecCI0ZUqrjOon2MyQ1xYyM7W6qSILwEPVJx1CBOFF+ll87hlWjhDCKpSmhYa7OT2SIKzXigenkSA/UsjcR//M6qY4u/YyKJNVE4OmiKGVQx3DyOgypJFizkSEIS2puhXiAJMLaBGRX59cEQczChT+MxMd2ntT5LKBlMkvKO6td1dx7p1K/LiIrgWNwAk6BCy5AHdyBBvAABo/gGbyCN+vFerc+rM9p64pVzByBBVhfv/WRncQ=</latexit><latexit sha1_base64="n/vAw8H7grZNoEo86UdmNorUdt8=">AAACEXicbVDLSsNAFJ34rPFVdelmsBRclcSFj11RBJcVTFtoQ5lMJu3YmUmYmQgl9B9cuNFPcSVu/QK/xK3TNIW2euDC4Zx7ufeeIGFUacf5tlZW19Y3Nktb9vbO7t5++eCwqeJUYuLhmMWyHSBFGBXE01Qz0k4kQTxgpBUMbyZ+64lIRWPxoEcJ8TnqCxpRjLSRml1FObztlStOzckB/xK3IBVQoNEr/3TDGKecCI0ZUqrjOon2MyQ1xYyM7W6qSILwEPVJx1CBOFF+ll87hlWjhDCKpSmhYa7OT2SIKzXigenkSA/UsjcR//M6qY4u/YyKJNVE4OmiKGVQx3DyOgypJFizkSEIS2puhXiAJMLaBGRX59cEQczChT+MxMd2ntT5LKBlMkvKO6td1dx7p1K/LiIrgWNwAk6BCy5AHdyBBvAABo/gGbyCN+vFerc+rM9p64pVzByBBVhfv/WRncQ=</latexit>

∼ E0 + E−1 + · · ·
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high energy 
behaviour regulated



Ohff = hψ̄fγ5ψf
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<latexit sha1_base64="KQzsUIw/jPsfXGLbACFjXMCzjTI=">AAACDnicbVC7SgNBFL0bX3F9RcXKZjAErMKujdoFbSwsIromkCxhdnaSDJmdXWZmhbAE/AAtbBS/xEps/QW/xNbJo8jDAxcO59zLvfcECWdKO86PlVtaXlldy6/bG5tb2zuF3b17FaeSUI/EPJb1ACvKmaCeZprTeiIpjgJOa0HvcujXHqhULBZ3up9QP8IdwdqMYG2k21rrulUoOmVnBLRI3AkpVg7enx4BoNoq/DbDmKQRFZpwrFTDdRLtZ1hqRjgd2M1U0QSTHu7QhqECR1T52ejUASoZJUTtWJoSGo3U6YkMR0r1o8B0Rlh31bw3FP/zGqlun/kZE0mqqSDjRe2UIx2j4d8oZJISzfuGYCKZuRWRLpaYaJOOXZpeEwQxD2f+MFI0sE1S7nwui8Q7KZ+X3RuT2AWMkYdDOIJjcOEUKnAFVfCAQAee4RXerBfrw/q0vsatOWsysw8zsL7/ALgQnok=</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="P2b0H2ydLlvWchVNEJjmMPcNSg4=">AAACDnicbVDLSsNAFJ34rKmPqrhyE6yFrkriwseu6MaFi4rGFtpQJpNJO3RmEmYmQgn1C3ThRvFLXIlbf8Evces0baGtHrhwOOde7r3HjymRyra/jYXFpeWV1dyamV/f2NwqbO/cySgRCLsoopFo+FBiSjh2FVEUN2KBIfMprvu9i6Ffv8dCkojfqn6MPQY7nIQEQaWlm3r7ql0o2hU7g/WXOGNSrO69PT6UD/O1duGnFUQoYZgrRKGUTceOlZdCoQiieGC2EoljiHqwg5uacsiw9NLs1IFV0kpghZHQxZWVqdMTKWRS9pmvOxlUXTnvDcX/vGaiwlMvJTxOFOZotChMqKUia/i3FRCBkaJ9TSASRN9qoS4UECmdjlmaXuP7EQ1m/tASG5hZUseTgObJJCn3qHJWca51YudghBzYBwegDBxwAqrgEtSACxDogCfwAl6NZ+Pd+DA+R60LxnhmF8zA+PoFPDWe7Q==</latexit><latexit sha1_base64="j+u8MUCv1r2Iy7YZFTl9UoYKND4=">AAACDnicbVDLSsNAFJ3UV42vqks3wVJwVRIXPnZFNy5cVDS20IYymUzaofMIMxOhhH6CCzf6Ka7Erb/gl7h1mqbQVg9cOJxzL/feEyaUKO2631ZpZXVtfaO8aW9t7+zuVfYPHpVIJcI+ElTIdggVpoRjXxNNcTuRGLKQ4lY4vJ74rScsFRH8QY8SHDDY5yQmCGoj3bd6t71K1a27OZy/xCtIFRRo9io/3UiglGGuEYVKdTw30UEGpSaI4rHdTRVOIBrCPu4YyiHDKsjyU8dOzSiREwtpimsnV+cnMsiUGrHQdDKoB2rZm4j/eZ1UxxdBRniSaszRdFGcUkcLZ/K3ExGJkaYjQyCSxNzqoAGUEGmTjl2bXxOGgkYLfxiJje08qbNZQMtklpR/Wr+se3dutXFVRFYGR+AYnAAPnIMGuAFN4AME+uAZvII368V6tz6sz2lrySpmDsECrK9fzEmcng==</latexit>

WL
<latexit sha1_base64="KQzsUIw/jPsfXGLbACFjXMCzjTI=">AAACDnicbVC7SgNBFL0bX3F9RcXKZjAErMKujdoFbSwsIromkCxhdnaSDJmdXWZmhbAE/AAtbBS/xEps/QW/xNbJo8jDAxcO59zLvfcECWdKO86PlVtaXlldy6/bG5tb2zuF3b17FaeSUI/EPJb1ACvKmaCeZprTeiIpjgJOa0HvcujXHqhULBZ3up9QP8IdwdqMYG2k21rrulUoOmVnBLRI3AkpVg7enx4BoNoq/DbDmKQRFZpwrFTDdRLtZ1hqRjgd2M1U0QSTHu7QhqECR1T52ejUASoZJUTtWJoSGo3U6YkMR0r1o8B0Rlh31bw3FP/zGqlun/kZE0mqqSDjRe2UIx2j4d8oZJISzfuGYCKZuRWRLpaYaJOOXZpeEwQxD2f+MFI0sE1S7nwui8Q7KZ+X3RuT2AWMkYdDOIJjcOEUKnAFVfCAQAee4RXerBfrw/q0vsatOWsysw8zsL7/ALgQnok=</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="P2b0H2ydLlvWchVNEJjmMPcNSg4=">AAACDnicbVDLSsNAFJ34rKmPqrhyE6yFrkriwseu6MaFi4rGFtpQJpNJO3RmEmYmQgn1C3ThRvFLXIlbf8Evces0baGtHrhwOOde7r3HjymRyra/jYXFpeWV1dyamV/f2NwqbO/cySgRCLsoopFo+FBiSjh2FVEUN2KBIfMprvu9i6Ffv8dCkojfqn6MPQY7nIQEQaWlm3r7ql0o2hU7g/WXOGNSrO69PT6UD/O1duGnFUQoYZgrRKGUTceOlZdCoQiieGC2EoljiHqwg5uacsiw9NLs1IFV0kpghZHQxZWVqdMTKWRS9pmvOxlUXTnvDcX/vGaiwlMvJTxOFOZotChMqKUia/i3FRCBkaJ9TSASRN9qoS4UECmdjlmaXuP7EQ1m/tASG5hZUseTgObJJCn3qHJWca51YudghBzYBwegDBxwAqrgEtSACxDogCfwAl6NZ+Pd+DA+R60LxnhmF8zA+PoFPDWe7Q==</latexit><latexit sha1_base64="j+u8MUCv1r2Iy7YZFTl9UoYKND4=">AAACDnicbVDLSsNAFJ3UV42vqks3wVJwVRIXPnZFNy5cVDS20IYymUzaofMIMxOhhH6CCzf6Ka7Erb/gl7h1mqbQVg9cOJxzL/feEyaUKO2631ZpZXVtfaO8aW9t7+zuVfYPHpVIJcI+ElTIdggVpoRjXxNNcTuRGLKQ4lY4vJ74rScsFRH8QY8SHDDY5yQmCGoj3bd6t71K1a27OZy/xCtIFRRo9io/3UiglGGuEYVKdTw30UEGpSaI4rHdTRVOIBrCPu4YyiHDKsjyU8dOzSiREwtpimsnV+cnMsiUGrHQdDKoB2rZm4j/eZ1UxxdBRniSaszRdFGcUkcLZ/K3ExGJkaYjQyCSxNzqoAGUEGmTjl2bXxOGgkYLfxiJje08qbNZQMtklpR/Wr+se3dutXFVRFYGR+AYnAAPnIMGuAFN4AME+uAZvII368V6tz6sz2lrySpmDsECrK9fzEmcng==</latexit>

Chtt
<latexit sha1_base64="EKN464f1+GzwsXpaSwWnE1QRFms=">AAACEnicbVC7SgNBFL0bX3F9RcXKZjEErMKujdoF01hGcE0gCWF2djYZMvtg5q4QlgU/wMbCQv0UK7H1B/wSWyePwiQeuHA4517uvcdLBFdo299GYWV1bX2juGlube/s7pX2D+5UnErKXBqLWLY8opjgEXORo2CtRDISeoI1vWF97DfvmVQ8jm5xlLBuSPoRDzglqKVmvZcNEPNeqWxX7QmsZeLMSLl29PL4AACNXumn48c0DVmEVBCl2o6dYDcjEjkVLDc7qWIJoUPSZ21NIxIy1c0m5+ZWRSu+FcRSV4TWRP07kZFQqVHo6c6Q4EAtemPxP6+dYnDRzXiUpMgiOl0UpMLC2Br/bvlcMopipAmhkutbLTogklDUCZmVv2s8Lxb+3B9aCnNTJ+Us5rJM3LPqZdW50YldwRRFOIYTOAUHzqEG19AAFygM4Qle4c14Nt6ND+Nz2lowZjOHMAfj6xd7qKCZ</latexit><latexit sha1_base64="rumC1rdMgzMNUz0IcY+nPiBCbwY=">AAACEnicbVC7SgNBFJ2Nr7jxERUrm8EYSBV2bdQumMYygmsCyRJmZ2eTIbMPZu4KYYlfYGNhoX6Kldj6A36JrZNHkYcHLhzOuZd77/ESwRVY1o+RW1vf2NzKb5uFnd29/eLB4b2KU0mZQ2MRy5ZHFBM8Yg5wEKyVSEZCT7CmN6iP/eYDk4rH0R0ME+aGpBfxgFMCWmrWu1kfYNQtlqyqNQFeJfaMlGrHr0+PlbNCo1v87fgxTUMWARVEqbZtJeBmRAKngo3MTqpYQuiA9Fhb04iETLnZ5NwRLmvFx0EsdUWAJ+r8REZCpYahpztDAn217I3F/7x2CsGlm/EoSYFFdLooSAWGGI9/xz6XjIIYakKo5PpWTPtEEgo6IbM8v8bzYuEv/KGlcGTqpOzlXFaJc169qtq3OrFrNEUenaBTVEE2ukA1dIMayEEUDdAzekPvxovxYXwaX9PWnDGbOUILML7/APlDoO4=</latexit><latexit sha1_base64="rumC1rdMgzMNUz0IcY+nPiBCbwY=">AAACEnicbVC7SgNBFJ2Nr7jxERUrm8EYSBV2bdQumMYygmsCyRJmZ2eTIbMPZu4KYYlfYGNhoX6Kldj6A36JrZNHkYcHLhzOuZd77/ESwRVY1o+RW1vf2NzKb5uFnd29/eLB4b2KU0mZQ2MRy5ZHFBM8Yg5wEKyVSEZCT7CmN6iP/eYDk4rH0R0ME+aGpBfxgFMCWmrWu1kfYNQtlqyqNQFeJfaMlGrHr0+PlbNCo1v87fgxTUMWARVEqbZtJeBmRAKngo3MTqpYQuiA9Fhb04iETLnZ5NwRLmvFx0EsdUWAJ+r8REZCpYahpztDAn217I3F/7x2CsGlm/EoSYFFdLooSAWGGI9/xz6XjIIYakKo5PpWTPtEEgo6IbM8v8bzYuEv/KGlcGTqpOzlXFaJc169qtq3OrFrNEUenaBTVEE2ukA1dIMayEEUDdAzekPvxovxYXwaX9PWnDGbOUILML7/APlDoO4=</latexit><latexit sha1_base64="rumC1rdMgzMNUz0IcY+nPiBCbwY=">AAACEnicbVC7SgNBFJ2Nr7jxERUrm8EYSBV2bdQumMYygmsCyRJmZ2eTIbMPZu4KYYlfYGNhoX6Kldj6A36JrZNHkYcHLhzOuZd77/ESwRVY1o+RW1vf2NzKb5uFnd29/eLB4b2KU0mZQ2MRy5ZHFBM8Yg5wEKyVSEZCT7CmN6iP/eYDk4rH0R0ME+aGpBfxgFMCWmrWu1kfYNQtlqyqNQFeJfaMlGrHr0+PlbNCo1v87fgxTUMWARVEqbZtJeBmRAKngo3MTqpYQuiA9Fhb04iETLnZ5NwRLmvFx0EsdUWAJ+r8REZCpYahpztDAn217I3F/7x2CsGlm/EoSYFFdLooSAWGGI9/xz6XjIIYakKo5PpWTPtEEgo6IbM8v8bzYuEv/KGlcGTqpOzlXFaJc169qtq3OrFrNEUenaBTVEE2ukA1dIMayEEUDdAzekPvxovxYXwaX9PWnDGbOUILML7/APlDoO4=</latexit><latexit sha1_base64="bcToUguylXnRw7xPgP9APTzb2mo=">AAACEnicbVDLTsJAFJ3iC4sP1Lhy04gkrEhx4WNHZOMSEysk0JDpdAoTpo/M3JqQpn6BGxcu1E9xZdz6A36JW4cCCaAnucnJOffm3nuciDMJpvmt5VZW19Y38pt6YWt7Z7e4t38nw1gQapGQh6LtYEk5C6gFDDhtR4Ji3+G05QwbY791T4VkYXALo4jaPu4HzGMEg5JajV4yAEh7xZJZNTMYf0ltSkr1w5fHh8pJodkr/nTdkMQ+DYBwLGWnZkZgJ1gAI5ymejeWNMJkiPu0o2iAfSrtJDs3NcpKcQ0vFKoCMDJ1fiLBvpQj31GdPoaBXPbG4n9eJwbvwk5YEMVAAzJZ5MXcgNAY/264TFACfKQIJoKpWw0ywAITUAnp5fk1jhNyd+EPJfmpniV1NgtomcySsk6rl9XajUrsCk2QR0foGFVQDZ2jOrpGTWQhgoboCb2iN+1Ze9c+tM9Ja06bzhygBWhfv/++oP0=</latexit><latexit sha1_base64="ZnLNIFgjM6kdCisSMZFSbgKrfmA=">AAACEnicbVDLSsNAFJ34rPFVdekmWAquSuLCx67YjcsKxhbaUCaTSTt0MgkzN0IJ+QgXbvRTXIlbf8Avces0TaGtHrhwOOde7r3HTzhTYNvfxtr6xubWdmXH3N3bPzisHh0/qjiVhLok5rHs+lhRzgR1gQGn3URSHPmcdvxxa+p3nqhULBYPMEmoF+GhYCEjGLTUaQ2yEUA+qNbshl3A+kucktRQifag+tMPYpJGVADhWKmeYyfgZVgCI5zmZj9VNMFkjIe0p6nAEVVeVpybW3WtBFYYS10CrEJdnMhwpNQk8nVnhGGkVr2p+J/XSyG89jImkhSoILNFYcotiK3p71bAJCXAJ5pgIpm+1SIjLDEBnZBZX1zj+zEPlv7QUpSbRVKX84BWyTwp96Jx03Du7Vrztoysgk7RGTpHDrpCTXSH2shFBI3RM3pFb8aL8W58GJ+z1jWjnDlBSzC+fgGP4Z6u</latexit>

∼ Chtt
√
s

<latexit sha1_base64="xLa+ztMeIJ/U8i0rLxiSgWwwJPU=">AAACJnicbVA9SwNBEJ3z2/MraiU2i0GwkHBno3ZBG8sIRgO5EPc2G7O4e3fuzgnhOPTPWNjoT7ESsfNf2Lr5KPLhg4HHezPMzAsTKQx63rczMzs3v7C4tOyurK6tbxQ2t65NnGrGqyyWsa6F1HApIl5FgZLXEs2pCiW/Ce/Pe/7NI9dGxNEVdhPeUPQuEm3BKFqpWdgJDgMjVHBIzptZBzEngXnQmJm8WSh6Ja8PMk38ISmWd/PnWwCoNAu/QStmqeIRMkmNqftego2MahRM8twNUsMTyu7pHa9bGlHFTSPrv5CTfau0SDvWtiIkfXV0IqPKmK4Kbaei2DGTXk/8z6un2D5pZCJKUuQRGyxqp5JgTHp5kJbQnKHsWkKZFvZWwjpUU4Y2NXd/dE0YxrI19oeVVO7apPzJXKZJ9ah0WvIvbWJnMMAS7MIeHIAPx1CGC6hAFRg8wQu8wbvz6nw4n87XoHXGGc5swxicnz9i7afC</latexit><latexit sha1_base64="JK9Wnhdh5CkpSqNrF0xcKOIT04E=">AAACJnicbVA9SwNBEN3z2/gVtRKbRQlYhHBno3aijaWC0UAuHnt7e8ni7t65OyeE49A/Y2GjP8VKxM7Sf2Dr5qNIjA8GHu/NMDMvTAU34LqfztT0zOzc/MJiaWl5ZXWtvL5xZZJMU1aniUh0IySGCa5YHTgI1kg1IzIU7Dq8Pe351/dMG56oS+imrCVJW/GYUwJWCspbftU3XPpVfBrkHYAC++ZOQ26KoLzr1tw+8CTxhmT3eLt4vAnc7/Og/ONHCc0kU0AFMabpuSm0cqKBU8GKkp8ZlhJ6S9qsaakikplW3n+hwBWrRDhOtC0FuK+OTuREGtOVoe2UBDrmr9cT//OaGcSHrZyrNAOm6GBRnAkMCe7lgSOuGQXRtYRQze2tmHaIJhRsaqXK6JowTEQ09oeVZFGySXl/c5kk9f3aUc27sImdoAEW0DbaQXvIQwfoGJ2hc1RHFD2gJ/SCXp1n5815dz4GrVPOcGYTjcH5+gWJQKk3</latexit><latexit sha1_base64="JK9Wnhdh5CkpSqNrF0xcKOIT04E=">AAACJnicbVA9SwNBEN3z2/gVtRKbRQlYhHBno3aijaWC0UAuHnt7e8ni7t65OyeE49A/Y2GjP8VKxM7Sf2Dr5qNIjA8GHu/NMDMvTAU34LqfztT0zOzc/MJiaWl5ZXWtvL5xZZJMU1aniUh0IySGCa5YHTgI1kg1IzIU7Dq8Pe351/dMG56oS+imrCVJW/GYUwJWCspbftU3XPpVfBrkHYAC++ZOQ26KoLzr1tw+8CTxhmT3eLt4vAnc7/Og/ONHCc0kU0AFMabpuSm0cqKBU8GKkp8ZlhJ6S9qsaakikplW3n+hwBWrRDhOtC0FuK+OTuREGtOVoe2UBDrmr9cT//OaGcSHrZyrNAOm6GBRnAkMCe7lgSOuGQXRtYRQze2tmHaIJhRsaqXK6JowTEQ09oeVZFGySXl/c5kk9f3aUc27sImdoAEW0DbaQXvIQwfoGJ2hc1RHFD2gJ/SCXp1n5815dz4GrVPOcGYTjcH5+gWJQKk3</latexit><latexit sha1_base64="JK9Wnhdh5CkpSqNrF0xcKOIT04E=">AAACJnicbVA9SwNBEN3z2/gVtRKbRQlYhHBno3aijaWC0UAuHnt7e8ni7t65OyeE49A/Y2GjP8VKxM7Sf2Dr5qNIjA8GHu/NMDMvTAU34LqfztT0zOzc/MJiaWl5ZXWtvL5xZZJMU1aniUh0IySGCa5YHTgI1kg1IzIU7Dq8Pe351/dMG56oS+imrCVJW/GYUwJWCspbftU3XPpVfBrkHYAC++ZOQ26KoLzr1tw+8CTxhmT3eLt4vAnc7/Og/ONHCc0kU0AFMabpuSm0cqKBU8GKkp8ZlhJ6S9qsaakikplW3n+hwBWrRDhOtC0FuK+OTuREGtOVoe2UBDrmr9cT//OaGcSHrZyrNAOm6GBRnAkMCe7lgSOuGQXRtYRQze2tmHaIJhRsaqXK6JowTEQ09oeVZFGySXl/c5kk9f3aUc27sImdoAEW0DbaQXvIQwfoGJ2hc1RHFD2gJ/SCXp1n5815dz4GrVPOcGYTjcH5+gWJQKk3</latexit><latexit sha1_base64="w2VWgEs288276AGsXyM1C8EAHOo="></latexit><latexit sha1_base64="JXhtThQbaQ4h9mwW/6c/a1alwvI=">AAACJnicbZBNSwJBGMdn7c3szeoUXYZE6CCydujlJnnpaJApuIvMjqMOzuxuM88Gsix9mg5d6qN0iujWt+jauCqo9YeBP//neXjm+Xmh4Bps+8vKrKyurW9kN3Nb2zu7e/n9g3sdRIqyBg1EoFoe0UxwnzWAg2CtUDEiPcGa3rA2rjcfmdI88O9gFDJXkr7Pe5wSMFEnf+SUHM2lU8K1TjwASLCjHxTEOunkC3bZToX/msrUFNBU9U7+x+kGNJLMByqI1u2KHYIbEwWcCpbknEizkNAh6bO2sT6RTLtxekKCiybp4l6gzPMBp+n8REyk1iPpmU5JYKCXa+Pwv1o7gt6lG3M/jID5dLKoFwkMAR7zwF2uGAUxMoZQxc1fMR0QRSgYarni/BrPC0R34Q4TySSXkjqfAVo2M1KNs/JVuXJrF6rXU2RZdIxO0CmqoAtURTeojhqIoif0jF7Rm/VivVsf1uekNWNNZw7RgqzvX9lQphk=</latexit>

|aℓ(s)| ≤ 1
<latexit sha1_base64="44+FA09pY8co0M1qi2zYRMH4tS0=">AAACH3icbVDJTgJBEK3BDXFDPHrpQEjwQma8qDeiF4+YiJDAhPQ0BXToWdLdYyQDv2KMF/0UT8YrX+LVZjmw+JJKXt6rSlU9LxJcadueWKmt7Z3dvfR+5uDw6Pgke5p7UmEsGdZYKELZ8KhCwQOsaa4FNiKJ1PcE1r3B3dSvP6NUPAwe9TBC16e9gHc5o9pI7WxuRNstFIKU1MWItAQSp50t2GV7BrJJnAUpVPKQegOAajv72+qELPYx0ExQpZqOHWk3oVJzJnCcacUKI8oGtIdNQwPqo3KT2e1jUjRKh3RDaSrQZKYuTyTUV2roe6bTp7qv1r2p+J/XjHX32k14EMUaAzZf1I0F0SGZBkE6XCLTYmgIZZKbWwnrU0mZNnFlistrPC8UnZU/jOSPMyYpZz2XTVK7LN+UnQenULmFOdJwDnkogQNXUIF7qEINGLzAK3zAp/VufVnf1s+8NWUtZs5gBdbkDyKHoyw=</latexit><latexit sha1_base64="e7L92aqqKS2vOSMCLidZtPJewvU=">AAACH3icbVC7TkJBEJ2LL8QXYmKjxQZCgg2510btiDaWmHiFBAjZuwywce8ju3uNBPgVTWy09S+sjC1fYuvyKHh4kklOzpnJzBwvElxp2x5ZibX1jc2t5HZqZ3dv/yB9mHlQYSwZuiwUoax6VKHgAbqaa4HVSCL1PYEV7/Fm7FeeUCoeBve6F2HDp52Atzmj2kjNdGZAm3UUghTU2YDUBRKnmc7ZRXsCskqcGcmVspB4Pf48LTfTv/VWyGIfA80EVarm2JFu9KnUnAkcpuqxwoiyR9rBmqEB9VE1+pPbhyRvlBZph9JUoMlEnZ/oU1+pnu+ZTp/qrlr2xuJ/Xi3W7ctGnwdRrDFg00XtWBAdknEQpMUlMi16hlAmubmVsC6VlGkTVyo/v8bzQtFa+MNI/jBlknKWc1kl7nnxqujcObnSNUyRhBPIQgEcuIAS3EIZXGDwDC/wDh/Wm/VlfVs/09aENZs5ggVYoz9wQqQO</latexit><latexit sha1_base64="e7L92aqqKS2vOSMCLidZtPJewvU=">AAACH3icbVC7TkJBEJ2LL8QXYmKjxQZCgg2510btiDaWmHiFBAjZuwywce8ju3uNBPgVTWy09S+sjC1fYuvyKHh4kklOzpnJzBwvElxp2x5ZibX1jc2t5HZqZ3dv/yB9mHlQYSwZuiwUoax6VKHgAbqaa4HVSCL1PYEV7/Fm7FeeUCoeBve6F2HDp52Atzmj2kjNdGZAm3UUghTU2YDUBRKnmc7ZRXsCskqcGcmVspB4Pf48LTfTv/VWyGIfA80EVarm2JFu9KnUnAkcpuqxwoiyR9rBmqEB9VE1+pPbhyRvlBZph9JUoMlEnZ/oU1+pnu+ZTp/qrlr2xuJ/Xi3W7ctGnwdRrDFg00XtWBAdknEQpMUlMi16hlAmubmVsC6VlGkTVyo/v8bzQtFa+MNI/jBlknKWc1kl7nnxqujcObnSNUyRhBPIQgEcuIAS3EIZXGDwDC/wDh/Wm/VlfVs/09aENZs5ggVYoz9wQqQO</latexit><latexit sha1_base64="e7L92aqqKS2vOSMCLidZtPJewvU=">AAACH3icbVC7TkJBEJ2LL8QXYmKjxQZCgg2510btiDaWmHiFBAjZuwywce8ju3uNBPgVTWy09S+sjC1fYuvyKHh4kklOzpnJzBwvElxp2x5ZibX1jc2t5HZqZ3dv/yB9mHlQYSwZuiwUoax6VKHgAbqaa4HVSCL1PYEV7/Fm7FeeUCoeBve6F2HDp52Atzmj2kjNdGZAm3UUghTU2YDUBRKnmc7ZRXsCskqcGcmVspB4Pf48LTfTv/VWyGIfA80EVarm2JFu9KnUnAkcpuqxwoiyR9rBmqEB9VE1+pPbhyRvlBZph9JUoMlEnZ/oU1+pnu+ZTp/qrlr2xuJ/Xi3W7ctGnwdRrDFg00XtWBAdknEQpMUlMi16hlAmubmVsC6VlGkTVyo/v8bzQtFa+MNI/jBlknKWc1kl7nnxqujcObnSNUyRhBPIQgEcuIAS3EIZXGDwDC/wDh/Wm/VlfVs/09aENZs5ggVYoz9wQqQO</latexit><latexit sha1_base64="F5K+i8XPzjDSKY+NDKw3Biy2S38=">AAACH3icbVBLS0JBFD7XXmYvM2hTi0ERbCP3tuixk9q0NMgUVGTueNShuQ9m5kai/pWCNrXtX7SKtv6Sto0vUOuDAx/fdw7nnM8NBVfatodWbGV1bX0jvpnY2t7Z3Uvup+5VEEmGJRaIQFZcqlBwH0uaa4GVUCL1XIFl9+F65JcfUSoe+He6G2Ldo22ftzij2kiNZKpPGzUUguTUSZ/UBBKnkczYeXsM8pc4U5IppCH2cvhxXGwkf2rNgEUe+poJqlTVsUNd71GpORM4SNQihSFlD7SNVUN96qGq98a3D0jWKE3SCqQpX5OxOj/Ro55SXc81nR7VHbXsjcT/vGqkWxf1HvfDSKPPJotakSA6IKMgSJNLZFp0DaFMcnMrYR0qKdMmrkR2fo3rBqK58IeRvEFinNTZLKBlMkuqdJq/zDu3TqZwBRPE4QjSkAMHzqEAN1CEEjB4gmd4g3fr1fq0vqzvSWvMms4cwAKs4S92vaQd</latexit><latexit sha1_base64="INFkwqA+hh3H8rTEQip+9T7K6tk=">AAACH3icbZC7TgJBFIZn8YbrDbG0mUhIsCG7Fl46oo0lJiIksCGzs2dhwuwlM7NGAryKhY0+ipWx5UlsHZYlAfRPJvnzn3NyznxuzJlUljU1chubW9s7+V1zb//g8KhwXHySUSIoNGjEI9FyiQTOQmgopji0YgEkcDk03cHdrN58BiFZFD6qYQxOQHoh8xklSkfdQnFMuh3gHFfk+Rh3OGC7WyhZVSsV/mvszJRQpnq38NPxIpoEECrKiZRt24qVMyJCMcphYnYSCTGhA9KDtrYhCUA6o/T2CS7rxMN+JPQLFU7T5YkRCaQcBq7uDIjqy/XaLPyv1k6Uf+2MWBgnCkI6X+QnHKsIz0Bgjwmgig+1IVQwfSumfSIIVRqXWV5e47oR91b+oaNgYqakLheA1s2CVOOielO1H+xS7TZDlken6AxVkI2uUA3dozpqIIpe0Ct6Rx/Gm/FpfBnf89ackc2coBUZ01+ljKI3</latexit>

|Chtt| < 1.24
<latexit sha1_base64="XHlPJWXP2WNDfm4G5N/MLpb6TO8=">AAACHnicbVBLS0JBFD7XXmYvrWWbQRFayb0SVNBCctPSIFNQkbnjqINzH8ycW8jVnxLUpn5Kq2hbv6Rt42Phow8OfHzfOZxzPjeUQqNt/1iJjc2t7Z3kbmpv/+DwKJ05ftBBpBivskAGqu5SzaXweRUFSl4PFaeeK3nNHZQnfu2RKy0C/x6HIW95tOeLrmAUjdROZ0bldtxHHI/INXEKxXPSTufsgj0FWSfOnORKWUi8AEClnf5tdgIWedxHJqnWDccOsRVThYJJPk41I81Dyga0xxuG+tTjuhVPTx+TvFE6pBsoUz6Sqbo4EVNP66Hnmk6PYl+vehPxP68RYfeyFQs/jJD7bLaoG0mCAZnkQDpCcYZyaAhlSphbCetTRRmatFL5xTWuG8jO0h9G8sYpk5Szmss6qRYLVwXnziR2AzMk4RSycAYOXEAJbqECVWDwBM/wBu/Wq/VhfVpfs9aENZ85gSVY338Kt6KR</latexit><latexit sha1_base64="IruNMJibjlHQQfH9Zx9R/dzZRRY=">AAACHnicbVDLSgNBEOyNr7i+EgUvehgSBE9hNwgqeAjm4jGCMYEkhNnJrBky+2CmVwmbfIqIFz37FZ7Eq36JVyeJB18FDUVVN91dXiyFRsd5tzJz8wuLS9lle2V1bX0jl9+81FGiGK+zSEaq6VHNpQh5HQVK3owVp4EnecMbVCd+45orLaLwAocx7wT0KhS+YBSN1M3lR9Vu2kccj8gJcUvlA9LNFZ2SMwX5S9wvUqwUIHO3/bRb6+Y+2r2IJQEPkUmqdct1YuykVKFgko/tdqJ5TNmAXvGWoSENuO6k09PHZM8oPeJHylSIZKp+n0hpoPUw8ExnQLGvf3sT8T+vlaB/1ElFGCfIQzZb5CeSYEQmOZCeUJyhHBpCmRLmVsL6VFGGJi177/saz4tk78cfRgrGtknK/Z3LX1Ivl45L7rlJ7BRmyMIOFGAfXDiECpxBDerA4AZu4QEerXvr2XqxXmetGetrZgt+wHr7BFhyo3M=</latexit><latexit sha1_base64="IruNMJibjlHQQfH9Zx9R/dzZRRY=">AAACHnicbVDLSgNBEOyNr7i+EgUvehgSBE9hNwgqeAjm4jGCMYEkhNnJrBky+2CmVwmbfIqIFz37FZ7Eq36JVyeJB18FDUVVN91dXiyFRsd5tzJz8wuLS9lle2V1bX0jl9+81FGiGK+zSEaq6VHNpQh5HQVK3owVp4EnecMbVCd+45orLaLwAocx7wT0KhS+YBSN1M3lR9Vu2kccj8gJcUvlA9LNFZ2SMwX5S9wvUqwUIHO3/bRb6+Y+2r2IJQEPkUmqdct1YuykVKFgko/tdqJ5TNmAXvGWoSENuO6k09PHZM8oPeJHylSIZKp+n0hpoPUw8ExnQLGvf3sT8T+vlaB/1ElFGCfIQzZb5CeSYEQmOZCeUJyhHBpCmRLmVsL6VFGGJi177/saz4tk78cfRgrGtknK/Z3LX1Ivl45L7rlJ7BRmyMIOFGAfXDiECpxBDerA4AZu4QEerXvr2XqxXmetGetrZgt+wHr7BFhyo3M=</latexit><latexit sha1_base64="IruNMJibjlHQQfH9Zx9R/dzZRRY=">AAACHnicbVDLSgNBEOyNr7i+EgUvehgSBE9hNwgqeAjm4jGCMYEkhNnJrBky+2CmVwmbfIqIFz37FZ7Eq36JVyeJB18FDUVVN91dXiyFRsd5tzJz8wuLS9lle2V1bX0jl9+81FGiGK+zSEaq6VHNpQh5HQVK3owVp4EnecMbVCd+45orLaLwAocx7wT0KhS+YBSN1M3lR9Vu2kccj8gJcUvlA9LNFZ2SMwX5S9wvUqwUIHO3/bRb6+Y+2r2IJQEPkUmqdct1YuykVKFgko/tdqJ5TNmAXvGWoSENuO6k09PHZM8oPeJHylSIZKp+n0hpoPUw8ExnQLGvf3sT8T+vlaB/1ElFGCfIQzZb5CeSYEQmOZCeUJyhHBpCmRLmVsL6VFGGJi177/saz4tk78cfRgrGtknK/Z3LX1Ivl45L7rlJ7BRmyMIOFGAfXDiECpxBDerA4AZu4QEerXvr2XqxXmetGetrZgt+wHr7BFhyo3M=</latexit><latexit sha1_base64="M4eaFbOOT4RYV2Mkpv5D25BBiLY=">AAACHnicbZDLSgNBEEVr4ivGV1Rwo4smIeBqmAniA1wE3bhUMBpIQujp9CSNPQ+6a5Qw5lNE3Ojar3AlbvVL3NpJFEz0QsPlVhVVfbxYCo2O82FlpqZnZuey87mFxaXllfzq2oWOEsV4lUUyUjWPai5FyKsoUPJarDgNPMkvvavjQf3ymistovAcezFvBrQTCl8wiiZq5Vdvj1tpF7F/Sw6Ja5d3SCtfdGxnKPLXuN+mWClA5n7jeeu0lf9stCOWBDxEJqnWddeJsZlShYJJ3s81Es1jyq5oh9eNDWnAdTMdnt4nJZO0iR8p80Ikw/T3REoDrXuBZzoDil09WRuE/9XqCfr7zVSEcYI8ZKNFfiIJRmTAgbSF4gxlzxjKlDC3EtalijI0tHKl32s8L5LtsX+YKOjnhqR2fwBNmh9S1bJ9YLtnhtgRjJSFTSjANriwBxU4gVOoAoMbuINHeLIerBfr1XobtWas75l1GJP1/gVe7aOC</latexit><latexit sha1_base64="lGPuZkWhRXWOOdfnmo0dPftv/UA=">AAACHnicbZDLSgMxFIYz9VbrrdWlm2ApuCozRbyAi2I3LitYW2iHIZOmbWhmMiRnlDLto7hwo4/iStzqk7g1vUFb/SHw859zOCefHwmuwba/rdTa+sbmVno7s7O7t3+QzR0+aBkrympUCqkaPtFM8JDVgINgjUgxEviC1f1+ZVyvPzKluQzvYRAxNyDdkHc4JWAiL5sbVrykBzAa4mvsFEtn2Mvm7aI9Ef5rnJnJo5mqXvan1ZY0DlgIVBCtm44dgZsQBZwKNsq0Ys0iQvuky5rGhiRg2k0mp49wwSRt3JHKvBDwJF2cSEig9SDwTWdAoKdXa+Pwv1ozhs6lm/AwioGFdLqoEwsMEo854DZXjIIYGEOo4uZWTHtEEQqGVqawuMb3pWgv/cNEwSgzIXU+B7Rq5qRqpeJV0bmz8+WbGbI0OkYn6BQ56AKV0S2qohqi6Ak9o1f0Zr1Y79aH9TltTVmzmSO0JOvrF428oZw=</latexit>

for Λ = 5TeV
<latexit sha1_base64="RD+GPbzc9CZnKKQm5S1ftMXhrqM="></latexit><latexit sha1_base64="RD+GPbzc9CZnKKQm5S1ftMXhrqM="></latexit><latexit sha1_base64="RD+GPbzc9CZnKKQm5S1ftMXhrqM="></latexit><latexit sha1_base64="RD+GPbzc9CZnKKQm5S1ftMXhrqM="></latexit><latexit sha1_base64="BHxjewTwR/jMo5Ym5BhKat27t9M="></latexit><latexit sha1_base64="BHxjewTwR/jMo5Ym5BhKat27t9M="></latexit>



OhFF̃ = hFµν F̃
µν

<latexit sha1_base64="VYs0hw8O5vvqylb9ov/rO5N5Cak="></latexit><latexit sha1_base64="svrG4zxubPDeLqGFehKQSTstw/I="></latexit><latexit sha1_base64="svrG4zxubPDeLqGFehKQSTstw/I="></latexit><latexit sha1_base64="svrG4zxubPDeLqGFehKQSTstw/I="></latexit><latexit sha1_base64="7QmO/VN4D3QY8iOVvV8TbU3NCcA="></latexit><latexit sha1_base64="QTC+lNkxH6ZdUr7X+2Li0hgRAdk="></latexit>

WL
<latexit sha1_base64="KQzsUIw/jPsfXGLbACFjXMCzjTI=">AAACDnicbVC7SgNBFL0bX3F9RcXKZjAErMKujdoFbSwsIromkCxhdnaSDJmdXWZmhbAE/AAtbBS/xEps/QW/xNbJo8jDAxcO59zLvfcECWdKO86PlVtaXlldy6/bG5tb2zuF3b17FaeSUI/EPJb1ACvKmaCeZprTeiIpjgJOa0HvcujXHqhULBZ3up9QP8IdwdqMYG2k21rrulUoOmVnBLRI3AkpVg7enx4BoNoq/DbDmKQRFZpwrFTDdRLtZ1hqRjgd2M1U0QSTHu7QhqECR1T52ejUASoZJUTtWJoSGo3U6YkMR0r1o8B0Rlh31bw3FP/zGqlun/kZE0mqqSDjRe2UIx2j4d8oZJISzfuGYCKZuRWRLpaYaJOOXZpeEwQxD2f+MFI0sE1S7nwui8Q7KZ+X3RuT2AWMkYdDOIJjcOEUKnAFVfCAQAee4RXerBfrw/q0vsatOWsysw8zsL7/ALgQnok=</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="P2b0H2ydLlvWchVNEJjmMPcNSg4=">AAACDnicbVDLSsNAFJ34rKmPqrhyE6yFrkriwseu6MaFi4rGFtpQJpNJO3RmEmYmQgn1C3ThRvFLXIlbf8Evces0baGtHrhwOOde7r3HjymRyra/jYXFpeWV1dyamV/f2NwqbO/cySgRCLsoopFo+FBiSjh2FVEUN2KBIfMprvu9i6Ffv8dCkojfqn6MPQY7nIQEQaWlm3r7ql0o2hU7g/WXOGNSrO69PT6UD/O1duGnFUQoYZgrRKGUTceOlZdCoQiieGC2EoljiHqwg5uacsiw9NLs1IFV0kpghZHQxZWVqdMTKWRS9pmvOxlUXTnvDcX/vGaiwlMvJTxOFOZotChMqKUia/i3FRCBkaJ9TSASRN9qoS4UECmdjlmaXuP7EQ1m/tASG5hZUseTgObJJCn3qHJWca51YudghBzYBwegDBxwAqrgEtSACxDogCfwAl6NZ+Pd+DA+R60LxnhmF8zA+PoFPDWe7Q==</latexit><latexit sha1_base64="j+u8MUCv1r2Iy7YZFTl9UoYKND4=">AAACDnicbVDLSsNAFJ3UV42vqks3wVJwVRIXPnZFNy5cVDS20IYymUzaofMIMxOhhH6CCzf6Ka7Erb/gl7h1mqbQVg9cOJxzL/feEyaUKO2631ZpZXVtfaO8aW9t7+zuVfYPHpVIJcI+ElTIdggVpoRjXxNNcTuRGLKQ4lY4vJ74rScsFRH8QY8SHDDY5yQmCGoj3bd6t71K1a27OZy/xCtIFRRo9io/3UiglGGuEYVKdTw30UEGpSaI4rHdTRVOIBrCPu4YyiHDKsjyU8dOzSiREwtpimsnV+cnMsiUGrHQdDKoB2rZm4j/eZ1UxxdBRniSaszRdFGcUkcLZ/K3ExGJkaYjQyCSxNzqoAGUEGmTjl2bXxOGgkYLfxiJje08qbNZQMtklpR/Wr+se3dutXFVRFYGR+AYnAAPnIMGuAFN4AME+uAZvII368V6tz6sz2lrySpmDsECrK9fzEmcng==</latexit>

WL
<latexit sha1_base64="KQzsUIw/jPsfXGLbACFjXMCzjTI=">AAACDnicbVC7SgNBFL0bX3F9RcXKZjAErMKujdoFbSwsIromkCxhdnaSDJmdXWZmhbAE/AAtbBS/xEps/QW/xNbJo8jDAxcO59zLvfcECWdKO86PlVtaXlldy6/bG5tb2zuF3b17FaeSUI/EPJb1ACvKmaCeZprTeiIpjgJOa0HvcujXHqhULBZ3up9QP8IdwdqMYG2k21rrulUoOmVnBLRI3AkpVg7enx4BoNoq/DbDmKQRFZpwrFTDdRLtZ1hqRjgd2M1U0QSTHu7QhqECR1T52ejUASoZJUTtWJoSGo3U6YkMR0r1o8B0Rlh31bw3FP/zGqlun/kZE0mqqSDjRe2UIx2j4d8oZJISzfuGYCKZuRWRLpaYaJOOXZpeEwQxD2f+MFI0sE1S7nwui8Q7KZ+X3RuT2AWMkYdDOIJjcOEUKnAFVfCAQAee4RXerBfrw/q0vsatOWsysw8zsL7/ALgQnok=</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="P2b0H2ydLlvWchVNEJjmMPcNSg4=">AAACDnicbVDLSsNAFJ34rKmPqrhyE6yFrkriwseu6MaFi4rGFtpQJpNJO3RmEmYmQgn1C3ThRvFLXIlbf8Evces0baGtHrhwOOde7r3HjymRyra/jYXFpeWV1dyamV/f2NwqbO/cySgRCLsoopFo+FBiSjh2FVEUN2KBIfMprvu9i6Ffv8dCkojfqn6MPQY7nIQEQaWlm3r7ql0o2hU7g/WXOGNSrO69PT6UD/O1duGnFUQoYZgrRKGUTceOlZdCoQiieGC2EoljiHqwg5uacsiw9NLs1IFV0kpghZHQxZWVqdMTKWRS9pmvOxlUXTnvDcX/vGaiwlMvJTxOFOZotChMqKUia/i3FRCBkaJ9TSASRN9qoS4UECmdjlmaXuP7EQ1m/tASG5hZUseTgObJJCn3qHJWca51YudghBzYBwegDBxwAqrgEtSACxDogCfwAl6NZ+Pd+DA+R60LxnhmF8zA+PoFPDWe7Q==</latexit><latexit sha1_base64="j+u8MUCv1r2Iy7YZFTl9UoYKND4=">AAACDnicbVDLSsNAFJ3UV42vqks3wVJwVRIXPnZFNy5cVDS20IYymUzaofMIMxOhhH6CCzf6Ka7Erb/gl7h1mqbQVg9cOJxzL/feEyaUKO2631ZpZXVtfaO8aW9t7+zuVfYPHpVIJcI+ElTIdggVpoRjXxNNcTuRGLKQ4lY4vJ74rScsFRH8QY8SHDDY5yQmCGoj3bd6t71K1a27OZy/xCtIFRRo9io/3UiglGGuEYVKdTw30UEGpSaI4rHdTRVOIBrCPu4YyiHDKsjyU8dOzSiREwtpimsnV+cnMsiUGrHQdDKoB2rZm4j/eZ1UxxdBRniSaszRdFGcUkcLZ/K3ExGJkaYjQyCSxNzqoAGUEGmTjl2bXxOGgkYLfxiJje08qbNZQMtklpR/Wr+se3dutXFVRFYGR+AYnAAPnIMGuAFN4AME+uAZvII368V6tz6sz2lrySpmDsECrK9fzEmcng==</latexit>

∼ ϵµνρσp
µ
1p

ν
2ϵ

ρ
L(p1)ϵ

ρ
L(p2) = 0

<latexit sha1_base64="mGsTXN4LfyXh9lUNYffNyMyVQBc="></latexit><latexit sha1_base64="yEYCnlJxUidUsRoi+OxNJqJSan4="></latexit><latexit sha1_base64="yEYCnlJxUidUsRoi+OxNJqJSan4="></latexit><latexit sha1_base64="yEYCnlJxUidUsRoi+OxNJqJSan4="></latexit><latexit sha1_base64="RliHD8ScfwqLLsJOa0VlWDVzNbw="></latexit><latexit sha1_base64="YwZZK0T21dxxCqp/ypwfguvh5Iw="></latexit>

(up to O(mW /E))
<latexit sha1_base64="gqPStyQA0k2guXuR3+9RH59uJvw="></latexit><latexit sha1_base64="9bclglaNcl7J2OK2FvsWoCkKiY8="></latexit><latexit sha1_base64="9bclglaNcl7J2OK2FvsWoCkKiY8="></latexit><latexit sha1_base64="9bclglaNcl7J2OK2FvsWoCkKiY8="></latexit><latexit sha1_base64="RPvhgI2KbnfBCneCjL4py4tqQyA="></latexit><latexit sha1_base64="gMzHEG0XX+GnXzMUwIHbSW8Otxo="></latexit>

Longitudinal contribution cancels

Most stringent constraint arises from transverse scattering

WT
<latexit sha1_base64="vhMqmeWY1RMM7sU92WvloOrjKew=">AAACDnicbVDLSsNAFL2prxpfVXHlZrAUXJXEjborunFZsbGFNpTJZNIOnUzCzEQopeAH6MKN4pe4Erf+gl/i1ulj0YcHLhzOuZd77wlSzpR2nB8rt7K6tr6R37S3tnd29wr7B/cqySShHkl4IhsBVpQzQT3NNKeNVFIcB5zWg971yK8/UKlYImq6n1I/xh3BIkawNtJdvV1rF4pO2RkDLRN3SoqVo/enRwCotgu/rTAhWUyFJhwr1XSdVPsDLDUjnA7tVqZoikkPd2jTUIFjqvzB+NQhKhklRFEiTQmNxursxADHSvXjwHTGWHfVojcS//OamY4u/AETaaapIJNFUcaRTtDobxQySYnmfUMwkczcikgXS0y0Sccuza4JgoSHc38YKR7aJil3MZdl4p2VL8vurUnsCibIwzGcwCm4cA4VuIEqeECgA8/wCm/Wi/VhfVpfk9acNZ05hDlY33/FUJ6R</latexit><latexit sha1_base64="JAL1TRA0MSV0X5tUayrEihmSO/k=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcJYREMrlahyHKe16tiR7SBVUfkCGFhAfAkTYuUX+BJW3MfQB0e60tE59+ree4KEUaUd58fKrayurW/kN+3C1vbObnFv/06JVGLiYcGEbAVIEUY58TTVjLQSSVAcMNIM+lcjv/lApKKCN/QgIX6MupxGFCNtpNtmp9EplpyqMwZcJu6UlGqH70+PlZNCvVP8vQ8FTmPCNWZIqbbrJNrPkNQUMzK071NFEoT7qEvahnIUE+Vn41OHsGyUEEZCmuIajtXZiQzFSg3iwHTGSPfUojcS//PaqY7O/YzyJNWE48miKGVQCzj6G4ZUEqzZwBCEJTW3QtxDEmFt0rHLs2uCQLBw7g8jxUPbJOUu5rJMvNPqRdW9MYldggny4AgcgwpwwRmogWtQBx7AoAuewSt4s16sD+vT+pq05qzpzAGYg/X9B0L6nuY=</latexit><latexit sha1_base64="JAL1TRA0MSV0X5tUayrEihmSO/k=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcJYREMrlahyHKe16tiR7SBVUfkCGFhAfAkTYuUX+BJW3MfQB0e60tE59+ree4KEUaUd58fKrayurW/kN+3C1vbObnFv/06JVGLiYcGEbAVIEUY58TTVjLQSSVAcMNIM+lcjv/lApKKCN/QgIX6MupxGFCNtpNtmp9EplpyqMwZcJu6UlGqH70+PlZNCvVP8vQ8FTmPCNWZIqbbrJNrPkNQUMzK071NFEoT7qEvahnIUE+Vn41OHsGyUEEZCmuIajtXZiQzFSg3iwHTGSPfUojcS//PaqY7O/YzyJNWE48miKGVQCzj6G4ZUEqzZwBCEJTW3QtxDEmFt0rHLs2uCQLBw7g8jxUPbJOUu5rJMvNPqRdW9MYldggny4AgcgwpwwRmogWtQBx7AoAuewSt4s16sD+vT+pq05qzpzAGYg/X9B0L6nuY=</latexit><latexit sha1_base64="JAL1TRA0MSV0X5tUayrEihmSO/k=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcJYREMrlahyHKe16tiR7SBVUfkCGFhAfAkTYuUX+BJW3MfQB0e60tE59+ree4KEUaUd58fKrayurW/kN+3C1vbObnFv/06JVGLiYcGEbAVIEUY58TTVjLQSSVAcMNIM+lcjv/lApKKCN/QgIX6MupxGFCNtpNtmp9EplpyqMwZcJu6UlGqH70+PlZNCvVP8vQ8FTmPCNWZIqbbrJNrPkNQUMzK071NFEoT7qEvahnIUE+Vn41OHsGyUEEZCmuIajtXZiQzFSg3iwHTGSPfUojcS//PaqY7O/YzyJNWE48miKGVQCzj6G4ZUEqzZwBCEJTW3QtxDEmFt0rHLs2uCQLBw7g8jxUPbJOUu5rJMvNPqRdW9MYldggny4AgcgwpwwRmogWtQBx7AoAuewSt4s16sD+vT+pq05qzpzAGYg/X9B0L6nuY=</latexit><latexit sha1_base64="pLjkHHBijshatiomtWKDZqrm4+I=">AAACDnicbVDLTsJAFJ3iC4sP1LhyMxFJWJHWhY8d0Y1LjFRIsCHT6RQmTDvNzNSENPgFunCj8UtcGbf+gl/i1qFAAuhJbnJyzr259x4vZlQqy/o2ckvLK6tr+XWzsLG5tV3c2b2VPBGYOJgzLloekoTRiDiKKkZasSAo9Bhpev3Lkd+8J0JSHjXUICZuiLoRDShGSks3zU6jUyxZVSsD/EvsCSnV9t8eHypHhXqn+HPnc5yEJFKYISnbthUrN0VCUczI0LxLJIkR7qMuaWsaoZBIN81OHcKyVnwYcKErUjBTZydSFEo5CD3dGSLVk4veSPzPaycqOHNTGsWJIhEeLwoSBhWHo7+hTwXBig00QVhQfSvEPSQQVjodszy7xvM48+f+0FI4NLOkTqYBLZJpUs5x9bxqX+vELsAYeXAADkEF2OAU1MAVqAMHYNAFT+AFvBrPxrvxYXyOW3PGZGYPzMH4+gVJdZ71</latexit><latexit sha1_base64="D6fQzAmtJ4wKOVU+mM8r0W77uZ4=">AAACDnicbVDLSsNAFJ3UV42vqks3g6XgqiQufOyKblxWbGyhDWUymbRDJzNhZiKU0E9w4UY/xZW49Rf8ErdO0xTa6oELh3Pu5d57goRRpR3n2yqtrW9sbpW37Z3dvf2DyuHRoxKpxMTDggnZCZAijHLiaaoZ6SSSoDhgpB2Mbqd++4lIRQVv6XFC/BgNOI0oRtpID+1+q1+pOnUnB/xL3IJUQYFmv/LTCwVOY8I1Zkiprusk2s+Q1BQzMrF7qSIJwiM0IF1DOYqJ8rP81AmsGSWEkZCmuIa5ujiRoVipcRyYzhjpoVr1puJ/XjfV0ZWfUZ6kmnA8WxSlDGoBp3/DkEqCNRsbgrCk5laIh0girE06dm1xTRAIFi79YaR4YudJXcwDWiXzpLzz+nXdvXeqjZsisjI4AafgDLjgEjTAHWgCD2AwAM/gFbxZL9a79WF9zlpLVjFzDJZgff0C2Ymcpg==</latexit>

WT
<latexit sha1_base64="vhMqmeWY1RMM7sU92WvloOrjKew=">AAACDnicbVDLSsNAFL2prxpfVXHlZrAUXJXEjborunFZsbGFNpTJZNIOnUzCzEQopeAH6MKN4pe4Erf+gl/i1ulj0YcHLhzOuZd77wlSzpR2nB8rt7K6tr6R37S3tnd29wr7B/cqySShHkl4IhsBVpQzQT3NNKeNVFIcB5zWg971yK8/UKlYImq6n1I/xh3BIkawNtJdvV1rF4pO2RkDLRN3SoqVo/enRwCotgu/rTAhWUyFJhwr1XSdVPsDLDUjnA7tVqZoikkPd2jTUIFjqvzB+NQhKhklRFEiTQmNxursxADHSvXjwHTGWHfVojcS//OamY4u/AETaaapIJNFUcaRTtDobxQySYnmfUMwkczcikgXS0y0Sccuza4JgoSHc38YKR7aJil3MZdl4p2VL8vurUnsCibIwzGcwCm4cA4VuIEqeECgA8/wCm/Wi/VhfVpfk9acNZ05hDlY33/FUJ6R</latexit><latexit sha1_base64="JAL1TRA0MSV0X5tUayrEihmSO/k=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcJYREMrlahyHKe16tiR7SBVUfkCGFhAfAkTYuUX+BJW3MfQB0e60tE59+ree4KEUaUd58fKrayurW/kN+3C1vbObnFv/06JVGLiYcGEbAVIEUY58TTVjLQSSVAcMNIM+lcjv/lApKKCN/QgIX6MupxGFCNtpNtmp9EplpyqMwZcJu6UlGqH70+PlZNCvVP8vQ8FTmPCNWZIqbbrJNrPkNQUMzK071NFEoT7qEvahnIUE+Vn41OHsGyUEEZCmuIajtXZiQzFSg3iwHTGSPfUojcS//PaqY7O/YzyJNWE48miKGVQCzj6G4ZUEqzZwBCEJTW3QtxDEmFt0rHLs2uCQLBw7g8jxUPbJOUu5rJMvNPqRdW9MYldggny4AgcgwpwwRmogWtQBx7AoAuewSt4s16sD+vT+pq05qzpzAGYg/X9B0L6nuY=</latexit><latexit sha1_base64="JAL1TRA0MSV0X5tUayrEihmSO/k=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcJYREMrlahyHKe16tiR7SBVUfkCGFhAfAkTYuUX+BJW3MfQB0e60tE59+ree4KEUaUd58fKrayurW/kN+3C1vbObnFv/06JVGLiYcGEbAVIEUY58TTVjLQSSVAcMNIM+lcjv/lApKKCN/QgIX6MupxGFCNtpNtmp9EplpyqMwZcJu6UlGqH70+PlZNCvVP8vQ8FTmPCNWZIqbbrJNrPkNQUMzK071NFEoT7qEvahnIUE+Vn41OHsGyUEEZCmuIajtXZiQzFSg3iwHTGSPfUojcS//PaqY7O/YzyJNWE48miKGVQCzj6G4ZUEqzZwBCEJTW3QtxDEmFt0rHLs2uCQLBw7g8jxUPbJOUu5rJMvNPqRdW9MYldggny4AgcgwpwwRmogWtQBx7AoAuewSt4s16sD+vT+pq05qzpzAGYg/X9B0L6nuY=</latexit><latexit sha1_base64="JAL1TRA0MSV0X5tUayrEihmSO/k=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcJYREMrlahyHKe16tiR7SBVUfkCGFhAfAkTYuUX+BJW3MfQB0e60tE59+ree4KEUaUd58fKrayurW/kN+3C1vbObnFv/06JVGLiYcGEbAVIEUY58TTVjLQSSVAcMNIM+lcjv/lApKKCN/QgIX6MupxGFCNtpNtmp9EplpyqMwZcJu6UlGqH70+PlZNCvVP8vQ8FTmPCNWZIqbbrJNrPkNQUMzK071NFEoT7qEvahnIUE+Vn41OHsGyUEEZCmuIajtXZiQzFSg3iwHTGSPfUojcS//PaqY7O/YzyJNWE48miKGVQCzj6G4ZUEqzZwBCEJTW3QtxDEmFt0rHLs2uCQLBw7g8jxUPbJOUu5rJMvNPqRdW9MYldggny4AgcgwpwwRmogWtQBx7AoAuewSt4s16sD+vT+pq05qzpzAGYg/X9B0L6nuY=</latexit><latexit sha1_base64="pLjkHHBijshatiomtWKDZqrm4+I=">AAACDnicbVDLTsJAFJ3iC4sP1LhyMxFJWJHWhY8d0Y1LjFRIsCHT6RQmTDvNzNSENPgFunCj8UtcGbf+gl/i1qFAAuhJbnJyzr259x4vZlQqy/o2ckvLK6tr+XWzsLG5tV3c2b2VPBGYOJgzLloekoTRiDiKKkZasSAo9Bhpev3Lkd+8J0JSHjXUICZuiLoRDShGSks3zU6jUyxZVSsD/EvsCSnV9t8eHypHhXqn+HPnc5yEJFKYISnbthUrN0VCUczI0LxLJIkR7qMuaWsaoZBIN81OHcKyVnwYcKErUjBTZydSFEo5CD3dGSLVk4veSPzPaycqOHNTGsWJIhEeLwoSBhWHo7+hTwXBig00QVhQfSvEPSQQVjodszy7xvM48+f+0FI4NLOkTqYBLZJpUs5x9bxqX+vELsAYeXAADkEF2OAU1MAVqAMHYNAFT+AFvBrPxrvxYXyOW3PGZGYPzMH4+gVJdZ71</latexit><latexit sha1_base64="D6fQzAmtJ4wKOVU+mM8r0W77uZ4=">AAACDnicbVDLSsNAFJ3UV42vqks3g6XgqiQufOyKblxWbGyhDWUymbRDJzNhZiKU0E9w4UY/xZW49Rf8ErdO0xTa6oELh3Pu5d57goRRpR3n2yqtrW9sbpW37Z3dvf2DyuHRoxKpxMTDggnZCZAijHLiaaoZ6SSSoDhgpB2Mbqd++4lIRQVv6XFC/BgNOI0oRtpID+1+q1+pOnUnB/xL3IJUQYFmv/LTCwVOY8I1Zkiprusk2s+Q1BQzMrF7qSIJwiM0IF1DOYqJ8rP81AmsGSWEkZCmuIa5ujiRoVipcRyYzhjpoVr1puJ/XjfV0ZWfUZ6kmnA8WxSlDGoBp3/DkEqCNRsbgrCk5laIh0girE06dm1xTRAIFi79YaR4YudJXcwDWiXzpLzz+nXdvXeqjZsisjI4AafgDLjgEjTAHWgCD2AwAM/gFbxZL9a79WF9zlpLVjFzDJZgff0C2Ymcpg==</latexit>

WT
<latexit sha1_base64="vhMqmeWY1RMM7sU92WvloOrjKew=">AAACDnicbVDLSsNAFL2prxpfVXHlZrAUXJXEjborunFZsbGFNpTJZNIOnUzCzEQopeAH6MKN4pe4Erf+gl/i1ulj0YcHLhzOuZd77wlSzpR2nB8rt7K6tr6R37S3tnd29wr7B/cqySShHkl4IhsBVpQzQT3NNKeNVFIcB5zWg971yK8/UKlYImq6n1I/xh3BIkawNtJdvV1rF4pO2RkDLRN3SoqVo/enRwCotgu/rTAhWUyFJhwr1XSdVPsDLDUjnA7tVqZoikkPd2jTUIFjqvzB+NQhKhklRFEiTQmNxursxADHSvXjwHTGWHfVojcS//OamY4u/AETaaapIJNFUcaRTtDobxQySYnmfUMwkczcikgXS0y0Sccuza4JgoSHc38YKR7aJil3MZdl4p2VL8vurUnsCibIwzGcwCm4cA4VuIEqeECgA8/wCm/Wi/VhfVpfk9acNZ05hDlY33/FUJ6R</latexit><latexit sha1_base64="JAL1TRA0MSV0X5tUayrEihmSO/k=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcJYREMrlahyHKe16tiR7SBVUfkCGFhAfAkTYuUX+BJW3MfQB0e60tE59+ree4KEUaUd58fKrayurW/kN+3C1vbObnFv/06JVGLiYcGEbAVIEUY58TTVjLQSSVAcMNIM+lcjv/lApKKCN/QgIX6MupxGFCNtpNtmp9EplpyqMwZcJu6UlGqH70+PlZNCvVP8vQ8FTmPCNWZIqbbrJNrPkNQUMzK071NFEoT7qEvahnIUE+Vn41OHsGyUEEZCmuIajtXZiQzFSg3iwHTGSPfUojcS//PaqY7O/YzyJNWE48miKGVQCzj6G4ZUEqzZwBCEJTW3QtxDEmFt0rHLs2uCQLBw7g8jxUPbJOUu5rJMvNPqRdW9MYldggny4AgcgwpwwRmogWtQBx7AoAuewSt4s16sD+vT+pq05qzpzAGYg/X9B0L6nuY=</latexit><latexit sha1_base64="JAL1TRA0MSV0X5tUayrEihmSO/k=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcJYREMrlahyHKe16tiR7SBVUfkCGFhAfAkTYuUX+BJW3MfQB0e60tE59+ree4KEUaUd58fKrayurW/kN+3C1vbObnFv/06JVGLiYcGEbAVIEUY58TTVjLQSSVAcMNIM+lcjv/lApKKCN/QgIX6MupxGFCNtpNtmp9EplpyqMwZcJu6UlGqH70+PlZNCvVP8vQ8FTmPCNWZIqbbrJNrPkNQUMzK071NFEoT7qEvahnIUE+Vn41OHsGyUEEZCmuIajtXZiQzFSg3iwHTGSPfUojcS//PaqY7O/YzyJNWE48miKGVQCzj6G4ZUEqzZwBCEJTW3QtxDEmFt0rHLs2uCQLBw7g8jxUPbJOUu5rJMvNPqRdW9MYldggny4AgcgwpwwRmogWtQBx7AoAuewSt4s16sD+vT+pq05qzpzAGYg/X9B0L6nuY=</latexit><latexit sha1_base64="JAL1TRA0MSV0X5tUayrEihmSO/k=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcJYREMrlahyHKe16tiR7SBVUfkCGFhAfAkTYuUX+BJW3MfQB0e60tE59+ree4KEUaUd58fKrayurW/kN+3C1vbObnFv/06JVGLiYcGEbAVIEUY58TTVjLQSSVAcMNIM+lcjv/lApKKCN/QgIX6MupxGFCNtpNtmp9EplpyqMwZcJu6UlGqH70+PlZNCvVP8vQ8FTmPCNWZIqbbrJNrPkNQUMzK071NFEoT7qEvahnIUE+Vn41OHsGyUEEZCmuIajtXZiQzFSg3iwHTGSPfUojcS//PaqY7O/YzyJNWE48miKGVQCzj6G4ZUEqzZwBCEJTW3QtxDEmFt0rHLs2uCQLBw7g8jxUPbJOUu5rJMvNPqRdW9MYldggny4AgcgwpwwRmogWtQBx7AoAuewSt4s16sD+vT+pq05qzpzAGYg/X9B0L6nuY=</latexit><latexit sha1_base64="pLjkHHBijshatiomtWKDZqrm4+I=">AAACDnicbVDLTsJAFJ3iC4sP1LhyMxFJWJHWhY8d0Y1LjFRIsCHT6RQmTDvNzNSENPgFunCj8UtcGbf+gl/i1qFAAuhJbnJyzr259x4vZlQqy/o2ckvLK6tr+XWzsLG5tV3c2b2VPBGYOJgzLloekoTRiDiKKkZasSAo9Bhpev3Lkd+8J0JSHjXUICZuiLoRDShGSks3zU6jUyxZVSsD/EvsCSnV9t8eHypHhXqn+HPnc5yEJFKYISnbthUrN0VCUczI0LxLJIkR7qMuaWsaoZBIN81OHcKyVnwYcKErUjBTZydSFEo5CD3dGSLVk4veSPzPaycqOHNTGsWJIhEeLwoSBhWHo7+hTwXBig00QVhQfSvEPSQQVjodszy7xvM48+f+0FI4NLOkTqYBLZJpUs5x9bxqX+vELsAYeXAADkEF2OAU1MAVqAMHYNAFT+AFvBrPxrvxYXyOW3PGZGYPzMH4+gVJdZ71</latexit><latexit sha1_base64="D6fQzAmtJ4wKOVU+mM8r0W77uZ4=">AAACDnicbVDLSsNAFJ3UV42vqks3g6XgqiQufOyKblxWbGyhDWUymbRDJzNhZiKU0E9w4UY/xZW49Rf8ErdO0xTa6oELh3Pu5d57goRRpR3n2yqtrW9sbpW37Z3dvf2DyuHRoxKpxMTDggnZCZAijHLiaaoZ6SSSoDhgpB2Mbqd++4lIRQVv6XFC/BgNOI0oRtpID+1+q1+pOnUnB/xL3IJUQYFmv/LTCwVOY8I1Zkiprusk2s+Q1BQzMrF7qSIJwiM0IF1DOYqJ8rP81AmsGSWEkZCmuIa5ujiRoVipcRyYzhjpoVr1puJ/XjfV0ZWfUZ6kmnA8WxSlDGoBp3/DkEqCNRsbgrCk5laIh0girE06dm1xTRAIFi79YaR4YudJXcwDWiXzpLzz+nXdvXeqjZsisjI4AafgDLjgEjTAHWgCD2AwAM/gFbxZL9a79WF9zlpLVjFzDJZgff0C2Ymcpg==</latexit>

WT
<latexit sha1_base64="vhMqmeWY1RMM7sU92WvloOrjKew=">AAACDnicbVDLSsNAFL2prxpfVXHlZrAUXJXEjborunFZsbGFNpTJZNIOnUzCzEQopeAH6MKN4pe4Erf+gl/i1ulj0YcHLhzOuZd77wlSzpR2nB8rt7K6tr6R37S3tnd29wr7B/cqySShHkl4IhsBVpQzQT3NNKeNVFIcB5zWg971yK8/UKlYImq6n1I/xh3BIkawNtJdvV1rF4pO2RkDLRN3SoqVo/enRwCotgu/rTAhWUyFJhwr1XSdVPsDLDUjnA7tVqZoikkPd2jTUIFjqvzB+NQhKhklRFEiTQmNxursxADHSvXjwHTGWHfVojcS//OamY4u/AETaaapIJNFUcaRTtDobxQySYnmfUMwkczcikgXS0y0Sccuza4JgoSHc38YKR7aJil3MZdl4p2VL8vurUnsCibIwzGcwCm4cA4VuIEqeECgA8/wCm/Wi/VhfVpfk9acNZ05hDlY33/FUJ6R</latexit><latexit sha1_base64="JAL1TRA0MSV0X5tUayrEihmSO/k=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcJYREMrlahyHKe16tiR7SBVUfkCGFhAfAkTYuUX+BJW3MfQB0e60tE59+ree4KEUaUd58fKrayurW/kN+3C1vbObnFv/06JVGLiYcGEbAVIEUY58TTVjLQSSVAcMNIM+lcjv/lApKKCN/QgIX6MupxGFCNtpNtmp9EplpyqMwZcJu6UlGqH70+PlZNCvVP8vQ8FTmPCNWZIqbbrJNrPkNQUMzK071NFEoT7qEvahnIUE+Vn41OHsGyUEEZCmuIajtXZiQzFSg3iwHTGSPfUojcS//PaqY7O/YzyJNWE48miKGVQCzj6G4ZUEqzZwBCEJTW3QtxDEmFt0rHLs2uCQLBw7g8jxUPbJOUu5rJMvNPqRdW9MYldggny4AgcgwpwwRmogWtQBx7AoAuewSt4s16sD+vT+pq05qzpzAGYg/X9B0L6nuY=</latexit><latexit sha1_base64="JAL1TRA0MSV0X5tUayrEihmSO/k=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcJYREMrlahyHKe16tiR7SBVUfkCGFhAfAkTYuUX+BJW3MfQB0e60tE59+ree4KEUaUd58fKrayurW/kN+3C1vbObnFv/06JVGLiYcGEbAVIEUY58TTVjLQSSVAcMNIM+lcjv/lApKKCN/QgIX6MupxGFCNtpNtmp9EplpyqMwZcJu6UlGqH70+PlZNCvVP8vQ8FTmPCNWZIqbbrJNrPkNQUMzK071NFEoT7qEvahnIUE+Vn41OHsGyUEEZCmuIajtXZiQzFSg3iwHTGSPfUojcS//PaqY7O/YzyJNWE48miKGVQCzj6G4ZUEqzZwBCEJTW3QtxDEmFt0rHLs2uCQLBw7g8jxUPbJOUu5rJMvNPqRdW9MYldggny4AgcgwpwwRmogWtQBx7AoAuewSt4s16sD+vT+pq05qzpzAGYg/X9B0L6nuY=</latexit><latexit sha1_base64="JAL1TRA0MSV0X5tUayrEihmSO/k=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcJYREMrlahyHKe16tiR7SBVUfkCGFhAfAkTYuUX+BJW3MfQB0e60tE59+ree4KEUaUd58fKrayurW/kN+3C1vbObnFv/06JVGLiYcGEbAVIEUY58TTVjLQSSVAcMNIM+lcjv/lApKKCN/QgIX6MupxGFCNtpNtmp9EplpyqMwZcJu6UlGqH70+PlZNCvVP8vQ8FTmPCNWZIqbbrJNrPkNQUMzK071NFEoT7qEvahnIUE+Vn41OHsGyUEEZCmuIajtXZiQzFSg3iwHTGSPfUojcS//PaqY7O/YzyJNWE48miKGVQCzj6G4ZUEqzZwBCEJTW3QtxDEmFt0rHLs2uCQLBw7g8jxUPbJOUu5rJMvNPqRdW9MYldggny4AgcgwpwwRmogWtQBx7AoAuewSt4s16sD+vT+pq05qzpzAGYg/X9B0L6nuY=</latexit><latexit sha1_base64="pLjkHHBijshatiomtWKDZqrm4+I=">AAACDnicbVDLTsJAFJ3iC4sP1LhyMxFJWJHWhY8d0Y1LjFRIsCHT6RQmTDvNzNSENPgFunCj8UtcGbf+gl/i1qFAAuhJbnJyzr259x4vZlQqy/o2ckvLK6tr+XWzsLG5tV3c2b2VPBGYOJgzLloekoTRiDiKKkZasSAo9Bhpev3Lkd+8J0JSHjXUICZuiLoRDShGSks3zU6jUyxZVSsD/EvsCSnV9t8eHypHhXqn+HPnc5yEJFKYISnbthUrN0VCUczI0LxLJIkR7qMuaWsaoZBIN81OHcKyVnwYcKErUjBTZydSFEo5CD3dGSLVk4veSPzPaycqOHNTGsWJIhEeLwoSBhWHo7+hTwXBig00QVhQfSvEPSQQVjodszy7xvM48+f+0FI4NLOkTqYBLZJpUs5x9bxqX+vELsAYeXAADkEF2OAU1MAVqAMHYNAFT+AFvBrPxrvxYXyOW3PGZGYPzMH4+gVJdZ71</latexit><latexit sha1_base64="D6fQzAmtJ4wKOVU+mM8r0W77uZ4=">AAACDnicbVDLSsNAFJ3UV42vqks3g6XgqiQufOyKblxWbGyhDWUymbRDJzNhZiKU0E9w4UY/xZW49Rf8ErdO0xTa6oELh3Pu5d57goRRpR3n2yqtrW9sbpW37Z3dvf2DyuHRoxKpxMTDggnZCZAijHLiaaoZ6SSSoDhgpB2Mbqd++4lIRQVv6XFC/BgNOI0oRtpID+1+q1+pOnUnB/xL3IJUQYFmv/LTCwVOY8I1Zkiprusk2s+Q1BQzMrF7qSIJwiM0IF1DOYqJ8rP81AmsGSWEkZCmuIa5ujiRoVipcRyYzhjpoVr1puJ/XjfV0ZWfUZ6kmnA8WxSlDGoBp3/DkEqCNRsbgrCk5laIh0girE06dm1xTRAIFi79YaR4YudJXcwDWiXzpLzz+nXdvXeqjZsisjI4AafgDLjgEjTAHWgCD2AwAM/gFbxZL9a79WF9zlpLVjFzDJZgff0C2Ymcpg==</latexit>

=
4|ChWW |2

v2
s(s−m2

W )

s−m2
h

∼ |ChWW |2s
<latexit sha1_base64="KyKy1pJU0giogtAl3AyLBQpHd54="></latexit><latexit sha1_base64="okYUSH2bo+OCsM0LBuNPTyxcMWU="></latexit><latexit sha1_base64="okYUSH2bo+OCsM0LBuNPTyxcMWU="></latexit><latexit sha1_base64="okYUSH2bo+OCsM0LBuNPTyxcMWU="></latexit><latexit sha1_base64="23q5rmZG7iNrWxR3c/sv/v+lSH0="></latexit><latexit sha1_base64="WPCJw6nblBxxgdmeS7r/vJV5VBY="></latexit>

|aℓ(s)| ≤ 1
<latexit sha1_base64="44+FA09pY8co0M1qi2zYRMH4tS0=">AAACH3icbVDJTgJBEK3BDXFDPHrpQEjwQma8qDeiF4+YiJDAhPQ0BXToWdLdYyQDv2KMF/0UT8YrX+LVZjmw+JJKXt6rSlU9LxJcadueWKmt7Z3dvfR+5uDw6Pgke5p7UmEsGdZYKELZ8KhCwQOsaa4FNiKJ1PcE1r3B3dSvP6NUPAwe9TBC16e9gHc5o9pI7WxuRNstFIKU1MWItAQSp50t2GV7BrJJnAUpVPKQegOAajv72+qELPYx0ExQpZqOHWk3oVJzJnCcacUKI8oGtIdNQwPqo3KT2e1jUjRKh3RDaSrQZKYuTyTUV2roe6bTp7qv1r2p+J/XjHX32k14EMUaAzZf1I0F0SGZBkE6XCLTYmgIZZKbWwnrU0mZNnFlistrPC8UnZU/jOSPMyYpZz2XTVK7LN+UnQenULmFOdJwDnkogQNXUIF7qEINGLzAK3zAp/VufVnf1s+8NWUtZs5gBdbkDyKHoyw=</latexit><latexit sha1_base64="e7L92aqqKS2vOSMCLidZtPJewvU=">AAACH3icbVC7TkJBEJ2LL8QXYmKjxQZCgg2510btiDaWmHiFBAjZuwywce8ju3uNBPgVTWy09S+sjC1fYuvyKHh4kklOzpnJzBwvElxp2x5ZibX1jc2t5HZqZ3dv/yB9mHlQYSwZuiwUoax6VKHgAbqaa4HVSCL1PYEV7/Fm7FeeUCoeBve6F2HDp52Atzmj2kjNdGZAm3UUghTU2YDUBRKnmc7ZRXsCskqcGcmVspB4Pf48LTfTv/VWyGIfA80EVarm2JFu9KnUnAkcpuqxwoiyR9rBmqEB9VE1+pPbhyRvlBZph9JUoMlEnZ/oU1+pnu+ZTp/qrlr2xuJ/Xi3W7ctGnwdRrDFg00XtWBAdknEQpMUlMi16hlAmubmVsC6VlGkTVyo/v8bzQtFa+MNI/jBlknKWc1kl7nnxqujcObnSNUyRhBPIQgEcuIAS3EIZXGDwDC/wDh/Wm/VlfVs/09aENZs5ggVYoz9wQqQO</latexit><latexit sha1_base64="e7L92aqqKS2vOSMCLidZtPJewvU=">AAACH3icbVC7TkJBEJ2LL8QXYmKjxQZCgg2510btiDaWmHiFBAjZuwywce8ju3uNBPgVTWy09S+sjC1fYuvyKHh4kklOzpnJzBwvElxp2x5ZibX1jc2t5HZqZ3dv/yB9mHlQYSwZuiwUoax6VKHgAbqaa4HVSCL1PYEV7/Fm7FeeUCoeBve6F2HDp52Atzmj2kjNdGZAm3UUghTU2YDUBRKnmc7ZRXsCskqcGcmVspB4Pf48LTfTv/VWyGIfA80EVarm2JFu9KnUnAkcpuqxwoiyR9rBmqEB9VE1+pPbhyRvlBZph9JUoMlEnZ/oU1+pnu+ZTp/qrlr2xuJ/Xi3W7ctGnwdRrDFg00XtWBAdknEQpMUlMi16hlAmubmVsC6VlGkTVyo/v8bzQtFa+MNI/jBlknKWc1kl7nnxqujcObnSNUyRhBPIQgEcuIAS3EIZXGDwDC/wDh/Wm/VlfVs/09aENZs5ggVYoz9wQqQO</latexit><latexit sha1_base64="e7L92aqqKS2vOSMCLidZtPJewvU=">AAACH3icbVC7TkJBEJ2LL8QXYmKjxQZCgg2510btiDaWmHiFBAjZuwywce8ju3uNBPgVTWy09S+sjC1fYuvyKHh4kklOzpnJzBwvElxp2x5ZibX1jc2t5HZqZ3dv/yB9mHlQYSwZuiwUoax6VKHgAbqaa4HVSCL1PYEV7/Fm7FeeUCoeBve6F2HDp52Atzmj2kjNdGZAm3UUghTU2YDUBRKnmc7ZRXsCskqcGcmVspB4Pf48LTfTv/VWyGIfA80EVarm2JFu9KnUnAkcpuqxwoiyR9rBmqEB9VE1+pPbhyRvlBZph9JUoMlEnZ/oU1+pnu+ZTp/qrlr2xuJ/Xi3W7ctGnwdRrDFg00XtWBAdknEQpMUlMi16hlAmubmVsC6VlGkTVyo/v8bzQtFa+MNI/jBlknKWc1kl7nnxqujcObnSNUyRhBPIQgEcuIAS3EIZXGDwDC/wDh/Wm/VlfVs/09aENZs5ggVYoz9wQqQO</latexit><latexit sha1_base64="F5K+i8XPzjDSKY+NDKw3Biy2S38=">AAACH3icbVBLS0JBFD7XXmYvM2hTi0ERbCP3tuixk9q0NMgUVGTueNShuQ9m5kai/pWCNrXtX7SKtv6Sto0vUOuDAx/fdw7nnM8NBVfatodWbGV1bX0jvpnY2t7Z3Uvup+5VEEmGJRaIQFZcqlBwH0uaa4GVUCL1XIFl9+F65JcfUSoe+He6G2Ldo22ftzij2kiNZKpPGzUUguTUSZ/UBBKnkczYeXsM8pc4U5IppCH2cvhxXGwkf2rNgEUe+poJqlTVsUNd71GpORM4SNQihSFlD7SNVUN96qGq98a3D0jWKE3SCqQpX5OxOj/Ro55SXc81nR7VHbXsjcT/vGqkWxf1HvfDSKPPJotakSA6IKMgSJNLZFp0DaFMcnMrYR0qKdMmrkR2fo3rBqK58IeRvEFinNTZLKBlMkuqdJq/zDu3TqZwBRPE4QjSkAMHzqEAN1CEEjB4gmd4g3fr1fq0vqzvSWvMms4cwAKs4S92vaQd</latexit><latexit sha1_base64="INFkwqA+hh3H8rTEQip+9T7K6tk=">AAACH3icbZC7TgJBFIZn8YbrDbG0mUhIsCG7Fl46oo0lJiIksCGzs2dhwuwlM7NGAryKhY0+ipWx5UlsHZYlAfRPJvnzn3NyznxuzJlUljU1chubW9s7+V1zb//g8KhwXHySUSIoNGjEI9FyiQTOQmgopji0YgEkcDk03cHdrN58BiFZFD6qYQxOQHoh8xklSkfdQnFMuh3gHFfk+Rh3OGC7WyhZVSsV/mvszJRQpnq38NPxIpoEECrKiZRt24qVMyJCMcphYnYSCTGhA9KDtrYhCUA6o/T2CS7rxMN+JPQLFU7T5YkRCaQcBq7uDIjqy/XaLPyv1k6Uf+2MWBgnCkI6X+QnHKsIz0Bgjwmgig+1IVQwfSumfSIIVRqXWV5e47oR91b+oaNgYqakLheA1s2CVOOielO1H+xS7TZDlken6AxVkI2uUA3dozpqIIpe0Ct6Rx/Gm/FpfBnf89ackc2coBUZ01+ljKI3</latexit>

|ChWW | ≤ 0.26
<latexit sha1_base64="r3OmDNBQ6tlPVG6FX8x0C0wx2HA=">AAACH3icbVDJTgJBEK3BDXEb8eilAyHxNJnh4HIjcvGIiTgkQEhP0wMdepZ09xjJML9ijBf9FE/GK1/i1WY5IPiSSl7eq0pVPS/mTCrbnhq5re2d3b38fuHg8Oj4xDwtPsooEYQ2ScQj0fKwpJyFtKmY4rQVC4oDj1PXG9VnvvtEhWRR+KDGMe0GeBAynxGstNQzi5N6Lx26bjZBHU6RbVUve2bZtuw50CZxlqRcK0HuFQAaPfOn049IEtBQEY6lbDt2rLopFooRTrNCJ5E0xmSEB7StaYgDKrvp/PYMVbTSR34kdIUKzdXViRQHUo4DT3cGWA3lujcT//PaifKvuykL40TRkCwW+QlHKkKzIFCfCUoUH2uCiWD6VkSGWGCidFyFyuoaz4t4/88fWgqygk7KWc9lkzSr1o3l3OvEbmGBPJxDCS7AgSuowR00oAkEnuEF3uHDeDM+jS/je9GaM5YzZ/AHxvQXMemjMw==</latexit><latexit sha1_base64="P2JKy70OBzMHbqM8RwDE22OmjU8=">AAACH3icbVDJTgJBEK3BDXFDTLzooQMh8TSZ4eByI3LxiIkjJEBIT9MDHXqWdPcYycCvaOJFr/6FJ+OVL/FqsxxYfEklL+9VpaqeG3EmlWWNjdTG5tb2Tno3s7d/cHiUPc49yjAWhDok5KGou1hSzgLqKKY4rUeCYt/ltOb2KxO/9kSFZGHwoAYRbfm4GzCPEay01M7mhpV20qvVRkPU5BRZZumynS1YpjUFWif2nBTKeUi9nn6eV9vZ32YnJLFPA0U4lrJhW5FqJVgoRjgdZZqxpBEmfdylDU0D7FPZSqa3j1BRKx3khUJXoNBUXZxIsC/lwHd1p49VT656E/E/rxEr77qVsCCKFQ3IbJEXc6RCNAkCdZigRPGBJpgIpm9FpIcFJkrHlSkurnHdkHeW/tCSP8ropOzVXNaJUzJvTPteJ3YLM6ThDPJwATZcQRnuoAoOEHiGF3iHD+PN+DK+jZ9Za8qYz5zAEozxH3+kpBU=</latexit><latexit sha1_base64="P2JKy70OBzMHbqM8RwDE22OmjU8=">AAACH3icbVDJTgJBEK3BDXFDTLzooQMh8TSZ4eByI3LxiIkjJEBIT9MDHXqWdPcYycCvaOJFr/6FJ+OVL/FqsxxYfEklL+9VpaqeG3EmlWWNjdTG5tb2Tno3s7d/cHiUPc49yjAWhDok5KGou1hSzgLqKKY4rUeCYt/ltOb2KxO/9kSFZGHwoAYRbfm4GzCPEay01M7mhpV20qvVRkPU5BRZZumynS1YpjUFWif2nBTKeUi9nn6eV9vZ32YnJLFPA0U4lrJhW5FqJVgoRjgdZZqxpBEmfdylDU0D7FPZSqa3j1BRKx3khUJXoNBUXZxIsC/lwHd1p49VT656E/E/rxEr77qVsCCKFQ3IbJEXc6RCNAkCdZigRPGBJpgIpm9FpIcFJkrHlSkurnHdkHeW/tCSP8ropOzVXNaJUzJvTPteJ3YLM6ThDPJwATZcQRnuoAoOEHiGF3iHD+PN+DK+jZ9Za8qYz5zAEozxH3+kpBU=</latexit><latexit sha1_base64="P2JKy70OBzMHbqM8RwDE22OmjU8=">AAACH3icbVDJTgJBEK3BDXFDTLzooQMh8TSZ4eByI3LxiIkjJEBIT9MDHXqWdPcYycCvaOJFr/6FJ+OVL/FqsxxYfEklL+9VpaqeG3EmlWWNjdTG5tb2Tno3s7d/cHiUPc49yjAWhDok5KGou1hSzgLqKKY4rUeCYt/ltOb2KxO/9kSFZGHwoAYRbfm4GzCPEay01M7mhpV20qvVRkPU5BRZZumynS1YpjUFWif2nBTKeUi9nn6eV9vZ32YnJLFPA0U4lrJhW5FqJVgoRjgdZZqxpBEmfdylDU0D7FPZSqa3j1BRKx3khUJXoNBUXZxIsC/lwHd1p49VT656E/E/rxEr77qVsCCKFQ3IbJEXc6RCNAkCdZigRPGBJpgIpm9FpIcFJkrHlSkurnHdkHeW/tCSP8ropOzVXNaJUzJvTPteJ3YLM6ThDPJwATZcQRnuoAoOEHiGF3iHD+PN+DK+jZ9Za8qYz5zAEozxH3+kpBU=</latexit><latexit sha1_base64="GLlS0UJs6VK9paAcBZF847aCJHg=">AAACH3icbZBNS0JBFIbPtS+zLzNoU4tBEVrJ1YXVTnLT0qCbgorMHUcdnPvBzNxIrvevFLSpbf+iVbT1l7RtvCqo9cLAy3vO4Zx5bJ8zqUxzYiQ2Nre2d5K7qb39g8Oj9HHmQXqBINQiHvdEw8aScuZSSzHFacMXFDs2p3V7WJ3W649USOa592rk07aD+y7rMYKVjjrpzLjaCQf1ejRGLU6RWSiVO+mcWTBjob+mODe5ShYSL6cf57VO+qfV9UjgUFcRjqVsFk1ftUMsFCOcRqlWIKmPyRD3aVNbFztUtsP49gjlddJFPU/o5yoUp8sTIXakHDm27nSwGsj12jT8r9YMVO+qHTLXDxR1yWxRL+BIeWgKAnWZoETxkTaYCKZvRWSABSZK40rll9fYtse7K//QkROlYlLlBaB1syBllQrXheKdJnYDMyXhDLJwAUW4hArcQg0sIPAEz/AG78ar8Wl8Gd+z1oQxnzmBFRmTX4YfpCQ=</latexit><latexit sha1_base64="KEFJdOHI1x3ZWR9MAwhDiE1kgwg=">AAACH3icbZDLTsJAFIanXrHeKi7dTCQkrprCAnVHZOMSExESaJrpdAoTppfMTI2k9FVcuNFHcWXc8iRuHUpJAP2TSf7855ycM58bMyqkZc20re2d3b390oF+eHR8cmqclZ9ElHBMOjhiEe+5SBBGQ9KRVDLSizlBgctI1x235vXuM+GCRuGjnMTEDtAwpD7FSKrIMcrTlpOOut1sCgeMQMusNxyjYplWLvjX1ApTAYXajvEz8CKcBCSUmCEh+jUrlnaKuKSYkUwfJILECI/RkPSVDVFAhJ3mt2ewqhIP+hFXL5QwT1cnUhQIMQlc1RkgORKbtXn4X62fSP/GTmkYJ5KEeLHITxiUEZyDgB7lBEs2UQZhTtWtEI8QR1gqXHp1dY3rRsxb+4eKgkzPSTWWgDbNklSnbt6atQer0rwrkJXABbgEV6AGrkET3IM26AAMXsAreAcf2pv2qX1p34vWLa2YOQdr0ma/tO6iPg==</latexit>

for Λ = 5TeV
<latexit sha1_base64="RD+GPbzc9CZnKKQm5S1ftMXhrqM="></latexit><latexit sha1_base64="RD+GPbzc9CZnKKQm5S1ftMXhrqM="></latexit><latexit sha1_base64="RD+GPbzc9CZnKKQm5S1ftMXhrqM="></latexit><latexit sha1_base64="RD+GPbzc9CZnKKQm5S1ftMXhrqM="></latexit><latexit sha1_base64="BHxjewTwR/jMo5Ym5BhKat27t9M="></latexit><latexit sha1_base64="BHxjewTwR/jMo5Ym5BhKat27t9M="></latexit>

(+t+ u)
<latexit sha1_base64="l3iNWuwaoWM3I6t+Z/n7a2YzUUY=">AAACFHicbVA9SwNBEJ2LX/H8ilraLAmBSCDc2ahd0MYygmciyRH2NnvJkt27Y3dPCEd+hYWNgn/ESmzt/SW2bj6KmPhg4PHeDDPzgoQzpR3n28qtrW9sbuW37Z3dvf2DwuHRvYpTSahHYh7LVoAV5Syinmaa01YiKRYBp81geD3xm49UKhZHd3qUUF/gfsRCRrA20kOlijSqovS0Wyg5NWcKtErcOSnVi5B7A4BGt/DT6cUkFTTShGOl2q6TaD/DUjPC6djupIommAxxn7YNjbCgys+mB49R2Sg9FMbSVKTRVF2cyLBQaiQC0ymwHqhlbyL+57VTHV74GYuSVNOIzBaFKUc6RpPvUY9JSjQfGYKJZOZWRAZYYqJNRnZ5cU0QxLz35w8jibFtknKXc1kl3lntsubemsSuYIY8nEARKuDCOdThBhrgAQEBT/ACr9az9W59WJ+z1pw1nzmGP7C+fgG4Ep69</latexit><latexit sha1_base64="XQN7SziV30DgE3ZLnGvgFV6k4Ks=">AAACFHicbVC7SgNBFL0bX3F9RQUbLYaEQCQQdm3ULmhjGcGYSLKE2ckkGTKzu8zMCmHJV1jYKH6DH2AltvZ+ia2TR5GHBy4czrmXe+/xI86UdpwfK7Wyura+kd60t7Z3dvcy+wf3KowloVUS8lDWfawoZwGtaqY5rUeSYuFzWvP71yO/9kilYmFwpwcR9QTuBqzDCNZGeigUkUZFFJ+2Mjmn5IyBlok7JblyFlJvR+8nlVbmt9kOSSxooAnHSjVcJ9JegqVmhNOh3YwVjTDp4y5tGBpgQZWXjA8eorxR2qgTSlOBRmN1diLBQqmB8E2nwLqnFr2R+J/XiHXnwktYEMWaBmSyqBNzpEM0+h61maRE84EhmEhmbkWkhyUm2mRk52fX+H7I23N/GEkMbZOUu5jLMqmelS5L7q1J7AomSMMxZKEALpxDGW6gAlUgIOAJXuDVerY+rE/ra9KasqYzhzAH6/sPBdyfnw==</latexit><latexit sha1_base64="XQN7SziV30DgE3ZLnGvgFV6k4Ks=">AAACFHicbVC7SgNBFL0bX3F9RQUbLYaEQCQQdm3ULmhjGcGYSLKE2ckkGTKzu8zMCmHJV1jYKH6DH2AltvZ+ia2TR5GHBy4czrmXe+/xI86UdpwfK7Wyura+kd60t7Z3dvcy+wf3KowloVUS8lDWfawoZwGtaqY5rUeSYuFzWvP71yO/9kilYmFwpwcR9QTuBqzDCNZGeigUkUZFFJ+2Mjmn5IyBlok7JblyFlJvR+8nlVbmt9kOSSxooAnHSjVcJ9JegqVmhNOh3YwVjTDp4y5tGBpgQZWXjA8eorxR2qgTSlOBRmN1diLBQqmB8E2nwLqnFr2R+J/XiHXnwktYEMWaBmSyqBNzpEM0+h61maRE84EhmEhmbkWkhyUm2mRk52fX+H7I23N/GEkMbZOUu5jLMqmelS5L7q1J7AomSMMxZKEALpxDGW6gAlUgIOAJXuDVerY+rE/ra9KasqYzhzAH6/sPBdyfnw==</latexit><latexit sha1_base64="XQN7SziV30DgE3ZLnGvgFV6k4Ks=">AAACFHicbVC7SgNBFL0bX3F9RQUbLYaEQCQQdm3ULmhjGcGYSLKE2ckkGTKzu8zMCmHJV1jYKH6DH2AltvZ+ia2TR5GHBy4czrmXe+/xI86UdpwfK7Wyura+kd60t7Z3dvcy+wf3KowloVUS8lDWfawoZwGtaqY5rUeSYuFzWvP71yO/9kilYmFwpwcR9QTuBqzDCNZGeigUkUZFFJ+2Mjmn5IyBlok7JblyFlJvR+8nlVbmt9kOSSxooAnHSjVcJ9JegqVmhNOh3YwVjTDp4y5tGBpgQZWXjA8eorxR2qgTSlOBRmN1diLBQqmB8E2nwLqnFr2R+J/XiHXnwktYEMWaBmSyqBNzpEM0+h61maRE84EhmEhmbkWkhyUm2mRk52fX+H7I23N/GEkMbZOUu5jLMqmelS5L7q1J7AomSMMxZKEALpxDGW6gAlUgIOAJXuDVerY+rE/ra9KasqYzhzAH6/sPBdyfnw==</latexit><latexit sha1_base64="L7XNN056NK+RnFdTIaClUFmFbhw=">AAACFHicbVDLSgNBEOyNr7i+ooIXPQwJgUggbDz4uAW9eIxgTCRZwuxkkgyZ2V1mZoWw5Cs8eFH8Bj/Ak3j17pd4dfKCJFrQUFR1093lhZwp7TjfVmJpeWV1Lblub2xube+kdvfuVBBJQisk4IGseVhRznxa0UxzWgslxcLjtOr1roZ+9YFKxQL/VvdD6grc8VmbEayNdJ/LI43yKDpupjJOwRkB/SXFCcmU0pB4PXg7KjdTP41WQCJBfU04VqpedELtxlhqRjgd2I1I0RCTHu7QuqE+FlS58ejgAcoapYXagTTlazRSZydiLJTqC890Cqy7atEbiv959Ui3z92Y+WGkqU/Gi9oRRzpAw+9Ri0lKNO8bgolk5lZEulhiok1GdnZ2jecFvDX3h5HEwB4ldToNaJFMk6qcFC4KxRuT2CWMkYRDSEMOinAGJbiGMlSAgIBHeIYX68l6tz6sz3FrwprM7MMcrK9fDFefrg==</latexit><latexit sha1_base64="Umri4585akCMvuriidWKq0vxfQc=">AAACFHicbVDLSsNAFJ3UV42vqks3g6VQKZTEhY9d0Y3LCsZW2lAm00k7dCYTZiZCCf0KF270U1yJW/d+iVunaQq2euDC4Zx7ufeeIGZUacf5sgorq2vrG8VNe2t7Z3evtH9wr0QiMfGwYEK2A6QIoxHxNNWMtGNJEA8YaQWj66nfeiRSURHd6XFMfI4GEQ0pRtpID9Ua1LAGk5NeqezUnQzwL3FzUgY5mr3Sd7cvcMJJpDFDSnVcJ9Z+iqSmmJGJ3U0UiREeoQHpGBohTpSfZgdPYMUofRgKaSrSMFN/T6SIKzXmgenkSA/VsjcV//M6iQ4v/JRGcaJJhGeLwoRBLeD0e9inkmDNxoYgLKm5FeIhkghrk5Fd+b0mCATrL/xhJD6xs6TO5gEtk3lS3mn9su7eOuXGVR5ZERyBY1AFLjgHDXADmsADGHDwBF7Aq/VsvVnv1sestWDlM4dgAdbnDzsmncg=</latexit>



OhhZ = h(∂µh)Z
µ

<latexit sha1_base64="kPhZCgVjEDBeHqjshM7SD1gMSJk="></latexit><latexit sha1_base64="lsSMdIszPFFqTa+1iBT8W2jdEn8="></latexit><latexit sha1_base64="lsSMdIszPFFqTa+1iBT8W2jdEn8="></latexit><latexit sha1_base64="lsSMdIszPFFqTa+1iBT8W2jdEn8="></latexit><latexit sha1_base64="EhnxnVSWf25otVHKMyAulz4ifYg="></latexit><latexit sha1_base64="SNF/Dv9OxgS5GlCbQIMGZMUL7pw=">AAACFnicZVDLSsNAFJ3UV62vqEs3g6VQoZbEhY+FUHTjzgrGljY1TKbTZujkwcxEKCFf4cpPcSUo4lZw5d84bVOx9cDA4Zz7mHvciFEhDeNbyy0sLi2v5FcLa+sbm1v69s6dCGOOiYVDFvKmiwRhNCCWpJKRZsQJ8l1GGu7gcuQ3HggXNAxu5TAiHR/1A9qjGEklOfphYmPE4HXqJJ7XSqFdObcr0INlO0JcUsQc24+hdwBb94o4etGoGmPA/8TMSBFkqDv6l90NceyTQGKGhGibRiQ7yWg0ZiQt2LEgEcID1CdtRQPkE9FJxmelsKSULuyFXL1AwrH6tyNBvhBD31WVPpKemPdG4q9Xmlkle6edhAZRLEmAJ5t6MYMyhKOQYJdygiUbKoIwp+qzEHuIIyxVlIVxCsfT4+fJNAXrqHpWNW+MYu0iiyMP9sA+KAMTnIAauAJ1YAEMHsEzeAVv2pP2or1rH5PSnJb17IIZaJ8/na2d1Q==</latexit>

• does not contribute to the high energy behaviour for:

• most sensitive process is

(+t+ u)
<latexit sha1_base64="l3iNWuwaoWM3I6t+Z/n7a2YzUUY=">AAACFHicbVA9SwNBEJ2LX/H8ilraLAmBSCDc2ahd0MYygmciyRH2NnvJkt27Y3dPCEd+hYWNgn/ESmzt/SW2bj6KmPhg4PHeDDPzgoQzpR3n28qtrW9sbuW37Z3dvf2DwuHRvYpTSahHYh7LVoAV5Syinmaa01YiKRYBp81geD3xm49UKhZHd3qUUF/gfsRCRrA20kOlijSqovS0Wyg5NWcKtErcOSnVi5B7A4BGt/DT6cUkFTTShGOl2q6TaD/DUjPC6djupIommAxxn7YNjbCgys+mB49R2Sg9FMbSVKTRVF2cyLBQaiQC0ymwHqhlbyL+57VTHV74GYuSVNOIzBaFKUc6RpPvUY9JSjQfGYKJZOZWRAZYYqJNRnZ5cU0QxLz35w8jibFtknKXc1kl3lntsubemsSuYIY8nEARKuDCOdThBhrgAQEBT/ACr9az9W59WJ+z1pw1nzmGP7C+fgG4Ep69</latexit><latexit sha1_base64="XQN7SziV30DgE3ZLnGvgFV6k4Ks=">AAACFHicbVC7SgNBFL0bX3F9RQUbLYaEQCQQdm3ULmhjGcGYSLKE2ckkGTKzu8zMCmHJV1jYKH6DH2AltvZ+ia2TR5GHBy4czrmXe+/xI86UdpwfK7Wyura+kd60t7Z3dvcy+wf3KowloVUS8lDWfawoZwGtaqY5rUeSYuFzWvP71yO/9kilYmFwpwcR9QTuBqzDCNZGeigUkUZFFJ+2Mjmn5IyBlok7JblyFlJvR+8nlVbmt9kOSSxooAnHSjVcJ9JegqVmhNOh3YwVjTDp4y5tGBpgQZWXjA8eorxR2qgTSlOBRmN1diLBQqmB8E2nwLqnFr2R+J/XiHXnwktYEMWaBmSyqBNzpEM0+h61maRE84EhmEhmbkWkhyUm2mRk52fX+H7I23N/GEkMbZOUu5jLMqmelS5L7q1J7AomSMMxZKEALpxDGW6gAlUgIOAJXuDVerY+rE/ra9KasqYzhzAH6/sPBdyfnw==</latexit><latexit sha1_base64="XQN7SziV30DgE3ZLnGvgFV6k4Ks=">AAACFHicbVC7SgNBFL0bX3F9RQUbLYaEQCQQdm3ULmhjGcGYSLKE2ckkGTKzu8zMCmHJV1jYKH6DH2AltvZ+ia2TR5GHBy4czrmXe+/xI86UdpwfK7Wyura+kd60t7Z3dvcy+wf3KowloVUS8lDWfawoZwGtaqY5rUeSYuFzWvP71yO/9kilYmFwpwcR9QTuBqzDCNZGeigUkUZFFJ+2Mjmn5IyBlok7JblyFlJvR+8nlVbmt9kOSSxooAnHSjVcJ9JegqVmhNOh3YwVjTDp4y5tGBpgQZWXjA8eorxR2qgTSlOBRmN1diLBQqmB8E2nwLqnFr2R+J/XiHXnwktYEMWaBmSyqBNzpEM0+h61maRE84EhmEhmbkWkhyUm2mRk52fX+H7I23N/GEkMbZOUu5jLMqmelS5L7q1J7AomSMMxZKEALpxDGW6gAlUgIOAJXuDVerY+rE/ra9KasqYzhzAH6/sPBdyfnw==</latexit><latexit sha1_base64="XQN7SziV30DgE3ZLnGvgFV6k4Ks=">AAACFHicbVC7SgNBFL0bX3F9RQUbLYaEQCQQdm3ULmhjGcGYSLKE2ckkGTKzu8zMCmHJV1jYKH6DH2AltvZ+ia2TR5GHBy4czrmXe+/xI86UdpwfK7Wyura+kd60t7Z3dvcy+wf3KowloVUS8lDWfawoZwGtaqY5rUeSYuFzWvP71yO/9kilYmFwpwcR9QTuBqzDCNZGeigUkUZFFJ+2Mjmn5IyBlok7JblyFlJvR+8nlVbmt9kOSSxooAnHSjVcJ9JegqVmhNOh3YwVjTDp4y5tGBpgQZWXjA8eorxR2qgTSlOBRmN1diLBQqmB8E2nwLqnFr2R+J/XiHXnwktYEMWaBmSyqBNzpEM0+h61maRE84EhmEhmbkWkhyUm2mRk52fX+H7I23N/GEkMbZOUu5jLMqmelS5L7q1J7AomSMMxZKEALpxDGW6gAlUgIOAJXuDVerY+rE/ra9KasqYzhzAH6/sPBdyfnw==</latexit><latexit sha1_base64="L7XNN056NK+RnFdTIaClUFmFbhw=">AAACFHicbVDLSgNBEOyNr7i+ooIXPQwJgUggbDz4uAW9eIxgTCRZwuxkkgyZ2V1mZoWw5Cs8eFH8Bj/Ak3j17pd4dfKCJFrQUFR1093lhZwp7TjfVmJpeWV1Lblub2xube+kdvfuVBBJQisk4IGseVhRznxa0UxzWgslxcLjtOr1roZ+9YFKxQL/VvdD6grc8VmbEayNdJ/LI43yKDpupjJOwRkB/SXFCcmU0pB4PXg7KjdTP41WQCJBfU04VqpedELtxlhqRjgd2I1I0RCTHu7QuqE+FlS58ejgAcoapYXagTTlazRSZydiLJTqC890Cqy7atEbiv959Ui3z92Y+WGkqU/Gi9oRRzpAw+9Ri0lKNO8bgolk5lZEulhiok1GdnZ2jecFvDX3h5HEwB4ldToNaJFMk6qcFC4KxRuT2CWMkYRDSEMOinAGJbiGMlSAgIBHeIYX68l6tz6sz3FrwprM7MMcrK9fDFefrg==</latexit><latexit sha1_base64="Umri4585akCMvuriidWKq0vxfQc=">AAACFHicbVDLSsNAFJ3UV42vqks3g6VQKZTEhY9d0Y3LCsZW2lAm00k7dCYTZiZCCf0KF270U1yJW/d+iVunaQq2euDC4Zx7ufeeIGZUacf5sgorq2vrG8VNe2t7Z3evtH9wr0QiMfGwYEK2A6QIoxHxNNWMtGNJEA8YaQWj66nfeiRSURHd6XFMfI4GEQ0pRtpID9Ua1LAGk5NeqezUnQzwL3FzUgY5mr3Sd7cvcMJJpDFDSnVcJ9Z+iqSmmJGJ3U0UiREeoQHpGBohTpSfZgdPYMUofRgKaSrSMFN/T6SIKzXmgenkSA/VsjcV//M6iQ4v/JRGcaJJhGeLwoRBLeD0e9inkmDNxoYgLKm5FeIhkghrk5Fd+b0mCATrL/xhJD6xs6TO5gEtk3lS3mn9su7eOuXGVR5ZERyBY1AFLjgHDXADmsADGHDwBF7Aq/VsvVnv1sestWDlM4dgAdbnDzsmncg=</latexit>

hh → hh
<latexit sha1_base64="ht8QrZyA3MtkwDrxRVbv3yS0IjU=">AAACFHicbVC7TsNAEDzzDOYVoKQ5EUWiimwaoIugoQwSJkGJFZ3P5/iUe1h3Z6TIyldQ0MCnUCFaer6ElkviIg9GWmk0u6vdmShjVBvP+3HW1jc2t7YrO+7u3v7BYfXo+FHLXGESYMmk6kRIE0YFCQw1jHQyRRCPGGlHw9tJv/1MlKZSPJhRRkKOBoImFCNjpac0hT0jYZr2qzWv4U0BV4lfkhoo0epXf3uxxDknwmCGtO76XmbCAilDMSNjt5drkiE8RAPStVQgTnRYTB8ew7pVYphIZUsYOFXnNwrEtR7xyE5yZFK93JuI//W6uUmuwoKKLDdE4NmhJGfQepy4hzFVBBs2sgRhRe2vEKdIIWxsRm59/kwUSRYv+LASH7s2KX85l1USXDSuG/69V2velJFVwCk4A+fAB5egCe5ACwQAAw5ewBt4d16dD+fT+ZqNrjnlzglYgPP9By/jnug=</latexit><latexit sha1_base64="ht8QrZyA3MtkwDrxRVbv3yS0IjU=">AAACFHicbVC7TsNAEDzzDOYVoKQ5EUWiimwaoIugoQwSJkGJFZ3P5/iUe1h3Z6TIyldQ0MCnUCFaer6ElkviIg9GWmk0u6vdmShjVBvP+3HW1jc2t7YrO+7u3v7BYfXo+FHLXGESYMmk6kRIE0YFCQw1jHQyRRCPGGlHw9tJv/1MlKZSPJhRRkKOBoImFCNjpac0hT0jYZr2qzWv4U0BV4lfkhoo0epXf3uxxDknwmCGtO76XmbCAilDMSNjt5drkiE8RAPStVQgTnRYTB8ew7pVYphIZUsYOFXnNwrEtR7xyE5yZFK93JuI//W6uUmuwoKKLDdE4NmhJGfQepy4hzFVBBs2sgRhRe2vEKdIIWxsRm59/kwUSRYv+LASH7s2KX85l1USXDSuG/69V2velJFVwCk4A+fAB5egCe5ACwQAAw5ewBt4d16dD+fT+ZqNrjnlzglYgPP9By/jnug=</latexit><latexit sha1_base64="ht8QrZyA3MtkwDrxRVbv3yS0IjU=">AAACFHicbVC7TsNAEDzzDOYVoKQ5EUWiimwaoIugoQwSJkGJFZ3P5/iUe1h3Z6TIyldQ0MCnUCFaer6ElkviIg9GWmk0u6vdmShjVBvP+3HW1jc2t7YrO+7u3v7BYfXo+FHLXGESYMmk6kRIE0YFCQw1jHQyRRCPGGlHw9tJv/1MlKZSPJhRRkKOBoImFCNjpac0hT0jYZr2qzWv4U0BV4lfkhoo0epXf3uxxDknwmCGtO76XmbCAilDMSNjt5drkiE8RAPStVQgTnRYTB8ew7pVYphIZUsYOFXnNwrEtR7xyE5yZFK93JuI//W6uUmuwoKKLDdE4NmhJGfQepy4hzFVBBs2sgRhRe2vEKdIIWxsRm59/kwUSRYv+LASH7s2KX85l1USXDSuG/69V2velJFVwCk4A+fAB5egCe5ACwQAAw5ewBt4d16dD+fT+ZqNrjnlzglYgPP9By/jnug=</latexit><latexit sha1_base64="ht8QrZyA3MtkwDrxRVbv3yS0IjU=">AAACFHicbVC7TsNAEDzzDOYVoKQ5EUWiimwaoIugoQwSJkGJFZ3P5/iUe1h3Z6TIyldQ0MCnUCFaer6ElkviIg9GWmk0u6vdmShjVBvP+3HW1jc2t7YrO+7u3v7BYfXo+FHLXGESYMmk6kRIE0YFCQw1jHQyRRCPGGlHw9tJv/1MlKZSPJhRRkKOBoImFCNjpac0hT0jYZr2qzWv4U0BV4lfkhoo0epXf3uxxDknwmCGtO76XmbCAilDMSNjt5drkiE8RAPStVQgTnRYTB8ew7pVYphIZUsYOFXnNwrEtR7xyE5yZFK93JuI//W6uUmuwoKKLDdE4NmhJGfQepy4hzFVBBs2sgRhRe2vEKdIIWxsRm59/kwUSRYv+LASH7s2KX85l1USXDSuG/69V2velJFVwCk4A+fAB5egCe5ACwQAAw5ewBt4d16dD+fT+ZqNrjnlzglYgPP9By/jnug=</latexit><latexit sha1_base64="tllQIVTl99B0bBPS4rrhnfp0mtU=">AAACFHicbVC7TsMwFHV4lvAqMLJYVJWYqoSBx1bBwlgkQovaqHIcp7FqO5HtIFVRv4KBBT6FCbGy8yWsuGkqtYUjXeno3Ht17zlByqjSjvNtrayurW9sVrbs7Z3dvf3qweGDSjKJiYcTlshOgBRhVBBPU81IJ5UE8YCRdjC8mfTbT0Qqmoh7PUqJz9FA0IhipI30GMewpxMYx/1qzWk4BeBf4pakBkq0+tWfXpjgjBOhMUNKdV0n1X6OpKaYkbHdyxRJER6iAekaKhAnys+Lh8ewbpQQRok0JTQs1PmNHHGlRjwwkxzpWC33JuJ/vW6mo0s/pyLNNBF4eijKGDQeJ+5hSCXBmo0MQVhS8yvEMZIIa5ORXZ8/EwQJCxd8GImP7SKp81lAy2SWlHfWuGq4d06teV1GVgHH4AScAhdcgCa4BS3gAQw4eAav4M16sd6tD+tzOrpilTtHYAHW1y82Xp73</latexit><latexit sha1_base64="tllQIVTl99B0bBPS4rrhnfp0mtU=">AAACFHicbVC7TsMwFHV4lvAqMLJYVJWYqoSBx1bBwlgkQovaqHIcp7FqO5HtIFVRv4KBBT6FCbGy8yWsuGkqtYUjXeno3Ht17zlByqjSjvNtrayurW9sVrbs7Z3dvf3qweGDSjKJiYcTlshOgBRhVBBPU81IJ5UE8YCRdjC8mfTbT0Qqmoh7PUqJz9FA0IhipI30GMewpxMYx/1qzWk4BeBf4pakBkq0+tWfXpjgjBOhMUNKdV0n1X6OpKaYkbHdyxRJER6iAekaKhAnys+Lh8ewbpQQRok0JTQs1PmNHHGlRjwwkxzpWC33JuJ/vW6mo0s/pyLNNBF4eijKGDQeJ+5hSCXBmo0MQVhS8yvEMZIIa5ORXZ8/EwQJCxd8GImP7SKp81lAy2SWlHfWuGq4d06teV1GVgHH4AScAhdcgCa4BS3gAQw4eAav4M16sd6tD+tzOrpilTtHYAHW1y82Xp73</latexit>

∼ |ChhZ |2
<latexit sha1_base64="78HGDiTgaAsU8cJ9Ecix0QphzmU=">AAACHXicbVC7TgJBFL2LL8TXqqXNBEJiRXZt1I5IY4mJCBGQzM7OwoSZ3c3MLAlZ+BMLGv0UK2Nr/BJbh0fBw5Pc5OSce3PvPV7MmdKO82NltrZ3dvey+7mDw6PjE/v07ElFiSS0RiIeyYaHFeUspDXNNKeNWFIsPE7rXr8y9esDKhWLwkc9jGlb4G7IAkawNlLHtluKCTSqdNJe73k8ernq2AWn5MyANom7IIVyHjITAKh27N+WH5FE0FATjpVquk6s2ymWmhFOx7lWomiMSR93adPQEAuq2uns8jEqGsVHQSRNhRrN1OWJFAulhsIznQLrnlr3puJ/XjPRwU07ZWGcaBqS+aIg4UhHaBoD8pmkRPOhIZhIZm5FpIclJtqElSsur/G8iPsrfxhJjHMmKXc9l01SuyrdltwHk9gdzJGFC8jDJbhwDWW4hyrUgMAAXuEN3q2J9WF9Wl/z1oy1mDmHFVjffzXQo1U=</latexit><latexit sha1_base64="6f//jT0L+UX4WPjN5cstVSyfaVY=">AAACHXicbVC7TgJBFL2LL8TXqomNFhMIiRXZpVE7Io0lJiJEQDI7DDBhZnczM0tCFv7ERBvt/QkrY2v8EluHR8HDk9zk5Jx7c+89XsiZ0o7zYyXW1jc2t5LbqZ3dvf0D+/DoXgWRJLRMAh7IqocV5cynZc00p9VQUiw8Titerzj2K30qFQv8Oz0IaUPgjs/ajGBtpKZt1xUTaFhsxt3uw2j4mG/aGSfnTIBWiTsjmUIaEs8n72elpv1bbwUkEtTXhGOlaq4T6kaMpWaE01GqHikaYtLDHVoz1MeCqkY8uXyEskZpoXYgTfkaTdT5iRgLpQbCM50C665a9sbif14t0u3LRsz8MNLUJ9NF7YgjHaBxDKjFJCWaDwzBRDJzKyJdLDHRJqxUdn6N5wW8tfCHkcQoZZJyl3NZJeV87irn3prErmGKJJxCGs7BhQsowA2UoAwE+vAEr/BmvVgf1qf1NW1NWLOZY1iA9f0Hg4ukNw==</latexit><latexit sha1_base64="6f//jT0L+UX4WPjN5cstVSyfaVY=">AAACHXicbVC7TgJBFL2LL8TXqomNFhMIiRXZpVE7Io0lJiJEQDI7DDBhZnczM0tCFv7ERBvt/QkrY2v8EluHR8HDk9zk5Jx7c+89XsiZ0o7zYyXW1jc2t5LbqZ3dvf0D+/DoXgWRJLRMAh7IqocV5cynZc00p9VQUiw8Titerzj2K30qFQv8Oz0IaUPgjs/ajGBtpKZt1xUTaFhsxt3uw2j4mG/aGSfnTIBWiTsjmUIaEs8n72elpv1bbwUkEtTXhGOlaq4T6kaMpWaE01GqHikaYtLDHVoz1MeCqkY8uXyEskZpoXYgTfkaTdT5iRgLpQbCM50C665a9sbif14t0u3LRsz8MNLUJ9NF7YgjHaBxDKjFJCWaDwzBRDJzKyJdLDHRJqxUdn6N5wW8tfCHkcQoZZJyl3NZJeV87irn3prErmGKJJxCGs7BhQsowA2UoAwE+vAEr/BmvVgf1qf1NW1NWLOZY1iA9f0Hg4ukNw==</latexit><latexit sha1_base64="6f//jT0L+UX4WPjN5cstVSyfaVY=">AAACHXicbVC7TgJBFL2LL8TXqomNFhMIiRXZpVE7Io0lJiJEQDI7DDBhZnczM0tCFv7ERBvt/QkrY2v8EluHR8HDk9zk5Jx7c+89XsiZ0o7zYyXW1jc2t5LbqZ3dvf0D+/DoXgWRJLRMAh7IqocV5cynZc00p9VQUiw8Titerzj2K30qFQv8Oz0IaUPgjs/ajGBtpKZt1xUTaFhsxt3uw2j4mG/aGSfnTIBWiTsjmUIaEs8n72elpv1bbwUkEtTXhGOlaq4T6kaMpWaE01GqHikaYtLDHVoz1MeCqkY8uXyEskZpoXYgTfkaTdT5iRgLpQbCM50C665a9sbif14t0u3LRsz8MNLUJ9NF7YgjHaBxDKjFJCWaDwzBRDJzKyJdLDHRJqxUdn6N5wW8tfCHkcQoZZJyl3NZJeV87irn3prErmGKJJxCGs7BhQsowA2UoAwE+vAEr/BmvVgf1qf1NW1NWLOZY1iA9f0Hg4ukNw==</latexit><latexit sha1_base64="qRZLZBwrokVXaHBeCN77AitWpl8=">AAACHXicbZDLTgIxFIbP4A3xNmriRhcNhMQVGVh42RHZuMREhAhIOqVAQzszaTskZOBNTHSje1/ClXFrfBK3llsC6J80+fOfc3JOPzfgTGnH+bZiK6tr6xvxzcTW9s7unr1/cKf8UBJaIj73ZcXFinLm0ZJmmtNKICkWLqdlt1sY1cs9KhXzvVvdD2hd4LbHWoxgbaKGbdcUE2hQaESdzv1w8JBr2Ckn44yF/prs1KTySYg9Hb2dFBv2T63pk1BQTxOOlapmnUDXIyw1I5wOE7VQ0QCTLm7TqrEeFlTVo/HlQ5Q2SRO1fGmep9E4nZ+IsFCqL1zTKbDuqOXaKPyvVg1166IeMS8INfXIZFEr5Ej7aIQBNZmkRPO+MZhIZm5FpIMlJtrASqTn17iuz5sL/zCRGCbGpM5mgJbNjFQpl7nMZG8MsSuYKA7HkIRTyMI55OEailACAj14hBd4tZ6td+vD+py0xqzpzCEsyPr6BYoGpEY=</latexit><latexit sha1_base64="0+1Enm7hGJS+h5tOB1VLbpDyw2o=">AAACHXicbZDLTsJAFIanXrHeqi7dTCQkrkhh4WVHZOMSEytEqM10GGDCTNvMTElI6Zu4cKOP4sq4NT6JW4dSEkD/ZJI//zkn58znR4xKZdvfxtr6xubWdmHH3N3bPzi0jo4fZBgLTBwcslC0fCQJowFxFFWMtCJBEPcZafrD+rTeHBEhaRjcq3FEXI76Ae1RjJSOPMvqSMrhpO4lg8FjOnmqelbRLtuZ4F9TyU0R5Gp41k+nG+KYk0BhhqRsV+xIuQkSimJGUrMTSxIhPER90tY2QJxIN8kuT2FJJ13YC4V+gYJZujiRIC7lmPu6kyM1kKu1afhfrR2r3pWb0CCKFQnwbFEvZlCFcIoBdqkgWLGxNggLqm+FeIAEwkrDMkuLa3w/ZN2lf+iIp2ZG6mIOaNXMSTnV8nW5cmcXazc5sgI4BWfgHFTAJaiBW9AADsBgBJ7BK3gzXox348P4nLWuGfnMCViS8fULuNWiYA==</latexit>

|ChhZ | ≤ 5.82
<latexit sha1_base64="Ah7EScf3sXNHwf39u2KEq2Z20Rs=">AAACH3icbVDJSgNBEK2JWxy3GI9emoSApzAjiPEWzMVjBGOCyRB6Oj2ZJj0L3T1imORXRLzop3gSr/kSr3aWQxYfFDzeq6KqnhtzJpVlTYzM1vbO7l523zw4PDo+yZ3mH2WUCEIbJOKRaLlYUs5C2lBMcdqKBcWBy2nTHdSmfvOZCsmi8EENY+oEuB8yjxGstNTN5Ue1bur7T+MR6nCKrsqVy26uaJWtGdAmsRekWC1A5g0A6t3cb6cXkSSgoSIcS9m2rVg5KRaKEU7HZieRNMZkgPu0rWmIAyqddHb7GJW00kNeJHSFCs3U5YkUB1IOA1d3Blj5ct2biv957UR5FSdlYZwoGpL5Ii/hSEVoGgTqMUGJ4kNNMBFM34qIjwUmSsdllpbXuG7Eeyt/aCkYmzopez2XTdK4LN+U7Xud2C3MkYVzKMAF2HANVbiDOjSAwAu8wgd8Gu/Gl/Ft/MxbM8Zi5gxWYEz+AF+jo04=</latexit><latexit sha1_base64="0po+bZMuHZF2xI0p0CnP3i8KmAo=">AAACH3icbVDJTgJBEK3BDXFDTLzooQMh8URmSIx4I3LxiIkIEQjp6emBDj1LunuMZOBXNPGiV//Ck/HKl3i1WQ4svqSSl/eqUlXPDjmTyjTHRmJjc2t7J7mb2ts/ODxKH2ceZBAJQmsk4IFo2FhSznxaU0xx2ggFxZ7Nad3uVyZ+/YkKyQL/Xg1C2vZw12cuI1hpqZPODCuduNd7HA1Ri1N0WSgVO+mcWTCnQOvEmpNcOQuJ19PP82on/dtyAhJ51FeEYymblhmqdoyFYoTTUaoVSRpi0sdd2tTUxx6V7Xh6+wjlteIgNxC6fIWm6uJEjD0pB56tOz2senLVm4j/ec1IuaV2zPwwUtQns0VuxJEK0CQI5DBBieIDTTARTN+KSA8LTJSOK5VfXGPbAXeW/tCSN0rppKzVXNZJrVi4Llh3OrEbmCEJZ5CFC7DgCspwC1WoAYFneIF3+DDejC/j2/iZtSaM+cwJLMEY/wGtXqQw</latexit><latexit sha1_base64="0po+bZMuHZF2xI0p0CnP3i8KmAo=">AAACH3icbVDJTgJBEK3BDXFDTLzooQMh8URmSIx4I3LxiIkIEQjp6emBDj1LunuMZOBXNPGiV//Ck/HKl3i1WQ4svqSSl/eqUlXPDjmTyjTHRmJjc2t7J7mb2ts/ODxKH2ceZBAJQmsk4IFo2FhSznxaU0xx2ggFxZ7Nad3uVyZ+/YkKyQL/Xg1C2vZw12cuI1hpqZPODCuduNd7HA1Ri1N0WSgVO+mcWTCnQOvEmpNcOQuJ19PP82on/dtyAhJ51FeEYymblhmqdoyFYoTTUaoVSRpi0sdd2tTUxx6V7Xh6+wjlteIgNxC6fIWm6uJEjD0pB56tOz2senLVm4j/ec1IuaV2zPwwUtQns0VuxJEK0CQI5DBBieIDTTARTN+KSA8LTJSOK5VfXGPbAXeW/tCSN0rppKzVXNZJrVi4Llh3OrEbmCEJZ5CFC7DgCspwC1WoAYFneIF3+DDejC/j2/iZtSaM+cwJLMEY/wGtXqQw</latexit><latexit sha1_base64="0po+bZMuHZF2xI0p0CnP3i8KmAo=">AAACH3icbVDJTgJBEK3BDXFDTLzooQMh8URmSIx4I3LxiIkIEQjp6emBDj1LunuMZOBXNPGiV//Ck/HKl3i1WQ4svqSSl/eqUlXPDjmTyjTHRmJjc2t7J7mb2ts/ODxKH2ceZBAJQmsk4IFo2FhSznxaU0xx2ggFxZ7Nad3uVyZ+/YkKyQL/Xg1C2vZw12cuI1hpqZPODCuduNd7HA1Ri1N0WSgVO+mcWTCnQOvEmpNcOQuJ19PP82on/dtyAhJ51FeEYymblhmqdoyFYoTTUaoVSRpi0sdd2tTUxx6V7Xh6+wjlteIgNxC6fIWm6uJEjD0pB56tOz2senLVm4j/ec1IuaV2zPwwUtQns0VuxJEK0CQI5DBBieIDTTARTN+KSA8LTJSOK5VfXGPbAXeW/tCSN0rppKzVXNZJrVi4Llh3OrEbmCEJZ5CFC7DgCspwC1WoAYFneIF3+DDejC/j2/iZtSaM+cwJLMEY/wGtXqQw</latexit><latexit sha1_base64="DdNdMKlMgXoY1C+iFjiwU/0Xs8k=">AAACH3icbZBNS0JBFIbPtS+zLzNoU4tBEVrJVahsJ7lpaZAp6UXmjqMOzv1gZm4k1/tXCtrUtn/RKtr6S9o2foFaLwy8vOcczpnH9jmTyjRHRmxtfWNzK76d2Nnd2z9IHqbupRcIQqvE456o21hSzlxaVUxxWvcFxY7Nac3ul8f12iMVknnunRr41HJw12UdRrDSUSuZGpZbYa/3EA1Rk1N0nisWWsmMmTMnQn9NfmYypTTEXo4/Tiut5E+z7ZHAoa4iHEvZyJu+skIsFCOcRolmIKmPSR93aUNbFztUWuHk9ghlddJGHU/o5yo0SRcnQuxIOXBs3elg1ZOrtXH4X60RqE7RCpnrB4q6ZLqoE3CkPDQGgdpMUKL4QBtMBNO3ItLDAhOlcSWyi2ts2+PtpX/oyIkSE1IXc0CrZk6qWshd5fK3mtg1TBWHE0jDGeThEkpwAxWoAoEneIY3eDdejU/jy/ietsaM2cwRLMkY/QKz2aQ/</latexit><latexit sha1_base64="MoqwSm3dG/ObCb8z44nK9UU5jx0=">AAACH3icbZDNTgIxFIU7+IfjH+LSTSMhcUUGEhV3RDYuMREhwmTSKQUaOu2k7RjJMK/iwo0+iivjlidxaxkgEfQkTU7OvTf39vNDRpV2nKmV2djc2t7J7tp7+weHR7nj/IMSkcSkiQUTsu0jRRjlpKmpZqQdSoICn5GWP6rP6q0nIhUV/F6PQ+IGaMBpn2KkTeTl8pO6Fw+Hj8kEdhmBF6VqxcsVnJKTCv415YUpgIUaXu672xM4CgjXmCGlOmUn1G6MpKaYkcTuRoqECI/QgHSM5Sggyo3T2xNYNEkP9oU0j2uYpr8nYhQoNQ580xkgPVTrtVn4X60T6X7VjSkPI004ni/qRwxqAWcgYI9KgjUbG4OwpOZWiIdIIqwNLrv4e43vC9Zb+YeJgsROSV0uAa2bJalmpXRdKt85hdrNAlkWnIIzcA7K4ArUwC1ogCbA4Bm8gDfwbr1aH9an9TVvzViLmROwImv6A+Koolk=</latexit>

|aℓ(s)| ≤ 1
<latexit sha1_base64="44+FA09pY8co0M1qi2zYRMH4tS0=">AAACH3icbVDJTgJBEK3BDXFDPHrpQEjwQma8qDeiF4+YiJDAhPQ0BXToWdLdYyQDv2KMF/0UT8YrX+LVZjmw+JJKXt6rSlU9LxJcadueWKmt7Z3dvfR+5uDw6Pgke5p7UmEsGdZYKELZ8KhCwQOsaa4FNiKJ1PcE1r3B3dSvP6NUPAwe9TBC16e9gHc5o9pI7WxuRNstFIKU1MWItAQSp50t2GV7BrJJnAUpVPKQegOAajv72+qELPYx0ExQpZqOHWk3oVJzJnCcacUKI8oGtIdNQwPqo3KT2e1jUjRKh3RDaSrQZKYuTyTUV2roe6bTp7qv1r2p+J/XjHX32k14EMUaAzZf1I0F0SGZBkE6XCLTYmgIZZKbWwnrU0mZNnFlistrPC8UnZU/jOSPMyYpZz2XTVK7LN+UnQenULmFOdJwDnkogQNXUIF7qEINGLzAK3zAp/VufVnf1s+8NWUtZs5gBdbkDyKHoyw=</latexit><latexit sha1_base64="e7L92aqqKS2vOSMCLidZtPJewvU=">AAACH3icbVC7TkJBEJ2LL8QXYmKjxQZCgg2510btiDaWmHiFBAjZuwywce8ju3uNBPgVTWy09S+sjC1fYuvyKHh4kklOzpnJzBwvElxp2x5ZibX1jc2t5HZqZ3dv/yB9mHlQYSwZuiwUoax6VKHgAbqaa4HVSCL1PYEV7/Fm7FeeUCoeBve6F2HDp52Atzmj2kjNdGZAm3UUghTU2YDUBRKnmc7ZRXsCskqcGcmVspB4Pf48LTfTv/VWyGIfA80EVarm2JFu9KnUnAkcpuqxwoiyR9rBmqEB9VE1+pPbhyRvlBZph9JUoMlEnZ/oU1+pnu+ZTp/qrlr2xuJ/Xi3W7ctGnwdRrDFg00XtWBAdknEQpMUlMi16hlAmubmVsC6VlGkTVyo/v8bzQtFa+MNI/jBlknKWc1kl7nnxqujcObnSNUyRhBPIQgEcuIAS3EIZXGDwDC/wDh/Wm/VlfVs/09aENZs5ggVYoz9wQqQO</latexit><latexit sha1_base64="e7L92aqqKS2vOSMCLidZtPJewvU=">AAACH3icbVC7TkJBEJ2LL8QXYmKjxQZCgg2510btiDaWmHiFBAjZuwywce8ju3uNBPgVTWy09S+sjC1fYuvyKHh4kklOzpnJzBwvElxp2x5ZibX1jc2t5HZqZ3dv/yB9mHlQYSwZuiwUoax6VKHgAbqaa4HVSCL1PYEV7/Fm7FeeUCoeBve6F2HDp52Atzmj2kjNdGZAm3UUghTU2YDUBRKnmc7ZRXsCskqcGcmVspB4Pf48LTfTv/VWyGIfA80EVarm2JFu9KnUnAkcpuqxwoiyR9rBmqEB9VE1+pPbhyRvlBZph9JUoMlEnZ/oU1+pnu+ZTp/qrlr2xuJ/Xi3W7ctGnwdRrDFg00XtWBAdknEQpMUlMi16hlAmubmVsC6VlGkTVyo/v8bzQtFa+MNI/jBlknKWc1kl7nnxqujcObnSNUyRhBPIQgEcuIAS3EIZXGDwDC/wDh/Wm/VlfVs/09aENZs5ggVYoz9wQqQO</latexit><latexit sha1_base64="e7L92aqqKS2vOSMCLidZtPJewvU=">AAACH3icbVC7TkJBEJ2LL8QXYmKjxQZCgg2510btiDaWmHiFBAjZuwywce8ju3uNBPgVTWy09S+sjC1fYuvyKHh4kklOzpnJzBwvElxp2x5ZibX1jc2t5HZqZ3dv/yB9mHlQYSwZuiwUoax6VKHgAbqaa4HVSCL1PYEV7/Fm7FeeUCoeBve6F2HDp52Atzmj2kjNdGZAm3UUghTU2YDUBRKnmc7ZRXsCskqcGcmVspB4Pf48LTfTv/VWyGIfA80EVarm2JFu9KnUnAkcpuqxwoiyR9rBmqEB9VE1+pPbhyRvlBZph9JUoMlEnZ/oU1+pnu+ZTp/qrlr2xuJ/Xi3W7ctGnwdRrDFg00XtWBAdknEQpMUlMi16hlAmubmVsC6VlGkTVyo/v8bzQtFa+MNI/jBlknKWc1kl7nnxqujcObnSNUyRhBPIQgEcuIAS3EIZXGDwDC/wDh/Wm/VlfVs/09aENZs5ggVYoz9wQqQO</latexit><latexit sha1_base64="F5K+i8XPzjDSKY+NDKw3Biy2S38=">AAACH3icbVBLS0JBFD7XXmYvM2hTi0ERbCP3tuixk9q0NMgUVGTueNShuQ9m5kai/pWCNrXtX7SKtv6Sto0vUOuDAx/fdw7nnM8NBVfatodWbGV1bX0jvpnY2t7Z3Uvup+5VEEmGJRaIQFZcqlBwH0uaa4GVUCL1XIFl9+F65JcfUSoe+He6G2Ldo22ftzij2kiNZKpPGzUUguTUSZ/UBBKnkczYeXsM8pc4U5IppCH2cvhxXGwkf2rNgEUe+poJqlTVsUNd71GpORM4SNQihSFlD7SNVUN96qGq98a3D0jWKE3SCqQpX5OxOj/Ro55SXc81nR7VHbXsjcT/vGqkWxf1HvfDSKPPJotakSA6IKMgSJNLZFp0DaFMcnMrYR0qKdMmrkR2fo3rBqK58IeRvEFinNTZLKBlMkuqdJq/zDu3TqZwBRPE4QjSkAMHzqEAN1CEEjB4gmd4g3fr1fq0vqzvSWvMms4cwAKs4S92vaQd</latexit><latexit sha1_base64="INFkwqA+hh3H8rTEQip+9T7K6tk=">AAACH3icbZC7TgJBFIZn8YbrDbG0mUhIsCG7Fl46oo0lJiIksCGzs2dhwuwlM7NGAryKhY0+ipWx5UlsHZYlAfRPJvnzn3NyznxuzJlUljU1chubW9s7+V1zb//g8KhwXHySUSIoNGjEI9FyiQTOQmgopji0YgEkcDk03cHdrN58BiFZFD6qYQxOQHoh8xklSkfdQnFMuh3gHFfk+Rh3OGC7WyhZVSsV/mvszJRQpnq38NPxIpoEECrKiZRt24qVMyJCMcphYnYSCTGhA9KDtrYhCUA6o/T2CS7rxMN+JPQLFU7T5YkRCaQcBq7uDIjqy/XaLPyv1k6Uf+2MWBgnCkI6X+QnHKsIz0Bgjwmgig+1IVQwfSumfSIIVRqXWV5e47oR91b+oaNgYqakLheA1s2CVOOielO1H+xS7TZDlken6AxVkI2uUA3dozpqIIpe0Ct6Rx/Gm/FpfBnf89ackc2coBUZ01+ljKI3</latexit>
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Superior bounds can be obtained from
tt̄ → VLVL. Note that due to the vertex structure
induced by the operators of Eq. (2.1), the Wilson
coefficients ChF ~F do not contribute to scattering
processes involving longitudinally polarized vector
bosons.5 Hence, the limit obtained from inelastic
fermion scattering to gauge bosons provides a way
to derive stringent unitarity constraints on Ctth
without the influence of accidental cancellations
between the interactions in (2.13). It is worth noting
that the CP-odd Higgs interactions therefore also
exhibit a completely different unitarity-related
behavior than their CP-even counterparts [40].
Numerically we find that tt̄ → Wþ

LW
−
L provides

the most stringent constraint among these channels
as the amplitude shows a ∼Ctth

ffiffiffi
s

p
behavior.

OhF ~F
5 : We derive unitarity bounds on the Wilson

coefficients ChA ~A; ChZ ~Z, and Chg~g through inves-
tigating VV → VV scattering for transverse polar-
izations of the participating vector bosons V ¼ A,
Z, g. For equal helicity and transverse ZZ scatter-
ing we obtain, e.g.

MðZTZT → ZTZTÞ ¼ −
4C2

hZ ~Z

v2
sðs − 4m 2

ZÞ
s − m 2

h

þ fSMg; ð2:14Þ

where fSMg refer to the well-known results of the
SM [40], which do not give rise to unitarity
violation. For the massless gluons and photons
we find a similar relation for the unitarity violation-
driving part.
The channels involving both A and Z introduces

a cross-talk between the ChA ~A; ChA ~Z and Ch ~AZ
channels and the results quoted in Fig. 1 are

calculated assuming ChA ~A; ChA ~Z ¼ 0, which allows
us to set constraints on ChA ~Z individually.

OhhZ
4 : J ¼ 0 unitarity constraints on this operator are

calculated from multi-Higgs scattering. For
tt̄ → hh in the equal helicity case, we obtain

Mðtt̄ → hhÞ ¼ e
2sWcW

m t
ffiffiffi
s

p

s − m 2
Z
ChhZ þ fSMg;

ð2:15Þ

which shows that only weak constraints can be
derived from this channel as the amplitude quickly
becomes negligible at energies

ffiffiffi
s

p
≫ m Z even

when ChhZ ≠0 (cW and sW denote the cosine
and sine of the Weinberg angle). This result also
shows that unitarity constraints from the fermion
sector are parametrically suppressed by the quark
mass and that the top-quark sector will provide the
most dominant unitarity constraints.
hh → ZZ and hh → WW induced by OhhZ

4

vanish, irrespective of helicities. This also holds
for hh → hZL, leaving only hh → hh as a poten-
tially sensitive channel to ChhZ for J ¼ 0. In this
channel, however, crossing symmetry guarantees
that the amplitude can have only a small sensitivity
on the energy of the scattering process for
s ≫ m 2

Z; m
2
H . With sþ tþ u ¼ 4m 2

h and this can-
cellation only slightly affected by the different
propagators of the s, t, u channels for large enough
energy, the unitarity constraint becomes largely
insensitive to the probed energy (Fig. 1). Ampli-
tudes for ZZ → hZ vanish irrespective of polar-
izations; WW → hh does not receive contributions
from OhhZ

4 insertions, and hh → hZL is suppressed
by an order of magnitude compared to hh → hh at
the amplitude level.

Table I summarizes the constraints on the Wilson
coefficients we found in this section based on the pertur-
bative unitarity argument. Out of the operators we consider
in this work, OhhZ

4 is special in the sense that perturbative
unitarity arguments do not limit the associated Wilson
coefficient’s range. This means that a potentially large CP
violation with this term could be induced by a nonpertur-
bative or perturbative UV completion.
The operatorOhff

4 has an interesting relation with the so-
called complex mass scheme [41–44], which continues
perturbative calculations to the second Riemann sheet [45]
of the S matrix by “absorbing” the Dyson-resummed
imaginary part of the gauge boson two-point functions
into complexification of the gauge boson masses, i.e.
m 2

V → m 2
V − iΓVm V .

6 Through its relation with the masses,

FIG. 1. Selected region by the zeroth partial wave in 2 → 2
scattering.

5The Feynman rule for the vertex induced by the operator (2.1)
is given as ∝ϵαβμνp

μ
1p

ν
2, which vanishes when contracting with

the longitudinal polarization vectors of external gauge bosons:
ϵαβμνp

μ
1p

ν
2ϵ

α
Lðp1Þϵ

β
Lðp2Þ ¼ 0.

6Note that introducing a constant width amounts to an ad hoc
replacement of the running width [46,47].

ENGLERT, NORDSTRÖM, SAKURAI, and SPANNOWSKY PHYSICAL REVIEW D 95, 015018 (2017)

015018-4

such replacements imply a complexification of the
Weinberg angle as well. Typically, reordering the pertur-
bative series, which this replacement effectively amounts
to, can imply a violation of gauge invariance and therefore
imply unitarity violation (see e.g. [48–52]). As demonstrated
in [43,44], however, Ward and Slavnov-Taylor identities are
not modified by these replacements, and gauge invariance
remains intact; unitarity violation cannot therefore be ampli-
fied at higher energies. Allowing a complexification of the
Weinberg angle, the Z boson coupling to the Higgs in the
SM becomes complex through its coupling ∼e=ðswcwÞ
where sw and cw are the sine and cosine of the Weinberg
angle, respectively. For a complex gauge coupling, the
operator Eq. (2.1c) is also generated in the SM from the
Higgs kinetic term. We stress that this effect in the SM is
purely spurious but is accompanied by no unitarity limi-
tations as a consequence of the consistency of the complex
mass scheme. This also explains why we find only weak
constraints on this particular operator even if it is generated
in beyond the Standard Model (BSM) scenarios.

B. Unitarity sum rules for CP-odd interactions

The ff̄ → VLVL processes are special in the sense that a
CP-violating f̄fh coupling enters linearly, thus opening up
the possibility to compensate the CP-odd operator induced
unitarity violation through the appearance of an additional
state. The linearity is a necessary requirement as destructive
interference cannot be introduced on the quadratic coupling
level. The latter appears in the SM for longitudinal gauge
boson scattering as the interplay of s, t, u channels and
different vertex structures. Similar ideas in the context of
CP-even modifications of Higgs couplings are apparent
from singlet mixing scenarios and can be generalized to the
vector case giving rise to concrete phenomenological
predictions; see e.g. [53–58]. In concrete UV scenarios,
these unitarity sum rules are always consequences of
spontaneous symmetry breaking [21,22].
For the processes with Wilson coefficients entering at the

quadratic level, unitarity cancellations of this type cannot
be implemented “by hand” as destructive interference
would require complex couplings which conflict with

the requirement of a Hermitian Lagrangian. While this
also applies to ff̄ → ff̄, the constraints on the Wilson
coefficients from this process are only weak (Sec. II A). In
practice, an additional resonance that serves to cancel the
growth in f̄f → VLVL is not affected by unitarity consid-
erations of ff̄ → ff̄.
We focus on fðp1Þf̄ðp2Þ → Wþ

L ðq1ÞW−
Lðq2Þ. The tree-

level matrix element is composed of four Feynman dia-
grams: fermion-exchange t-channel (Mt

f), γ=Z-exchange
s-channel (Ms

γ=Z), and h-exchange s-channel (Ms
h). In the

high energy limit,
ffiffiffi
s

p
≫ m W; m Z, and m h, these matrix

elements can be written as

Mt
f ¼ −

ðgfWÞ2

m 2
W

v̄ðp2Þ
"
q1PL þ

m f

2
ð1 − γ5Þ

#
uðp1Þ;

Ms
γ ¼

gγWg
f
γ

m 2
W

v̄ðp2Þq1uðp1Þ;

Ms
Z ¼ −

gZW
m 2

W
v̄ðp2Þðq1gZfR þ 2q1gZfAPL − m fgZfAγ5Þuðp1Þ;

Ms
h ¼

ghW
2m 2

W
v̄ðp2Þðgfh þ igfAγ5Þuðp1Þ; ð2:16Þ

where PL ¼ ð1 − γ5Þ=2, and we used the Feynman rules
and couplings shown in Table II.
Since the fermion spinor products vðp2Þuðp1Þ and q1

grow with
ffiffiffi
s

p
, to ensure the unitarity at high energies, the

following sum rules need to be fulfilled:

ðgfWÞ2 þ 2gZWg
Z
fA ¼ 0∶ q1PL; ð2:17Þ

gγWg
f
γ − gZWg

Z
fR ¼ 0∶ q1; ð2:18Þ

ðgfWÞ2 − ghWg
f
h=m f ¼ 0∶ 1; ð2:19Þ

ðgfWÞ2 þ 2gZWg
Z
fA þ ighWg

f
A=m f ¼ 0∶ γ5: ð2:20Þ

In the SM, these rules are trivially satisfied, but introducing
a nonzero gfA ð¼ CtthÞ leads to a growth of the amplitude as
we have seen in the previous section. However, we can
mend this growth by introducing an additional scalar
subject to the requirement that the imaginary part of
Eq. (2.20) vanishes in the high energy limit. This provides
a strong constraint on the coupling of this additional scalar
(the sum rules can be extended to the ff̄ → ZZ case
straightforwardly).
The currently observed Higgs coupling constraints [30],

dominant from gluon fusion (GF), can be correlated
through this sum rule to arrive at a concrete prediction
of how abundant this extra scalar, which we will call S, gets
produced at the LHC and if or when we will be sensitive to
such a resonant signature as a result of Higgs sector CP

TABLE I. Representative values of perturbative unitarity con-
straints of the operators considered in this work at Λ ¼ 5 TeV, in
addition to the most sensitive channel to unitarity constraints.

Wilson
coefficient

Most sensitive
channel

Scaling of jMj
at large s

Limit at
Λ ¼ 5 TeV

Ctth tt̄ → Wþ
LW

−
L Ctth

ffiffiffi
s

p
1.24

ChF ~F VTVT → VTVT C2
hF ~F

s 0.26

ChG ~G gTgT → gTgT C2
hG ~G

s 0.09

ChA ~Z ZTAT → ZTAT C2
hA ~Z

s 0.36

ChhZ hh → hh C2
hhZ 5.82
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Superior bounds can be obtained from
tt̄ → VLVL. Note that due to the vertex structure
induced by the operators of Eq. (2.1), the Wilson
coefficients ChF ~F do not contribute to scattering
processes involving longitudinally polarized vector
bosons.5 Hence, the limit obtained from inelastic
fermion scattering to gauge bosons provides a way
to derive stringent unitarity constraints on Ctth
without the influence of accidental cancellations
between the interactions in (2.13). It is worth noting
that the CP-odd Higgs interactions therefore also
exhibit a completely different unitarity-related
behavior than their CP-even counterparts [40].
Numerically we find that tt̄ → Wþ

LW
−
L provides

the most stringent constraint among these channels
as the amplitude shows a ∼Ctth

ffiffiffi
s

p
behavior.

OhF ~F
5 : We derive unitarity bounds on the Wilson

coefficients ChA ~A; ChZ ~Z, and Chg~g through inves-
tigating VV → VV scattering for transverse polar-
izations of the participating vector bosons V ¼ A,
Z, g. For equal helicity and transverse ZZ scatter-
ing we obtain, e.g.

MðZTZT → ZTZTÞ ¼ −
4C2

hZ ~Z

v2
sðs − 4m 2

ZÞ
s − m 2

h

þ fSMg; ð2:14Þ

where fSMg refer to the well-known results of the
SM [40], which do not give rise to unitarity
violation. For the massless gluons and photons
we find a similar relation for the unitarity violation-
driving part.
The channels involving both A and Z introduces

a cross-talk between the ChA ~A; ChA ~Z and Ch ~AZ
channels and the results quoted in Fig. 1 are

calculated assuming ChA ~A; ChA ~Z ¼ 0, which allows
us to set constraints on ChA ~Z individually.

OhhZ
4 : J ¼ 0 unitarity constraints on this operator are

calculated from multi-Higgs scattering. For
tt̄ → hh in the equal helicity case, we obtain

Mðtt̄ → hhÞ ¼ e
2sWcW

m t
ffiffiffi
s

p

s − m 2
Z
ChhZ þ fSMg;

ð2:15Þ

which shows that only weak constraints can be
derived from this channel as the amplitude quickly
becomes negligible at energies

ffiffiffi
s

p
≫ m Z even

when ChhZ ≠0 (cW and sW denote the cosine
and sine of the Weinberg angle). This result also
shows that unitarity constraints from the fermion
sector are parametrically suppressed by the quark
mass and that the top-quark sector will provide the
most dominant unitarity constraints.
hh → ZZ and hh → WW induced by OhhZ

4

vanish, irrespective of helicities. This also holds
for hh → hZL, leaving only hh → hh as a poten-
tially sensitive channel to ChhZ for J ¼ 0. In this
channel, however, crossing symmetry guarantees
that the amplitude can have only a small sensitivity
on the energy of the scattering process for
s ≫ m 2

Z; m
2
H . With sþ tþ u ¼ 4m 2

h and this can-
cellation only slightly affected by the different
propagators of the s, t, u channels for large enough
energy, the unitarity constraint becomes largely
insensitive to the probed energy (Fig. 1). Ampli-
tudes for ZZ → hZ vanish irrespective of polar-
izations; WW → hh does not receive contributions
from OhhZ

4 insertions, and hh → hZL is suppressed
by an order of magnitude compared to hh → hh at
the amplitude level.

Table I summarizes the constraints on the Wilson
coefficients we found in this section based on the pertur-
bative unitarity argument. Out of the operators we consider
in this work, OhhZ

4 is special in the sense that perturbative
unitarity arguments do not limit the associated Wilson
coefficient’s range. This means that a potentially large CP
violation with this term could be induced by a nonpertur-
bative or perturbative UV completion.
The operatorOhff

4 has an interesting relation with the so-
called complex mass scheme [41–44], which continues
perturbative calculations to the second Riemann sheet [45]
of the S matrix by “absorbing” the Dyson-resummed
imaginary part of the gauge boson two-point functions
into complexification of the gauge boson masses, i.e.
m 2

V → m 2
V − iΓVm V .

6 Through its relation with the masses,

FIG. 1. Selected region by the zeroth partial wave in 2 → 2
scattering.

5The Feynman rule for the vertex induced by the operator (2.1)
is given as ∝ϵαβμνp

μ
1p

ν
2, which vanishes when contracting with

the longitudinal polarization vectors of external gauge bosons:
ϵαβμνp

μ
1p

ν
2ϵ

α
Lðp1Þϵ

β
Lðp2Þ ¼ 0.

6Note that introducing a constant width amounts to an ad hoc
replacement of the running width [46,47].
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such replacements imply a complexification of the
Weinberg angle as well. Typically, reordering the pertur-
bative series, which this replacement effectively amounts
to, can imply a violation of gauge invariance and therefore
imply unitarity violation (see e.g. [48–52]). As demonstrated
in [43,44], however, Ward and Slavnov-Taylor identities are
not modified by these replacements, and gauge invariance
remains intact; unitarity violation cannot therefore be ampli-
fied at higher energies. Allowing a complexification of the
Weinberg angle, the Z boson coupling to the Higgs in the
SM becomes complex through its coupling ∼e=ðswcwÞ
where sw and cw are the sine and cosine of the Weinberg
angle, respectively. For a complex gauge coupling, the
operator Eq. (2.1c) is also generated in the SM from the
Higgs kinetic term. We stress that this effect in the SM is
purely spurious but is accompanied by no unitarity limi-
tations as a consequence of the consistency of the complex
mass scheme. This also explains why we find only weak
constraints on this particular operator even if it is generated
in beyond the Standard Model (BSM) scenarios.

B. Unitarity sum rules for CP-odd interactions

The ff̄ → VLVL processes are special in the sense that a
CP-violating f̄fh coupling enters linearly, thus opening up
the possibility to compensate the CP-odd operator induced
unitarity violation through the appearance of an additional
state. The linearity is a necessary requirement as destructive
interference cannot be introduced on the quadratic coupling
level. The latter appears in the SM for longitudinal gauge
boson scattering as the interplay of s, t, u channels and
different vertex structures. Similar ideas in the context of
CP-even modifications of Higgs couplings are apparent
from singlet mixing scenarios and can be generalized to the
vector case giving rise to concrete phenomenological
predictions; see e.g. [53–58]. In concrete UV scenarios,
these unitarity sum rules are always consequences of
spontaneous symmetry breaking [21,22].
For the processes with Wilson coefficients entering at the

quadratic level, unitarity cancellations of this type cannot
be implemented “by hand” as destructive interference
would require complex couplings which conflict with

the requirement of a Hermitian Lagrangian. While this
also applies to ff̄ → ff̄, the constraints on the Wilson
coefficients from this process are only weak (Sec. II A). In
practice, an additional resonance that serves to cancel the
growth in f̄f → VLVL is not affected by unitarity consid-
erations of ff̄ → ff̄.
We focus on fðp1Þf̄ðp2Þ → Wþ

L ðq1ÞW−
Lðq2Þ. The tree-

level matrix element is composed of four Feynman dia-
grams: fermion-exchange t-channel (Mt

f), γ=Z-exchange
s-channel (Ms

γ=Z), and h-exchange s-channel (Ms
h). In the

high energy limit,
ffiffiffi
s

p
≫ m W; m Z, and m h, these matrix

elements can be written as

Mt
f ¼ −

ðgfWÞ2

m 2
W

v̄ðp2Þ
"
q1PL þ

m f

2
ð1 − γ5Þ

#
uðp1Þ;

Ms
γ ¼

gγWg
f
γ

m 2
W

v̄ðp2Þq1uðp1Þ;

Ms
Z ¼ −

gZW
m 2

W
v̄ðp2Þðq1gZfR þ 2q1gZfAPL − m fgZfAγ5Þuðp1Þ;

Ms
h ¼

ghW
2m 2

W
v̄ðp2Þðgfh þ igfAγ5Þuðp1Þ; ð2:16Þ

where PL ¼ ð1 − γ5Þ=2, and we used the Feynman rules
and couplings shown in Table II.
Since the fermion spinor products vðp2Þuðp1Þ and q1

grow with
ffiffiffi
s

p
, to ensure the unitarity at high energies, the

following sum rules need to be fulfilled:

ðgfWÞ2 þ 2gZWg
Z
fA ¼ 0∶ q1PL; ð2:17Þ

gγWg
f
γ − gZWg

Z
fR ¼ 0∶ q1; ð2:18Þ

ðgfWÞ2 − ghWg
f
h=m f ¼ 0∶ 1; ð2:19Þ

ðgfWÞ2 þ 2gZWg
Z
fA þ ighWg

f
A=m f ¼ 0∶ γ5: ð2:20Þ

In the SM, these rules are trivially satisfied, but introducing
a nonzero gfA ð¼ CtthÞ leads to a growth of the amplitude as
we have seen in the previous section. However, we can
mend this growth by introducing an additional scalar
subject to the requirement that the imaginary part of
Eq. (2.20) vanishes in the high energy limit. This provides
a strong constraint on the coupling of this additional scalar
(the sum rules can be extended to the ff̄ → ZZ case
straightforwardly).
The currently observed Higgs coupling constraints [30],

dominant from gluon fusion (GF), can be correlated
through this sum rule to arrive at a concrete prediction
of how abundant this extra scalar, which we will call S, gets
produced at the LHC and if or when we will be sensitive to
such a resonant signature as a result of Higgs sector CP

TABLE I. Representative values of perturbative unitarity con-
straints of the operators considered in this work at Λ ¼ 5 TeV, in
addition to the most sensitive channel to unitarity constraints.

Wilson
coefficient

Most sensitive
channel

Scaling of jMj
at large s

Limit at
Λ ¼ 5 TeV

Ctth tt̄ → Wþ
LW

−
L Ctth

ffiffiffi
s

p
1.24

ChF ~F VTVT → VTVT C2
hF ~F

s 0.26

ChG ~G gTgT → gTgT C2
hG ~G

s 0.09

ChA ~Z ZTAT → ZTAT C2
hA ~Z

s 0.36

ChhZ hh → hh C2
hhZ 5.82
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<latexit sha1_base64="xyAkPR4fh8+uYNFC9pZNgjNIMIs=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69LJaCp5J4UW9FLx5bMLbQhrLZTtqlm03Y3Qgl9Bd4EhTx6l/y5L9x2wax9sHA470ZZuaFqeDauO63U9rY3NreKe9W9vYPDo+qxyePOskUQ58lIlHdkGoUXKJvuBHYTRXSOBTYCSd3c7/zhErzRD6YaYpBTEeSR5xRY6X2eFCtuQ13AbJOvILUoEBrUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEbqVhmSKFG2pCEL9e9ETmOtp3FoO2Nqxvq/Nxd/vfrKKhNdBzmXaWZQsuWmKBPEJGT+NhlyhcyIqSWUKW6PJWxMFWXGhlOxKXj/f14n/mXjpuG13VrztoijDGdwDhfgwRU04R5a4AMDhGd4hTdn4rw4787HsrXkFDOnsALn8we5jIzn</latexit><latexit sha1_base64="xyAkPR4fh8+uYNFC9pZNgjNIMIs=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69LJaCp5J4UW9FLx5bMLbQhrLZTtqlm03Y3Qgl9Bd4EhTx6l/y5L9x2wax9sHA470ZZuaFqeDauO63U9rY3NreKe9W9vYPDo+qxyePOskUQ58lIlHdkGoUXKJvuBHYTRXSOBTYCSd3c7/zhErzRD6YaYpBTEeSR5xRY6X2eFCtuQ13AbJOvILUoEBrUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEbqVhmSKFG2pCEL9e9ETmOtp3FoO2Nqxvq/Nxd/vfrKKhNdBzmXaWZQsuWmKBPEJGT+NhlyhcyIqSWUKW6PJWxMFWXGhlOxKXj/f14n/mXjpuG13VrztoijDGdwDhfgwRU04R5a4AMDhGd4hTdn4rw4787HsrXkFDOnsALn8we5jIzn</latexit><latexit sha1_base64="xyAkPR4fh8+uYNFC9pZNgjNIMIs=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69LJaCp5J4UW9FLx5bMLbQhrLZTtqlm03Y3Qgl9Bd4EhTx6l/y5L9x2wax9sHA470ZZuaFqeDauO63U9rY3NreKe9W9vYPDo+qxyePOskUQ58lIlHdkGoUXKJvuBHYTRXSOBTYCSd3c7/zhErzRD6YaYpBTEeSR5xRY6X2eFCtuQ13AbJOvILUoEBrUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEbqVhmSKFG2pCEL9e9ETmOtp3FoO2Nqxvq/Nxd/vfrKKhNdBzmXaWZQsuWmKBPEJGT+NhlyhcyIqSWUKW6PJWxMFWXGhlOxKXj/f14n/mXjpuG13VrztoijDGdwDhfgwRU04R5a4AMDhGd4hTdn4rw4787HsrXkFDOnsALn8we5jIzn</latexit><latexit sha1_base64="xyAkPR4fh8+uYNFC9pZNgjNIMIs=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69LJaCp5J4UW9FLx5bMLbQhrLZTtqlm03Y3Qgl9Bd4EhTx6l/y5L9x2wax9sHA470ZZuaFqeDauO63U9rY3NreKe9W9vYPDo+qxyePOskUQ58lIlHdkGoUXKJvuBHYTRXSOBTYCSd3c7/zhErzRD6YaYpBTEeSR5xRY6X2eFCtuQ13AbJOvILUoEBrUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEbqVhmSKFG2pCEL9e9ETmOtp3FoO2Nqxvq/Nxd/vfrKKhNdBzmXaWZQsuWmKBPEJGT+NhlyhcyIqSWUKW6PJWxMFWXGhlOxKXj/f14n/mXjpuG13VrztoijDGdwDhfgwRU04R5a4AMDhGd4hTdn4rw4787HsrXkFDOnsALn8we5jIzn</latexit><latexit sha1_base64="HMLqC8g9Ugmve/v7ZsPWfPECYjU=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69BEvBU0k8+HErevHYgrGFNpTNdtIu3WzC7kYoob/Ak6CIV/+SJ/+N2zQVqw8GHu/NMDMvSDhT2nG+rNLa+sbmVnm7srO7t39QPTx6UHEqKXo05rHsBkQhZwI9zTTHbiKRRAHHTjC5nfudR5SKxeJeTxP0IzISLGSUaCO1x4NqzWk4Oez/xC1IDQq0BtXP/jCmaYRCU06U6rlOov2MSM0ox1mlnypMCJ2QEfYMFSRC5Wf5oTO7bpShHcbSlNB2rv6eyEik1DQKTGdE9Fj99ebij1dfWaXDKz9jIkk1CrrYFKbc1rE9f9seMolU86khhEpmjrXpmEhCtQmnkqdwsXz+L1mm4J03rhtu26k1b4o4ynACp3AGLlxCE+6gBR5QQHiCF3i1Jtaz9Wa9L1pLVjFzDCuwPr4BwAeM9g==</latexit><latexit sha1_base64="HMLqC8g9Ugmve/v7ZsPWfPECYjU=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69BEvBU0k8+HErevHYgrGFNpTNdtIu3WzC7kYoob/Ak6CIV/+SJ/+N2zQVqw8GHu/NMDMvSDhT2nG+rNLa+sbmVnm7srO7t39QPTx6UHEqKXo05rHsBkQhZwI9zTTHbiKRRAHHTjC5nfudR5SKxeJeTxP0IzISLGSUaCO1x4NqzWk4Oez/xC1IDQq0BtXP/jCmaYRCU06U6rlOov2MSM0ox1mlnypMCJ2QEfYMFSRC5Wf5oTO7bpShHcbSlNB2rv6eyEik1DQKTGdE9Fj99ebij1dfWaXDKz9jIkk1CrrYFKbc1rE9f9seMolU86khhEpmjrXpmEhCtQmnkqdwsXz+L1mm4J03rhtu26k1b4o4ynACp3AGLlxCE+6gBR5QQHiCF3i1Jtaz9Wa9L1pLVjFzDCuwPr4BwAeM9g==</latexit>

W
<latexit sha1_base64="Zi/pcN741rBclrGlKHs2N1Fl5yI=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69LJaCp5J4UW9FLx5bMLbQhrLZTtqlm03Y3Qgl9Bd4EhTx6l/y5L9x2wax9sHA470ZZuaFqeDauO63U9rY3NreKe9W9vYPDo+qxyePOskUQ58lIlHdkGoUXKJvuBHYTRXSOBTYCSd3c7/zhErzRD6YaYpBTEeSR5xRY6V2Z1CtuQ13AbJOvILUoEBrUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEbqVhmSKFG2pCEL9e9ETmOtp3FoO2Nqxvq/Nxd/vfrKKhNdBzmXaWZQsuWmKBPEJGT+NhlyhcyIqSWUKW6PJWxMFWXGhlOxKXj/f14n/mXjpuG13VrztoijDGdwDhfgwRU04R5a4AMDhGd4hTdn4rw4787HsrXkFDOnsALn8wefyIzW</latexit><latexit sha1_base64="Zi/pcN741rBclrGlKHs2N1Fl5yI=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69LJaCp5J4UW9FLx5bMLbQhrLZTtqlm03Y3Qgl9Bd4EhTx6l/y5L9x2wax9sHA470ZZuaFqeDauO63U9rY3NreKe9W9vYPDo+qxyePOskUQ58lIlHdkGoUXKJvuBHYTRXSOBTYCSd3c7/zhErzRD6YaYpBTEeSR5xRY6V2Z1CtuQ13AbJOvILUoEBrUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEbqVhmSKFG2pCEL9e9ETmOtp3FoO2Nqxvq/Nxd/vfrKKhNdBzmXaWZQsuWmKBPEJGT+NhlyhcyIqSWUKW6PJWxMFWXGhlOxKXj/f14n/mXjpuG13VrztoijDGdwDhfgwRU04R5a4AMDhGd4hTdn4rw4787HsrXkFDOnsALn8wefyIzW</latexit><latexit sha1_base64="Zi/pcN741rBclrGlKHs2N1Fl5yI=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69LJaCp5J4UW9FLx5bMLbQhrLZTtqlm03Y3Qgl9Bd4EhTx6l/y5L9x2wax9sHA470ZZuaFqeDauO63U9rY3NreKe9W9vYPDo+qxyePOskUQ58lIlHdkGoUXKJvuBHYTRXSOBTYCSd3c7/zhErzRD6YaYpBTEeSR5xRY6V2Z1CtuQ13AbJOvILUoEBrUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEbqVhmSKFG2pCEL9e9ETmOtp3FoO2Nqxvq/Nxd/vfrKKhNdBzmXaWZQsuWmKBPEJGT+NhlyhcyIqSWUKW6PJWxMFWXGhlOxKXj/f14n/mXjpuG13VrztoijDGdwDhfgwRU04R5a4AMDhGd4hTdn4rw4787HsrXkFDOnsALn8wefyIzW</latexit><latexit sha1_base64="Zi/pcN741rBclrGlKHs2N1Fl5yI=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69LJaCp5J4UW9FLx5bMLbQhrLZTtqlm03Y3Qgl9Bd4EhTx6l/y5L9x2wax9sHA470ZZuaFqeDauO63U9rY3NreKe9W9vYPDo+qxyePOskUQ58lIlHdkGoUXKJvuBHYTRXSOBTYCSd3c7/zhErzRD6YaYpBTEeSR5xRY6V2Z1CtuQ13AbJOvILUoEBrUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEbqVhmSKFG2pCEL9e9ETmOtp3FoO2Nqxvq/Nxd/vfrKKhNdBzmXaWZQsuWmKBPEJGT+NhlyhcyIqSWUKW6PJWxMFWXGhlOxKXj/f14n/mXjpuG13VrztoijDGdwDhfgwRU04R5a4AMDhGd4hTdn4rw4787HsrXkFDOnsALn8wefyIzW</latexit><latexit sha1_base64="sRNsC/zzUyllk6eqFzdqsjiWFrU=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69BEvBU0k8+HErevHYgrGFNpTNdtIu3WzC7kYoob/Ak6CIV/+SJ/+N2zQVqw8GHu/NMDMvSDhT2nG+rNLa+sbmVnm7srO7t39QPTx6UHEqKXo05rHsBkQhZwI9zTTHbiKRRAHHTjC5nfudR5SKxeJeTxP0IzISLGSUaCO1O4NqzWk4Oez/xC1IDQq0BtXP/jCmaYRCU06U6rlOov2MSM0ox1mlnypMCJ2QEfYMFSRC5Wf5oTO7bpShHcbSlNB2rv6eyEik1DQKTGdE9Fj99ebij1dfWaXDKz9jIkk1CrrYFKbc1rE9f9seMolU86khhEpmjrXpmEhCtQmnkqdwsXz+L1mm4J03rhtu26k1b4o4ynACp3AGLlxCE+6gBR5QQHiCF3i1Jtaz9Wa9L1pLVjFzDCuwPr4BpkOM5Q==</latexit><latexit sha1_base64="sRNsC/zzUyllk6eqFzdqsjiWFrU=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69BEvBU0k8+HErevHYgrGFNpTNdtIu3WzC7kYoob/Ak6CIV/+SJ/+N2zQVqw8GHu/NMDMvSDhT2nG+rNLa+sbmVnm7srO7t39QPTx6UHEqKXo05rHsBkQhZwI9zTTHbiKRRAHHTjC5nfudR5SKxeJeTxP0IzISLGSUaCO1O4NqzWk4Oez/xC1IDQq0BtXP/jCmaYRCU06U6rlOov2MSM0ox1mlnypMCJ2QEfYMFSRC5Wf5oTO7bpShHcbSlNB2rv6eyEik1DQKTGdE9Fj99ebij1dfWaXDKz9jIkk1CrrYFKbc1rE9f9seMolU86khhEpmjrXpmEhCtQmnkqdwsXz+L1mm4J03rhtu26k1b4o4ynACp3AGLlxCE+6gBR5QQHiCF3i1Jtaz9Wa9L1pLVjFzDCuwPr4BpkOM5Q==</latexit>

W
<latexit sha1_base64="Zi/pcN741rBclrGlKHs2N1Fl5yI=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69LJaCp5J4UW9FLx5bMLbQhrLZTtqlm03Y3Qgl9Bd4EhTx6l/y5L9x2wax9sHA470ZZuaFqeDauO63U9rY3NreKe9W9vYPDo+qxyePOskUQ58lIlHdkGoUXKJvuBHYTRXSOBTYCSd3c7/zhErzRD6YaYpBTEeSR5xRY6V2Z1CtuQ13AbJOvILUoEBrUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEbqVhmSKFG2pCEL9e9ETmOtp3FoO2Nqxvq/Nxd/vfrKKhNdBzmXaWZQsuWmKBPEJGT+NhlyhcyIqSWUKW6PJWxMFWXGhlOxKXj/f14n/mXjpuG13VrztoijDGdwDhfgwRU04R5a4AMDhGd4hTdn4rw4787HsrXkFDOnsALn8wefyIzW</latexit><latexit sha1_base64="Zi/pcN741rBclrGlKHs2N1Fl5yI=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69LJaCp5J4UW9FLx5bMLbQhrLZTtqlm03Y3Qgl9Bd4EhTx6l/y5L9x2wax9sHA470ZZuaFqeDauO63U9rY3NreKe9W9vYPDo+qxyePOskUQ58lIlHdkGoUXKJvuBHYTRXSOBTYCSd3c7/zhErzRD6YaYpBTEeSR5xRY6V2Z1CtuQ13AbJOvILUoEBrUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEbqVhmSKFG2pCEL9e9ETmOtp3FoO2Nqxvq/Nxd/vfrKKhNdBzmXaWZQsuWmKBPEJGT+NhlyhcyIqSWUKW6PJWxMFWXGhlOxKXj/f14n/mXjpuG13VrztoijDGdwDhfgwRU04R5a4AMDhGd4hTdn4rw4787HsrXkFDOnsALn8wefyIzW</latexit><latexit sha1_base64="Zi/pcN741rBclrGlKHs2N1Fl5yI=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69LJaCp5J4UW9FLx5bMLbQhrLZTtqlm03Y3Qgl9Bd4EhTx6l/y5L9x2wax9sHA470ZZuaFqeDauO63U9rY3NreKe9W9vYPDo+qxyePOskUQ58lIlHdkGoUXKJvuBHYTRXSOBTYCSd3c7/zhErzRD6YaYpBTEeSR5xRY6V2Z1CtuQ13AbJOvILUoEBrUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEbqVhmSKFG2pCEL9e9ETmOtp3FoO2Nqxvq/Nxd/vfrKKhNdBzmXaWZQsuWmKBPEJGT+NhlyhcyIqSWUKW6PJWxMFWXGhlOxKXj/f14n/mXjpuG13VrztoijDGdwDhfgwRU04R5a4AMDhGd4hTdn4rw4787HsrXkFDOnsALn8wefyIzW</latexit><latexit sha1_base64="Zi/pcN741rBclrGlKHs2N1Fl5yI=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69LJaCp5J4UW9FLx5bMLbQhrLZTtqlm03Y3Qgl9Bd4EhTx6l/y5L9x2wax9sHA470ZZuaFqeDauO63U9rY3NreKe9W9vYPDo+qxyePOskUQ58lIlHdkGoUXKJvuBHYTRXSOBTYCSd3c7/zhErzRD6YaYpBTEeSR5xRY6V2Z1CtuQ13AbJOvILUoEBrUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEbqVhmSKFG2pCEL9e9ETmOtp3FoO2Nqxvq/Nxd/vfrKKhNdBzmXaWZQsuWmKBPEJGT+NhlyhcyIqSWUKW6PJWxMFWXGhlOxKXj/f14n/mXjpuG13VrztoijDGdwDhfgwRU04R5a4AMDhGd4hTdn4rw4787HsrXkFDOnsALn8wefyIzW</latexit><latexit sha1_base64="sRNsC/zzUyllk6eqFzdqsjiWFrU=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69BEvBU0k8+HErevHYgrGFNpTNdtIu3WzC7kYoob/Ak6CIV/+SJ/+N2zQVqw8GHu/NMDMvSDhT2nG+rNLa+sbmVnm7srO7t39QPTx6UHEqKXo05rHsBkQhZwI9zTTHbiKRRAHHTjC5nfudR5SKxeJeTxP0IzISLGSUaCO1O4NqzWk4Oez/xC1IDQq0BtXP/jCmaYRCU06U6rlOov2MSM0ox1mlnypMCJ2QEfYMFSRC5Wf5oTO7bpShHcbSlNB2rv6eyEik1DQKTGdE9Fj99ebij1dfWaXDKz9jIkk1CrrYFKbc1rE9f9seMolU86khhEpmjrXpmEhCtQmnkqdwsXz+L1mm4J03rhtu26k1b4o4ynACp3AGLlxCE+6gBR5QQHiCF3i1Jtaz9Wa9L1pLVjFzDCuwPr4BpkOM5Q==</latexit><latexit sha1_base64="sRNsC/zzUyllk6eqFzdqsjiWFrU=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69BEvBU0k8+HErevHYgrGFNpTNdtIu3WzC7kYoob/Ak6CIV/+SJ/+N2zQVqw8GHu/NMDMvSDhT2nG+rNLa+sbmVnm7srO7t39QPTx6UHEqKXo05rHsBkQhZwI9zTTHbiKRRAHHTjC5nfudR5SKxeJeTxP0IzISLGSUaCO1O4NqzWk4Oez/xC1IDQq0BtXP/jCmaYRCU06U6rlOov2MSM0ox1mlnypMCJ2QEfYMFSRC5Wf5oTO7bpShHcbSlNB2rv6eyEik1DQKTGdE9Fj99ebij1dfWaXDKz9jIkk1CrrYFKbc1rE9f9seMolU86khhEpmjrXpmEhCtQmnkqdwsXz+L1mm4J03rhtu26k1b4o4ynACp3AGLlxCE+6gBR5QQHiCF3i1Jtaz9Wa9L1pLVjFzDCuwPr4BpkOM5Q==</latexit>

Z
<latexit sha1_base64="Rdlkh+Jt5XObKJGA2yZzRvtsers=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69LJaCp5J4UW9FLx5bsLbYhrLZTtqlm03Y3Qgl9Bd4EhTx6l/y5L9x2wax7YOBx3szzMwLEsG1cd0fp7CxubW9U9wt7e0fHB6Vj08edZwqhi0Wi1h1AqpRcIktw43ATqKQRoHAdjC+m/ntZ1Sax/LBTBL0IzqUPOSMGis1n/rliltz5yDrxMtJBXI0+uXv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6ekapUBCWNlSxoyV/9PZDTSehIFtjOiZqRXvZn451WXVpnw2s+4TFKDki02hakgJiazt8mAK2RGTCyhTHF7LGEjqigzNpySTcFb/XmdtC5rNzWv6Vbqt3kcRTiDc7gAD66gDvfQgBYwQHiBN3h3xs6r8+F8LloLTj5zCktwvn4BpFSM2Q==</latexit><latexit sha1_base64="Rdlkh+Jt5XObKJGA2yZzRvtsers=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69LJaCp5J4UW9FLx5bsLbYhrLZTtqlm03Y3Qgl9Bd4EhTx6l/y5L9x2wax7YOBx3szzMwLEsG1cd0fp7CxubW9U9wt7e0fHB6Vj08edZwqhi0Wi1h1AqpRcIktw43ATqKQRoHAdjC+m/ntZ1Sax/LBTBL0IzqUPOSMGis1n/rliltz5yDrxMtJBXI0+uXv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6ekapUBCWNlSxoyV/9PZDTSehIFtjOiZqRXvZn451WXVpnw2s+4TFKDki02hakgJiazt8mAK2RGTCyhTHF7LGEjqigzNpySTcFb/XmdtC5rNzWv6Vbqt3kcRTiDc7gAD66gDvfQgBYwQHiBN3h3xs6r8+F8LloLTj5zCktwvn4BpFSM2Q==</latexit><latexit sha1_base64="Rdlkh+Jt5XObKJGA2yZzRvtsers=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69LJaCp5J4UW9FLx5bsLbYhrLZTtqlm03Y3Qgl9Bd4EhTx6l/y5L9x2wax7YOBx3szzMwLEsG1cd0fp7CxubW9U9wt7e0fHB6Vj08edZwqhi0Wi1h1AqpRcIktw43ATqKQRoHAdjC+m/ntZ1Sax/LBTBL0IzqUPOSMGis1n/rliltz5yDrxMtJBXI0+uXv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6ekapUBCWNlSxoyV/9PZDTSehIFtjOiZqRXvZn451WXVpnw2s+4TFKDki02hakgJiazt8mAK2RGTCyhTHF7LGEjqigzNpySTcFb/XmdtC5rNzWv6Vbqt3kcRTiDc7gAD66gDvfQgBYwQHiBN3h3xs6r8+F8LloLTj5zCktwvn4BpFSM2Q==</latexit><latexit sha1_base64="Rdlkh+Jt5XObKJGA2yZzRvtsers=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69LJaCp5J4UW9FLx5bsLbYhrLZTtqlm03Y3Qgl9Bd4EhTx6l/y5L9x2wax7YOBx3szzMwLEsG1cd0fp7CxubW9U9wt7e0fHB6Vj08edZwqhi0Wi1h1AqpRcIktw43ATqKQRoHAdjC+m/ntZ1Sax/LBTBL0IzqUPOSMGis1n/rliltz5yDrxMtJBXI0+uXv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6ekapUBCWNlSxoyV/9PZDTSehIFtjOiZqRXvZn451WXVpnw2s+4TFKDki02hakgJiazt8mAK2RGTCyhTHF7LGEjqigzNpySTcFb/XmdtC5rNzWv6Vbqt3kcRTiDc7gAD66gDvfQgBYwQHiBN3h3xs6r8+F8LloLTj5zCktwvn4BpFSM2Q==</latexit><latexit sha1_base64="BBZzKUknGiMnJks6BGROnfeLJiM=">AAAB6HicZVDLSgNBEOyNrxhfUY9eBkPAU9j14OMW9OIxAdcEkyXMTnqTIbMPZmaFsOQLPAmKePWXPPk3TjaJmFjQUFR1093lJ4IrbdvfVmFtfWNzq7hd2tnd2z8oHx49qDiVDF0Wi1i2fapQ8AhdzbXAdiKRhr7Alj+6nfqtJ5SKx9G9HifohXQQ8YAzqo3UfOyVK3bNzkH+E2dOKjBHo1f+6vZjloYYaSaoUh3HTrSXUak5EzgpdVOFCWUjOsCOoRENUXlZfuiEVI3SJ0EsTUWa5OrfiYyGSo1D33SGVA/VqjcVf73q0iodXHkZj5JUY8Rmm4JUEB2T6dukzyUyLcaGUCa5OZawIZWUaRNOKU/hYvH8Klmk4J7XrmtO067Ub+ZxFOEETuEMHLiEOtxBA1xggPAMr/BmjawX6936mLUWrPnMMSzB+vwBqs+M6A==</latexit><latexit sha1_base64="BBZzKUknGiMnJks6BGROnfeLJiM=">AAAB6HicZVDLSgNBEOyNrxhfUY9eBkPAU9j14OMW9OIxAdcEkyXMTnqTIbMPZmaFsOQLPAmKePWXPPk3TjaJmFjQUFR1093lJ4IrbdvfVmFtfWNzq7hd2tnd2z8oHx49qDiVDF0Wi1i2fapQ8AhdzbXAdiKRhr7Alj+6nfqtJ5SKx9G9HifohXQQ8YAzqo3UfOyVK3bNzkH+E2dOKjBHo1f+6vZjloYYaSaoUh3HTrSXUak5EzgpdVOFCWUjOsCOoRENUXlZfuiEVI3SJ0EsTUWa5OrfiYyGSo1D33SGVA/VqjcVf73q0iodXHkZj5JUY8Rmm4JUEB2T6dukzyUyLcaGUCa5OZawIZWUaRNOKU/hYvH8Klmk4J7XrmtO067Ub+ZxFOEETuEMHLiEOtxBA1xggPAMr/BmjawX6936mLUWrPnMMSzB+vwBqs+M6A==</latexit>

WL
<latexit sha1_base64="KQzsUIw/jPsfXGLbACFjXMCzjTI=">AAACDnicbVC7SgNBFL0bX3F9RcXKZjAErMKujdoFbSwsIromkCxhdnaSDJmdXWZmhbAE/AAtbBS/xEps/QW/xNbJo8jDAxcO59zLvfcECWdKO86PlVtaXlldy6/bG5tb2zuF3b17FaeSUI/EPJb1ACvKmaCeZprTeiIpjgJOa0HvcujXHqhULBZ3up9QP8IdwdqMYG2k21rrulUoOmVnBLRI3AkpVg7enx4BoNoq/DbDmKQRFZpwrFTDdRLtZ1hqRjgd2M1U0QSTHu7QhqECR1T52ejUASoZJUTtWJoSGo3U6YkMR0r1o8B0Rlh31bw3FP/zGqlun/kZE0mqqSDjRe2UIx2j4d8oZJISzfuGYCKZuRWRLpaYaJOOXZpeEwQxD2f+MFI0sE1S7nwui8Q7KZ+X3RuT2AWMkYdDOIJjcOEUKnAFVfCAQAee4RXerBfrw/q0vsatOWsysw8zsL7/ALgQnok=</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="P2b0H2ydLlvWchVNEJjmMPcNSg4=">AAACDnicbVDLSsNAFJ34rKmPqrhyE6yFrkriwseu6MaFi4rGFtpQJpNJO3RmEmYmQgn1C3ThRvFLXIlbf8Evces0baGtHrhwOOde7r3HjymRyra/jYXFpeWV1dyamV/f2NwqbO/cySgRCLsoopFo+FBiSjh2FVEUN2KBIfMprvu9i6Ffv8dCkojfqn6MPQY7nIQEQaWlm3r7ql0o2hU7g/WXOGNSrO69PT6UD/O1duGnFUQoYZgrRKGUTceOlZdCoQiieGC2EoljiHqwg5uacsiw9NLs1IFV0kpghZHQxZWVqdMTKWRS9pmvOxlUXTnvDcX/vGaiwlMvJTxOFOZotChMqKUia/i3FRCBkaJ9TSASRN9qoS4UECmdjlmaXuP7EQ1m/tASG5hZUseTgObJJCn3qHJWca51YudghBzYBwegDBxwAqrgEtSACxDogCfwAl6NZ+Pd+DA+R60LxnhmF8zA+PoFPDWe7Q==</latexit><latexit sha1_base64="j+u8MUCv1r2Iy7YZFTl9UoYKND4=">AAACDnicbVDLSsNAFJ3UV42vqks3wVJwVRIXPnZFNy5cVDS20IYymUzaofMIMxOhhH6CCzf6Ka7Erb/gl7h1mqbQVg9cOJxzL/feEyaUKO2631ZpZXVtfaO8aW9t7+zuVfYPHpVIJcI+ElTIdggVpoRjXxNNcTuRGLKQ4lY4vJ74rScsFRH8QY8SHDDY5yQmCGoj3bd6t71K1a27OZy/xCtIFRRo9io/3UiglGGuEYVKdTw30UEGpSaI4rHdTRVOIBrCPu4YyiHDKsjyU8dOzSiREwtpimsnV+cnMsiUGrHQdDKoB2rZm4j/eZ1UxxdBRniSaszRdFGcUkcLZ/K3ExGJkaYjQyCSxNzqoAGUEGmTjl2bXxOGgkYLfxiJje08qbNZQMtklpR/Wr+se3dutXFVRFYGR+AYnAAPnIMGuAFN4AME+uAZvII368V6tz6sz2lrySpmDsECrK9fzEmcng==</latexit>

WL
<latexit sha1_base64="KQzsUIw/jPsfXGLbACFjXMCzjTI=">AAACDnicbVC7SgNBFL0bX3F9RcXKZjAErMKujdoFbSwsIromkCxhdnaSDJmdXWZmhbAE/AAtbBS/xEps/QW/xNbJo8jDAxcO59zLvfcECWdKO86PlVtaXlldy6/bG5tb2zuF3b17FaeSUI/EPJb1ACvKmaCeZprTeiIpjgJOa0HvcujXHqhULBZ3up9QP8IdwdqMYG2k21rrulUoOmVnBLRI3AkpVg7enx4BoNoq/DbDmKQRFZpwrFTDdRLtZ1hqRjgd2M1U0QSTHu7QhqECR1T52ejUASoZJUTtWJoSGo3U6YkMR0r1o8B0Rlh31bw3FP/zGqlun/kZE0mqqSDjRe2UIx2j4d8oZJISzfuGYCKZuRWRLpaYaJOOXZpeEwQxD2f+MFI0sE1S7nwui8Q7KZ+X3RuT2AWMkYdDOIJjcOEUKnAFVfCAQAee4RXerBfrw/q0vsatOWsysw8zsL7/ALgQnok=</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="P2b0H2ydLlvWchVNEJjmMPcNSg4=">AAACDnicbVDLSsNAFJ34rKmPqrhyE6yFrkriwseu6MaFi4rGFtpQJpNJO3RmEmYmQgn1C3ThRvFLXIlbf8Evces0baGtHrhwOOde7r3HjymRyra/jYXFpeWV1dyamV/f2NwqbO/cySgRCLsoopFo+FBiSjh2FVEUN2KBIfMprvu9i6Ffv8dCkojfqn6MPQY7nIQEQaWlm3r7ql0o2hU7g/WXOGNSrO69PT6UD/O1duGnFUQoYZgrRKGUTceOlZdCoQiieGC2EoljiHqwg5uacsiw9NLs1IFV0kpghZHQxZWVqdMTKWRS9pmvOxlUXTnvDcX/vGaiwlMvJTxOFOZotChMqKUia/i3FRCBkaJ9TSASRN9qoS4UECmdjlmaXuP7EQ1m/tASG5hZUseTgObJJCn3qHJWca51YudghBzYBwegDBxwAqrgEtSACxDogCfwAl6NZ+Pd+DA+R60LxnhmF8zA+PoFPDWe7Q==</latexit><latexit sha1_base64="j+u8MUCv1r2Iy7YZFTl9UoYKND4=">AAACDnicbVDLSsNAFJ3UV42vqks3wVJwVRIXPnZFNy5cVDS20IYymUzaofMIMxOhhH6CCzf6Ka7Erb/gl7h1mqbQVg9cOJxzL/feEyaUKO2631ZpZXVtfaO8aW9t7+zuVfYPHpVIJcI+ElTIdggVpoRjXxNNcTuRGLKQ4lY4vJ74rScsFRH8QY8SHDDY5yQmCGoj3bd6t71K1a27OZy/xCtIFRRo9io/3UiglGGuEYVKdTw30UEGpSaI4rHdTRVOIBrCPu4YyiHDKsjyU8dOzSiREwtpimsnV+cnMsiUGrHQdDKoB2rZm4j/eZ1UxxdBRniSaszRdFGcUkcLZ/K3ExGJkaYjQyCSxNzqoAGUEGmTjl2bXxOGgkYLfxiJje08qbNZQMtklpR/Wr+se3dutXFVRFYGR+AYnAAPnIMGuAFN4AME+uAZvII368V6tz6sz2lrySpmDsECrK9fzEmcng==</latexit>κodd

t
<latexit sha1_base64="5GFHS5AUTNa03wjRHVha0hbVdBk="></latexit><latexit sha1_base64="wE9G0ub5am+fXRjaT8YjEZIAeok="></latexit><latexit sha1_base64="wE9G0ub5am+fXRjaT8YjEZIAeok="></latexit><latexit sha1_base64="wE9G0ub5am+fXRjaT8YjEZIAeok="></latexit><latexit sha1_base64="xLfbus15nTLxW/Lf/xVM13vz07Q="></latexit><latexit sha1_base64="Uju0EA4UbVtfcB5c5HDQs2dIasY="></latexit>

h
<latexit sha1_base64="KZczoyw/YEgqNxOqhGmDNNDUU+s=">AAAB6HicdVDLSsNAFJ3UV62vqks3g6XgKkxi6WNXdOOyBaOFNpTJdNIOnUzCzEQooV/gSlDErb/kyr9x0laxggcuHM65l3vvCRLOlEbo0ypsbG5t7xR3S3v7B4dH5eOTOxWnklCPxDyWvQArypmgnmaa014iKY4CTu+D6XXu3z9QqVgsbvUsoX6Ex4KFjGBtpO5kWK4gu9Wsu7U6RDZCDcd1cuI2apc16BglRwWs0BmWPwajmKQRFZpwrFTfQYn2Myw1I5zOS4NU0QSTKR7TvqECR1T52eLQOawaZQTDWJoSGi7U3xMZjpSaRYHpjLCeqL9eLv541bVVOmz6GRNJqqkgy01hyqGOYf42HDFJieYzQzCRzBwLyQRLTLQJp2RS+H4V/k88127ZThdV2lerOIrgDJyDC+CABmiDG9ABHiCAgkfwDF6sqfVkvVpvy9aCtZo5BWuw3r8AGaqNKQ==</latexit><latexit sha1_base64="KZczoyw/YEgqNxOqhGmDNNDUU+s=">AAAB6HicdVDLSsNAFJ3UV62vqks3g6XgKkxi6WNXdOOyBaOFNpTJdNIOnUzCzEQooV/gSlDErb/kyr9x0laxggcuHM65l3vvCRLOlEbo0ypsbG5t7xR3S3v7B4dH5eOTOxWnklCPxDyWvQArypmgnmaa014iKY4CTu+D6XXu3z9QqVgsbvUsoX6Ex4KFjGBtpO5kWK4gu9Wsu7U6RDZCDcd1cuI2apc16BglRwWs0BmWPwajmKQRFZpwrFTfQYn2Myw1I5zOS4NU0QSTKR7TvqECR1T52eLQOawaZQTDWJoSGi7U3xMZjpSaRYHpjLCeqL9eLv541bVVOmz6GRNJqqkgy01hyqGOYf42HDFJieYzQzCRzBwLyQRLTLQJp2RS+H4V/k88127ZThdV2lerOIrgDJyDC+CABmiDG9ABHiCAgkfwDF6sqfVkvVpvy9aCtZo5BWuw3r8AGaqNKQ==</latexit><latexit sha1_base64="KZczoyw/YEgqNxOqhGmDNNDUU+s=">AAAB6HicdVDLSsNAFJ3UV62vqks3g6XgKkxi6WNXdOOyBaOFNpTJdNIOnUzCzEQooV/gSlDErb/kyr9x0laxggcuHM65l3vvCRLOlEbo0ypsbG5t7xR3S3v7B4dH5eOTOxWnklCPxDyWvQArypmgnmaa014iKY4CTu+D6XXu3z9QqVgsbvUsoX6Ex4KFjGBtpO5kWK4gu9Wsu7U6RDZCDcd1cuI2apc16BglRwWs0BmWPwajmKQRFZpwrFTfQYn2Myw1I5zOS4NU0QSTKR7TvqECR1T52eLQOawaZQTDWJoSGi7U3xMZjpSaRYHpjLCeqL9eLv541bVVOmz6GRNJqqkgy01hyqGOYf42HDFJieYzQzCRzBwLyQRLTLQJp2RS+H4V/k88127ZThdV2lerOIrgDJyDC+CABmiDG9ABHiCAgkfwDF6sqfVkvVpvy9aCtZo5BWuw3r8AGaqNKQ==</latexit><latexit sha1_base64="KZczoyw/YEgqNxOqhGmDNNDUU+s=">AAAB6HicdVDLSsNAFJ3UV62vqks3g6XgKkxi6WNXdOOyBaOFNpTJdNIOnUzCzEQooV/gSlDErb/kyr9x0laxggcuHM65l3vvCRLOlEbo0ypsbG5t7xR3S3v7B4dH5eOTOxWnklCPxDyWvQArypmgnmaa014iKY4CTu+D6XXu3z9QqVgsbvUsoX6Ex4KFjGBtpO5kWK4gu9Wsu7U6RDZCDcd1cuI2apc16BglRwWs0BmWPwajmKQRFZpwrFTfQYn2Myw1I5zOS4NU0QSTKR7TvqECR1T52eLQOawaZQTDWJoSGi7U3xMZjpSaRYHpjLCeqL9eLv541bVVOmz6GRNJqqkgy01hyqGOYf42HDFJieYzQzCRzBwLyQRLTLQJp2RS+H4V/k88127ZThdV2lerOIrgDJyDC+CABmiDG9ABHiCAgkfwDF6sqfVkvVpvy9aCtZo5BWuw3r8AGaqNKQ==</latexit><latexit sha1_base64="KdoL2hRjeVklLs3dWX0mx6PoGJs=">AAAB6HicZVDLSsNAFJ3UV62vqks3g6XgKkxq6WNXdOOyBaOFNpTJdNIOnUzCzEQooV/gSlDErb/kyr9xklaxeuDC4Zx7ufceP+ZMaYQ+rcLG5tb2TnG3tLd/cHhUPj65U1EiCXVJxCPZ97GinAnqaqY57ceS4tDn9N6fXWf+/QOVikXiVs9j6oV4IljACNZG6k1H5Qqy261Grd6AyEao6dScjNSa9cs6dIySoQJW6I7KH8NxRJKQCk04VmrgoFh7KZaaEU4XpWGiaIzJDE/owFCBQ6q8ND90AatGGcMgkqaEhrn6eyLFoVLz0DedIdZT9dfLxB+vurZKBy0vZSJONBVkuSlIONQRzN6GYyYp0XxuCCaSmWMhmWKJiTbhlPIUGvmr8D/5TsGt2W3b6aFK52oVRxGcgXNwARzQBB1wA7rABQRQ8AiewYs1s56sV+tt2VqwVjOnYA3W+xcgJY04</latexit><latexit sha1_base64="KdoL2hRjeVklLs3dWX0mx6PoGJs=">AAAB6HicZVDLSsNAFJ3UV62vqks3g6XgKkxq6WNXdOOyBaOFNpTJdNIOnUzCzEQooV/gSlDErb/kyr9xklaxeuDC4Zx7ufceP+ZMaYQ+rcLG5tb2TnG3tLd/cHhUPj65U1EiCXVJxCPZ97GinAnqaqY57ceS4tDn9N6fXWf+/QOVikXiVs9j6oV4IljACNZG6k1H5Qqy261Grd6AyEao6dScjNSa9cs6dIySoQJW6I7KH8NxRJKQCk04VmrgoFh7KZaaEU4XpWGiaIzJDE/owFCBQ6q8ND90AatGGcMgkqaEhrn6eyLFoVLz0DedIdZT9dfLxB+vurZKBy0vZSJONBVkuSlIONQRzN6GYyYp0XxuCCaSmWMhmWKJiTbhlPIUGvmr8D/5TsGt2W3b6aFK52oVRxGcgXNwARzQBB1wA7rABQRQ8AiewYs1s56sV+tt2VqwVjOnYA3W+xcgJY04</latexit>

t
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WL
<latexit sha1_base64="KQzsUIw/jPsfXGLbACFjXMCzjTI=">AAACDnicbVC7SgNBFL0bX3F9RcXKZjAErMKujdoFbSwsIromkCxhdnaSDJmdXWZmhbAE/AAtbBS/xEps/QW/xNbJo8jDAxcO59zLvfcECWdKO86PlVtaXlldy6/bG5tb2zuF3b17FaeSUI/EPJb1ACvKmaCeZprTeiIpjgJOa0HvcujXHqhULBZ3up9QP8IdwdqMYG2k21rrulUoOmVnBLRI3AkpVg7enx4BoNoq/DbDmKQRFZpwrFTDdRLtZ1hqRjgd2M1U0QSTHu7QhqECR1T52ejUASoZJUTtWJoSGo3U6YkMR0r1o8B0Rlh31bw3FP/zGqlun/kZE0mqqSDjRe2UIx2j4d8oZJISzfuGYCKZuRWRLpaYaJOOXZpeEwQxD2f+MFI0sE1S7nwui8Q7KZ+X3RuT2AWMkYdDOIJjcOEUKnAFVfCAQAee4RXerBfrw/q0vsatOWsysw8zsL7/ALgQnok=</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="P2b0H2ydLlvWchVNEJjmMPcNSg4=">AAACDnicbVDLSsNAFJ34rKmPqrhyE6yFrkriwseu6MaFi4rGFtpQJpNJO3RmEmYmQgn1C3ThRvFLXIlbf8Evces0baGtHrhwOOde7r3HjymRyra/jYXFpeWV1dyamV/f2NwqbO/cySgRCLsoopFo+FBiSjh2FVEUN2KBIfMprvu9i6Ffv8dCkojfqn6MPQY7nIQEQaWlm3r7ql0o2hU7g/WXOGNSrO69PT6UD/O1duGnFUQoYZgrRKGUTceOlZdCoQiieGC2EoljiHqwg5uacsiw9NLs1IFV0kpghZHQxZWVqdMTKWRS9pmvOxlUXTnvDcX/vGaiwlMvJTxOFOZotChMqKUia/i3FRCBkaJ9TSASRN9qoS4UECmdjlmaXuP7EQ1m/tASG5hZUseTgObJJCn3qHJWca51YudghBzYBwegDBxwAqrgEtSACxDogCfwAl6NZ+Pd+DA+R60LxnhmF8zA+PoFPDWe7Q==</latexit><latexit sha1_base64="j+u8MUCv1r2Iy7YZFTl9UoYKND4=">AAACDnicbVDLSsNAFJ3UV42vqks3wVJwVRIXPnZFNy5cVDS20IYymUzaofMIMxOhhH6CCzf6Ka7Erb/gl7h1mqbQVg9cOJxzL/feEyaUKO2631ZpZXVtfaO8aW9t7+zuVfYPHpVIJcI+ElTIdggVpoRjXxNNcTuRGLKQ4lY4vJ74rScsFRH8QY8SHDDY5yQmCGoj3bd6t71K1a27OZy/xCtIFRRo9io/3UiglGGuEYVKdTw30UEGpSaI4rHdTRVOIBrCPu4YyiHDKsjyU8dOzSiREwtpimsnV+cnMsiUGrHQdDKoB2rZm4j/eZ1UxxdBRniSaszRdFGcUkcLZ/K3ExGJkaYjQyCSxNzqoAGUEGmTjl2bXxOGgkYLfxiJje08qbNZQMtklpR/Wr+se3dutXFVRFYGR+AYnAAPnIMGuAFN4AME+uAZvII368V6tz6sz2lrySpmDsECrK9fzEmcng==</latexit>

WL
<latexit sha1_base64="KQzsUIw/jPsfXGLbACFjXMCzjTI=">AAACDnicbVC7SgNBFL0bX3F9RcXKZjAErMKujdoFbSwsIromkCxhdnaSDJmdXWZmhbAE/AAtbBS/xEps/QW/xNbJo8jDAxcO59zLvfcECWdKO86PlVtaXlldy6/bG5tb2zuF3b17FaeSUI/EPJb1ACvKmaCeZprTeiIpjgJOa0HvcujXHqhULBZ3up9QP8IdwdqMYG2k21rrulUoOmVnBLRI3AkpVg7enx4BoNoq/DbDmKQRFZpwrFTDdRLtZ1hqRjgd2M1U0QSTHu7QhqECR1T52ejUASoZJUTtWJoSGo3U6YkMR0r1o8B0Rlh31bw3FP/zGqlun/kZE0mqqSDjRe2UIx2j4d8oZJISzfuGYCKZuRWRLpaYaJOOXZpeEwQxD2f+MFI0sE1S7nwui8Q7KZ+X3RuT2AWMkYdDOIJjcOEUKnAFVfCAQAee4RXerBfrw/q0vsatOWsysw8zsL7/ALgQnok=</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="/+vqkLCeZq2U+ziVp7LIhBYQVEk=">AAACDnicbVC7TsMwFHXKq6Q8CoiJxaJU6lQlLMBWwcLAUAShldqochyntWo7ke0gVVH5AhhYQHwJE2LlF/gSVtzHUFqOdKWjc+7VvfcECaNKO863lVtaXlldy6/bhY3Nre3izu6dilOJiYdjFstmgBRhVBBPU81IM5EE8YCRRtC/GPmNeyIVjcWtHiTE56graEQx0ka6aXSuOsWSU3XGgIvEnZJSbf/t8aFyVKh3ij/tMMYpJ0JjhpRquU6i/QxJTTEjQ7udKpIg3Edd0jJUIE6Un41PHcKyUUIYxdKU0HCszk5kiCs14IHp5Ej31Lw3Ev/zWqmOTv2MiiTVRODJoihlUMdw9DcMqSRYs4EhCEtqboW4hyTC2qRjl2fXBEHMwj9/GIkPbZOUO5/LIvGOq2dV99okdg4myIMDcAgqwAUnoAYuQR14AIMueAIv4NV6tt6tD+tz0pqzpjN74A+sr181up7e</latexit><latexit sha1_base64="P2b0H2ydLlvWchVNEJjmMPcNSg4=">AAACDnicbVDLSsNAFJ34rKmPqrhyE6yFrkriwseu6MaFi4rGFtpQJpNJO3RmEmYmQgn1C3ThRvFLXIlbf8Evces0baGtHrhwOOde7r3HjymRyra/jYXFpeWV1dyamV/f2NwqbO/cySgRCLsoopFo+FBiSjh2FVEUN2KBIfMprvu9i6Ffv8dCkojfqn6MPQY7nIQEQaWlm3r7ql0o2hU7g/WXOGNSrO69PT6UD/O1duGnFUQoYZgrRKGUTceOlZdCoQiieGC2EoljiHqwg5uacsiw9NLs1IFV0kpghZHQxZWVqdMTKWRS9pmvOxlUXTnvDcX/vGaiwlMvJTxOFOZotChMqKUia/i3FRCBkaJ9TSASRN9qoS4UECmdjlmaXuP7EQ1m/tASG5hZUseTgObJJCn3qHJWca51YudghBzYBwegDBxwAqrgEtSACxDogCfwAl6NZ+Pd+DA+R60LxnhmF8zA+PoFPDWe7Q==</latexit><latexit sha1_base64="j+u8MUCv1r2Iy7YZFTl9UoYKND4=">AAACDnicbVDLSsNAFJ3UV42vqks3wVJwVRIXPnZFNy5cVDS20IYymUzaofMIMxOhhH6CCzf6Ka7Erb/gl7h1mqbQVg9cOJxzL/feEyaUKO2631ZpZXVtfaO8aW9t7+zuVfYPHpVIJcI+ElTIdggVpoRjXxNNcTuRGLKQ4lY4vJ74rScsFRH8QY8SHDDY5yQmCGoj3bd6t71K1a27OZy/xCtIFRRo9io/3UiglGGuEYVKdTw30UEGpSaI4rHdTRVOIBrCPu4YyiHDKsjyU8dOzSiREwtpimsnV+cnMsiUGrHQdDKoB2rZm4j/eZ1UxxdBRniSaszRdFGcUkcLZ/K3ExGJkaYjQyCSxNzqoAGUEGmTjl2bXxOGgkYLfxiJje08qbNZQMtklpR/Wr+se3dutXFVRFYGR+AYnAAPnIMGuAFN4AME+uAZvII368V6tz6sz2lrySpmDsECrK9fzEmcng==</latexit>κ̃odd

t
<latexit sha1_base64="cEFHXg9MSMaO26WGed7cvNgtj4w="></latexit><latexit sha1_base64="vWovV51a/UnDPxs4jDhTA4AVX5M="></latexit><latexit sha1_base64="vWovV51a/UnDPxs4jDhTA4AVX5M="></latexit><latexit sha1_base64="vWovV51a/UnDPxs4jDhTA4AVX5M="></latexit><latexit sha1_base64="8wD9gcrMOt0Y6rawSIp0kFjTkyU="></latexit><latexit sha1_base64="h03x+dXKBQo9y723FLKpPnXQhEE="></latexit>

S
<latexit sha1_base64="sHn9MSCXxY3AHbIai5v/R1E7oHs=">AAAB6HicdVBNS0JBFL3Pvsy+rJZthkRoJTMuUndSm5ZKvRT0IfPGUQfnfTAzL5CHv6BVUETb/lKr/k3z1CKDDlw4nHMv997jx1Jog/Gnk9vY3Nreye8W9vYPDo+Kxyf3OkoU4y6LZKS6PtVcipC7RhjJu7HiNPAl7/jT68zvPHClRRTemVnMvYCOQzESjBortW8HxRKuYIwJISgjpHaJLWk06lVSRySzLEqwQmtQ/OgPI5YEPDRMUq17BMfGS6kygkk+L/QTzWPKpnTMe5aGNODaSxeHzlHZKkM0ipSt0KCF+nsipYHWs8C3nQE1E/3Xy8Qfr7y2yozqXirCODE8ZMtNo0QiE6HsbTQUijMjZ5ZQpoQ9FrEJVZQZG07BpvD9KvqfuNVKo0LauNS8WsWRhzM4hwsgUIMm3EALXGDA4RGe4cWZOk/Oq/O2bM05q5lTWIPz/gXmro0I</latexit><latexit sha1_base64="sHn9MSCXxY3AHbIai5v/R1E7oHs=">AAAB6HicdVBNS0JBFL3Pvsy+rJZthkRoJTMuUndSm5ZKvRT0IfPGUQfnfTAzL5CHv6BVUETb/lKr/k3z1CKDDlw4nHMv997jx1Jog/Gnk9vY3Nreye8W9vYPDo+Kxyf3OkoU4y6LZKS6PtVcipC7RhjJu7HiNPAl7/jT68zvPHClRRTemVnMvYCOQzESjBortW8HxRKuYIwJISgjpHaJLWk06lVSRySzLEqwQmtQ/OgPI5YEPDRMUq17BMfGS6kygkk+L/QTzWPKpnTMe5aGNODaSxeHzlHZKkM0ipSt0KCF+nsipYHWs8C3nQE1E/3Xy8Qfr7y2yozqXirCODE8ZMtNo0QiE6HsbTQUijMjZ5ZQpoQ9FrEJVZQZG07BpvD9KvqfuNVKo0LauNS8WsWRhzM4hwsgUIMm3EALXGDA4RGe4cWZOk/Oq/O2bM05q5lTWIPz/gXmro0I</latexit><latexit sha1_base64="sHn9MSCXxY3AHbIai5v/R1E7oHs=">AAAB6HicdVBNS0JBFL3Pvsy+rJZthkRoJTMuUndSm5ZKvRT0IfPGUQfnfTAzL5CHv6BVUETb/lKr/k3z1CKDDlw4nHMv997jx1Jog/Gnk9vY3Nreye8W9vYPDo+Kxyf3OkoU4y6LZKS6PtVcipC7RhjJu7HiNPAl7/jT68zvPHClRRTemVnMvYCOQzESjBortW8HxRKuYIwJISgjpHaJLWk06lVSRySzLEqwQmtQ/OgPI5YEPDRMUq17BMfGS6kygkk+L/QTzWPKpnTMe5aGNODaSxeHzlHZKkM0ipSt0KCF+nsipYHWs8C3nQE1E/3Xy8Qfr7y2yozqXirCODE8ZMtNo0QiE6HsbTQUijMjZ5ZQpoQ9FrEJVZQZG07BpvD9KvqfuNVKo0LauNS8WsWRhzM4hwsgUIMm3EALXGDA4RGe4cWZOk/Oq/O2bM05q5lTWIPz/gXmro0I</latexit><latexit sha1_base64="sHn9MSCXxY3AHbIai5v/R1E7oHs=">AAAB6HicdVBNS0JBFL3Pvsy+rJZthkRoJTMuUndSm5ZKvRT0IfPGUQfnfTAzL5CHv6BVUETb/lKr/k3z1CKDDlw4nHMv997jx1Jog/Gnk9vY3Nreye8W9vYPDo+Kxyf3OkoU4y6LZKS6PtVcipC7RhjJu7HiNPAl7/jT68zvPHClRRTemVnMvYCOQzESjBortW8HxRKuYIwJISgjpHaJLWk06lVSRySzLEqwQmtQ/OgPI5YEPDRMUq17BMfGS6kygkk+L/QTzWPKpnTMe5aGNODaSxeHzlHZKkM0ipSt0KCF+nsipYHWs8C3nQE1E/3Xy8Qfr7y2yozqXirCODE8ZMtNo0QiE6HsbTQUijMjZ5ZQpoQ9FrEJVZQZG07BpvD9KvqfuNVKo0LauNS8WsWRhzM4hwsgUIMm3EALXGDA4RGe4cWZOk/Oq/O2bM05q5lTWIPz/gXmro0I</latexit><latexit sha1_base64="RFWaebFiPiBI4gg+sKp6VwNwdPM=">AAAB6HicZVDLSgMxFM34rPVVdekmWAquStJFH7uiG5ctOrbQDiWTZtrQTGZIMkIZ+gWuBEXc+kuu/Bsz0ypWD1w4nHMv997jx4Jrg9Cns7G5tb2zW9gr7h8cHh2XTk7vdZQoylwaiUj1faKZ4JK5hhvB+rFiJPQF6/mz68zvPTCleSTvzDxmXkgmkgecEmOl7u2oVEZVhBDGGGYEN+rIklarWcNNiDPLogxW6IxKH8NxRJOQSUMF0XqAUWy8lCjDqWCL4jDRLCZ0RiZsYKkkIdNemh+6gBWrjGEQKVvSwFz9PZGSUOt56NvOkJip/utl4o9XWVtlgqaXchknhkm63BQkApoIZm/DMVeMGjG3hFDF7bGQToki1NhwinkK9fxV+J98p+DWqq0q7qJy+2oVRwGcgwtwCTBogDa4AR3gAgoYeATP4MWZOU/Oq/O2bN1wVjNnYA3O+xftKY0X</latexit><latexit sha1_base64="RFWaebFiPiBI4gg+sKp6VwNwdPM=">AAAB6HicZVDLSgMxFM34rPVVdekmWAquStJFH7uiG5ctOrbQDiWTZtrQTGZIMkIZ+gWuBEXc+kuu/Bsz0ypWD1w4nHMv997jx4Jrg9Cns7G5tb2zW9gr7h8cHh2XTk7vdZQoylwaiUj1faKZ4JK5hhvB+rFiJPQF6/mz68zvPTCleSTvzDxmXkgmkgecEmOl7u2oVEZVhBDGGGYEN+rIklarWcNNiDPLogxW6IxKH8NxRJOQSUMF0XqAUWy8lCjDqWCL4jDRLCZ0RiZsYKkkIdNemh+6gBWrjGEQKVvSwFz9PZGSUOt56NvOkJip/utl4o9XWVtlgqaXchknhkm63BQkApoIZm/DMVeMGjG3hFDF7bGQToki1NhwinkK9fxV+J98p+DWqq0q7qJy+2oVRwGcgwtwCTBogDa4AR3gAgoYeATP4MWZOU/Oq/O2bN1wVjNnYA3O+xftKY0X</latexit>

+
<latexit sha1_base64="Rxcixu1B6JcrQ9XvyHBLr8tidsg=">AAAB6HicZVDLSgNBEOyNj8T4inr0MhgCghB2vai3oBePCbgmkCxhdtKbDJl9MDMrhCXg3ZOgiFd/yZMf4lknD8QkBQ1FVTfdXX4iuNK2/WXl1tY3NvOFreL2zu7efung8F7FqWTosljEsuVThYJH6GquBbYSiTT0BTb94c3Ebz6gVDyO7vQoQS+k/YgHnFFtpMZZt1S2q/YUZJU4c1Ku5X++HwGg3i19dnoxS0OMNBNUqbZjJ9rLqNScCRwXO6nChLIh7WPb0IiGqLxseuiYVIzSI0EsTUWaTNX/ExkNlRqFvukMqR6oZW8i/nmVhVU6uPQyHiWpxojNNgWpIDomk7dJj0tkWowMoUxycyxhAyop0yacoknBWf55lbjn1auq0zBpXMMMBTiGEzgFBy6gBrdQBxcYIDzBC7xaQ+vZerPeZ605az5zBAuwPn4BDKSPZQ==</latexit><latexit sha1_base64="8ZRifVOLphd/hSCFSE335DdLv+8=">AAAB6HicZVDLSgNBEOz1lRhfUY9eBkNAEMKuFxUvQS8eE3BNIAlhdtKbDJl9MDMrhCUnj4IgKOJV8Is8+SGedfJATFLQUFR1093lxYIrbdtf1tLyyupaJrue29jc2t7J7+7dqiiRDF0WiUjWPapQ8BBdzbXAeiyRBp7Amte/Gvm1O5SKR+GNHsTYCmg35D5nVBupetzOF+ySPQZZJM6UFMqZn+/7j4vHSjv/2exELAkw1ExQpRqOHetWSqXmTOAw10wUxpT1aRcbhoY0QNVKx4cOSdEoHeJH0lSoyVj9P5HSQKlB4JnOgOqemvdG4p9XnFml/bNWysM40RiyySY/EURHZPQ26XCJTIuBIZRJbo4lrEclZdqEkzMpOPM/LxL3pHRecqomjUuYIAsHcAhH4MAplOEaKuACA4QHeIYXq289Wa/W26R1yZrO7MMMrPdf+caQ1g==</latexit><latexit sha1_base64="8ZRifVOLphd/hSCFSE335DdLv+8=">AAAB6HicZVDLSgNBEOz1lRhfUY9eBkNAEMKuFxUvQS8eE3BNIAlhdtKbDJl9MDMrhCUnj4IgKOJV8Is8+SGedfJATFLQUFR1093lxYIrbdtf1tLyyupaJrue29jc2t7J7+7dqiiRDF0WiUjWPapQ8BBdzbXAeiyRBp7Amte/Gvm1O5SKR+GNHsTYCmg35D5nVBupetzOF+ySPQZZJM6UFMqZn+/7j4vHSjv/2exELAkw1ExQpRqOHetWSqXmTOAw10wUxpT1aRcbhoY0QNVKx4cOSdEoHeJH0lSoyVj9P5HSQKlB4JnOgOqemvdG4p9XnFml/bNWysM40RiyySY/EURHZPQ26XCJTIuBIZRJbo4lrEclZdqEkzMpOPM/LxL3pHRecqomjUuYIAsHcAhH4MAplOEaKuACA4QHeIYXq289Wa/W26R1yZrO7MMMrPdf+caQ1g==</latexit><latexit sha1_base64="8ZRifVOLphd/hSCFSE335DdLv+8=">AAAB6HicZVDLSgNBEOz1lRhfUY9eBkNAEMKuFxUvQS8eE3BNIAlhdtKbDJl9MDMrhCUnj4IgKOJV8Is8+SGedfJATFLQUFR1093lxYIrbdtf1tLyyupaJrue29jc2t7J7+7dqiiRDF0WiUjWPapQ8BBdzbXAeiyRBp7Amte/Gvm1O5SKR+GNHsTYCmg35D5nVBupetzOF+ySPQZZJM6UFMqZn+/7j4vHSjv/2exELAkw1ExQpRqOHetWSqXmTOAw10wUxpT1aRcbhoY0QNVKx4cOSdEoHeJH0lSoyVj9P5HSQKlB4JnOgOqemvdG4p9XnFml/bNWysM40RiyySY/EURHZPQ26XCJTIuBIZRJbo4lrEclZdqEkzMpOPM/LxL3pHRecqomjUuYIAsHcAhH4MAplOEaKuACA4QHeIYXq289Wa/W26R1yZrO7MMMrPdf+caQ1g==</latexit><latexit sha1_base64="uabmVnOq8nHTGMkyRrJIbA6hejQ=">AAAB6HicZVBNS8NAEN341Vq/qh69LJaCIJTUgx94KXrx2IKxhTaUzXbSLt1swu5GKKEnj4IgKOJV8Bd58od41m3aiq0PBh7vzTAzz4s4U9q2P62FxaXllUx2Nbe2vrG5ld/euVFhLCk4NOShbHhEAWcCHM00h0YkgQQeh7rXvxz59VuQioXiWg8icAPSFcxnlGgj1Q7b+YJdslPg/6Q8IYVK5vvr7v38odrOf7Q6IY0DEJpyolSzbEfaTYjUjHIY5lqxgojQPulC01BBAlBukh46xEWjdLAfSlNC41T9O5GQQKlB4JnOgOiemvdG4q9XnFml/VM3YSKKNQg63uTHHOsQj97GHSaBaj4whFDJzLGY9ogkVJtwcmkKx9Pn58k0BeeodFYq10waF2iMLNpD++gAldEJqqArVEUOogjQPXpCz1bferRerNdx64I1mdlFM7DefgAAUJDl</latexit><latexit sha1_base64="qsk/mC020npnkZqqgvC3Wk1E6Yw=">AAAB6HicZVDLSgNBEOyNrxhfUY9eBkNAEMKuBx+3oBePCbgmkCxhdtKbDJl9MDMrhCVf4ElQxKu/5Mm/cbJJxMSChqKqm+4uPxFcadv+tgpr6xubW8Xt0s7u3v5B+fDoUcWpZOiyWMSy7VOFgkfoaq4FthOJNPQFtvzR3dRvPaFUPI4e9DhBL6SDiAecUW2k5nmvXLFrdg7ynzhzUoE5Gr3yV7cfszTESDNBleo4dqK9jErNmcBJqZsqTCgb0QF2DI1oiMrL8kMnpGqUPgliaSrSJFf/TmQ0VGoc+qYzpHqoVr2p+OtVl1bp4NrLeJSkGiM22xSkguiYTN8mfS6RaTE2hDLJzbGEDamkTJtwSnkKl4vnV8kiBfeidlNzmnalfjuPowgncApn4MAV1OEeGuACA4RneIU3a2S9WO/Wx6y1YM1njmEJ1ucPY5OMuQ==</latexit>

Bad high energy behaviour may be amended by an extra state S

M(tt → WLWL)
E ≫mt=

<latexit sha1_base64="jrEJanbVzeBdxUw4PXmeCjhiCw0="></latexit><latexit sha1_base64="aKOiL6OaYcOq/IcYbmlpKunAWwE="></latexit><latexit sha1_base64="aKOiL6OaYcOq/IcYbmlpKunAWwE="></latexit><latexit sha1_base64="aKOiL6OaYcOq/IcYbmlpKunAWwE="></latexit><latexit sha1_base64="YeKTvBtVl5/6DQLarh77eUR4HLY="></latexit><latexit sha1_base64="G+6qYrEc3eHYTagXVQqoxW03PMA="></latexit> }
<latexit sha1_base64="pZuV+R244uaR+YavJKaDMs1t7pg=">AAACDXicbVC7TsNAEFyHVzCvACWNlSgSVWTTAF0EDWVAmERKrOh8PicnznfW3RkpsvwHFDRQ8xVUiJZv4EtouTyKPBhppdHMrnZ3wpRRpV33xyqtrW9sbpW37Z3dvf2DyuHRgxKZxMTHggnZCZEijHLia6oZ6aSSoCRkpB0+Xo/99hORigp+r0cpCRI04DSmGGkj3fWKfqXmNtwJnFXizUitWYXSOwC0+pXfXiRwlhCuMUNKdT031UGOpKaYkcLuZYqkCD+iAekaylFCVJBPLi2culEiJxbSFNfORJ2fyFGi1CgJTWeC9FAte2PxP6+b6fgiyClPM004ni6KM+Zo4YzfdiIqCdZsZAjCkppbHTxEEmFtwrHr82vCULBo4Q8jJYVtkvKWc1kl/lnjsuHdmsSuYIoynEAVTsGDc2jCDbTABwwxPMMrvFkv1of1aX1NW0vWbOYYFmB9/wHfkp1g</latexit><latexit sha1_base64="x4e111Nqcc9JbAtd4cGHW8JXNDE=">AAACDXicbVC7TsNAEFyHVzCvABINFFaiSFSRTQN0ETSUAWESKbGi8/mcnHL2WXdnpMjyH1DQQMs30FAhWr6BL6Hl8ijyYKSVRjO72t3xE0alsu0fo7Cyura+Udw0t7Z3dvdK+wcPkqcCExdzxkXLR5IwGhNXUcVIKxEERT4jTX9wPfKbj0RIyuN7NUyIF6FeTEOKkdLSXSfvlip2zR7DWibOlFTqZSi8Hb2fNLql307AcRqRWGGGpGw7dqK8DAlFMSO52UklSRAeoB5paxqjiEgvG1+aW1WtBFbIha5YWWN1diJDkZTDyNedEVJ9ueiNxP+8dqrCCy+jcZIqEuPJojBlluLW6G0roIJgxYaaICyovtXCfSQQVjocszq7xvc5C+b+0FKUmzopZzGXZeKe1S5rzq1O7AomKMIxlOEUHDiHOtxAA1zAEMITvMCr8Wx8GJ/G16S1YExnDmEOxvcfLVyeQg==</latexit><latexit sha1_base64="x4e111Nqcc9JbAtd4cGHW8JXNDE=">AAACDXicbVC7TsNAEFyHVzCvABINFFaiSFSRTQN0ETSUAWESKbGi8/mcnHL2WXdnpMjyH1DQQMs30FAhWr6BL6Hl8ijyYKSVRjO72t3xE0alsu0fo7Cyura+Udw0t7Z3dvdK+wcPkqcCExdzxkXLR5IwGhNXUcVIKxEERT4jTX9wPfKbj0RIyuN7NUyIF6FeTEOKkdLSXSfvlip2zR7DWibOlFTqZSi8Hb2fNLql307AcRqRWGGGpGw7dqK8DAlFMSO52UklSRAeoB5paxqjiEgvG1+aW1WtBFbIha5YWWN1diJDkZTDyNedEVJ9ueiNxP+8dqrCCy+jcZIqEuPJojBlluLW6G0roIJgxYaaICyovtXCfSQQVjocszq7xvc5C+b+0FKUmzopZzGXZeKe1S5rzq1O7AomKMIxlOEUHDiHOtxAA1zAEMITvMCr8Wx8GJ/G16S1YExnDmEOxvcfLVyeQg==</latexit><latexit sha1_base64="x4e111Nqcc9JbAtd4cGHW8JXNDE=">AAACDXicbVC7TsNAEFyHVzCvABINFFaiSFSRTQN0ETSUAWESKbGi8/mcnHL2WXdnpMjyH1DQQMs30FAhWr6BL6Hl8ijyYKSVRjO72t3xE0alsu0fo7Cyura+Udw0t7Z3dvdK+wcPkqcCExdzxkXLR5IwGhNXUcVIKxEERT4jTX9wPfKbj0RIyuN7NUyIF6FeTEOKkdLSXSfvlip2zR7DWibOlFTqZSi8Hb2fNLql307AcRqRWGGGpGw7dqK8DAlFMSO52UklSRAeoB5paxqjiEgvG1+aW1WtBFbIha5YWWN1diJDkZTDyNedEVJ9ueiNxP+8dqrCCy+jcZIqEuPJojBlluLW6G0roIJgxYaaICyovtXCfSQQVjocszq7xvc5C+b+0FKUmzopZzGXZeKe1S5rzq1O7AomKMIxlOEUHDiHOtxAA1zAEMITvMCr8Wx8GJ/G16S1YExnDmEOxvcfLVyeQg==</latexit><latexit sha1_base64="X6/ezkrVpu3PULe5F7fY/fc1Lxs=">AAACDXicbVDLSsNAFL2prxpfVcGNLkJLwVVJXPjYFd24rGJsoQ1lMpm0QycPZiZCCfkDF2506ze4cSVu/Qa/xK3TtIW2euDC4Zx7ufceN2ZUSNP81gpLyyura8V1fWNza3untLt3L6KEY2LjiEW85SJBGA2JLalkpBVzggKXkaY7uBr5zQfCBY3COzmMiROgXkh9ipFU0m0n65YqZs3MYfwl1oRU6mUovB68HTW6pZ+OF+EkIKHEDAnRtsxYOinikmJGMr2TCBIjPEA90lY0RAERTppfmhlVpXiGH3FVoTRydXYiRYEQw8BVnQGSfbHojcT/vHYi/XMnpWGcSBLi8SI/YYaMjNHbhkc5wZINFUGYU3WrgfuIIyxVOHp1do3rRsyb+0NJQabnSZ1OA1ok06Tsk9pFzbpRiV3CGEU4hDIcgwVnUIdraIANGHx4hGd40Z60d+1D+xy3FrTJzD7MQfv6BTPXnlE=</latexit><latexit sha1_base64="6tkbnPnCDfP3363CKi62cZvcTYc=">AAACDXicbVDLSsNAFJ34rPFVdelmsBRclcSFj13RjcsqxhbaUCaTSTt0ZhJmJkIJ+QMXbvRTXIlbv8Evces0TaGtHrhwOOde7r0nSBhV2nG+rZXVtfWNzcqWvb2zu7dfPTh8VHEqMfFwzGLZCZAijAriaaoZ6SSSIB4w0g5GNxO//USkorF40OOE+BwNBI0oRtpI9728X605DacA/EvcktRAiVa/+tMLY5xyIjRmSKmu6yTaz5DUFDOS271UkQThERqQrqECcaL8rLg0h3WjhDCKpSmhYaHOT2SIKzXmgenkSA/VsjcR//O6qY4u/YyKJNVE4OmiKGVQx3DyNgypJFizsSEIS2puhXiIJMLahGPX59cEQczChT+MxHO7SOp8FtAymSXlnTWuGu6dU2tel5FVwDE4AafABRegCW5BC3gAgwg8g1fwZr1Y79aH9TltXbHKmSOwAOvrF2KmnGs=</latexit>

∼ E
<latexit sha1_base64="lU0rOQUB/uXPGl8oFw83I0GgFNo=">AAACEXicdVDLSgMxFM3UVx1fVZdugqXgqmTG0seuKILLCrYV2lIymUwbm8wMSUYopf/gwo1+iitx6xf4JW7NtBVa0QMXDufcy733eDFnSiP0aWXW1jc2t7Lb9s7u3v5B7vCopaJEEtokEY/knYcV5SykTc00p3expFh4nLa90WXqtx+oVCwKb/U4pj2BByELGMHaSK2uYgJe9XN5VKxVy26pDFERoYrjOilxK6XzEnSMkiIPFmj0c19dPyKJoKEmHCvVcVCsexMsNSOcTu1uomiMyQgPaMfQEAuqepPZtVNYMIoPg0iaCjWcqcsTEyyUGgvPdAqsh+q3l4p/eZ1EB9XehIVxomlI5ouChEMdwfR16DNJieZjQzCRzNwKyRBLTLQJyC4sr/G8iPsrfxhJTG2T1E8c8H/SdIu1onOD8vWLRWRZcAJOwRlwQAXUwTVogCYg4B48gmfwYj1Zr9ab9T5vzViLmWOwAuvjG1h8nfc=</latexit><latexit sha1_base64="lU0rOQUB/uXPGl8oFw83I0GgFNo=">AAACEXicdVDLSgMxFM3UVx1fVZdugqXgqmTG0seuKILLCrYV2lIymUwbm8wMSUYopf/gwo1+iitx6xf4JW7NtBVa0QMXDufcy733eDFnSiP0aWXW1jc2t7Lb9s7u3v5B7vCopaJEEtokEY/knYcV5SykTc00p3expFh4nLa90WXqtx+oVCwKb/U4pj2BByELGMHaSK2uYgJe9XN5VKxVy26pDFERoYrjOilxK6XzEnSMkiIPFmj0c19dPyKJoKEmHCvVcVCsexMsNSOcTu1uomiMyQgPaMfQEAuqepPZtVNYMIoPg0iaCjWcqcsTEyyUGgvPdAqsh+q3l4p/eZ1EB9XehIVxomlI5ouChEMdwfR16DNJieZjQzCRzNwKyRBLTLQJyC4sr/G8iPsrfxhJTG2T1E8c8H/SdIu1onOD8vWLRWRZcAJOwRlwQAXUwTVogCYg4B48gmfwYj1Zr9ab9T5vzViLmWOwAuvjG1h8nfc=</latexit><latexit sha1_base64="lU0rOQUB/uXPGl8oFw83I0GgFNo=">AAACEXicdVDLSgMxFM3UVx1fVZdugqXgqmTG0seuKILLCrYV2lIymUwbm8wMSUYopf/gwo1+iitx6xf4JW7NtBVa0QMXDufcy733eDFnSiP0aWXW1jc2t7Lb9s7u3v5B7vCopaJEEtokEY/knYcV5SykTc00p3expFh4nLa90WXqtx+oVCwKb/U4pj2BByELGMHaSK2uYgJe9XN5VKxVy26pDFERoYrjOilxK6XzEnSMkiIPFmj0c19dPyKJoKEmHCvVcVCsexMsNSOcTu1uomiMyQgPaMfQEAuqepPZtVNYMIoPg0iaCjWcqcsTEyyUGgvPdAqsh+q3l4p/eZ1EB9XehIVxomlI5ouChEMdwfR16DNJieZjQzCRzNwKyRBLTLQJyC4sr/G8iPsrfxhJTG2T1E8c8H/SdIu1onOD8vWLRWRZcAJOwRlwQAXUwTVogCYg4B48gmfwYj1Zr9ab9T5vzViLmWOwAuvjG1h8nfc=</latexit><latexit sha1_base64="lU0rOQUB/uXPGl8oFw83I0GgFNo=">AAACEXicdVDLSgMxFM3UVx1fVZdugqXgqmTG0seuKILLCrYV2lIymUwbm8wMSUYopf/gwo1+iitx6xf4JW7NtBVa0QMXDufcy733eDFnSiP0aWXW1jc2t7Lb9s7u3v5B7vCopaJEEtokEY/knYcV5SykTc00p3expFh4nLa90WXqtx+oVCwKb/U4pj2BByELGMHaSK2uYgJe9XN5VKxVy26pDFERoYrjOilxK6XzEnSMkiIPFmj0c19dPyKJoKEmHCvVcVCsexMsNSOcTu1uomiMyQgPaMfQEAuqepPZtVNYMIoPg0iaCjWcqcsTEyyUGgvPdAqsh+q3l4p/eZ1EB9XehIVxomlI5ouChEMdwfR16DNJieZjQzCRzNwKyRBLTLQJyC4sr/G8iPsrfxhJTG2T1E8c8H/SdIu1onOD8vWLRWRZcAJOwRlwQAXUwTVogCYg4B48gmfwYj1Zr9ab9T5vzViLmWOwAuvjG1h8nfc=</latexit><latexit sha1_base64="cFbSlV4w0Do4WDgzY2mbOCv9O2g=">AAACEXicbVDLSsNAFJ3UV62vqks3g6XgqiSx9LEriuCygmmFNpTJdNKOnUnCzEQoof/gwo1+iitx6xf4JW6dpBVa9cCFwzn3cu89XsSoVKb5aeTW1jc2t/LbhZ3dvf2D4uFRR4axwMTBIQvFnYckYTQgjqKKkbtIEMQ9Rrre5DL1uw9ESBoGt2oaEZejUUB9ipHSUqcvKYdXg2LJrDQbNbtag2bFNOuWbaXErlfPq9DSSooSWKA9KH71hyGOOQkUZkjKnmVGyk2QUBQzMiv0Y0kihCdoRHqaBogT6SbZtTNY1soQ+qHQFSiYqcsTCeJSTrmnOzlSY/nbS8X/vF6s/Iab0CCKFQnwfJEfM6hCmL4Oh1QQrNhUE4QF1bdCPEYCYaUDKpSX13heyIYrf2iJzwpZUrUsDviX/CTl2JVmxboxS62LRWR5cAJOwRmwQB20wDVoAwdgcA8ewTN4MZ6MV+PNeJ+35ozFzDFYgfHxDV73ngY=</latexit><latexit sha1_base64="cFbSlV4w0Do4WDgzY2mbOCv9O2g=">AAACEXicbVDLSsNAFJ3UV62vqks3g6XgqiSx9LEriuCygmmFNpTJdNKOnUnCzEQoof/gwo1+iitx6xf4JW6dpBVa9cCFwzn3cu89XsSoVKb5aeTW1jc2t/LbhZ3dvf2D4uFRR4axwMTBIQvFnYckYTQgjqKKkbtIEMQ9Rrre5DL1uw9ESBoGt2oaEZejUUB9ipHSUqcvKYdXg2LJrDQbNbtag2bFNOuWbaXErlfPq9DSSooSWKA9KH71hyGOOQkUZkjKnmVGyk2QUBQzMiv0Y0kihCdoRHqaBogT6SbZtTNY1soQ+qHQFSiYqcsTCeJSTrmnOzlSY/nbS8X/vF6s/Iab0CCKFQnwfJEfM6hCmL4Oh1QQrNhUE4QF1bdCPEYCYaUDKpSX13heyIYrf2iJzwpZUrUsDviX/CTl2JVmxboxS62LRWR5cAJOwRmwQB20wDVoAwdgcA8ewTN4MZ6MV+PNeJ+35ozFzDFYgfHxDV73ngY=</latexit>

}
<latexit sha1_base64="pZuV+R244uaR+YavJKaDMs1t7pg=">AAACDXicbVC7TsNAEFyHVzCvACWNlSgSVWTTAF0EDWVAmERKrOh8PicnznfW3RkpsvwHFDRQ8xVUiJZv4EtouTyKPBhppdHMrnZ3wpRRpV33xyqtrW9sbpW37Z3dvf2DyuHRgxKZxMTHggnZCZEijHLia6oZ6aSSoCRkpB0+Xo/99hORigp+r0cpCRI04DSmGGkj3fWKfqXmNtwJnFXizUitWYXSOwC0+pXfXiRwlhCuMUNKdT031UGOpKaYkcLuZYqkCD+iAekaylFCVJBPLi2culEiJxbSFNfORJ2fyFGi1CgJTWeC9FAte2PxP6+b6fgiyClPM004ni6KM+Zo4YzfdiIqCdZsZAjCkppbHTxEEmFtwrHr82vCULBo4Q8jJYVtkvKWc1kl/lnjsuHdmsSuYIoynEAVTsGDc2jCDbTABwwxPMMrvFkv1of1aX1NW0vWbOYYFmB9/wHfkp1g</latexit><latexit sha1_base64="x4e111Nqcc9JbAtd4cGHW8JXNDE=">AAACDXicbVC7TsNAEFyHVzCvABINFFaiSFSRTQN0ETSUAWESKbGi8/mcnHL2WXdnpMjyH1DQQMs30FAhWr6BL6Hl8ijyYKSVRjO72t3xE0alsu0fo7Cyura+Udw0t7Z3dvdK+wcPkqcCExdzxkXLR5IwGhNXUcVIKxEERT4jTX9wPfKbj0RIyuN7NUyIF6FeTEOKkdLSXSfvlip2zR7DWibOlFTqZSi8Hb2fNLql307AcRqRWGGGpGw7dqK8DAlFMSO52UklSRAeoB5paxqjiEgvG1+aW1WtBFbIha5YWWN1diJDkZTDyNedEVJ9ueiNxP+8dqrCCy+jcZIqEuPJojBlluLW6G0roIJgxYaaICyovtXCfSQQVjocszq7xvc5C+b+0FKUmzopZzGXZeKe1S5rzq1O7AomKMIxlOEUHDiHOtxAA1zAEMITvMCr8Wx8GJ/G16S1YExnDmEOxvcfLVyeQg==</latexit><latexit sha1_base64="x4e111Nqcc9JbAtd4cGHW8JXNDE=">AAACDXicbVC7TsNAEFyHVzCvABINFFaiSFSRTQN0ETSUAWESKbGi8/mcnHL2WXdnpMjyH1DQQMs30FAhWr6BL6Hl8ijyYKSVRjO72t3xE0alsu0fo7Cyura+Udw0t7Z3dvdK+wcPkqcCExdzxkXLR5IwGhNXUcVIKxEERT4jTX9wPfKbj0RIyuN7NUyIF6FeTEOKkdLSXSfvlip2zR7DWibOlFTqZSi8Hb2fNLql307AcRqRWGGGpGw7dqK8DAlFMSO52UklSRAeoB5paxqjiEgvG1+aW1WtBFbIha5YWWN1diJDkZTDyNedEVJ9ueiNxP+8dqrCCy+jcZIqEuPJojBlluLW6G0roIJgxYaaICyovtXCfSQQVjocszq7xvc5C+b+0FKUmzopZzGXZeKe1S5rzq1O7AomKMIxlOEUHDiHOtxAA1zAEMITvMCr8Wx8GJ/G16S1YExnDmEOxvcfLVyeQg==</latexit><latexit sha1_base64="x4e111Nqcc9JbAtd4cGHW8JXNDE=">AAACDXicbVC7TsNAEFyHVzCvABINFFaiSFSRTQN0ETSUAWESKbGi8/mcnHL2WXdnpMjyH1DQQMs30FAhWr6BL6Hl8ijyYKSVRjO72t3xE0alsu0fo7Cyura+Udw0t7Z3dvdK+wcPkqcCExdzxkXLR5IwGhNXUcVIKxEERT4jTX9wPfKbj0RIyuN7NUyIF6FeTEOKkdLSXSfvlip2zR7DWibOlFTqZSi8Hb2fNLql307AcRqRWGGGpGw7dqK8DAlFMSO52UklSRAeoB5paxqjiEgvG1+aW1WtBFbIha5YWWN1diJDkZTDyNedEVJ9ueiNxP+8dqrCCy+jcZIqEuPJojBlluLW6G0roIJgxYaaICyovtXCfSQQVjocszq7xvc5C+b+0FKUmzopZzGXZeKe1S5rzq1O7AomKMIxlOEUHDiHOtxAA1zAEMITvMCr8Wx8GJ/G16S1YExnDmEOxvcfLVyeQg==</latexit><latexit sha1_base64="X6/ezkrVpu3PULe5F7fY/fc1Lxs=">AAACDXicbVDLSsNAFL2prxpfVcGNLkJLwVVJXPjYFd24rGJsoQ1lMpm0QycPZiZCCfkDF2506ze4cSVu/Qa/xK3TtIW2euDC4Zx7ufceN2ZUSNP81gpLyyura8V1fWNza3untLt3L6KEY2LjiEW85SJBGA2JLalkpBVzggKXkaY7uBr5zQfCBY3COzmMiROgXkh9ipFU0m0n65YqZs3MYfwl1oRU6mUovB68HTW6pZ+OF+EkIKHEDAnRtsxYOinikmJGMr2TCBIjPEA90lY0RAERTppfmhlVpXiGH3FVoTRydXYiRYEQw8BVnQGSfbHojcT/vHYi/XMnpWGcSBLi8SI/YYaMjNHbhkc5wZINFUGYU3WrgfuIIyxVOHp1do3rRsyb+0NJQabnSZ1OA1ok06Tsk9pFzbpRiV3CGEU4hDIcgwVnUIdraIANGHx4hGd40Z60d+1D+xy3FrTJzD7MQfv6BTPXnlE=</latexit><latexit sha1_base64="6tkbnPnCDfP3363CKi62cZvcTYc=">AAACDXicbVDLSsNAFJ34rPFVdelmsBRclcSFj13RjcsqxhbaUCaTSTt0ZhJmJkIJ+QMXbvRTXIlbv8Evces0TaGtHrhwOOde7r0nSBhV2nG+rZXVtfWNzcqWvb2zu7dfPTh8VHEqMfFwzGLZCZAijAriaaoZ6SSSIB4w0g5GNxO//USkorF40OOE+BwNBI0oRtpI9728X605DacA/EvcktRAiVa/+tMLY5xyIjRmSKmu6yTaz5DUFDOS271UkQThERqQrqECcaL8rLg0h3WjhDCKpSmhYaHOT2SIKzXmgenkSA/VsjcR//O6qY4u/YyKJNVE4OmiKGVQx3DyNgypJFizsSEIS2puhXiIJMLahGPX59cEQczChT+MxHO7SOp8FtAymSXlnTWuGu6dU2tel5FVwDE4AafABRegCW5BC3gAgwg8g1fwZr1Y79aH9TltXbHKmSOwAOvrF2KmnGs=</latexit>

must vanish (sum rule)

ghW
2m2

W

v̄(p2)γ5u(p1)
[
(gfW )2 + 2gZW gZfA + i

(
ghWκodd

t + gSW κ̃odd
t

)]

<latexit sha1_base64="7vqb0ALKFpkbkGM+NjQV6/zZKIY="></latexit><latexit sha1_base64="uAUU2AnjrG/FApk0zqFaXyepECg="></latexit><latexit sha1_base64="uAUU2AnjrG/FApk0zqFaXyepECg="></latexit><latexit sha1_base64="uAUU2AnjrG/FApk0zqFaXyepECg="></latexit><latexit sha1_base64="WUCrxMLTQ1fo1ek/0WuhzJQePUI="></latexit><latexit sha1_base64="c9g3Dhyfv3jKGltqiJhEpPS+MYM="></latexit>

gfW
<latexit sha1_base64="gP6OPf7jLtvwF1w8TUZ8/FlHNiU=">AAAB7HicZVBNSwMxEJ3Ur1q/qh69BEuhp7LrRb0VvXis4NpCu5Zsmm1Ds8mSZIWy9Dd4EhTx6h/ypL/G9AOx9sHA470ZZuZFqeDGet4XKqytb2xuFbdLO7t7+wflw6N7ozJNWUCVULodEcMElyyw3ArWTjUjSSRYKxpdT/3WI9OGK3lnxykLEzKQPOaUWCcFg17rIe6VK17dmwGvEn9BKo1q7bsBAM1e+bPbVzRLmLRUEGM6vpfaMCfacirYpNTNDEsJHZEB6zgqScJMmM+OneCqU/o4VtqVtHim/p3ISWLMOIlcZ0Ls0Pz3puKvV11aZeOLMOcyzSyTdL4pzgS2Ck9fx32uGbVi7AihmrtjMR0STah1AZVcCv7/n1dJcFa/rPu3Lo0rmKMIJ3AKNfDhHBpwA00IgAKHJ3iBV6TQM3pD7/PWAlrMHMMS0McPx52QLw==</latexit><latexit sha1_base64="/6eRumXfrW5kTkentzTIL66fmtA=">AAAB7HicZVBNSwMxEJ2tX7V+Vb0IXqKl0FPZ9aKCh6IXjxVcW2jXkk2zbWg2WZKsUJb6FzwJinj1D3nSX2P6gdj6YODx3gwz88KEM21c98vJLS2vrK7l1wsbm1vbO8XdvTstU0WoTySXqhliTTkT1DfMcNpMFMVxyGkjHFyN/cYDVZpJcWuGCQ1i3BMsYgQbK/m9TuM+6hRLbtWdAP0n3oyUauXK98XRwWO9U/xsdyVJYyoM4VjrlucmJsiwMoxwOiq0U00TTAa4R1uWChxTHWSTY0eobJUuiqSyJQyaqH8nMhxrPYxD2xlj09eL3lj89cpzq0x0FmRMJKmhgkw3RSlHRqLx66jLFCWGDy3BRDF7LCJ9rDAxNqCCTcFb/Pk/8U+q51XvxqZxCVPk4RCOoQIenEINrqEOPhBg8AQv8OpI59l5c96nrTlnNrMPc3A+fgC2aZDi</latexit><latexit sha1_base64="/6eRumXfrW5kTkentzTIL66fmtA=">AAAB7HicZVBNSwMxEJ2tX7V+Vb0IXqKl0FPZ9aKCh6IXjxVcW2jXkk2zbWg2WZKsUJb6FzwJinj1D3nSX2P6gdj6YODx3gwz88KEM21c98vJLS2vrK7l1wsbm1vbO8XdvTstU0WoTySXqhliTTkT1DfMcNpMFMVxyGkjHFyN/cYDVZpJcWuGCQ1i3BMsYgQbK/m9TuM+6hRLbtWdAP0n3oyUauXK98XRwWO9U/xsdyVJYyoM4VjrlucmJsiwMoxwOiq0U00TTAa4R1uWChxTHWSTY0eobJUuiqSyJQyaqH8nMhxrPYxD2xlj09eL3lj89cpzq0x0FmRMJKmhgkw3RSlHRqLx66jLFCWGDy3BRDF7LCJ9rDAxNqCCTcFb/Pk/8U+q51XvxqZxCVPk4RCOoQIenEINrqEOPhBg8AQv8OpI59l5c96nrTlnNrMPc3A+fgC2aZDi</latexit><latexit sha1_base64="/6eRumXfrW5kTkentzTIL66fmtA=">AAAB7HicZVBNSwMxEJ2tX7V+Vb0IXqKl0FPZ9aKCh6IXjxVcW2jXkk2zbWg2WZKsUJb6FzwJinj1D3nSX2P6gdj6YODx3gwz88KEM21c98vJLS2vrK7l1wsbm1vbO8XdvTstU0WoTySXqhliTTkT1DfMcNpMFMVxyGkjHFyN/cYDVZpJcWuGCQ1i3BMsYgQbK/m9TuM+6hRLbtWdAP0n3oyUauXK98XRwWO9U/xsdyVJYyoM4VjrlucmJsiwMoxwOiq0U00TTAa4R1uWChxTHWSTY0eobJUuiqSyJQyaqH8nMhxrPYxD2xlj09eL3lj89cpzq0x0FmRMJKmhgkw3RSlHRqLx66jLFCWGDy3BRDF7LCJ9rDAxNqCCTcFb/Pk/8U+q51XvxqZxCVPk4RCOoQIenEINrqEOPhBg8AQv8OpI59l5c96nrTlnNrMPc3A+fgC2aZDi</latexit><latexit sha1_base64="RjSKJbmjKOsfRlsJdTUnyUYJgBY=">AAAB7HicZVBNS8NAEJ3Ur1q/ql4EL6ul0FNJPPgBHopePFYwtmBj2Ww37dJNNuxuhBLqX/AkKOLVP+RJf43btBVbHww83pthZp4fc6a0bX9ZuYXFpeWV/GphbX1jc6u4vXOrRCIJdYngQjZ9rChnEXU105w2Y0lx6HPa8PuXI7/xQKViIrrRg5h6Ie5GLGAEayO53XbjPmgXS3bVzoD+E2dCSrVy5fv8YO+x3i5+tjqCJCGNNOFYqTvHjrWXYqkZ4XRYaCWKxpj0cZfeGRrhkCovzY4dorJROigQ0lSkUab+nUhxqNQg9E1niHVPzXsj8dcrz6zSwamXsihONI3IeFOQcKQFGr2OOkxSovnAEEwkM8ci0sMSE20CKmQpHE+fnyfTFNyj6lnVuTZpXMAYediHQ6iAAydQgyuogwsEGDzBC7xawnq23qz3cWvOmszswgysjx+85JDx</latexit><latexit sha1_base64="S/tDPrGY8eKerIDRHcUtkuqNyGQ=">AAAB7HicZVBNS8NAEJ3Ur1q/qh69LJaCp5J48ONW9OKxgrGFNpbNdtMu3eyG3Y1QQn+DJ0ERr/4hT/4bt2kqVh8MPN6bYWZemHCmjet+OaWV1bX1jfJmZWt7Z3evun9wr2WqCPWJ5FJ1QqwpZ4L6hhlOO4miOA45bYfj65nffqRKMynuzCShQYyHgkWMYGMlf9hvP0T9as1tuDnQf+IVpAYFWv3qZ28gSRpTYQjHWnc9NzFBhpVhhNNppZdqmmAyxkPatVTgmOogy4+dorpVBiiSypYwKFd/T2Q41noSh7Yzxmak/3oz8cerL60y0UWQMZGkhgoy3xSlHBmJZq+jAVOUGD6xBBPF7LGIjLDCxNiAKnkKZ4vn/5JFCv5p47Lh3bq15lURRxmO4BhOwINzaMINtMAHAgye4AVeHek8O2/O+7y15BQzh7AE5+MbkvmOlw==</latexit>

yf (κ
even
f + κodd

f γ5)
<latexit sha1_base64="RwJg15dCqbwOfsSWutDi1UHsvrA="></latexit><latexit sha1_base64="a4mYS24/RfuMLQp9BtJ9qtXZKKs="></latexit><latexit sha1_base64="a4mYS24/RfuMLQp9BtJ9qtXZKKs="></latexit><latexit sha1_base64="a4mYS24/RfuMLQp9BtJ9qtXZKKs="></latexit><latexit sha1_base64="oEDTt29gs05kCNrc/tk8uB2BjI8="></latexit><latexit sha1_base64="bCTcWjntx9uQnHDjs+iJSkFN/40="></latexit>

gZfV + gZfAγ5
<latexit sha1_base64="yP7KvSVDTKGYXA1lI2CDmfhh0ac=">AAACBXicZZDNSsNAFIVv/K31r+pSF4OlIBRKIoi6q7pxWcG0xbaGyXRSh84kYWYilFAQV76Cb+BKUMStD+HKt3HSith6YODj3Hu5c48fc6a0bX9ZM7Nz8wuLuaX88srq2nphY7OuokQS6pKIR7LpY0U5C6mrmea0GUuKhc9pw++fZfXGLZWKReGlHsS0I3AvZAEjWBvLK+z0vDSoD6+vUBlleJJhu4eFwN6BVyjaFXsk9B+cHyhWy4/pHQDUvMJnuxuRRNBQE46Vajl2rDsplpoRTof5dqJojEkf92jLYIgFVZ10dMUQlYzTRUEkzQs1Grl/J1IslBoI33QKrG/UdC0zf2uliVU6OOqkLIwTTUMy3hQkHOkIZZmgLpOUaD4wgIlk5rOI3GCJiTbJ5U0KzvTN/8HdrxxXnAuTximMlYNt2IU9cOAQqnAONXCBwD08wQu8Wg/Ws/VmvY9bZ6yfmS2YkPXxDY+9mYo=</latexit><latexit sha1_base64="seuWOngiP3YIBGC3p4+wtmbw1ZY=">AAACBXicZZDLSsNAFIYn9VbrrV52uhgsBaFQEkHUXdWNywr2gm0Mk+kkHTqThJmJUEI3rnwF9y5cCYq49SG68m2ctEVs+8PAx3/O4cz53YhRqUzzx8gsLC4tr2RXc2vrG5tb+e2dugxjgUkNhywUTRdJwmhAaooqRpqRIIi7jDTc3lVabzwQIWkY3Kp+RGyO/IB6FCOlLSd/4DuJVx/c38ESTPEixbaPOEfOiZMvmGVzJDgP1gQKldJzovZehlUnP2x3QhxzEijMkJQty4yUnSChKGZkkGvHkkQI95BPWhoDxIm0k9EVA1jUTgd6odAvUHDk/p9IEJeyz13dyZHqytlaav7VilOrlHdmJzSIYkUCPN7kxQyqEKaZwA4VBCvW14CwoPqzEHeRQFjp5HI6BWv25nmoHZfPy9aNTuMSjJUF++AQHAELnIIKuAZVUAMYPIJX8A4+jCfjzfg0vsatGWMyswumZHz/Ao6umwk=</latexit><latexit sha1_base64="seuWOngiP3YIBGC3p4+wtmbw1ZY=">AAACBXicZZDLSsNAFIYn9VbrrV52uhgsBaFQEkHUXdWNywr2gm0Mk+kkHTqThJmJUEI3rnwF9y5cCYq49SG68m2ctEVs+8PAx3/O4cz53YhRqUzzx8gsLC4tr2RXc2vrG5tb+e2dugxjgUkNhywUTRdJwmhAaooqRpqRIIi7jDTc3lVabzwQIWkY3Kp+RGyO/IB6FCOlLSd/4DuJVx/c38ESTPEixbaPOEfOiZMvmGVzJDgP1gQKldJzovZehlUnP2x3QhxzEijMkJQty4yUnSChKGZkkGvHkkQI95BPWhoDxIm0k9EVA1jUTgd6odAvUHDk/p9IEJeyz13dyZHqytlaav7VilOrlHdmJzSIYkUCPN7kxQyqEKaZwA4VBCvW14CwoPqzEHeRQFjp5HI6BWv25nmoHZfPy9aNTuMSjJUF++AQHAELnIIKuAZVUAMYPIJX8A4+jCfjzfg0vsatGWMyswumZHz/Ao6umwk=</latexit><latexit sha1_base64="seuWOngiP3YIBGC3p4+wtmbw1ZY=">AAACBXicZZDLSsNAFIYn9VbrrV52uhgsBaFQEkHUXdWNywr2gm0Mk+kkHTqThJmJUEI3rnwF9y5cCYq49SG68m2ctEVs+8PAx3/O4cz53YhRqUzzx8gsLC4tr2RXc2vrG5tb+e2dugxjgUkNhywUTRdJwmhAaooqRpqRIIi7jDTc3lVabzwQIWkY3Kp+RGyO/IB6FCOlLSd/4DuJVx/c38ESTPEixbaPOEfOiZMvmGVzJDgP1gQKldJzovZehlUnP2x3QhxzEijMkJQty4yUnSChKGZkkGvHkkQI95BPWhoDxIm0k9EVA1jUTgd6odAvUHDk/p9IEJeyz13dyZHqytlaav7VilOrlHdmJzSIYkUCPN7kxQyqEKaZwA4VBCvW14CwoPqzEHeRQFjp5HI6BWv25nmoHZfPy9aNTuMSjJUF++AQHAELnIIKuAZVUAMYPIJX8A4+jCfjzfg0vsatGWMyswumZHz/Ao6umwk=</latexit><latexit sha1_base64="W3erzc9q6A9KAVKINO9vQcueosc=">AAACBXicZZDLSgMxFIYz9VbrrV52ugiWglAoM4K3XdWNywpOW2zrkEkzbWgyMyQZoQzduPIV3LtwJSji1ofoyrcx04vY+kPg4z/ncHJ+N2RUKtP8NlJz8wuLS+nlzMrq2vpGdnOrIoNIYGLjgAWi5iJJGPWJrahipBYKgrjLSNXtXib16j0Rkgb+jeqFpMlR26cexUhpy8nutZ3Yq/TvbmEBJnieYKONOEfOkZPNmUVzKPgfrDHkSoWnWO08D8pOdtBoBTjixFeYISnrlhmqZoyEopiRfqYRSRIi3EVtUtfoI05kMx5e0Yd57bSgFwj9fAWH7t+JGHEpe9zVnRypjpytJeZvLT+1SnmnzZj6YaSIj0ebvIhBFcAkE9iigmDFehoQFlR/FuIOEggrnVxmmMLx5PhZmKRgHxbPita1TuMCjJQGu2AfHAALnIASuAJlYAMMHsALeAPvxqPxanwYn6PWlDGe2QZTMr5+AJUpmxg=</latexit><latexit sha1_base64="Mo5JwnpnM3ZWvv3+oTqJuDO8zPc=">AAACBXicZZDLSsNAFIYnXmu9RV3qYrAUBKEkgrdd1Y3LCqYttjFMppN06EwSZiZCCd248lFcCYq49SFc+TYmaSq2/jDw8Z9zOHN+N2JUKsP41ubmFxaXlksr5dW19Y1NfWu7KcNYYGLhkIWi7SJJGA2IpahipB0JgrjLSMsdXGX11gMRkobBrRpGxObID6hHMVKp5eh7vpN4zdH9HTyEGV5k2PUR58g5dvSKUTNywf9gFlABhRqO/tXthTjmJFCYISk7phEpO0FCUczIqNyNJYkQHiCfdFIMECfSTvIrRrCaOj3ohSJ9gYK5+3ciQVzKIXfTTo5UX87WMvO3Vp1apbwzO6FBFCsS4PEmL2ZQhTDLBPaoIFixYQoIC5p+FuI+EgirNLlynsLJ5PhZmKRgHdXOa+aNUalfFnGUwC7YBwfABKegDq5BA1gAg0fwDF7Bm/akvWjv2se4dU4rZnbAlLTPH+Q1l5o=</latexit>

f
<latexit sha1_base64="aJN2YnAaXPc1YSMXz6FYroKSIVk=">AAAB6HicZVBNS8NAEJ3Ur1q/qh71sFgKnkriRb0VvXhswdhCG8pmO2mXbjZhdyOU0l/gSVDEq3/Jk//GbVrEtg8GHu/NMDMvTAXXxnV/nMLG5tb2TnG3tLd/cHhUPj550kmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6n/mtZ1SaJ/LRjFMMYjqQPOKMGis1o1654tbcHGSdeAtSqZ9Djkav/N3tJyyLURomqNYdz01NMKHKcCZwWupmGlPKRnSAHUsljVEHk/zQKalapU+iRNmShuTq/4kJjbUex6HtjKkZ6lVvJv551aVVJroJJlymmUHJ5puiTBCTkNnbpM8VMiPGllCmuD2WsCFVlBkbTsmm4K3+vE78q9ptzWvaNO7maUARzuACLsGDa6jDAzTABwYIL/AG787IeXU+nM95a8FZzJzCEpyvXzOHjUE=</latexit><latexit sha1_base64="aJN2YnAaXPc1YSMXz6FYroKSIVk=">AAAB6HicZVBNS8NAEJ3Ur1q/qh71sFgKnkriRb0VvXhswdhCG8pmO2mXbjZhdyOU0l/gSVDEq3/Jk//GbVrEtg8GHu/NMDMvTAXXxnV/nMLG5tb2TnG3tLd/cHhUPj550kmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6n/mtZ1SaJ/LRjFMMYjqQPOKMGis1o1654tbcHGSdeAtSqZ9Djkav/N3tJyyLURomqNYdz01NMKHKcCZwWupmGlPKRnSAHUsljVEHk/zQKalapU+iRNmShuTq/4kJjbUex6HtjKkZ6lVvJv551aVVJroJJlymmUHJ5puiTBCTkNnbpM8VMiPGllCmuD2WsCFVlBkbTsmm4K3+vE78q9ptzWvaNO7maUARzuACLsGDa6jDAzTABwYIL/AG787IeXU+nM95a8FZzJzCEpyvXzOHjUE=</latexit><latexit sha1_base64="aJN2YnAaXPc1YSMXz6FYroKSIVk=">AAAB6HicZVBNS8NAEJ3Ur1q/qh71sFgKnkriRb0VvXhswdhCG8pmO2mXbjZhdyOU0l/gSVDEq3/Jk//GbVrEtg8GHu/NMDMvTAXXxnV/nMLG5tb2TnG3tLd/cHhUPj550kmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6n/mtZ1SaJ/LRjFMMYjqQPOKMGis1o1654tbcHGSdeAtSqZ9Djkav/N3tJyyLURomqNYdz01NMKHKcCZwWupmGlPKRnSAHUsljVEHk/zQKalapU+iRNmShuTq/4kJjbUex6HtjKkZ6lVvJv551aVVJroJJlymmUHJ5puiTBCTkNnbpM8VMiPGllCmuD2WsCFVlBkbTsmm4K3+vE78q9ptzWvaNO7maUARzuACLsGDa6jDAzTABwYIL/AG787IeXU+nM95a8FZzJzCEpyvXzOHjUE=</latexit><latexit sha1_base64="aJN2YnAaXPc1YSMXz6FYroKSIVk=">AAAB6HicZVBNS8NAEJ3Ur1q/qh71sFgKnkriRb0VvXhswdhCG8pmO2mXbjZhdyOU0l/gSVDEq3/Jk//GbVrEtg8GHu/NMDMvTAXXxnV/nMLG5tb2TnG3tLd/cHhUPj550kmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6n/mtZ1SaJ/LRjFMMYjqQPOKMGis1o1654tbcHGSdeAtSqZ9Djkav/N3tJyyLURomqNYdz01NMKHKcCZwWupmGlPKRnSAHUsljVEHk/zQKalapU+iRNmShuTq/4kJjbUex6HtjKkZ6lVvJv551aVVJroJJlymmUHJ5puiTBCTkNnbpM8VMiPGllCmuD2WsCFVlBkbTsmm4K3+vE78q9ptzWvaNO7maUARzuACLsGDa6jDAzTABwYIL/AG787IeXU+nM95a8FZzJzCEpyvXzOHjUE=</latexit><latexit sha1_base64="+wnQQ+CkyU3Qez0eCPN1I1DLZmg=">AAAB6HicZVDLSgNBEOyNrxhfUY96GAwBT2HXg49b0IvHBFwTSJYwO+lNhsw+mJkVwpIv8CQo4tVf8uTfONkkYmJBQ1HVTXeXnwiutG1/W4W19Y3NreJ2aWd3b/+gfHj0qOJUMnRZLGLZ9qlCwSN0NdcC24lEGvoCW/7obuq3nlAqHkcPepygF9JBxAPOqDZSM+iVK3bNzkH+E2dOKvVTyNHolb+6/ZilIUaaCapUx7ET7WVUas4ETkrdVGFC2YgOsGNoRENUXpYfOiFVo/RJEEtTkSa5+ncio6FS49A3nSHVQ7XqTcVfr7q0SgfXXsajJNUYsdmmIBVEx2T6NulziUyLsSGUSW6OJWxIJWXahFPKU7hcPL9KFim4F7WbmtM0adzO0oAinMAZnIMDV1CHe2iACwwQnuEV3qyR9WK9Wx+z1oI1nzmGJVifPzoCjVA=</latexit><latexit sha1_base64="tmDtpmCXNikc4CaW9xGrdYt2XpA=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69BEvBU0k8+HErevHYgrGFNpTNdtIu3WzC7kYoob/Ak6CIV/+SJ/+N2zQVqw8GHu/NMDMvSDhT2nG+rNLa+sbmVnm7srO7t39QPTx6UHEqKXo05rHsBkQhZwI9zTTHbiKRRAHHTjC5nfudR5SKxeJeTxP0IzISLGSUaCO1w0G15jScHPZ/4hakBgVag+pnfxjTNEKhKSdK9Vwn0X5GpGaU46zSTxUmhE7ICHuGChKh8rP80JldN8rQDmNpSmg7V39PZCRSahoFpjMieqz+enPxx6uvrNLhlZ8xkaQaBV1sClNu69iev20PmUSq+dQQQiUzx9p0TCSh2oRTyVO4WD7/lyxT8M4b1w237dSaN0UcZTiBUzgDFy6hCXfQAg8oIDzBC7xaE+vZerPeF60lq5g5hhVYH9+8/4z0</latexit>

f̄
<latexit sha1_base64="I1bYd1dP+0T7QhrPH7QeBxPvVGw=">AAAB7XicZVBNTwIxFHyLX4hfqEc9NBIST2TXC3ojevGIiQsksCHd0oVKt920XROy4T94MtEYr/4gT/4by0KMwJwmM+9l3psw4Uwb1/1xChubW9s7xd3S3v7B4VH5+KSlZaoI9YnkUnVCrClngvqGGU47iaI4Djlth+O7md9+pkozKR7NJKFBjIeCRYxgY6VWL8QKRf1yxa25OdA68Rak0jiHHM1++bs3kCSNqTCEY627npuYIMPKMMLptNRLNU0wGeMh7VoqcEx1kOXXTlHVKgMUSRsshUG5+n8jw7HWkzi0kzE2I73qzcQ/r7oUZaLrIGMiSQ0VZJ4UpRwZiWa/owFTlBg+sQQTxeyxiIywwsTYhkq2BW/153XiX9Vuat6DbeN23gYU4Qwu4BI8qEMD7qEJPhB4ghd4g3cncV6dD+dzPlpwFjunsATn6xeB+48k</latexit><latexit sha1_base64="I1bYd1dP+0T7QhrPH7QeBxPvVGw=">AAAB7XicZVBNTwIxFHyLX4hfqEc9NBIST2TXC3ojevGIiQsksCHd0oVKt920XROy4T94MtEYr/4gT/4by0KMwJwmM+9l3psw4Uwb1/1xChubW9s7xd3S3v7B4VH5+KSlZaoI9YnkUnVCrClngvqGGU47iaI4Djlth+O7md9+pkozKR7NJKFBjIeCRYxgY6VWL8QKRf1yxa25OdA68Rak0jiHHM1++bs3kCSNqTCEY627npuYIMPKMMLptNRLNU0wGeMh7VoqcEx1kOXXTlHVKgMUSRsshUG5+n8jw7HWkzi0kzE2I73qzcQ/r7oUZaLrIGMiSQ0VZJ4UpRwZiWa/owFTlBg+sQQTxeyxiIywwsTYhkq2BW/153XiX9Vuat6DbeN23gYU4Qwu4BI8qEMD7qEJPhB4ghd4g3cncV6dD+dzPlpwFjunsATn6xeB+48k</latexit><latexit sha1_base64="I1bYd1dP+0T7QhrPH7QeBxPvVGw=">AAAB7XicZVBNTwIxFHyLX4hfqEc9NBIST2TXC3ojevGIiQsksCHd0oVKt920XROy4T94MtEYr/4gT/4by0KMwJwmM+9l3psw4Uwb1/1xChubW9s7xd3S3v7B4VH5+KSlZaoI9YnkUnVCrClngvqGGU47iaI4Djlth+O7md9+pkozKR7NJKFBjIeCRYxgY6VWL8QKRf1yxa25OdA68Rak0jiHHM1++bs3kCSNqTCEY627npuYIMPKMMLptNRLNU0wGeMh7VoqcEx1kOXXTlHVKgMUSRsshUG5+n8jw7HWkzi0kzE2I73qzcQ/r7oUZaLrIGMiSQ0VZJ4UpRwZiWa/owFTlBg+sQQTxeyxiIywwsTYhkq2BW/153XiX9Vuat6DbeN23gYU4Qwu4BI8qEMD7qEJPhB4ghd4g3cncV6dD+dzPlpwFjunsATn6xeB+48k</latexit><latexit sha1_base64="I1bYd1dP+0T7QhrPH7QeBxPvVGw=">AAAB7XicZVBNTwIxFHyLX4hfqEc9NBIST2TXC3ojevGIiQsksCHd0oVKt920XROy4T94MtEYr/4gT/4by0KMwJwmM+9l3psw4Uwb1/1xChubW9s7xd3S3v7B4VH5+KSlZaoI9YnkUnVCrClngvqGGU47iaI4Djlth+O7md9+pkozKR7NJKFBjIeCRYxgY6VWL8QKRf1yxa25OdA68Rak0jiHHM1++bs3kCSNqTCEY627npuYIMPKMMLptNRLNU0wGeMh7VoqcEx1kOXXTlHVKgMUSRsshUG5+n8jw7HWkzi0kzE2I73qzcQ/r7oUZaLrIGMiSQ0VZJ4UpRwZiWa/owFTlBg+sQQTxeyxiIywwsTYhkq2BW/153XiX9Vuat6DbeN23gYU4Qwu4BI8qEMD7qEJPhB4ghd4g3cncV6dD+dzPlpwFjunsATn6xeB+48k</latexit><latexit sha1_base64="21CTeIYeGDW9nLqubmSbdDKHxrc=">AAAB7XicZVDLTgIxFL2DL8QX6lIXjYTEFZlx4WNHdOMSEwdJYEI6pQOVTjtpOyZkwj+4MtEYt36QK//GMoARPKuTc+7NufeECWfauO63U1hZXVvfKG6WtrZ3dvfK+wdNLVNFqE8kl6oVYk05E9Q3zHDaShTFccjpQzi8mfgPT1RpJsW9GSU0iHFfsIgRbKzU7IRYoahbrrg1Nwf6T7wZqdSPIUejW/7q9CRJYyoM4VjrtucmJsiwMoxwOi51Uk0TTIa4T9uWChxTHWT5tWNUtUoPRdIGS2FQrv7dyHCs9SgO7WSMzUAvexPx16suRJnoMsiYSFJDBZkmRSlHRqLJ76jHFCWGjyzBRDF7LCIDrDAxtqFS3sL5/PllMm/BP6td1bw728b1tA0owhGcwCl4cAF1uIUG+EDgEZ7hFd6cxHlx3p2P6WjBme0cwgKczx+Ido8z</latexit><latexit sha1_base64="H17MfGT/HutRp2Qk3fjq+wKqpzY=">AAAB7XicZVDLTgIxFL2DL8QX6tJNIyFxRQYXPnZENy4xcYAEJqRTOlDptJO2Y0Im/IMrE41x6we58m8sw2AEz+rknHtz7j1BzJk2rvvtFNbWNza3itulnd29/YPy4VFLy0QR6hHJpeoEWFPOBPUMM5x2YkVxFHDaDsa3M7/9RJVmUjyYSUz9CA8FCxnBxkqtXoAVCvvliltzM6D/pJ6TCuRo9stfvYEkSUSFIRxr3a27sfFTrAwjnE5LvUTTGJMxHtKupQJHVPtpdu0UVa0yQKG0wVIYlKl/N1IcaT2JAjsZYTPSq95M/PWqS1EmvPJTJuLEUEHmSWHCkZFo9jsaMEWJ4RNLMFHMHovICCtMjG2olLVwsXh+lSxa8M5r17X6vVtp3OR1FOEETuEM6nAJDbiDJnhA4BGe4RXenNh5cd6dj/lowcl3jmEJzucPC4KO1w==</latexit>

Z
<latexit sha1_base64="Rdlkh+Jt5XObKJGA2yZzRvtsers=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69LJaCp5J4UW9FLx5bsLbYhrLZTtqlm03Y3Qgl9Bd4EhTx6l/y5L9x2wax7YOBx3szzMwLEsG1cd0fp7CxubW9U9wt7e0fHB6Vj08edZwqhi0Wi1h1AqpRcIktw43ATqKQRoHAdjC+m/ntZ1Sax/LBTBL0IzqUPOSMGis1n/rliltz5yDrxMtJBXI0+uXv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6ekapUBCWNlSxoyV/9PZDTSehIFtjOiZqRXvZn451WXVpnw2s+4TFKDki02hakgJiazt8mAK2RGTCyhTHF7LGEjqigzNpySTcFb/XmdtC5rNzWv6Vbqt3kcRTiDc7gAD66gDvfQgBYwQHiBN3h3xs6r8+F8LloLTj5zCktwvn4BpFSM2Q==</latexit><latexit sha1_base64="Rdlkh+Jt5XObKJGA2yZzRvtsers=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69LJaCp5J4UW9FLx5bsLbYhrLZTtqlm03Y3Qgl9Bd4EhTx6l/y5L9x2wax7YOBx3szzMwLEsG1cd0fp7CxubW9U9wt7e0fHB6Vj08edZwqhi0Wi1h1AqpRcIktw43ATqKQRoHAdjC+m/ntZ1Sax/LBTBL0IzqUPOSMGis1n/rliltz5yDrxMtJBXI0+uXv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6ekapUBCWNlSxoyV/9PZDTSehIFtjOiZqRXvZn451WXVpnw2s+4TFKDki02hakgJiazt8mAK2RGTCyhTHF7LGEjqigzNpySTcFb/XmdtC5rNzWv6Vbqt3kcRTiDc7gAD66gDvfQgBYwQHiBN3h3xs6r8+F8LloLTj5zCktwvn4BpFSM2Q==</latexit><latexit sha1_base64="Rdlkh+Jt5XObKJGA2yZzRvtsers=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69LJaCp5J4UW9FLx5bsLbYhrLZTtqlm03Y3Qgl9Bd4EhTx6l/y5L9x2wax7YOBx3szzMwLEsG1cd0fp7CxubW9U9wt7e0fHB6Vj08edZwqhi0Wi1h1AqpRcIktw43ATqKQRoHAdjC+m/ntZ1Sax/LBTBL0IzqUPOSMGis1n/rliltz5yDrxMtJBXI0+uXv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6ekapUBCWNlSxoyV/9PZDTSehIFtjOiZqRXvZn451WXVpnw2s+4TFKDki02hakgJiazt8mAK2RGTCyhTHF7LGEjqigzNpySTcFb/XmdtC5rNzWv6Vbqt3kcRTiDc7gAD66gDvfQgBYwQHiBN3h3xs6r8+F8LloLTj5zCktwvn4BpFSM2Q==</latexit><latexit sha1_base64="Rdlkh+Jt5XObKJGA2yZzRvtsers=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69LJaCp5J4UW9FLx5bsLbYhrLZTtqlm03Y3Qgl9Bd4EhTx6l/y5L9x2wax7YOBx3szzMwLEsG1cd0fp7CxubW9U9wt7e0fHB6Vj08edZwqhi0Wi1h1AqpRcIktw43ATqKQRoHAdjC+m/ntZ1Sax/LBTBL0IzqUPOSMGis1n/rliltz5yDrxMtJBXI0+uXv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6ekapUBCWNlSxoyV/9PZDTSehIFtjOiZqRXvZn451WXVpnw2s+4TFKDki02hakgJiazt8mAK2RGTCyhTHF7LGEjqigzNpySTcFb/XmdtC5rNzWv6Vbqt3kcRTiDc7gAD66gDvfQgBYwQHiBN3h3xs6r8+F8LloLTj5zCktwvn4BpFSM2Q==</latexit><latexit sha1_base64="BBZzKUknGiMnJks6BGROnfeLJiM=">AAAB6HicZVDLSgNBEOyNrxhfUY9eBkPAU9j14OMW9OIxAdcEkyXMTnqTIbMPZmaFsOQLPAmKePWXPPk3TjaJmFjQUFR1093lJ4IrbdvfVmFtfWNzq7hd2tnd2z8oHx49qDiVDF0Wi1i2fapQ8AhdzbXAdiKRhr7Alj+6nfqtJ5SKx9G9HifohXQQ8YAzqo3UfOyVK3bNzkH+E2dOKjBHo1f+6vZjloYYaSaoUh3HTrSXUak5EzgpdVOFCWUjOsCOoRENUXlZfuiEVI3SJ0EsTUWa5OrfiYyGSo1D33SGVA/VqjcVf73q0iodXHkZj5JUY8Rmm4JUEB2T6dukzyUyLcaGUCa5OZawIZWUaRNOKU/hYvH8Klmk4J7XrmtO067Ub+ZxFOEETuEMHLiEOtxBA1xggPAMr/BmjawX6936mLUWrPnMMSzB+vwBqs+M6A==</latexit><latexit sha1_base64="BBZzKUknGiMnJks6BGROnfeLJiM=">AAAB6HicZVDLSgNBEOyNrxhfUY9eBkPAU9j14OMW9OIxAdcEkyXMTnqTIbMPZmaFsOQLPAmKePWXPPk3TjaJmFjQUFR1093lJ4IrbdvfVmFtfWNzq7hd2tnd2z8oHx49qDiVDF0Wi1i2fapQ8AhdzbXAdiKRhr7Alj+6nfqtJ5SKx9G9HifohXQQ8YAzqo3UfOyVK3bNzkH+E2dOKjBHo1f+6vZjloYYaSaoUh3HTrSXUak5EzgpdVOFCWUjOsCOoRENUXlZfuiEVI3SJ0EsTUWa5OrfiYyGSo1D33SGVA/VqjcVf73q0iodXHkZj5JUY8Rmm4JUEB2T6dukzyUyLcaGUCa5OZawIZWUaRNOKU/hYvH8Klmk4J7XrmtO067Ub+ZxFOEETuEMHLiEOtxBA1xggPAMr/BmjawX6936mLUWrPnMMSzB+vwBqs+M6A==</latexit>

f
<latexit sha1_base64="aJN2YnAaXPc1YSMXz6FYroKSIVk=">AAAB6HicZVBNS8NAEJ3Ur1q/qh71sFgKnkriRb0VvXhswdhCG8pmO2mXbjZhdyOU0l/gSVDEq3/Jk//GbVrEtg8GHu/NMDMvTAXXxnV/nMLG5tb2TnG3tLd/cHhUPj550kmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6n/mtZ1SaJ/LRjFMMYjqQPOKMGis1o1654tbcHGSdeAtSqZ9Djkav/N3tJyyLURomqNYdz01NMKHKcCZwWupmGlPKRnSAHUsljVEHk/zQKalapU+iRNmShuTq/4kJjbUex6HtjKkZ6lVvJv551aVVJroJJlymmUHJ5puiTBCTkNnbpM8VMiPGllCmuD2WsCFVlBkbTsmm4K3+vE78q9ptzWvaNO7maUARzuACLsGDa6jDAzTABwYIL/AG787IeXU+nM95a8FZzJzCEpyvXzOHjUE=</latexit><latexit sha1_base64="aJN2YnAaXPc1YSMXz6FYroKSIVk=">AAAB6HicZVBNS8NAEJ3Ur1q/qh71sFgKnkriRb0VvXhswdhCG8pmO2mXbjZhdyOU0l/gSVDEq3/Jk//GbVrEtg8GHu/NMDMvTAXXxnV/nMLG5tb2TnG3tLd/cHhUPj550kmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6n/mtZ1SaJ/LRjFMMYjqQPOKMGis1o1654tbcHGSdeAtSqZ9Djkav/N3tJyyLURomqNYdz01NMKHKcCZwWupmGlPKRnSAHUsljVEHk/zQKalapU+iRNmShuTq/4kJjbUex6HtjKkZ6lVvJv551aVVJroJJlymmUHJ5puiTBCTkNnbpM8VMiPGllCmuD2WsCFVlBkbTsmm4K3+vE78q9ptzWvaNO7maUARzuACLsGDa6jDAzTABwYIL/AG787IeXU+nM95a8FZzJzCEpyvXzOHjUE=</latexit><latexit sha1_base64="aJN2YnAaXPc1YSMXz6FYroKSIVk=">AAAB6HicZVBNS8NAEJ3Ur1q/qh71sFgKnkriRb0VvXhswdhCG8pmO2mXbjZhdyOU0l/gSVDEq3/Jk//GbVrEtg8GHu/NMDMvTAXXxnV/nMLG5tb2TnG3tLd/cHhUPj550kmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6n/mtZ1SaJ/LRjFMMYjqQPOKMGis1o1654tbcHGSdeAtSqZ9Djkav/N3tJyyLURomqNYdz01NMKHKcCZwWupmGlPKRnSAHUsljVEHk/zQKalapU+iRNmShuTq/4kJjbUex6HtjKkZ6lVvJv551aVVJroJJlymmUHJ5puiTBCTkNnbpM8VMiPGllCmuD2WsCFVlBkbTsmm4K3+vE78q9ptzWvaNO7maUARzuACLsGDa6jDAzTABwYIL/AG787IeXU+nM95a8FZzJzCEpyvXzOHjUE=</latexit><latexit sha1_base64="aJN2YnAaXPc1YSMXz6FYroKSIVk=">AAAB6HicZVBNS8NAEJ3Ur1q/qh71sFgKnkriRb0VvXhswdhCG8pmO2mXbjZhdyOU0l/gSVDEq3/Jk//GbVrEtg8GHu/NMDMvTAXXxnV/nMLG5tb2TnG3tLd/cHhUPj550kmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6n/mtZ1SaJ/LRjFMMYjqQPOKMGis1o1654tbcHGSdeAtSqZ9Djkav/N3tJyyLURomqNYdz01NMKHKcCZwWupmGlPKRnSAHUsljVEHk/zQKalapU+iRNmShuTq/4kJjbUex6HtjKkZ6lVvJv551aVVJroJJlymmUHJ5puiTBCTkNnbpM8VMiPGllCmuD2WsCFVlBkbTsmm4K3+vE78q9ptzWvaNO7maUARzuACLsGDa6jDAzTABwYIL/AG787IeXU+nM95a8FZzJzCEpyvXzOHjUE=</latexit><latexit sha1_base64="+wnQQ+CkyU3Qez0eCPN1I1DLZmg=">AAAB6HicZVDLSgNBEOyNrxhfUY96GAwBT2HXg49b0IvHBFwTSJYwO+lNhsw+mJkVwpIv8CQo4tVf8uTfONkkYmJBQ1HVTXeXnwiutG1/W4W19Y3NreJ2aWd3b/+gfHj0qOJUMnRZLGLZ9qlCwSN0NdcC24lEGvoCW/7obuq3nlAqHkcPepygF9JBxAPOqDZSM+iVK3bNzkH+E2dOKvVTyNHolb+6/ZilIUaaCapUx7ET7WVUas4ETkrdVGFC2YgOsGNoRENUXpYfOiFVo/RJEEtTkSa5+ncio6FS49A3nSHVQ7XqTcVfr7q0SgfXXsajJNUYsdmmIBVEx2T6NulziUyLsSGUSW6OJWxIJWXahFPKU7hcPL9KFim4F7WbmtM0adzO0oAinMAZnIMDV1CHe2iACwwQnuEV3qyR9WK9Wx+z1oI1nzmGJVifPzoCjVA=</latexit><latexit sha1_base64="tmDtpmCXNikc4CaW9xGrdYt2XpA=">AAAB6HicZVBNS8NAEJ3Ur1q/qh69BEvBU0k8+HErevHYgrGFNpTNdtIu3WzC7kYoob/Ak6CIV/+SJ/+N2zQVqw8GHu/NMDMvSDhT2nG+rNLa+sbmVnm7srO7t39QPTx6UHEqKXo05rHsBkQhZwI9zTTHbiKRRAHHTjC5nfudR5SKxeJeTxP0IzISLGSUaCO1w0G15jScHPZ/4hakBgVag+pnfxjTNEKhKSdK9Vwn0X5GpGaU46zSTxUmhE7ICHuGChKh8rP80JldN8rQDmNpSmg7V39PZCRSahoFpjMieqz+enPxx6uvrNLhlZ8xkaQaBV1sClNu69iev20PmUSq+dQQQiUzx9p0TCSh2oRTyVO4WD7/lyxT8M4b1w237dSaN0UcZTiBUzgDFy6hCXfQAg8oIDzBC7xaE+vZerPeF60lq5g5hhVYH9+8/4z0</latexit>

f̄
<latexit sha1_base64="I1bYd1dP+0T7QhrPH7QeBxPvVGw=">AAAB7XicZVBNTwIxFHyLX4hfqEc9NBIST2TXC3ojevGIiQsksCHd0oVKt920XROy4T94MtEYr/4gT/4by0KMwJwmM+9l3psw4Uwb1/1xChubW9s7xd3S3v7B4VH5+KSlZaoI9YnkUnVCrClngvqGGU47iaI4Djlth+O7md9+pkozKR7NJKFBjIeCRYxgY6VWL8QKRf1yxa25OdA68Rak0jiHHM1++bs3kCSNqTCEY627npuYIMPKMMLptNRLNU0wGeMh7VoqcEx1kOXXTlHVKgMUSRsshUG5+n8jw7HWkzi0kzE2I73qzcQ/r7oUZaLrIGMiSQ0VZJ4UpRwZiWa/owFTlBg+sQQTxeyxiIywwsTYhkq2BW/153XiX9Vuat6DbeN23gYU4Qwu4BI8qEMD7qEJPhB4ghd4g3cncV6dD+dzPlpwFjunsATn6xeB+48k</latexit><latexit sha1_base64="I1bYd1dP+0T7QhrPH7QeBxPvVGw=">AAAB7XicZVBNTwIxFHyLX4hfqEc9NBIST2TXC3ojevGIiQsksCHd0oVKt920XROy4T94MtEYr/4gT/4by0KMwJwmM+9l3psw4Uwb1/1xChubW9s7xd3S3v7B4VH5+KSlZaoI9YnkUnVCrClngvqGGU47iaI4Djlth+O7md9+pkozKR7NJKFBjIeCRYxgY6VWL8QKRf1yxa25OdA68Rak0jiHHM1++bs3kCSNqTCEY627npuYIMPKMMLptNRLNU0wGeMh7VoqcEx1kOXXTlHVKgMUSRsshUG5+n8jw7HWkzi0kzE2I73qzcQ/r7oUZaLrIGMiSQ0VZJ4UpRwZiWa/owFTlBg+sQQTxeyxiIywwsTYhkq2BW/153XiX9Vuat6DbeN23gYU4Qwu4BI8qEMD7qEJPhB4ghd4g3cncV6dD+dzPlpwFjunsATn6xeB+48k</latexit><latexit sha1_base64="I1bYd1dP+0T7QhrPH7QeBxPvVGw=">AAAB7XicZVBNTwIxFHyLX4hfqEc9NBIST2TXC3ojevGIiQsksCHd0oVKt920XROy4T94MtEYr/4gT/4by0KMwJwmM+9l3psw4Uwb1/1xChubW9s7xd3S3v7B4VH5+KSlZaoI9YnkUnVCrClngvqGGU47iaI4Djlth+O7md9+pkozKR7NJKFBjIeCRYxgY6VWL8QKRf1yxa25OdA68Rak0jiHHM1++bs3kCSNqTCEY627npuYIMPKMMLptNRLNU0wGeMh7VoqcEx1kOXXTlHVKgMUSRsshUG5+n8jw7HWkzi0kzE2I73qzcQ/r7oUZaLrIGMiSQ0VZJ4UpRwZiWa/owFTlBg+sQQTxeyxiIywwsTYhkq2BW/153XiX9Vuat6DbeN23gYU4Qwu4BI8qEMD7qEJPhB4ghd4g3cncV6dD+dzPlpwFjunsATn6xeB+48k</latexit><latexit sha1_base64="I1bYd1dP+0T7QhrPH7QeBxPvVGw=">AAAB7XicZVBNTwIxFHyLX4hfqEc9NBIST2TXC3ojevGIiQsksCHd0oVKt920XROy4T94MtEYr/4gT/4by0KMwJwmM+9l3psw4Uwb1/1xChubW9s7xd3S3v7B4VH5+KSlZaoI9YnkUnVCrClngvqGGU47iaI4Djlth+O7md9+pkozKR7NJKFBjIeCRYxgY6VWL8QKRf1yxa25OdA68Rak0jiHHM1++bs3kCSNqTCEY627npuYIMPKMMLptNRLNU0wGeMh7VoqcEx1kOXXTlHVKgMUSRsshUG5+n8jw7HWkzi0kzE2I73qzcQ/r7oUZaLrIGMiSQ0VZJ4UpRwZiWa/owFTlBg+sQQTxeyxiIywwsTYhkq2BW/153XiX9Vuat6DbeN23gYU4Qwu4BI8qEMD7qEJPhB4ghd4g3cncV6dD+dzPlpwFjunsATn6xeB+48k</latexit><latexit sha1_base64="21CTeIYeGDW9nLqubmSbdDKHxrc=">AAAB7XicZVDLTgIxFL2DL8QX6lIXjYTEFZlx4WNHdOMSEwdJYEI6pQOVTjtpOyZkwj+4MtEYt36QK//GMoARPKuTc+7NufeECWfauO63U1hZXVvfKG6WtrZ3dvfK+wdNLVNFqE8kl6oVYk05E9Q3zHDaShTFccjpQzi8mfgPT1RpJsW9GSU0iHFfsIgRbKzU7IRYoahbrrg1Nwf6T7wZqdSPIUejW/7q9CRJYyoM4VjrtucmJsiwMoxwOi51Uk0TTIa4T9uWChxTHWT5tWNUtUoPRdIGS2FQrv7dyHCs9SgO7WSMzUAvexPx16suRJnoMsiYSFJDBZkmRSlHRqLJ76jHFCWGjyzBRDF7LCIDrDAxtqFS3sL5/PllMm/BP6td1bw728b1tA0owhGcwCl4cAF1uIUG+EDgEZ7hFd6cxHlx3p2P6WjBme0cwgKczx+Ido8z</latexit><latexit sha1_base64="H17MfGT/HutRp2Qk3fjq+wKqpzY=">AAAB7XicZVDLTgIxFL2DL8QX6tJNIyFxRQYXPnZENy4xcYAEJqRTOlDptJO2Y0Im/IMrE41x6we58m8sw2AEz+rknHtz7j1BzJk2rvvtFNbWNza3itulnd29/YPy4VFLy0QR6hHJpeoEWFPOBPUMM5x2YkVxFHDaDsa3M7/9RJVmUjyYSUz9CA8FCxnBxkqtXoAVCvvliltzM6D/pJ6TCuRo9stfvYEkSUSFIRxr3a27sfFTrAwjnE5LvUTTGJMxHtKupQJHVPtpdu0UVa0yQKG0wVIYlKl/N1IcaT2JAjsZYTPSq95M/PWqS1EmvPJTJuLEUEHmSWHCkZFo9jsaMEWJ4RNLMFHMHovICCtMjG2olLVwsXh+lSxa8M5r17X6vVtp3OR1FOEETuEM6nAJDbiDJnhA4BGe4RXenNh5cd6dj/lowcl3jmEJzucPC4KO1w==</latexit>
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Ctth = κodd
t /yt
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gSW κ̃odd
t = −ghWκodd

t
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A new state is necessary and must satisfy



B. Gauge-Higgs sector

Turning to CP violation in the gauge Higgs sector, we
focus on the operator OhhZ

4 , where unitarity constraints are
weak.8 Such an operator will impact multi-Higgs final
states (see [71–75]). The dominant process of this type is
Higgs pair production through gluon fusion gg → hh,
which can receive a new Z boson-mediated contribution
from OhhZ

4 , as shown in Fig. 4.9 However, since tt̄ → hh
does not give rise to an energy-dependent unitarity con-
straint, we can already anticipate that the absorptive parts of
the gg → hh will be largely unaffected.
Both ATLAS and CMS have published results on

extrapolated sensitivity yields of Higgs pair production
at the LHC [76–78], using or even combining the hh →
bb̄γγ and hh → bb̄τþτ− channels [72,73,79]. In Fig. 5 we
compare these extrapolations with the expected enhance-
ment of pp → hh at the LHC due to the operatorOhhZ

4 . The
most optimistic constraints that can be set from this channel
result from the 1.9-σ significance reported by CMS for the
bb̄γγ þ bb̄τþτ− combination [78], which translates into a
Wilson coefficient constraint

jChhZj ≲ 16.5 > 4π: ð3:1Þ

This constraint is weaker than the perturbative constraint;
namely it does not play any role in the regime where
Eq. (2.13) can be understood as a trustable series expan-
sion. Also, this constraint does not probe the unitarity limit
imposed by hh → hh scattering; see Fig. 1. Although this
result is expected in the light of our unitarity discussion of
Sec. II A, we are forced to draw a somewhat unfortunate

conclusion that the most dominant (and hence best moti-
vated) di-Higgs production mechanism is unlikely to
improve constraints beyond the theoretical bounds within
the remit of perturbation theory.
The observed sensitivity of pp → hh to OhhZ

4 domi-
nantly arises from contributions of Eq. (2.15), which
contribute to the imaginary part of loop-induced gg →
hh near the threshold m ðhhÞ≃ 2m t through modifying the

FIG. 3. Cross section and branching ratios for the additional scalar that compensates the unitarity violation induced by OhhZ
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FIG. 4. New contribution to Higgs pair production from gluon
fusion gg → hh, induced by the operator OhhZ

4 . We suppress the
fermion flow directions as well as SM contributions.

FIG. 5. The expected exclusions of ATLAS [76,77] and CMS
[78] for the high-luminosity (HL)-LHC (3000 fb−1, 14 TeV) for
pp → hhþ X, overlaid by the di-Higgs cross section as a
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entire Wilson coefficient range.

8The physics of hF ~F operators has been discussed in detail in
the literature (e.g. [3–5,67–70]), and we will not discuss it in
detail.

9Note that the bottom contribution needs to be included to
avoid spurious loop singularities related to SUð3Þ2 × SUð2Þ
anomaly cancellations.
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κ̃odd
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Production and decay

tt̄
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γγ
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- CMS diphoton [1609.02507]

σ · BRγγ < 10 fb
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- A->ttbar, 2HDM [ATLAS-CONF-2016-073]

κ̃odd
t = 4
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|κ̃odd
t | ! 1.7 (mS = 750GeV)

<latexit sha1_base64="VUHipG1B8VRPDvCqDZr3IVogHuA="></latexit><latexit sha1_base64="fhNFqBRoRIV2rExi63G1rSEQZxw="></latexit><latexit sha1_base64="fhNFqBRoRIV2rExi63G1rSEQZxw="></latexit><latexit sha1_base64="fhNFqBRoRIV2rExi63G1rSEQZxw="></latexit><latexit sha1_base64="RFrGzJ4CWbZaL7pCaZGq53qmTZY="></latexit><latexit sha1_base64="iaENqAMHpNsBqYR78nSYuMczOuI="></latexit>

|κ̃odd
t | ! 1 (mS = 500GeV)
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Superior bounds can be obtained from
tt̄ → VLVL. Note that due to the vertex structure
induced by the operators of Eq. (2.1), the Wilson
coefficients ChF ~F do not contribute to scattering
processes involving longitudinally polarized vector
bosons.5 Hence, the limit obtained from inelastic
fermion scattering to gauge bosons provides a way
to derive stringent unitarity constraints on Ctth
without the influence of accidental cancellations
between the interactions in (2.13). It is worth noting
that the CP-odd Higgs interactions therefore also
exhibit a completely different unitarity-related
behavior than their CP-even counterparts [40].
Numerically we find that tt̄ → Wþ

LW
−
L provides

the most stringent constraint among these channels
as the amplitude shows a ∼Ctth

ffiffiffi
s

p
behavior.

OhF ~F
5 : We derive unitarity bounds on the Wilson

coefficients ChA ~A; ChZ ~Z, and Chg~g through inves-
tigating VV → VV scattering for transverse polar-
izations of the participating vector bosons V ¼ A,
Z, g. For equal helicity and transverse ZZ scatter-
ing we obtain, e.g.

MðZTZT → ZTZTÞ ¼ −
4C2

hZ ~Z

v2
sðs − 4m 2

ZÞ
s − m 2

h

þ fSMg; ð2:14Þ

where fSMg refer to the well-known results of the
SM [40], which do not give rise to unitarity
violation. For the massless gluons and photons
we find a similar relation for the unitarity violation-
driving part.
The channels involving both A and Z introduces

a cross-talk between the ChA ~A; ChA ~Z and Ch ~AZ
channels and the results quoted in Fig. 1 are

calculated assuming ChA ~A; ChA ~Z ¼ 0, which allows
us to set constraints on ChA ~Z individually.

OhhZ
4 : J ¼ 0 unitarity constraints on this operator are

calculated from multi-Higgs scattering. For
tt̄ → hh in the equal helicity case, we obtain

Mðtt̄ → hhÞ ¼ e
2sWcW

m t
ffiffiffi
s

p

s − m 2
Z
ChhZ þ fSMg;

ð2:15Þ

which shows that only weak constraints can be
derived from this channel as the amplitude quickly
becomes negligible at energies

ffiffiffi
s

p
≫ m Z even

when ChhZ ≠0 (cW and sW denote the cosine
and sine of the Weinberg angle). This result also
shows that unitarity constraints from the fermion
sector are parametrically suppressed by the quark
mass and that the top-quark sector will provide the
most dominant unitarity constraints.
hh → ZZ and hh → WW induced by OhhZ

4

vanish, irrespective of helicities. This also holds
for hh → hZL, leaving only hh → hh as a poten-
tially sensitive channel to ChhZ for J ¼ 0. In this
channel, however, crossing symmetry guarantees
that the amplitude can have only a small sensitivity
on the energy of the scattering process for
s ≫ m 2

Z; m
2
H . With sþ tþ u ¼ 4m 2

h and this can-
cellation only slightly affected by the different
propagators of the s, t, u channels for large enough
energy, the unitarity constraint becomes largely
insensitive to the probed energy (Fig. 1). Ampli-
tudes for ZZ → hZ vanish irrespective of polar-
izations; WW → hh does not receive contributions
from OhhZ

4 insertions, and hh → hZL is suppressed
by an order of magnitude compared to hh → hh at
the amplitude level.

Table I summarizes the constraints on the Wilson
coefficients we found in this section based on the pertur-
bative unitarity argument. Out of the operators we consider
in this work, OhhZ

4 is special in the sense that perturbative
unitarity arguments do not limit the associated Wilson
coefficient’s range. This means that a potentially large CP
violation with this term could be induced by a nonpertur-
bative or perturbative UV completion.
The operatorOhff

4 has an interesting relation with the so-
called complex mass scheme [41–44], which continues
perturbative calculations to the second Riemann sheet [45]
of the S matrix by “absorbing” the Dyson-resummed
imaginary part of the gauge boson two-point functions
into complexification of the gauge boson masses, i.e.
m 2

V → m 2
V − iΓVm V .

6 Through its relation with the masses,

FIG. 1. Selected region by the zeroth partial wave in 2 → 2
scattering.

5The Feynman rule for the vertex induced by the operator (2.1)
is given as ∝ϵαβμνp

μ
1p

ν
2, which vanishes when contracting with

the longitudinal polarization vectors of external gauge bosons:
ϵαβμνp

μ
1p

ν
2ϵ

α
Lðp1Þϵ

β
Lðp2Þ ¼ 0.

6Note that introducing a constant width amounts to an ad hoc
replacement of the running width [46,47].
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such replacements imply a complexification of the
Weinberg angle as well. Typically, reordering the pertur-
bative series, which this replacement effectively amounts
to, can imply a violation of gauge invariance and therefore
imply unitarity violation (see e.g. [48–52]). As demonstrated
in [43,44], however, Ward and Slavnov-Taylor identities are
not modified by these replacements, and gauge invariance
remains intact; unitarity violation cannot therefore be ampli-
fied at higher energies. Allowing a complexification of the
Weinberg angle, the Z boson coupling to the Higgs in the
SM becomes complex through its coupling ∼e=ðswcwÞ
where sw and cw are the sine and cosine of the Weinberg
angle, respectively. For a complex gauge coupling, the
operator Eq. (2.1c) is also generated in the SM from the
Higgs kinetic term. We stress that this effect in the SM is
purely spurious but is accompanied by no unitarity limi-
tations as a consequence of the consistency of the complex
mass scheme. This also explains why we find only weak
constraints on this particular operator even if it is generated
in beyond the Standard Model (BSM) scenarios.

B. Unitarity sum rules for CP-odd interactions

The ff̄ → VLVL processes are special in the sense that a
CP-violating f̄fh coupling enters linearly, thus opening up
the possibility to compensate the CP-odd operator induced
unitarity violation through the appearance of an additional
state. The linearity is a necessary requirement as destructive
interference cannot be introduced on the quadratic coupling
level. The latter appears in the SM for longitudinal gauge
boson scattering as the interplay of s, t, u channels and
different vertex structures. Similar ideas in the context of
CP-even modifications of Higgs couplings are apparent
from singlet mixing scenarios and can be generalized to the
vector case giving rise to concrete phenomenological
predictions; see e.g. [53–58]. In concrete UV scenarios,
these unitarity sum rules are always consequences of
spontaneous symmetry breaking [21,22].
For the processes with Wilson coefficients entering at the

quadratic level, unitarity cancellations of this type cannot
be implemented “by hand” as destructive interference
would require complex couplings which conflict with

the requirement of a Hermitian Lagrangian. While this
also applies to ff̄ → ff̄, the constraints on the Wilson
coefficients from this process are only weak (Sec. II A). In
practice, an additional resonance that serves to cancel the
growth in f̄f → VLVL is not affected by unitarity consid-
erations of ff̄ → ff̄.
We focus on fðp1Þf̄ðp2Þ → Wþ

L ðq1ÞW−
Lðq2Þ. The tree-

level matrix element is composed of four Feynman dia-
grams: fermion-exchange t-channel (Mt

f), γ=Z-exchange
s-channel (Ms

γ=Z), and h-exchange s-channel (Ms
h). In the

high energy limit,
ffiffiffi
s

p
≫ m W; m Z, and m h, these matrix

elements can be written as

Mt
f ¼ −

ðgfWÞ2

m 2
W

v̄ðp2Þ
"
q1PL þ

m f

2
ð1 − γ5Þ

#
uðp1Þ;

Ms
γ ¼

gγWg
f
γ

m 2
W

v̄ðp2Þq1uðp1Þ;

Ms
Z ¼ −

gZW
m 2

W
v̄ðp2Þðq1gZfR þ 2q1gZfAPL − m fgZfAγ5Þuðp1Þ;

Ms
h ¼

ghW
2m 2

W
v̄ðp2Þðgfh þ igfAγ5Þuðp1Þ; ð2:16Þ

where PL ¼ ð1 − γ5Þ=2, and we used the Feynman rules
and couplings shown in Table II.
Since the fermion spinor products vðp2Þuðp1Þ and q1

grow with
ffiffiffi
s

p
, to ensure the unitarity at high energies, the

following sum rules need to be fulfilled:

ðgfWÞ2 þ 2gZWg
Z
fA ¼ 0∶ q1PL; ð2:17Þ

gγWg
f
γ − gZWg

Z
fR ¼ 0∶ q1; ð2:18Þ

ðgfWÞ2 − ghWg
f
h=m f ¼ 0∶ 1; ð2:19Þ

ðgfWÞ2 þ 2gZWg
Z
fA þ ighWg

f
A=m f ¼ 0∶ γ5: ð2:20Þ

In the SM, these rules are trivially satisfied, but introducing
a nonzero gfA ð¼ CtthÞ leads to a growth of the amplitude as
we have seen in the previous section. However, we can
mend this growth by introducing an additional scalar
subject to the requirement that the imaginary part of
Eq. (2.20) vanishes in the high energy limit. This provides
a strong constraint on the coupling of this additional scalar
(the sum rules can be extended to the ff̄ → ZZ case
straightforwardly).
The currently observed Higgs coupling constraints [30],

dominant from gluon fusion (GF), can be correlated
through this sum rule to arrive at a concrete prediction
of how abundant this extra scalar, which we will call S, gets
produced at the LHC and if or when we will be sensitive to
such a resonant signature as a result of Higgs sector CP

TABLE I. Representative values of perturbative unitarity con-
straints of the operators considered in this work at Λ ¼ 5 TeV, in
addition to the most sensitive channel to unitarity constraints.

Wilson
coefficient

Most sensitive
channel

Scaling of jMj
at large s

Limit at
Λ ¼ 5 TeV

Ctth tt̄ → Wþ
LW

−
L Ctth

ffiffiffi
s

p
1.24

ChF ~F VTVT → VTVT C2
hF ~F

s 0.26

ChG ~G gTgT → gTgT C2
hG ~G

s 0.09

ChA ~Z ZTAT → ZTAT C2
hA ~Z

s 0.36

ChhZ hh → hh C2
hhZ 5.82
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interference pattern that exists in gluon fusion between the
box- and triangle-induced amplitude contributions. While
there is an interference between the SM triangle and box
contributions (identical to the off-shell interference in
pp → ZZ [80]), the modifications induced by OhhZ

4

quickly die out for larger di-Higgs invariant masses.

This kinematic suppression cannot be circumvented, but
this line of thought points to a different channel that
accesses a distinct kinematic configuration of OhhZ

4 ,
which is not probed by the unitarity constraints of
Fig. 1—di-Higgs production through weak boson fusion
(WBF) [81–84], which accesses t-channel virtual massive
gauge bosons; see Fig. 6.
This leads to a sizable contribution to WBF-induced di-

Higgs production, which can be investigated through the
hhjj final state using the full HL-LHC data set [81–85]. We
make a projection of the HL-LHC’s expected sensitivity to
ChhZ by generating hadron-level hhjj events using MadEvent

[86] and Herwing [87]. Following [84] we focus on the hh →
τþτ−bb̄ final state and simulate tt̄jj, tt̄h, Zhjj, ZZjj, and
ZWWjj as backgrounds. We impose the following selec-
tions in order to improve the sensitivity and suppress the
QCD-mediated signal component, which is insensitive to
ChhZ and therefore acts as an additional irreducible back-
ground to the analysis:
(1) We simulate a staggered two tau trigger by requiring

two taus with pT ≥ 29; 20 GeV in jητj < 2.5 and
further apply a flat tau tagging efficiency of 70%.We
define jets by finding R ¼ 0.4 anti-kT objects using
FasrJet [88] and requiring pT;j ≥ 25 GeV
and jηjj ≤ 4.5.

(2) We b-tag the two hardest jets with an efficiency of
70% and fake rate of 1% within jηjj < 2.5. If either
of these overlaps with a tau, we veto the event. We
require at least two additional jets which are referred
to as tagging jets and refer to the two leading ones as
j1 and j2.

(3) We require jm bb − m hj < 15 GeV, jm ττ − m hj <
25 GeV, and m bbττ > 400 GeV.

(iv) Finally we require the two leading tagging jets to be
widely separated in η, such that Δηðj1; j2Þ ≥ 5.

FIG. 6. Representative Feynman diagram contributing to Higgs
pair production from weak boson fusion pp → hhjj, induced by
the operator OhhZ

4 .

FIG. 7. The expected exclusion for the high-luminosity
(HL)-LHC (3000 fb−1, 14 TeV) for the WBF-induced component
of pp → hhjj using the analysis detailed in the text, overlaid by
the cross section as a function of ChhZ relative to the SM
expectation. Two different systematics scenarios are assumed.

TABLE II. Feynman rules relevant for ff̄ → WþW−, PL;R denote the right- and left-chirality projectors.

Vertex Feynman rule SM

W−
α ðpÞWþ

β ðkÞAμðqÞ −gγWΓα;β;μðp; k; qÞ gγW ¼ gsW
W−

α ðpÞWþ
β ðkÞZμðqÞ gZWΓα;β;μðp; k; qÞ gZW ¼ gcW

ff̄W%
μ gfWγμPL gfW ¼ g=2

ff̄Aμ −gfγγμ gfγ ¼ gsWQf

ff̄Zμ γμðgZfLPL þ gZfRPRÞ gZfR ¼ ðg=cWÞðTf
3 − Qfs2WÞ

gZfL ¼ −ðg=cWÞQfs2W
gZfV ¼ ðgZfL þ gZfLÞ=2
gZfA ¼ ðgZfL − gZfLÞ=2

hff̄ −ðgfh þ igfAγ5Þ gfh ¼ gm f=ð2m WÞ
gfA ¼ 0

hWþ
μ W−

ν gWh gμν gWh ¼ gm W

hZμZν gZhgμν gZh ¼ ðg2 þ g02Þ1=2m Z
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Since no analysis of the arguably complicated pp →
hhjj process has been performed by the experiments yet,
we proceed to compute expected cross section limits
following [84] to estimate the limits that can be set on
ChhZ using the CLs method defined in [89,90]. The signal
and background cross sections after all selections are
applied are given in Table III. To show the impact of
uncertainties we provide limits based on using 20% flat
background systematics as well as excluding systematics
for comparison (Fig. 7).
As can be seen, accessing the t-channelW and Z bosons

in the initial state enhances the sensitivity to ChhZ way
below the unitarity limit, with expected constraints

jChhZj ≲ 0.06; ð3:2Þ

within the validity of the perturbative expansion
of Eq. (2.13).

IV. SUMMARY AND CONCLUSIONS

After the Higgs discovery the search for its particular
role in the mechanism of electroweak symmetry breaking is
underway. The high energy physics community has moved

to largely model-independent strategies based on the
application of effective field theory techniques. Unitarity
as well as perturbativity set important constraints on using
these tools in searches for new phenomena beyond the well-
established SM. If nature indeed chooses a new physics
scale well separated from the electroweak scale, then the
natural question we need to address at this stage of the LHC
program is how large effective interactions can become.
While this is a largely model-dependent question, pertur-
bative unitarity provides an important guideline in reflect-
ing hierarchies among Wilson coefficients at the ∼TeV
measurement scale that can be excited by a consistent
(perturbative) UV completion. This question becomes
particularly interesting when we turn to CP violation in
the Higgs sector as most interactions induce unitarity
violation even for relatively small Wilson coefficient
choices. In some cases this unitarity violation can be
mended through a new degree of freedom, whose inter-
actions are governed by probability conservation, which
gives rise to concrete phenomenological implications.
Considering unitarity arguments for a number of effec-

tive CP-violating interactions in the Higgs sector, we have
identified two phenomenologically relevant directions: The
search for a new Higgs-like state, which compensates CP-
violating interactions of the Higgs with top quarks, and
searches for enhancements of multi-Higgs production from
weak boson fusion due to CP-violating interactions which
are largely unconstrained by unitarity considerations.
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- 2 taus with pT > 29, 20GeV, |η|<2.5 (ετ=70%)

- 2 jets (not b nor τ) with pT > 25GeV, |η|<4.5

- Δη(j1, j2) > 5

- 2 hardest jets to be b-tagged and |η|<2.5 (εb=70%)

- |mbb - mh|<15GeV,  |mττ - mh|<25GeV,  mhh>400GeV

Event selection (bbττ channel)

interference pattern that exists in gluon fusion between the
box- and triangle-induced amplitude contributions. While
there is an interference between the SM triangle and box
contributions (identical to the off-shell interference in
pp → ZZ [80]), the modifications induced by OhhZ

4

quickly die out for larger di-Higgs invariant masses.

This kinematic suppression cannot be circumvented, but
this line of thought points to a different channel that
accesses a distinct kinematic configuration of OhhZ

4 ,
which is not probed by the unitarity constraints of
Fig. 1—di-Higgs production through weak boson fusion
(WBF) [81–84], which accesses t-channel virtual massive
gauge bosons; see Fig. 6.
This leads to a sizable contribution to WBF-induced di-

Higgs production, which can be investigated through the
hhjj final state using the full HL-LHC data set [81–85]. We
make a projection of the HL-LHC’s expected sensitivity to
ChhZ by generating hadron-level hhjj events using MadEvent

[86] and Herwing [87]. Following [84] we focus on the hh →
τþτ−bb̄ final state and simulate tt̄jj, tt̄h, Zhjj, ZZjj, and
ZWWjj as backgrounds. We impose the following selec-
tions in order to improve the sensitivity and suppress the
QCD-mediated signal component, which is insensitive to
ChhZ and therefore acts as an additional irreducible back-
ground to the analysis:
(1) We simulate a staggered two tau trigger by requiring

two taus with pT ≥ 29; 20 GeV in jητj < 2.5 and
further apply a flat tau tagging efficiency of 70%.We
define jets by finding R ¼ 0.4 anti-kT objects using
FasrJet [88] and requiring pT;j ≥ 25 GeV
and jηjj ≤ 4.5.

(2) We b-tag the two hardest jets with an efficiency of
70% and fake rate of 1% within jηjj < 2.5. If either
of these overlaps with a tau, we veto the event. We
require at least two additional jets which are referred
to as tagging jets and refer to the two leading ones as
j1 and j2.

(3) We require jm bb − m hj < 15 GeV, jm ττ − m hj <
25 GeV, and m bbττ > 400 GeV.

(iv) Finally we require the two leading tagging jets to be
widely separated in η, such that Δηðj1; j2Þ ≥ 5.

FIG. 6. Representative Feynman diagram contributing to Higgs
pair production from weak boson fusion pp → hhjj, induced by
the operator OhhZ

4 .

FIG. 7. The expected exclusion for the high-luminosity
(HL)-LHC (3000 fb−1, 14 TeV) for the WBF-induced component
of pp → hhjj using the analysis detailed in the text, overlaid by
the cross section as a function of ChhZ relative to the SM
expectation. Two different systematics scenarios are assumed.

TABLE II. Feynman rules relevant for ff̄ → WþW−, PL;R denote the right- and left-chirality projectors.

Vertex Feynman rule SM

W−
α ðpÞWþ

β ðkÞAμðqÞ −gγWΓα;β;μðp; k; qÞ gγW ¼ gsW
W−

α ðpÞWþ
β ðkÞZμðqÞ gZWΓα;β;μðp; k; qÞ gZW ¼ gcW

ff̄W%
μ gfWγμPL gfW ¼ g=2

ff̄Aμ −gfγγμ gfγ ¼ gsWQf

ff̄Zμ γμðgZfLPL þ gZfRPRÞ gZfR ¼ ðg=cWÞðTf
3 − Qfs2WÞ

gZfL ¼ −ðg=cWÞQfs2W
gZfV ¼ ðgZfL þ gZfLÞ=2
gZfA ¼ ðgZfL − gZfLÞ=2

hff̄ −ðgfh þ igfAγ5Þ gfh ¼ gm f=ð2m WÞ
gfA ¼ 0

hWþ
μ W−

ν gWh gμν gWh ¼ gm W

hZμZν gZhgμν gZh ¼ ðg2 þ g02Þ1=2m Z
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b̄
<latexit sha1_base64="Vtit6NXqTXJtYw3rrS6FAII7LkY=">AAACEXicdVDLSgMxFM3UVx1fVZdugqXgapgZSx+7ohuXFewD2qEkmUwbm3mQZIRS+g8u3OinuBK3foFf4tZMW6EVPXDhcM693HsPTjiTyrY/jdzG5tb2Tn7X3Ns/ODwqHJ+0ZZwKQlsk5rHoYiQpZxFtKaY47SaCohBz2sHj68zvPFAhWRzdqUlCvRANIxYwgpSW2n2MBMSDQtG26rWKW65A27LtquM6GXGr5csydLSSoQiWaA4KX30/JmlII0U4krLn2InypkgoRjidmf1U0gSRMRrSnqYRCqn0pvNrZ7CkFR8GsdAVKThXVyemKJRyEmLdGSI1kr+9TPzL66UqqHlTFiWpohFZLApSDlUMs9ehzwQlik80QUQwfSskIyQQUTogs7S6BuOY+2t/aCmcmTqpnzjg/6TlWnXLubWLjatlZHlwBs7BBXBAFTTADWiCFiDgHjyCZ/BiPBmvxpvxvmjNGcuZU7AG4+MbZxKeAA==</latexit><latexit sha1_base64="Vtit6NXqTXJtYw3rrS6FAII7LkY=">AAACEXicdVDLSgMxFM3UVx1fVZdugqXgapgZSx+7ohuXFewD2qEkmUwbm3mQZIRS+g8u3OinuBK3foFf4tZMW6EVPXDhcM693HsPTjiTyrY/jdzG5tb2Tn7X3Ns/ODwqHJ+0ZZwKQlsk5rHoYiQpZxFtKaY47SaCohBz2sHj68zvPFAhWRzdqUlCvRANIxYwgpSW2n2MBMSDQtG26rWKW65A27LtquM6GXGr5csydLSSoQiWaA4KX30/JmlII0U4krLn2InypkgoRjidmf1U0gSRMRrSnqYRCqn0pvNrZ7CkFR8GsdAVKThXVyemKJRyEmLdGSI1kr+9TPzL66UqqHlTFiWpohFZLApSDlUMs9ehzwQlik80QUQwfSskIyQQUTogs7S6BuOY+2t/aCmcmTqpnzjg/6TlWnXLubWLjatlZHlwBs7BBXBAFTTADWiCFiDgHjyCZ/BiPBmvxpvxvmjNGcuZU7AG4+MbZxKeAA==</latexit><latexit sha1_base64="Vtit6NXqTXJtYw3rrS6FAII7LkY=">AAACEXicdVDLSgMxFM3UVx1fVZdugqXgapgZSx+7ohuXFewD2qEkmUwbm3mQZIRS+g8u3OinuBK3foFf4tZMW6EVPXDhcM693HsPTjiTyrY/jdzG5tb2Tn7X3Ns/ODwqHJ+0ZZwKQlsk5rHoYiQpZxFtKaY47SaCohBz2sHj68zvPFAhWRzdqUlCvRANIxYwgpSW2n2MBMSDQtG26rWKW65A27LtquM6GXGr5csydLSSoQiWaA4KX30/JmlII0U4krLn2InypkgoRjidmf1U0gSRMRrSnqYRCqn0pvNrZ7CkFR8GsdAVKThXVyemKJRyEmLdGSI1kr+9TPzL66UqqHlTFiWpohFZLApSDlUMs9ehzwQlik80QUQwfSskIyQQUTogs7S6BuOY+2t/aCmcmTqpnzjg/6TlWnXLubWLjatlZHlwBs7BBXBAFTTADWiCFiDgHjyCZ/BiPBmvxpvxvmjNGcuZU7AG4+MbZxKeAA==</latexit><latexit sha1_base64="Vtit6NXqTXJtYw3rrS6FAII7LkY=">AAACEXicdVDLSgMxFM3UVx1fVZdugqXgapgZSx+7ohuXFewD2qEkmUwbm3mQZIRS+g8u3OinuBK3foFf4tZMW6EVPXDhcM693HsPTjiTyrY/jdzG5tb2Tn7X3Ns/ODwqHJ+0ZZwKQlsk5rHoYiQpZxFtKaY47SaCohBz2sHj68zvPFAhWRzdqUlCvRANIxYwgpSW2n2MBMSDQtG26rWKW65A27LtquM6GXGr5csydLSSoQiWaA4KX30/JmlII0U4krLn2InypkgoRjidmf1U0gSRMRrSnqYRCqn0pvNrZ7CkFR8GsdAVKThXVyemKJRyEmLdGSI1kr+9TPzL66UqqHlTFiWpohFZLApSDlUMs9ehzwQlik80QUQwfSskIyQQUTogs7S6BuOY+2t/aCmcmTqpnzjg/6TlWnXLubWLjatlZHlwBs7BBXBAFTTADWiCFiDgHjyCZ/BiPBmvxpvxvmjNGcuZU7AG4+MbZxKeAA==</latexit><latexit sha1_base64="WpOvTXVkExac0ThJseeNVdx4ZV0=">AAACEXicbVDLSgMxFM3UVx1fVZdugqXgapippY9d0Y3LCvYB7VCSTKaNzTxIMkIp/QcXbvRTXIlbv8AvcWtmWqFVD1w4nHMv996DY86ksu1PI7exubW9k9819/YPDo8KxycdGSWC0DaJeCR6GEnKWUjbiilOe7GgKMCcdvHkOvW7D1RIFoV3ahpTN0CjkPmMIKWlzgAjAfGwULStRr1arlShbdl2zSk7KSnXKpcV6GglRREs0RoWvgZeRJKAhopwJGXfsWPlzpBQjHA6NweJpDEiEzSifU1DFFDpzrJr57CkFQ/6kdAVKpipqxMzFEg5DbDuDJAay99eKv7n9RPl190ZC+NE0ZAsFvkJhyqC6evQY4ISxaeaICKYvhWSMRKIKB2QWVpdg3HEvbU/tBTMzSypahYH/Et+kmqXrYbl3NrF5tUysjw4A+fgAjigBprgBrRAGxBwDx7BM3gxnoxX4814X7TmjOXMKViD8fENbY2eDw==</latexit><latexit sha1_base64="WpOvTXVkExac0ThJseeNVdx4ZV0=">AAACEXicbVDLSgMxFM3UVx1fVZdugqXgapippY9d0Y3LCvYB7VCSTKaNzTxIMkIp/QcXbvRTXIlbv8AvcWtmWqFVD1w4nHMv996DY86ksu1PI7exubW9k9819/YPDo8KxycdGSWC0DaJeCR6GEnKWUjbiilOe7GgKMCcdvHkOvW7D1RIFoV3ahpTN0CjkPmMIKWlzgAjAfGwULStRr1arlShbdl2zSk7KSnXKpcV6GglRREs0RoWvgZeRJKAhopwJGXfsWPlzpBQjHA6NweJpDEiEzSifU1DFFDpzrJr57CkFQ/6kdAVKpipqxMzFEg5DbDuDJAay99eKv7n9RPl190ZC+NE0ZAsFvkJhyqC6evQY4ISxaeaICKYvhWSMRKIKB2QWVpdg3HEvbU/tBTMzSypahYH/Et+kmqXrYbl3NrF5tUysjw4A+fgAjigBprgBrRAGxBwDx7BM3gxnoxX4814X7TmjOXMKViD8fENbY2eDw==</latexit>

τ+
<latexit sha1_base64="YqFg0UHfyYuRthh4N+8jTzh1SOE=">AAACEXicdVDLSgMxFM3UVx1fVZdugqUgCCXpwra7ohuXFewD2rFkMpk2NvMgyQhl6D+4cKOf4krc+gV+iVszbYVW9MCFwzn3cu89biy40gh9Wrm19Y3Nrfy2vbO7t39QODxqqyiRlLVoJCLZdYligoespbkWrBtLRgJXsI47vsr8zgOTikfhrZ7EzAnIMOQ+p0Qbqd3XJLk7HxSKqIwQwhjDjODqBTKkXq9VcA3izDIoggWag8JX34toErBQU0GU6mEUayclUnMq2NTuJ4rFhI7JkPUMDUnAlJPOrp3CklE86EfSVKjhTF2eSEmg1CRwTWdA9Ej99jLxL6+XaL/mpDyME81COl/kJwLqCGavQ49LRrWYGEKo5OZWSEdEEqpNQHZpeY3rRsJb+cNIwdQ2Sf3EAf8nrUq5XsY3qNi4XESWByfgFJwBDKqgAa5BE7QABffgETyDF+vJerXerPd5a85azByDFVgf34E1nhA=</latexit><latexit sha1_base64="YqFg0UHfyYuRthh4N+8jTzh1SOE=">AAACEXicdVDLSgMxFM3UVx1fVZdugqUgCCXpwra7ohuXFewD2rFkMpk2NvMgyQhl6D+4cKOf4krc+gV+iVszbYVW9MCFwzn3cu89biy40gh9Wrm19Y3Nrfy2vbO7t39QODxqqyiRlLVoJCLZdYligoespbkWrBtLRgJXsI47vsr8zgOTikfhrZ7EzAnIMOQ+p0Qbqd3XJLk7HxSKqIwQwhjDjODqBTKkXq9VcA3izDIoggWag8JX34toErBQU0GU6mEUayclUnMq2NTuJ4rFhI7JkPUMDUnAlJPOrp3CklE86EfSVKjhTF2eSEmg1CRwTWdA9Ej99jLxL6+XaL/mpDyME81COl/kJwLqCGavQ49LRrWYGEKo5OZWSEdEEqpNQHZpeY3rRsJb+cNIwdQ2Sf3EAf8nrUq5XsY3qNi4XESWByfgFJwBDKqgAa5BE7QABffgETyDF+vJerXerPd5a85azByDFVgf34E1nhA=</latexit><latexit sha1_base64="YqFg0UHfyYuRthh4N+8jTzh1SOE=">AAACEXicdVDLSgMxFM3UVx1fVZdugqUgCCXpwra7ohuXFewD2rFkMpk2NvMgyQhl6D+4cKOf4krc+gV+iVszbYVW9MCFwzn3cu89biy40gh9Wrm19Y3Nrfy2vbO7t39QODxqqyiRlLVoJCLZdYligoespbkWrBtLRgJXsI47vsr8zgOTikfhrZ7EzAnIMOQ+p0Qbqd3XJLk7HxSKqIwQwhjDjODqBTKkXq9VcA3izDIoggWag8JX34toErBQU0GU6mEUayclUnMq2NTuJ4rFhI7JkPUMDUnAlJPOrp3CklE86EfSVKjhTF2eSEmg1CRwTWdA9Ej99jLxL6+XaL/mpDyME81COl/kJwLqCGavQ49LRrWYGEKo5OZWSEdEEqpNQHZpeY3rRsJb+cNIwdQ2Sf3EAf8nrUq5XsY3qNi4XESWByfgFJwBDKqgAa5BE7QABffgETyDF+vJerXerPd5a85azByDFVgf34E1nhA=</latexit><latexit sha1_base64="YqFg0UHfyYuRthh4N+8jTzh1SOE=">AAACEXicdVDLSgMxFM3UVx1fVZdugqUgCCXpwra7ohuXFewD2rFkMpk2NvMgyQhl6D+4cKOf4krc+gV+iVszbYVW9MCFwzn3cu89biy40gh9Wrm19Y3Nrfy2vbO7t39QODxqqyiRlLVoJCLZdYligoespbkWrBtLRgJXsI47vsr8zgOTikfhrZ7EzAnIMOQ+p0Qbqd3XJLk7HxSKqIwQwhjDjODqBTKkXq9VcA3izDIoggWag8JX34toErBQU0GU6mEUayclUnMq2NTuJ4rFhI7JkPUMDUnAlJPOrp3CklE86EfSVKjhTF2eSEmg1CRwTWdA9Ej99jLxL6+XaL/mpDyME81COl/kJwLqCGavQ49LRrWYGEKo5OZWSEdEEqpNQHZpeY3rRsJb+cNIwdQ2Sf3EAf8nrUq5XsY3qNi4XESWByfgFJwBDKqgAa5BE7QABffgETyDF+vJerXerPd5a85azByDFVgf34E1nhA=</latexit><latexit sha1_base64="LkdiwZsyosHUyx3DyHKyuZ5HvyA=">AAACEXicbVDLSgMxFM3UVx1fVZdugqUgCCXpoo9d0Y3LCrYV2rFkMmkbm3mQZIQy9B9cuNFPcSVu/QK/xK2ZaYVWPXDhcM693HuPGwmuNEKfVm5tfWNzK79t7+zu7R8UDo86KowlZW0ailDeukQxwQPW1lwLdhtJRnxXsK47uUz97gOTiofBjZ5GzPHJKOBDTok2UqevSXx3PigUURkhhDGGKcG1KjKk0ahXcB3i1DIoggVag8JX3wtp7LNAU0GU6mEUaSchUnMq2Mzux4pFhE7IiPUMDYjPlJNk185gySgeHIbSVKBhpi5PJMRXauq7ptMneqx+e6n4n9eL9bDuJDyIYs0COl80jAXUIUxfhx6XjGoxNYRQyc2tkI6JJFSbgOzS8hrXDYW38oeR/JmdJVXN4oB/yU9S7Uq5UcbXqNi8WESWByfgFJwBDGqgCa5AC7QBBffgETyDF+vJerXerPd5a85azByDFVgf34ewnh8=</latexit><latexit sha1_base64="LkdiwZsyosHUyx3DyHKyuZ5HvyA=">AAACEXicbVDLSgMxFM3UVx1fVZdugqUgCCXpoo9d0Y3LCrYV2rFkMmkbm3mQZIQy9B9cuNFPcSVu/QK/xK2ZaYVWPXDhcM693HuPGwmuNEKfVm5tfWNzK79t7+zu7R8UDo86KowlZW0ailDeukQxwQPW1lwLdhtJRnxXsK47uUz97gOTiofBjZ5GzPHJKOBDTok2UqevSXx3PigUURkhhDGGKcG1KjKk0ahXcB3i1DIoggVag8JX3wtp7LNAU0GU6mEUaSchUnMq2Mzux4pFhE7IiPUMDYjPlJNk185gySgeHIbSVKBhpi5PJMRXauq7ptMneqx+e6n4n9eL9bDuJDyIYs0COl80jAXUIUxfhx6XjGoxNYRQyc2tkI6JJFSbgOzS8hrXDYW38oeR/JmdJVXN4oB/yU9S7Uq5UcbXqNi8WESWByfgFJwBDGqgCa5AC7QBBffgETyDF+vJerXerPd5a85azByDFVgf34ewnh8=</latexit>

τ−
<latexit sha1_base64="qU5kx0N+KR6kGgYyUp+nLO4BOEs=">AAACEXicdVDLTgIxFO3gC8cX6tJNIyFxI2lZCOyIblxiIo8ERtLpdKDSeaTtmJAJ/+DCjX6KK+PWL/BL3NoBTMDoSW5ycs69ufceNxZcaYQ+rdza+sbmVn7b3tnd2z8oHB61VZRIylo0EpHsukQxwUPW0lwL1o0lI4ErWMcdX2V+54FJxaPwVk9i5gRkGHKfU6KN1O5rktydDwpFVEYIYYxhRnD1AhlSr9cquAZxZhkUwQLNQeGr70U0CVioqSBK9TCKtZMSqTkVbGr3E8ViQsdkyHqGhiRgykln105hySge9CNpKtRwpi5PpCRQahK4pjMgeqR+e5n4l9dLtF9zUh7GiWYhnS/yEwF1BLPXocclo1pMDCFUcnMrpCMiCdUmILu0vMZ1I+Gt/GGkYGqbpH7igP+TVqVcL+MbVGxcLiLLgxNwCs4ABlXQANegCVqAgnvwCJ7Bi/VkvVpv1vu8NWctZo7BCqyPb4SFnhI=</latexit><latexit sha1_base64="qU5kx0N+KR6kGgYyUp+nLO4BOEs=">AAACEXicdVDLTgIxFO3gC8cX6tJNIyFxI2lZCOyIblxiIo8ERtLpdKDSeaTtmJAJ/+DCjX6KK+PWL/BL3NoBTMDoSW5ycs69ufceNxZcaYQ+rdza+sbmVn7b3tnd2z8oHB61VZRIylo0EpHsukQxwUPW0lwL1o0lI4ErWMcdX2V+54FJxaPwVk9i5gRkGHKfU6KN1O5rktydDwpFVEYIYYxhRnD1AhlSr9cquAZxZhkUwQLNQeGr70U0CVioqSBK9TCKtZMSqTkVbGr3E8ViQsdkyHqGhiRgykln105hySge9CNpKtRwpi5PpCRQahK4pjMgeqR+e5n4l9dLtF9zUh7GiWYhnS/yEwF1BLPXocclo1pMDCFUcnMrpCMiCdUmILu0vMZ1I+Gt/GGkYGqbpH7igP+TVqVcL+MbVGxcLiLLgxNwCs4ABlXQANegCVqAgnvwCJ7Bi/VkvVpv1vu8NWctZo7BCqyPb4SFnhI=</latexit><latexit sha1_base64="qU5kx0N+KR6kGgYyUp+nLO4BOEs=">AAACEXicdVDLTgIxFO3gC8cX6tJNIyFxI2lZCOyIblxiIo8ERtLpdKDSeaTtmJAJ/+DCjX6KK+PWL/BL3NoBTMDoSW5ycs69ufceNxZcaYQ+rdza+sbmVn7b3tnd2z8oHB61VZRIylo0EpHsukQxwUPW0lwL1o0lI4ErWMcdX2V+54FJxaPwVk9i5gRkGHKfU6KN1O5rktydDwpFVEYIYYxhRnD1AhlSr9cquAZxZhkUwQLNQeGr70U0CVioqSBK9TCKtZMSqTkVbGr3E8ViQsdkyHqGhiRgykln105hySge9CNpKtRwpi5PpCRQahK4pjMgeqR+e5n4l9dLtF9zUh7GiWYhnS/yEwF1BLPXocclo1pMDCFUcnMrpCMiCdUmILu0vMZ1I+Gt/GGkYGqbpH7igP+TVqVcL+MbVGxcLiLLgxNwCs4ABlXQANegCVqAgnvwCJ7Bi/VkvVpv1vu8NWctZo7BCqyPb4SFnhI=</latexit><latexit sha1_base64="qU5kx0N+KR6kGgYyUp+nLO4BOEs=">AAACEXicdVDLTgIxFO3gC8cX6tJNIyFxI2lZCOyIblxiIo8ERtLpdKDSeaTtmJAJ/+DCjX6KK+PWL/BL3NoBTMDoSW5ycs69ufceNxZcaYQ+rdza+sbmVn7b3tnd2z8oHB61VZRIylo0EpHsukQxwUPW0lwL1o0lI4ErWMcdX2V+54FJxaPwVk9i5gRkGHKfU6KN1O5rktydDwpFVEYIYYxhRnD1AhlSr9cquAZxZhkUwQLNQeGr70U0CVioqSBK9TCKtZMSqTkVbGr3E8ViQsdkyHqGhiRgykln105hySge9CNpKtRwpi5PpCRQahK4pjMgeqR+e5n4l9dLtF9zUh7GiWYhnS/yEwF1BLPXocclo1pMDCFUcnMrpCMiCdUmILu0vMZ1I+Gt/GGkYGqbpH7igP+TVqVcL+MbVGxcLiLLgxNwCs4ABlXQANegCVqAgnvwCJ7Bi/VkvVpv1vu8NWctZo7BCqyPb4SFnhI=</latexit><latexit sha1_base64="G5nQDoOlaKswguStmBj4i5x9SUc=">AAACEXicbVDLTgIxFO3gC8cX6tJNIyFxI2lZ8NgR3bjERMAERtLpFKh0Hmk7JmTCP7hwo5/iyrj1C/wSt3YGTEA9yU1Ozrk3997jRoIrjdCnlVtb39jcym/bO7t7+weFw6OOCmNJWZuGIpS3LlFM8IC1NdeC3UaSEd8VrOtOLlO/+8Ck4mFwo6cRc3wyCviQU6KN1OlrEt+dDwpFVEYIYYxhSnCtigxpNOoVXIc4tQyKYIHWoPDV90Ia+yzQVBClehhF2kmI1JwKNrP7sWIRoRMyYj1DA+Iz5STZtTNYMooHh6E0FWiYqcsTCfGVmvqu6fSJHqvfXir+5/ViPaw7CQ+iWLOAzhcNYwF1CNPXocclo1pMDSFUcnMrpGMiCdUmILu0vMZ1Q+Gt/GEkf2ZnSVWzOOBf8pNUu1JulPE1KjYvFpHlwQk4BWcAgxpogivQAm1AwT14BM/gxXqyXq03633emrMWM8dgBdbHN4sAniE=</latexit><latexit sha1_base64="G5nQDoOlaKswguStmBj4i5x9SUc=">AAACEXicbVDLTgIxFO3gC8cX6tJNIyFxI2lZ8NgR3bjERMAERtLpFKh0Hmk7JmTCP7hwo5/iyrj1C/wSt3YGTEA9yU1Ozrk3997jRoIrjdCnlVtb39jcym/bO7t7+weFw6OOCmNJWZuGIpS3LlFM8IC1NdeC3UaSEd8VrOtOLlO/+8Ck4mFwo6cRc3wyCviQU6KN1OlrEt+dDwpFVEYIYYxhSnCtigxpNOoVXIc4tQyKYIHWoPDV90Ia+yzQVBClehhF2kmI1JwKNrP7sWIRoRMyYj1DA+Iz5STZtTNYMooHh6E0FWiYqcsTCfGVmvqu6fSJHqvfXir+5/ViPaw7CQ+iWLOAzhcNYwF1CNPXocclo1pMDSFUcnMrpGMiCdUmILu0vMZ1Q+Gt/GEkf2ZnSVWzOOBf8pNUu1JulPE1KjYvFpHlwQk4BWcAgxpogivQAm1AwT14BM/gxXqyXq03633emrMWM8dgBdbHN4sAniE=</latexit>
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Probing CPV Higgs-top interaction 
via pp→ttH and tHj processes at colliders



Anomalous top-Higgs coupling
•  We parametrise the top-Higgs coupling as:

Lt = �mt

v
(tt̄t+ ĩtt̄�5t)H SM: (t, ̃t) = (1, 0)

•  The top-Higgs coupling enters the Higgs production and decay:

+

Production Decay

L� = �
h
↵s

8⇡
cgbgG

a
µ⌫G

µ⌫a +
↵em

8⇡
c�b�Fµ⌫F

µ⌫
i⇣

H

v

⌘

SM: (cg, c�) = (1, 1)

CPV
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Figure 8: The 68% CL contours for individual channels (coloured swaths) and for the over-
all combination (solid line) for the (kV, kf) parameters. The cross indicates the global best-fit
values. The thin contour shows the 95% CL range for the combination. The yellow diamond
shows the SM point (kV, kf) = (1, 1). The left plot shows the likelihood scan in two quadrants
(+,+) and (+,�), the right plot shows the positive quadrant only.
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production processes and decay modes are assumed to be unaltered (k = 1).
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Figure 10: Results of fits for the benchmark models that probe for contributions from non-SM particles in
the H! �� and gg! H loops, assuming no sizeable extra contributions to the total width: (a) correlation
of the coupling scale factors kg and kg; (b) coupling scale factor kg (kg is profiled); (c) coupling scale
factor kg (kg is profiled). The dashed curves in (b) and (c) show the SM expectations.
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Figure 11: Results of fits for benchmark models that probe for contributions from non-SM particles
in the H! �� and gg ! H loops, while allowing for potential extra contributions to the total width:
(a) branching fraction BRi.,u. to invisible or undetected decay modes (kg and kg are profiled); (b) same as
(a), but restricting to BRi.,u. > 0 for the extraction of the upper 95% CL limit; (c) coupling scale factor kg
(kg and BRi.,u. are profiled); (d) coupling scale factor kg (kg and BRi.,u. are profiled). The dashed curves
show the SM expectations.

18

A Appendix: Coupling scale factor relations for the dominant channels

For each model considered in the note, the formulae below give the scaling properties of the most relevant
Higgs boson production cross sections and branching ratios, with the elementary couplings (relative to
SM ones). In some of the fits, kH and the e↵ective scale factors kg and kg for the loop-induced H ! gg
and gg ! H processes are expressed as a function of the more fundamental factors kW, kZ, kt, kb and kt
(only the dominant fermion contributions are indicated here for simplicity). The relevant relationships
are:

k2
g(kb, kt) =

k2
t · �

tt
ggH + k2

b · �
bb
ggH + ktkb · �tb

ggH

�
tt
ggH + �

bb
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(6)
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W · �
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Z · �
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i j
gg
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j j=WW⇤, ZZ⇤, bb , t�t+,

gg , Zg , gg, tt , cc , ss , µ�µ+
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j�
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j j

�SM
H

, (9)

where �i j
ggH, �ii

VBF, �i j
gg and �SM

f f are obtained from theory [14, 23].

A.1 Fermion versus vector couplings

A.1.1 Only SM contributions to the total width

�(gg! H) ⇤ BR(H! ��) ⇠
k2

F · k2
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V
,

where kg (kF , kF , kV , kV ) is the SM functional dependence of the e↵ective scale factor kg on the scale
factors kF and kV , which is to first approximation:8

k2
g (kF , kF , kF , kV ) = 1.59 · k2

V � 0.66 · kV kF + 0.07 · k2
F . (11)

8The fit uses the full dependence of kg on kW, kt , kb and kt [14].
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Figure 4: Left: The constraints in the (c�, cg) plane imposed by the measurements in Fig. 1,

assuming the Standard Model values for the tree-level couplings to massive bosons and

fermions, i.e., a = c = 1. Right: The constraints in the (a, c) plane when marginalizing

over c� and cg.

We display in the left panel of Fig. 5 the one-dimensional likelihood function �
2 for

the factor c� obtained by marginalizing over cg, and in the right panel the one-dimensional

likelihood function for cg obtained by marginalizing over c�. The central values and the 68%

CL ranges of c� and cg are as follows:

c� = 1.18± 0.12 , cg = 0.88± 0.11 , (6)

and the likelihood price for c� = 1 is ��
2 = 2, whereas the price for cg = 1 is ��

2 = 1.

4 Probing the Mass Dependence of Higgs Couplings

We now turn to the results of a global fit using the (M, ✏) parameterization (1) that probes

directly the extent to which the current measurements constrain the H couplings to other

particles to be approximately linear: ✏ ⇠ 0, and the extent to which the mass scaling

parameter M ⇠ v. The left panel of Fig. 6 shows the result of combining the measurements

shown in Fig. 1 in the (M, ✏) plane. The horizontal and vertical yellow lines correspond to

✏ = 0 and M = v, respectively, and the data are quite compatible with these values. The

central values and the 68% CL ranges of M and ✏ are as follows:

M = 244+20
�10 GeV , ✏ = �0.022+0.042

�0.021 , (7)

and the likelihood price for M = 246 GeV and ✏ = 0 is ��
2 = 0.12. It is remarkable that

the data already constrain the mass dependence of the H couplings to other particles to be

10

John Ellis, Tevong You (1303.3879)

Constrains on  
ggH and γγH 

couplings
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Figure 8: The 68% CL contours for individual channels (coloured swaths) and for the over-
all combination (solid line) for the (kV, kf) parameters. The cross indicates the global best-fit
values. The thin contour shows the 95% CL range for the combination. The yellow diamond
shows the SM point (kV, kf) = (1, 1). The left plot shows the likelihood scan in two quadrants
(+,+) and (+,�), the right plot shows the positive quadrant only.
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Figure 9: The 2D likelihood scan for the kg and kg parameters, assuming that GBSM = 0, i.e.
no new Higgs boson decay modes are open. The cross indicates the best-fit values. The solid,
dashed and dotted contours show the 68%, 95% and 99.7% CL regions, respectively. The yellow
diamond shows the SM point (kg, kg) = (1, 1). The partial widths associated with the tree-level
production processes and decay modes are assumed to be unaltered (k = 1).
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Figure 10: Results of fits for the benchmark models that probe for contributions from non-SM particles in
the H! �� and gg! H loops, assuming no sizeable extra contributions to the total width: (a) correlation
of the coupling scale factors kg and kg; (b) coupling scale factor kg (kg is profiled); (c) coupling scale
factor kg (kg is profiled). The dashed curves in (b) and (c) show the SM expectations.
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Figure 11: Results of fits for benchmark models that probe for contributions from non-SM particles
in the H! �� and gg ! H loops, while allowing for potential extra contributions to the total width:
(a) branching fraction BRi.,u. to invisible or undetected decay modes (kg and kg are profiled); (b) same as
(a), but restricting to BRi.,u. > 0 for the extraction of the upper 95% CL limit; (c) coupling scale factor kg
(kg and BRi.,u. are profiled); (d) coupling scale factor kg (kg and BRi.,u. are profiled). The dashed curves
show the SM expectations.
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A Appendix: Coupling scale factor relations for the dominant channels

For each model considered in the note, the formulae below give the scaling properties of the most relevant
Higgs boson production cross sections and branching ratios, with the elementary couplings (relative to
SM ones). In some of the fits, kH and the e↵ective scale factors kg and kg for the loop-induced H ! gg
and gg ! H processes are expressed as a function of the more fundamental factors kW, kZ, kt, kb and kt
(only the dominant fermion contributions are indicated here for simplicity). The relevant relationships
are:
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where �i j
ggH, �ii

VBF, �i j
gg and �SM

f f are obtained from theory [14, 23].

A.1 Fermion versus vector couplings

A.1.1 Only SM contributions to the total width
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,

where kg (kF , kF , kV , kV ) is the SM functional dependence of the e↵ective scale factor kg on the scale
factors kF and kV , which is to first approximation:8

k2
g (kF , kF , kF , kV ) = 1.59 · k2

V � 0.66 · kV kF + 0.07 · k2
F . (11)

8The fit uses the full dependence of kg on kW, kt , kb and kt [14].

27

A Appendix: Coupling scale factor relations for the dominant channels

For each model considered in the note, the formulae below give the scaling properties of the most relevant
Higgs boson production cross sections and branching ratios, with the elementary couplings (relative to
SM ones). In some of the fits, kH and the e↵ective scale factors kg and kg for the loop-induced H ! gg
and gg ! H processes are expressed as a function of the more fundamental factors kW, kZ, kt, kb and kt
(only the dominant fermion contributions are indicated here for simplicity). The relevant relationships
are:

k2
g(kb, kt) =

k2
t · �

tt
ggH + k2

b · �
bb
ggH + ktkb · �tb

ggH

�
tt
ggH + �

bb
ggH + �

tb
ggH

(6)

k2
VBF(kW, kZ) =

k2
W · �

WW
VBF + k2

Z · �
ZZ
VBF

�
WW
VBF + �

ZZ
VBF

(7)

k2
g (kb, kt, kt, kW) =

P
i, j kik j · �i j

gg
P

i, j �
i j
gg

(8)

k2
H(k j) =

X

j j=WW⇤, ZZ⇤, bb , t�t+,

gg , Zg , gg, tt , cc , ss , µ�µ+

k2
j�

SM
j j

�SM
H

, (9)

where �i j
ggH, �ii

VBF, �i j
gg and �SM

f f are obtained from theory [14, 23].

A.1 Fermion versus vector couplings

A.1.1 Only SM contributions to the total width

�(gg! H) ⇤ BR(H! ��) ⇠
k2

F · k2
g (kF , kF , kF , kV )

0.75 · k2
F + 0.25 · k2

V

�(qq0 ! qq0H) ⇤ BR(H! ��) ⇠
k2

V · k2
g (kF , kF , kF , kV )

0.75 · k2
F + 0.25 · k2

V

�(gg! H) ⇤ BR(H ! ZZ⇤,H ! WW⇤) ⇠
k2

F · k2
V

0.75 · k2
F + 0.25 · k2

V
(10)

�(qq0 ! qq0H) ⇤ BR(H ! ZZ⇤,H ! WW⇤) ⇠
k2

V · k2
V

0.75 · k2
F + 0.25 · k2

V

�(qq0 ! qq0H,VH) ⇤ BR(H ! ⌧⌧,H ! bb̄) ⇠
k2

V · k2
F

0.75 · k2
F + 0.25 · k2

V
,

where kg (kF , kF , kV , kV ) is the SM functional dependence of the e↵ective scale factor kg on the scale
factors kF and kV , which is to first approximation:8
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V � 0.66 · kV kF + 0.07 · k2
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8The fit uses the full dependence of kg on kW, kt , kb and kt [14].
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Figure 4: Left: The constraints in the (c�, cg) plane imposed by the measurements in Fig. 1,

assuming the Standard Model values for the tree-level couplings to massive bosons and

fermions, i.e., a = c = 1. Right: The constraints in the (a, c) plane when marginalizing

over c� and cg.

We display in the left panel of Fig. 5 the one-dimensional likelihood function �
2 for

the factor c� obtained by marginalizing over cg, and in the right panel the one-dimensional

likelihood function for cg obtained by marginalizing over c�. The central values and the 68%

CL ranges of c� and cg are as follows:

c� = 1.18± 0.12 , cg = 0.88± 0.11 , (6)

and the likelihood price for c� = 1 is ��
2 = 2, whereas the price for cg = 1 is ��

2 = 1.

4 Probing the Mass Dependence of Higgs Couplings

We now turn to the results of a global fit using the (M, ✏) parameterization (1) that probes

directly the extent to which the current measurements constrain the H couplings to other

particles to be approximately linear: ✏ ⇠ 0, and the extent to which the mass scaling

parameter M ⇠ v. The left panel of Fig. 6 shows the result of combining the measurements

shown in Fig. 1 in the (M, ✏) plane. The horizontal and vertical yellow lines correspond to

✏ = 0 and M = v, respectively, and the data are quite compatible with these values. The

central values and the 68% CL ranges of M and ✏ are as follows:

M = 244+20
�10 GeV , ✏ = �0.022+0.042

�0.021 , (7)

and the likelihood price for M = 246 GeV and ✏ = 0 is ��
2 = 0.12. It is remarkable that

the data already constrain the mass dependence of the H couplings to other particles to be

10

John Ellis, Tevong You (1303.3879)

Constrains on  
ggH and γγH 

couplings

Vκ
0.7 0.8 0.9 1 1.1 1.2 1.3 1.4

f
κ

0.5

1

1.5

2

2.5
 PreliminaryATLAS

-1 = 13 TeV, 36.1 fbs

4l→ZZ*→H and γγ→H

 = 125.09 GeVHm

SM prediction
Best fit
Combined 68% CL
Combined 95% CL

 68% CLγγ→H
 68% CL4l→ZZ*→H

Figure 11: Contours at 68% and 95% CL in the (F, V) plane.

gκ
0.8 0.9 1 1.1 1.2 1.3 1.4 1.5

γ
κ

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5
 PreliminaryATLAS

-1 = 13 TeV, 36.1 fbs

4l→ZZ*→H and γγ→H

 = 125.09 GeVHm

SM prediction
Best fit
68% CL
95% CL

Figure 12: Contours at 68% and 95% CL in the (�, g) plane.

Higgs boson, but this parameter is not determined directly. The results are summarized in Table 10 and
shown in Figure 13. The correlations between the fitted coupling modifiers are summarized in Figure 14.
The four-dimensional compatibility with the SM prediction is pSM = 15%.
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Figure 1: The regions of the (t, ̃t) plane allowed by the analysis of [40] at the 68 and 95%
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discussed in [29] (solid black contour). Black dots represent the simulated model points.

We display in Fig. 1 the regions of the (t, ̃t) plane that are allowed at the 68, and 95%

CL according to the analysis of [40]. At the 68% CL, the allowed region is a crescent with

apex close to the Standard Model point (t, ̃t) = (1, 0), bounded by the solid red contour,

whereas at the 95% CL a complete annulus is allowed, bounded by the dotted red contour.

For convenience we define the CP violation phase in the t̄tH coupling by

⇣t ⌘ arctan
⇣
̃t

t

⌘
. (4)

For comparison, we also display the (smaller) crescent discussed in [29, 38], bounded by the

solid black contour. As already mentioned, if one assumes the Standard Model value of

the electron-H coupling and there are no other important contributions to the EDM of the

electron de, the experimental upper limit on its value imposes |̃t| < 0.01. Here we consider

the capability of future LHC measurements to constrain t and ̃t directly, considering for

illustration the full crescent allowed by the analysis of [40] at the 68% CL.

4

+

L� = �
h
↵s

8⇡
cgbgG

a
µ⌫G

µ⌫a +
↵em

8⇡
c�b�Fµ⌫F

µ⌫
i⇣

H

v

⌘

Lt = �mt

v
(tt̄t+ ĩtt̄�5t)H
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• The CPV phase ζt is largely arrowed. 

• Due to the interference in cγ, the 
constraints for κt > 0 and < 0 are not 
symmetric.  ζt = π is excluded at 1σ.
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Here Li2(x) = �
R
x

0
du ln(1� u)/u is the usual dilogarithm.

From Eq. (2.2) it is evident that the electron EDM constraint on ̃t vanishes in the
limit that the Higgs does not couple to electrons, e, ̃e ! 0, or by an appropriate tuning
of the ratio ̃e/e. For simplicity we will from here on assume that the Higgs coupling to
the electron is CP conserving, so that ̃e = 0. In this case the top-quark contribution to
the EDM of the electron is (with ↵ ⌘ ↵(0) ' 1/137)

de

e
= 3.26 · 10�27 cm ẽt f1(xt/h) = 9.0 · 10�27 cm ẽt , (2.4)

where in the second equality we used that f1(xt/h) ' 2.76 for mt = 163.3GeV [29] and
Mh = 126GeV. The 90% confidence level (CL) limit [30]
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de

e

���� < 8.7 · 10�29 cm , (2.5)

then translates into
|̃t| < 0.01 , (2.6)

assuming that the Higgs coupling to the electron is the SM one, e = 1.
Above we have neglect the two-loop diagram, Fig. 1 (left), with the Z boson instead of

the photon in the loop. Due to charge-conjugation invariance only the vector couplings of
the Z boson enter the Barr-Zee expression for the electron EDM. As a result the Z-boson
contribution is strongly suppressed by [27]
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1Note that the loop function f1(x) is real and analytic even for x > 1/4. In particular, in the limit
x ! 1, one has f1(x) = lnx+ 2 +O(1/
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The contributions of the EDM, CEDM, and Weinberg operators to the neutron EDM
are then given by [26] (see also [34, 35])
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e
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+ 1.1
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d̃d(µH) + 0.5 d̃u(µH)
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+ (22± 10) · 10�3GeVw(µH) ,

(2.12)

where µH = 1GeV is a hadronic scale. The RG evolution of the coefficients dq, d̃q, and w

from the weak to the hadronic scale is given in App. A. After performing the RG resum-
mation we find the following numerical estimate for the CP-violating Higgs-top coupling
contribution to the neutron EDM,
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�5.3q̃t + 5.1 · 10�2
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(2.13)

For simplicity we have identified here the modifications of the CP-conserving up- and down-
quark couplings, q = u = d. This shows that the contribution of the Weinberg operator
(which is proportional to the combination t̃t) is numerically subdominant to the quark
EDM and CEDM contributions. Taking as an illustration the SM values for the CP-
conserving couplings, i.e. t = q = 1, the 95% CL upper bound on the neutron EDM [36]
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���� < 2.9 · 10�26 cm , (2.14)

leads to
|̃t| < [0.03, 0.10] , (2.15)

which is weaker by almost an order of magnitude than the constraint (2.6) arising from the
electron EDM.

2.3 EDM of mercury

The EDMs of diamagnetic atoms, i.e. atoms where the total angular momentum of the elec-
trons is zero, also provide important tests of CP violation of the Higgs-quark interactions.
Presently, the most stringent constraint in the diamagnetic sector comes from the limit on
the EDM of mercury (Hg). The dominant contribution to dHg arises from CP-odd pion
nucleon interactions involving the isovector channel (g(1)

⇡NN
), while isoscalar contributions

(g(0)
⇡NN

) are accidentally small and effects related to the Weinberg operator are chirally
suppressed (see [37] for a comprehensive discussion of the theoretical errors plaguing the
prediction of dHg). Including only effects associated with the CP-odd pion nucleon coupling
g
(1)

⇡NN
, one obtains [26]
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Higgs boson and a photon or Z boson. Right: Two-loop contribution to the Weinberg operator.
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From Eq. (2.2) it is evident that the electron EDM constraint on ̃t vanishes in the
limit that the Higgs does not couple to electrons, e, ̃e ! 0, or by an appropriate tuning
of the ratio ̃e/e. For simplicity we will from here on assume that the Higgs coupling to
the electron is CP conserving, so that ̃e = 0. In this case the top-quark contribution to
the EDM of the electron is (with ↵ ⌘ ↵(0) ' 1/137)

de

e
= 3.26 · 10�27 cm ẽt f1(xt/h) = 9.0 · 10�27 cm ẽt , (2.4)

where in the second equality we used that f1(xt/h) ' 2.76 for mt = 163.3GeV [29] and
Mh = 126GeV. The 90% confidence level (CL) limit [30]
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de
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���� < 8.7 · 10�29 cm , (2.5)

then translates into
|̃t| < 0.01 , (2.6)

assuming that the Higgs coupling to the electron is the SM one, e = 1.
Above we have neglect the two-loop diagram, Fig. 1 (left), with the Z boson instead of

the photon in the loop. Due to charge-conjugation invariance only the vector couplings of
the Z boson enter the Barr-Zee expression for the electron EDM. As a result the Z-boson
contribution is strongly suppressed by [27]
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quark couplings, q = u = d. This shows that the contribution of the Weinberg operator
(which is proportional to the combination t̃t) is numerically subdominant to the quark
EDM and CEDM contributions. Taking as an illustration the SM values for the CP-
conserving couplings, i.e. t = q = 1, the 95% CL upper bound on the neutron EDM [36]
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), while isoscalar contributions

(g(0)
⇡NN

) are accidentally small and effects related to the Weinberg operator are chirally
suppressed (see [37] for a comprehensive discussion of the theoretical errors plaguing the
prediction of dHg). Including only effects associated with the CP-odd pion nucleon coupling
g
(1)

⇡NN
, one obtains [26]

dHg

e
' �1.8 · 10�4

�
4+8

�2

� ⇣
d̃u(µH)� d̃d(µH)

⌘
. (2.16)

– 5 –

EDM constraint
CP violating ttH coupling contributes to the electron and neutron EDMs 
via 2-loop diagrams:  J.Brod, U.Haischb, J.Zupan [1310.1385] 

These constraints can be avoided once other contributions are considered, 
e.g. suppressed eeh coupling, SUSY contributions.

We do not consider these model-dependent constraints in this talk.
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Figure 15: Summary of the measurements of µ from individual analyses and the combined result. “ML” refers to
the multileptonic decay channels discussed in Section 8. The best-fit values of µ for the individual analyses are
extracted independently, and systematic uncertainty nuisance parameters are only correlated for the combination.
As no events are observed in the H ! 4` analysis, a 68% confidence level (CL) upper limit on µ, computed using
the CLs method [108], is reported.

Table 15: Summary of the uncertainties a�ecting the combined value of µ.
Uncertainty Source �µ
tt̄ modeling in H ! bb̄ analysis +0.15 �0.14
tt̄H modeling (cross section) +0.13 �0.06
Non-prompt light-lepton and fake ⌧had estimates +0.09 �0.09
Simulation statistics +0.08 �0.08
Jet energy scale and resolution +0.08 �0.07
tt̄V modeling +0.07 �0.07
tt̄H modeling (acceptance) +0.07 �0.04
Other non-Higgs boson backgrounds +0.06 �0.05
Other experimental uncertainties +0.05 �0.05
Luminosity +0.05 �0.04
Jet flavor tagging +0.03 �0.02
Modeling of other Higgs boson production modes +0.01 �0.01
Total systematic uncertainty +0.27 �0.23
Statistical uncertainty +0.19 �0.19
Total uncertainty +0.34 �0.30
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σ(ttH) ~ 507 fb  

σ(tHj) ~ 47 fb,  σ(tbarHj) ~ 25 fb,  σ(tHj)+σ(tbarHj) ~ 72 fb 

- ttH:  >3σ evidence 

- tHj, tbarHj:  statistics not enough     
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relative magnitude and sign of the scalar t̄tH and WWH couplings, with the result that

�(tH) and �(t̄H) are minimized around the Standard Model value t = 1 [36].3 As in the

case of �(t̄tH), iso-� contours for tH and t̄H production are also ellipses whose major axes

are aligned with the ̃t axis, as we see in the right panel of Fig. 3, where colour-coding is

used to represent the ratio to the Standard Model cross section. As a consequence, �(tH)

and �(t̄H) increase along the 68% CL crescent as t decreases and ̃t increases in magnitude.

3
Disturbing the t̄tH coupling modifies the UV behaviour of the theory and may lead to a violation of

the perturbative unitarity at some scale ⇤UV. It has been shown in [37] that this e↵ect is most pronounced

at t = �1 but ⇤UV >⇠ 9 TeV even in that case. This implies that the perturbative calculation used in our

paper is still reliable.
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Figure 3: The ratios of �(t̄tH) to the Standard Model value (left panel) and of �(tH) to the

Standard Model value (right panel) are shown using the indicated colour codes. Also shown

is the crescent-shaped region in Fig. 1 that is allowed by present data at the 68% CL.

This e↵ect is also seen clearly in the left panel of Fig. 4, where we see that �(tH) and

�(t̄H) reach more than 3 times the Standard Model values when ⇣t > 60o. A measurement at

the Standard Model level with a factor of two uncertainty would determine ⇣t ⇠ 0± 45o. As

seen in the right panel of Fig. 4, the combination of the decrease in �(t̄tH) and the increases

in �(tH) and �(t̄H) along the crescent imply that the ratio �(tH+ t̄H)/�(t̄tH) increases by

a factor of more than 20 along the crescent, compared to its value in the Standard Model,

⇠ 0.06.

4 Mass Distributions

We now examine the information that can be obtained from measurements of the invariant

masses of combinations of the final-state t, t̄ and H particles. In the case of the t̄tH final

state, there are three distinct combinations that can be measured: the total invariant mass

Mt̄tH , the tH (or t̄H) invariant mass MtH (or Mt̄H), and the t̄t invariant mass Mt̄t. In the

case of single t or t̄ production, there is also a forward jet j corresponding to the quark from

which the virtual W was emitted, as seen in the lower panel of Fig. 2. Hence there are again

three final-state particles t (or t̄), H and j, and therefore four measurable invariant masses
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• How are the cross sections affected by the anomalous top-Higgs coupling?
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�(tH) and �(t̄H) are minimized around the Standard Model value t = 1 [36].3 As in the

case of �(t̄tH), iso-� contours for tH and t̄H production are also ellipses whose major axes

are aligned with the ̃t axis, as we see in the right panel of Fig. 3, where colour-coding is

used to represent the ratio to the Standard Model cross section. As a consequence, �(tH)

and �(t̄H) increase along the 68% CL crescent as t decreases and ̃t increases in magnitude.

3
Disturbing the t̄tH coupling modifies the UV behaviour of the theory and may lead to a violation of

the perturbative unitarity at some scale ⇤UV. It has been shown in [37] that this e↵ect is most pronounced

at t = �1 but ⇤UV >⇠ 9 TeV even in that case. This implies that the perturbative calculation used in our

paper is still reliable.
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Standard Model value (right panel) are shown using the indicated colour codes. Also shown
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This e↵ect is also seen clearly in the left panel of Fig. 4, where we see that �(tH) and

�(t̄H) reach more than 3 times the Standard Model values when ⇣t > 60o. A measurement at

the Standard Model level with a factor of two uncertainty would determine ⇣t ⇠ 0± 45o. As

seen in the right panel of Fig. 4, the combination of the decrease in �(t̄tH) and the increases

in �(tH) and �(t̄H) along the crescent imply that the ratio �(tH+ t̄H)/�(t̄tH) increases by

a factor of more than 20 along the crescent, compared to its value in the Standard Model,

⇠ 0.06.

4 Mass Distributions

We now examine the information that can be obtained from measurements of the invariant

masses of combinations of the final-state t, t̄ and H particles. In the case of the t̄tH final

state, there are three distinct combinations that can be measured: the total invariant mass

Mt̄tH , the tH (or t̄H) invariant mass MtH (or Mt̄H), and the t̄t invariant mass Mt̄t. In the

case of single t or t̄ production, there is also a forward jet j corresponding to the quark from

which the virtual W was emitted, as seen in the lower panel of Fig. 2. Hence there are again

three final-state particles t (or t̄), H and j, and therefore four measurable invariant masses
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This effect is also seen clearly in the left panel of figure 4, where we see that σ(tH) and

σ(t̄H) reach more than 3 times the Standard Model values when ζt > 60o. A measurement

at the Standard Model level with a factor of two uncertainty would determine ζt ∼ 0±45o.

As seen in the right panel of figure 4, the combination of the decrease in σ(t̄tH) and the

increases in σ(tH) and σ(t̄H) along the crescent imply that the ratio σ(tH + t̄H)/σ(t̄tH)

increases by a factor of more than 20 along the crescent, compared to its value in the

Standard Model, ∼ 0.06.

4 Mass distributions

We now examine the information that can be obtained from measurements of the invariant

masses of combinations of the final-state t, t̄ and H particles. In the case of the t̄tH final

state, there are three distinct combinations that can be measured: the total invariant mass

Mt̄tH , the tH (or t̄H) invariant mass MtH (or Mt̄H), and the t̄t invariant mass Mt̄t. In

the case of single t or t̄ production, there is also a forward jet j corresponding to the

quark from which the virtual W was emitted, as seen in the lower panel of figure 2. Hence

there are again three final-state particles t (or t̄), H and j, and therefore four measurable

invariant masses in this case: the total invariant mass MtHj (or Mt̄Hj) and the two-particle

invariant masses MtH (or Mt̄H), Mtj (or Mt̄j), and MHj . In the following we present some

invariant mass distributions for the t̄tH and tHj (or t̄Hj) final states, starting with the

total invariant mass distributions. All the distributions shown below are idealized, as they

do not include the effects of parton showering, object reconstruction, detector resolution,

etc. We also do not consider the background contamination and the realistic selection cuts

which will be applied in experiments.4 These effects could alter the shape of distributions,

but the study of such effects lies beyond this exploratory work.
4The background contamination is known to be a serious problem for the t̄tH process. In addition to

improving the techniques to suppress the the background, e.g using jet substructure techniques [33, 34], a

precise estimation of the background shapes would be necessary to reduce the systematic uncertainties.
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• For ζt > 1.2, σ(tHj) can become larger than σ(ttH).

14 TeV 14 TeV

H

H H

H

t̄ t̄

t̄t̄

t t

tt

g

g g

g

g

g q

q̄

(a)

H H

t t

W

W

W

b b

q qq
�

q
�

t

(b)

Figure 2: Leading diagrams contributing to t̄tH production at the LHC (upper panel) and

to single t or t̄ production (lower panel). The red and blue dots correspond to the t̄tH and

WWH couplings, respectively.

relative magnitude and sign of the scalar t̄tH and WWH couplings, with the result that

�(tH) and �(t̄H) are minimized around the Standard Model value t = 1 [36].3 As in the
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are aligned with the ̃t axis, as we see in the right panel of Fig. 3, where colour-coding is

used to represent the ratio to the Standard Model cross section. As a consequence, �(tH)

and �(t̄H) increase along the 68% CL crescent as t decreases and ̃t increases in magnitude.
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the perturbative unitarity at some scale ⇤UV. It has been shown in [37] that this e↵ect is most pronounced

at t = �1 but ⇤UV >⇠ 9 TeV even in that case. This implies that the perturbative calculation used in our
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Figure 5. The total invariant mass distributions for the t̄tH final state (left panel) and the tHj
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black), ±π/4 (in dotted red) and ±π/2 (in solid red). The right panel shows the variations with ζt
of ⟨Mt̄tH⟩ (solid black), ⟨MtHj⟩ (solid red) and ⟨Mt̄Hj⟩ (solid blue) along a contour passing trough
the middle of the 68% CL. crescent-shape allowed region in figure 1.

4.1 Total invariant mass distributions

The left panel of figure 5 displays the normalizedMt̄tH distributions for ζt=arc tan(κ̃t/κt)=

0 (in black), ±π/4 (in dotted red) and ±π/2 (in solid red). We see that the Mt̄tH distribu-

tion that is most peaked towards small masses is that for the Standard Model case ζt = 0.

That for ζt = ±π/4 is less peaked, and that for ζt = ±π/2 is substantially broader.

The central panel of figure 5 displays the MtHj distributions for ζt = 0,±π/4 and ±π/2

using the same colour-coding. In this case, we see that the invariant mass distribution

is least peaked for the Standard Model case ζt = 0, more peaked for ζt = ±π/4 and

particularly for ζt = ±π/2.

The right panel of figure 5 displays the variations with ζt of ⟨Mt̄tH⟩ (solid black),

⟨MtHj⟩ (solid red) and ⟨Mt̄Hj⟩ (solid blue). We see explicitly that ⟨Mt̄tH⟩ is minimized in

the Standard Model case, whereas ⟨MtHj⟩ and ⟨Mt̄Hj⟩ are maximized in this case. These

features are correlated with the behaviours of the total cross sections for these processes

as functions of ζt. We note that ⟨Mt̄tH⟩ is maximized for |ζt| = π/2: the value for |ζt| = π

would be the same as in the Standard Model.

4.2 Two-particle invariant mass distributions

More information may be obtained from two-particle invariant mass distributions, and we

start by showing the two-body mass distributions in t̄tH production events. The left and

central panels of figure 6 show the invariant mass distributions of t̄t and tH, respectively,

with the same colour-coding as in figure 5. The peaks of the distributions are lowest for

the SM and highest for ζt = ±π/2 in both the t̄t and tH cases. The right panel of figure 6

shows the variation with ζt of ⟨Mt̄t⟩ (solid black) and ⟨MtH⟩ (solid red) along a contour

passing trough the middle of the crescent-shape allowed region in figure 1. The means

of the two-particle invariant mass distributions take their lowest values in the Standard

Model case and their maximum values for ζt = ±π/2 in both the t̄t and tH cases, as

observed in the total invariant mass distribution. The difference between ⟨Mt̄t⟩ and ⟨MtH⟩
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the middle of the 68% CL. crescent-shape allowed region in figure 1.
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tion that is most peaked towards small masses is that for the Standard Model case ζt = 0.

That for ζt = ±π/4 is less peaked, and that for ζt = ±π/2 is substantially broader.
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is least peaked for the Standard Model case ζt = 0, more peaked for ζt = ±π/4 and

particularly for ζt = ±π/2.
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features are correlated with the behaviours of the total cross sections for these processes

as functions of ζt. We note that ⟨Mt̄tH⟩ is maximized for |ζt| = π/2: the value for |ζt| = π

would be the same as in the Standard Model.
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More information may be obtained from two-particle invariant mass distributions, and we

start by showing the two-body mass distributions in t̄tH production events. The left and

central panels of figure 6 show the invariant mass distributions of t̄t and tH, respectively,

with the same colour-coding as in figure 5. The peaks of the distributions are lowest for

the SM and highest for ζt = ±π/2 in both the t̄t and tH cases. The right panel of figure 6

shows the variation with ζt of ⟨Mt̄t⟩ (solid black) and ⟨MtH⟩ (solid red) along a contour

passing trough the middle of the crescent-shape allowed region in figure 1. The means

of the two-particle invariant mass distributions take their lowest values in the Standard

Model case and their maximum values for ζt = ±π/2 in both the t̄t and tH cases, as

observed in the total invariant mass distribution. The difference between ⟨Mt̄t⟩ and ⟨MtH⟩
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• For ttH, the total invariant mass increases as increasing the CP phase ζt.
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final state (central panel). In each case, we display the distributions for ζt = arc tan(κ̃t/κt) = 0 (in
black), ±π/4 (in dotted red) and ±π/2 (in solid red). The right panel shows the variations with ζt
of ⟨Mt̄tH⟩ (solid black), ⟨MtHj⟩ (solid red) and ⟨Mt̄Hj⟩ (solid blue) along a contour passing trough
the middle of the 68% CL. crescent-shape allowed region in figure 1.
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The left panel of figure 5 displays the normalizedMt̄tH distributions for ζt=arc tan(κ̃t/κt)=

0 (in black), ±π/4 (in dotted red) and ±π/2 (in solid red). We see that the Mt̄tH distribu-

tion that is most peaked towards small masses is that for the Standard Model case ζt = 0.

That for ζt = ±π/4 is less peaked, and that for ζt = ±π/2 is substantially broader.

The central panel of figure 5 displays the MtHj distributions for ζt = 0,±π/4 and ±π/2

using the same colour-coding. In this case, we see that the invariant mass distribution

is least peaked for the Standard Model case ζt = 0, more peaked for ζt = ±π/4 and

particularly for ζt = ±π/2.

The right panel of figure 5 displays the variations with ζt of ⟨Mt̄tH⟩ (solid black),

⟨MtHj⟩ (solid red) and ⟨Mt̄Hj⟩ (solid blue). We see explicitly that ⟨Mt̄tH⟩ is minimized in

the Standard Model case, whereas ⟨MtHj⟩ and ⟨Mt̄Hj⟩ are maximized in this case. These

features are correlated with the behaviours of the total cross sections for these processes

as functions of ζt. We note that ⟨Mt̄tH⟩ is maximized for |ζt| = π/2: the value for |ζt| = π

would be the same as in the Standard Model.

4.2 Two-particle invariant mass distributions

More information may be obtained from two-particle invariant mass distributions, and we

start by showing the two-body mass distributions in t̄tH production events. The left and

central panels of figure 6 show the invariant mass distributions of t̄t and tH, respectively,

with the same colour-coding as in figure 5. The peaks of the distributions are lowest for

the SM and highest for ζt = ±π/2 in both the t̄t and tH cases. The right panel of figure 6

shows the variation with ζt of ⟨Mt̄t⟩ (solid black) and ⟨MtH⟩ (solid red) along a contour

passing trough the middle of the crescent-shape allowed region in figure 1. The means

of the two-particle invariant mass distributions take their lowest values in the Standard

Model case and their maximum values for ζt = ±π/2 in both the t̄t and tH cases, as

observed in the total invariant mass distribution. The difference between ⟨Mt̄t⟩ and ⟨MtH⟩
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Figure 2: Leading diagrams contributing to t̄tH production at the LHC (upper panel) and

to single t or t̄ production (lower panel). The red and blue dots correspond to the t̄tH and

WWH couplings, respectively.

relative magnitude and sign of the scalar t̄tH and WWH couplings, with the result that

�(tH) and �(t̄H) are minimized around the Standard Model value t = 1 [36].3 As in the

case of �(t̄tH), iso-� contours for tH and t̄H production are also ellipses whose major axes

are aligned with the ̃t axis, as we see in the right panel of Fig. 3, where colour-coding is

used to represent the ratio to the Standard Model cross section. As a consequence, �(tH)

and �(t̄H) increase along the 68% CL crescent as t decreases and ̃t increases in magnitude.

3
Disturbing the t̄tH coupling modifies the UV behaviour of the theory and may lead to a violation of

the perturbative unitarity at some scale ⇤UV. It has been shown in [37] that this e↵ect is most pronounced

at t = �1 but ⇤UV >⇠ 9 TeV even in that case. This implies that the perturbative calculation used in our

paper is still reliable.
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case of �(t̄tH), iso-� contours for tH and t̄H production are also ellipses whose major axes

are aligned with the ̃t axis, as we see in the right panel of Fig. 3, where colour-coding is

used to represent the ratio to the Standard Model cross section. As a consequence, �(tH)

and �(t̄H) increase along the 68% CL crescent as t decreases and ̃t increases in magnitude.

3
Disturbing the t̄tH coupling modifies the UV behaviour of the theory and may lead to a violation of

the perturbative unitarity at some scale ⇤UV. It has been shown in [37] that this e↵ect is most pronounced

at t = �1 but ⇤UV >⇠ 9 TeV even in that case. This implies that the perturbative calculation used in our

paper is still reliable.

6

interference
(L) (R)

• In the diagram without ttH coupling the top is dominantly left-handed, 
whereas it is right-handed in the diagram with ttH.  Modification of ttH 
coupling may affect the top polarisation measurement in tHj. 

1

�`

d�`

d cos ✓`
=

1

2
(1 + Pt cos ✓`)

Pt = ±1 for pure right(left)-handed top

• The top polarisation can be measured by the angle of the lepton w.r.t the 
top boost direction at the top rest frame.  



p
r
o
o
f
s
 
J
H
E
P
_
0
3
5
P
_
0
1
1
4

lθcos
-1 -0.5 0 0.5 1

N
or

m
al

iz
ed

 E
ve

nt
s

0.05

0.1

0.15 /2π= 
t

ζ
/4π= 

t
ζ
SM

t
ζ

-2 -1 0 1 2
l

A

-0.3

-0.2

-0.1

0

0.1

Figure 9. Left panel: the distributions in the semileptonic decay angle θℓ for the tHj final state
for the indicated values of ζt. In the right panel we display the variation of the forward-backward
asymmetry in θℓ, Al, with ζt for tHj (t̄Hj) production in red (blue): the shading represents an
estimate of the measurement error with 100/fb of integrated luminosity at 14TeV.

interesting for tHj and t̄Hj production, because of the 1− γ5 factor in the Wtb coupling.

As already noted, the matrix elements of these processes have two competing Feynman

diagrams: one is proportional to the t̄tH coupling and the other to the WWH coupling,

as seen in the lower panel of figure 2. In the latter diagram, the t (or t̄) is emitted from the

initial b(b̄)-quark when it exchanges a W boson with a quark (or antiquark) in the other

proton. This t(t̄) quark therefore prefers the left-handed chirality. In the former diagram,

t (or t̄) is produced in the same way but subsequently emits a H, changing its chirality.

One can therefore expect that the tops in these processes are polarized to some extent,

depending on the details of the t̄tH coupling.

The angular distributions of the top decay products are correlated with the top spin

direction in the following way [56–58]:

1

Γf

dΓf

d cos θf
=

1

2
(1 + ωfPt cos θf ) , (5.1)

where f is the type of top decay product: f = b, ℓ, . . ., θf is the angle between the decay

product f and the top spin quantization axis measured in the rest frame of the top, and

Pt is the degree of the top polarization:

Pt =
N(↑)−N(↓)
N(↑) +N(↓) . (5.2)

The coefficient ωf depends on the type of decay product, e.g., ωW = −ωb = 0.41 and

ωℓ = 1 at tree level.

We consider first the angle θℓ between the direction of the t and the final-state lepton

ℓ measured at the rest frame of the top in tHj production events. The left panel of figure 9

displays the cos θℓ distributions. As previously, the distribution for the Standard Model

case ζt = 0 is shown in black, and the distributions for |ζt| = π/4 and π/2 in dotted and
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for the indicated values of ζt. In the right panel we display the variation of the forward-backward
asymmetry in θℓ, Al, with ζt for tHj (t̄Hj) production in red (blue): the shading represents an
estimate of the measurement error with 100/fb of integrated luminosity at 14TeV.

interesting for tHj and t̄Hj production, because of the 1− γ5 factor in the Wtb coupling.

As already noted, the matrix elements of these processes have two competing Feynman

diagrams: one is proportional to the t̄tH coupling and the other to the WWH coupling,

as seen in the lower panel of figure 2. In the latter diagram, the t (or t̄) is emitted from the

initial b(b̄)-quark when it exchanges a W boson with a quark (or antiquark) in the other

proton. This t(t̄) quark therefore prefers the left-handed chirality. In the former diagram,

t (or t̄) is produced in the same way but subsequently emits a H, changing its chirality.

One can therefore expect that the tops in these processes are polarized to some extent,

depending on the details of the t̄tH coupling.

The angular distributions of the top decay products are correlated with the top spin

direction in the following way [56–58]:
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=

1

2
(1 + ωfPt cos θf ) , (5.1)

where f is the type of top decay product: f = b, ℓ, . . ., θf is the angle between the decay

product f and the top spin quantization axis measured in the rest frame of the top, and

Pt is the degree of the top polarization:

Pt =
N(↑)−N(↓)
N(↑) +N(↓) . (5.2)

The coefficient ωf depends on the type of decay product, e.g., ωW = −ωb = 0.41 and

ωℓ = 1 at tree level.

We consider first the angle θℓ between the direction of the t and the final-state lepton

ℓ measured at the rest frame of the top in tHj production events. The left panel of figure 9

displays the cos θℓ distributions. As previously, the distribution for the Standard Model

case ζt = 0 is shown in black, and the distributions for |ζt| = π/4 and π/2 in dotted and
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solid red, respectively. We can see that the lepton momentum in the Standard Model

case strongly prefers the opposite direction to the top’s boost direction at the top’s rest

frame, meaning that tops are negatively polarized, Pt < 0. As |ζt| increases this preference
is weakend. For |ζt| = π/4 the distribution is already quite flat, and the slope is even

positive, Pt >∼ 0, for |ζt| = π/2.

The dependence on ζt can more explicitly be seen in the right panel of figure 9, which

displays the variation with ζt of the forward-backward asymmetry

Aℓ =
N(cos θℓ > 0)−N(cos θℓ < 0)

N(cos θℓ > 0) +N(cos θℓ < 0)
, (5.3)

along a contour passing trough the middle of the crescent-shape allowed region. The red

and blue curves correspond to the At
ℓ and At̄

ℓ in the tHj and t̄Hj production events, re-

spectively. The shaded bands represent estimates of the measurement error with 100/fb of

integrated luminosity at 14TeV, again ignoring effects of parton showering, top reconstruc-

tion, detector resolution,5 etc. We see that, within the range of ζt allowed by the present

data, the asymmetry is largest in magnitude (and negative) for ζt = 0 (the Standard Model

case), is reduced in magnitude for ζt ̸= 0, and changes sign for ζt = ±π/2. On the other

hand, there is no sensitivity to the sign of ζt. In the Standard Model case, the asymmetries

for the tHj and t̄Hj events are identical. For ζt ̸= 0, tops are more positively polarized in

the tHj events than in the t̄Hj events.

We now consider the top (anti-top) polarization perpendicular to the three-body pro-

duction plane. We define the spin quantisation axis by −→p j ×−→p H at the rest frame of the

top (anti-top), where j is the forward jet produced by the final-state quark after radiating

a virtual W in the diagrams in the lower panel of figure 2. The left panel of figure 10

shows the cos θℓ⊥ distribution, where θℓ⊥ is the angle between the lepton momentum and

the spin quantization axis defined above at the rest frame of the top. We see that the

distribution is flat for the Standard Model case ζt = 0. One the other hand, when ζt ̸= 0,

the lepton prefers one side of the hemisphere with respect to the three-body production

plane at the rest frame of the top. The right panel in figure 10 shows the variation with

ζt of the asymmetry Aℓ⊥, which is defined in the same way as in eq. (5.3) for the cos θℓ⊥,

with the same colour-coding as in figure 9. As expected, there is no up-down asymmetry

for the Standard Model case ζt = 0, but there is a measurable asymmetry for ζt = ±π/4

and ±π/2. In particular, the sign of the perpendicular asymmetry is sensitive to the sign

of ζt = arc tan(κ̃t/κt). This measurement could therefore provide a direct probe of CP

violation in the top-H couplings.

5.2 Spin correlation measurements

We consider finally possible measurements of the t̄t spin correlation in t̄tH production. The

left panel of figure 11 shows the distribution in the angle ∆φℓ+ℓ− between the two lepton

momenta projected onto the plane perpendicular to the t direction at the centre-of-mass

5For studies including these effects, see e.g. [35, 59, 60].

– 12 –

• The cosθl distribution in the tHj rest frame

• Some dependency of the CP phase 

• ζt > 0 and < 0 are not distinguishable.

• tHj and tbarHj.  The band is the statistic error 
assuming 14 TeV LHC with 100 fb-1.

• The asymmetry is an useful measure.

• In SM the lepton prefers the opposite direction to 
the top boost direction, whereas for ζt = π/2, it 
prefers the same direction.  

Spin measurement in tHj

14 TeV, Parton Level
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Figure 10. Left panel: the distributions in the semileptonic decay angle θℓ⊥ out of the tHj plane
for ζt = arc tan(κ̃t/κt) = 0 (in black), ±π/4 (in dotted red and blue) and ±π/2 (in solid red and
blue). Right panel: the asymmetry perpendicular to the plane of tHj (t̄Hj) production, Al⊥, as
a function of ζt is indicated in red (blue): the shading represents an estimate of the measurement
error with 100/fb of integrated luminosity at 14TeV.

frame of the t̄t system. The sign of ∆φℓ+ℓ− is defined as the sign of −→p t · (−→p ℓ− ×−→p ℓ+).
6 As

previously, the distribution for the Standard Model case ζt = arc tan(κ̃t/κt) = 0 is shown

in black, those for ζt = ±π/4 as dotted lines, and those for ±π/2 as solid lines (red and

blue for ζt >,< 0, respectively). We see that the distribution has the form

dσ

d∆φℓ+ℓ−
∝ cos(∆φℓ+ℓ− − δ) + const. (5.4)

We see in the left panel of figure 11 that the phase shift δ vanishes for the Standard Model

case ζt = 0, but takes non-zero values for ζt ̸= 0, and we note that this phase shift is

sensitive to the sign of ζt. The right panel in figure 11 shows the value of δ as a function

of ζt. One can see that the δ varies from −π to π as ζt varies from −π/2 to π/2. We find

that the dependence of δ on ζt can be very well fitted by the function δ = 2ζt − sin(2ζt)/2.

6 Summary

We have shown in this paper that the cross sections and final-state distributions in t̄tH, tH

and t̃H production are sensitive to the ratio between the scalar and pseudoscalar top-H

couplings κt and κ̃t. In particular, the total cross section for t̄tH production decreases

significantly as the ratio κ̃t/κt increases within the ranges of values of these couplings that

are allowed by present data on the Hgg and Hγγ couplings. On the other hand, the total

cross sections for tH and t̃H production increase as the ratio κ̃t/κt increases.

6The ∆φℓ+ℓ− variable is commonly used in the spin correlation measurement in the t̄t process [61, 62],

although ∆φℓ+ℓ− is defined at the lab frame and its range is [0, π]. In order to identify CP violation, it is

crucial to measure ∆φℓ+ℓ− with respect to the top (or anti-top) axis in the range of [−π, π].
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Figure 10. Left panel: the distributions in the semileptonic decay angle θℓ⊥ out of the tHj plane
for ζt = arc tan(κ̃t/κt) = 0 (in black), ±π/4 (in dotted red and blue) and ±π/2 (in solid red and
blue). Right panel: the asymmetry perpendicular to the plane of tHj (t̄Hj) production, Al⊥, as
a function of ζt is indicated in red (blue): the shading represents an estimate of the measurement
error with 100/fb of integrated luminosity at 14TeV.

frame of the t̄t system. The sign of ∆φℓ+ℓ− is defined as the sign of −→p t · (−→p ℓ− ×−→p ℓ+).
6 As

previously, the distribution for the Standard Model case ζt = arc tan(κ̃t/κt) = 0 is shown

in black, those for ζt = ±π/4 as dotted lines, and those for ±π/2 as solid lines (red and

blue for ζt >,< 0, respectively). We see that the distribution has the form

dσ

d∆φℓ+ℓ−
∝ cos(∆φℓ+ℓ− − δ) + const. (5.4)

We see in the left panel of figure 11 that the phase shift δ vanishes for the Standard Model

case ζt = 0, but takes non-zero values for ζt ̸= 0, and we note that this phase shift is

sensitive to the sign of ζt. The right panel in figure 11 shows the value of δ as a function

of ζt. One can see that the δ varies from −π to π as ζt varies from −π/2 to π/2. We find

that the dependence of δ on ζt can be very well fitted by the function δ = 2ζt − sin(2ζt)/2.

6 Summary

We have shown in this paper that the cross sections and final-state distributions in t̄tH, tH

and t̃H production are sensitive to the ratio between the scalar and pseudoscalar top-H

couplings κt and κ̃t. In particular, the total cross section for t̄tH production decreases

significantly as the ratio κ̃t/κt increases within the ranges of values of these couplings that

are allowed by present data on the Hgg and Hγγ couplings. On the other hand, the total

cross sections for tH and t̃H production increase as the ratio κ̃t/κt increases.

6The ∆φℓ+ℓ− variable is commonly used in the spin correlation measurement in the t̄t process [61, 62],

although ∆φℓ+ℓ− is defined at the lab frame and its range is [0, π]. In order to identify CP violation, it is

crucial to measure ∆φℓ+ℓ− with respect to the top (or anti-top) axis in the range of [−π, π].
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solid red, respectively. We can see that the lepton momentum in the Standard Model

case strongly prefers the opposite direction to the top’s boost direction at the top’s rest

frame, meaning that tops are negatively polarized, Pt < 0. As |ζt| increases this preference
is weakend. For |ζt| = π/4 the distribution is already quite flat, and the slope is even

positive, Pt >∼ 0, for |ζt| = π/2.

The dependence on ζt can more explicitly be seen in the right panel of figure 9, which

displays the variation with ζt of the forward-backward asymmetry

Aℓ =
N(cos θℓ > 0)−N(cos θℓ < 0)

N(cos θℓ > 0) +N(cos θℓ < 0)
, (5.3)

along a contour passing trough the middle of the crescent-shape allowed region. The red

and blue curves correspond to the At
ℓ and At̄

ℓ in the tHj and t̄Hj production events, re-

spectively. The shaded bands represent estimates of the measurement error with 100/fb of

integrated luminosity at 14TeV, again ignoring effects of parton showering, top reconstruc-

tion, detector resolution,5 etc. We see that, within the range of ζt allowed by the present

data, the asymmetry is largest in magnitude (and negative) for ζt = 0 (the Standard Model

case), is reduced in magnitude for ζt ̸= 0, and changes sign for ζt = ±π/2. On the other

hand, there is no sensitivity to the sign of ζt. In the Standard Model case, the asymmetries

for the tHj and t̄Hj events are identical. For ζt ̸= 0, tops are more positively polarized in

the tHj events than in the t̄Hj events.

We now consider the top (anti-top) polarization perpendicular to the three-body pro-

duction plane. We define the spin quantisation axis by −→p j ×−→p H at the rest frame of the

top (anti-top), where j is the forward jet produced by the final-state quark after radiating

a virtual W in the diagrams in the lower panel of figure 2. The left panel of figure 10

shows the cos θℓ⊥ distribution, where θℓ⊥ is the angle between the lepton momentum and

the spin quantization axis defined above at the rest frame of the top. We see that the

distribution is flat for the Standard Model case ζt = 0. One the other hand, when ζt ̸= 0,

the lepton prefers one side of the hemisphere with respect to the three-body production

plane at the rest frame of the top. The right panel in figure 10 shows the variation with

ζt of the asymmetry Aℓ⊥, which is defined in the same way as in eq. (5.3) for the cos θℓ⊥,

with the same colour-coding as in figure 9. As expected, there is no up-down asymmetry

for the Standard Model case ζt = 0, but there is a measurable asymmetry for ζt = ±π/4

and ±π/2. In particular, the sign of the perpendicular asymmetry is sensitive to the sign

of ζt = arc tan(κ̃t/κt). This measurement could therefore provide a direct probe of CP

violation in the top-H couplings.

5.2 Spin correlation measurements

We consider finally possible measurements of the t̄t spin correlation in t̄tH production. The

left panel of figure 11 shows the distribution in the angle ∆φℓ+ℓ− between the two lepton

momenta projected onto the plane perpendicular to the t direction at the centre-of-mass

5For studies including these effects, see e.g. [35, 59, 60].
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• The SM has a flat distribution => no CPV

• With ζt ≠ 0, the lepton prefers a particular direction 
depending on the sign of ζt.

• ζt > 0 and < 0 are distinguishable. 
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Figure 2: Leading diagrams contributing to t̄tH production at the LHC (upper panel) and

to single t or t̄ production (lower panel). The red and blue dots correspond to the t̄tH and

WWH couplings, respectively.

relative magnitude and sign of the scalar t̄tH and WWH couplings, with the result that

�(tH) and �(t̄H) are minimized around the Standard Model value t = 1 [36].3 As in the

case of �(t̄tH), iso-� contours for tH and t̄H production are also ellipses whose major axes

are aligned with the ̃t axis, as we see in the right panel of Fig. 3, where colour-coding is

used to represent the ratio to the Standard Model cross section. As a consequence, �(tH)

and �(t̄H) increase along the 68% CL crescent as t decreases and ̃t increases in magnitude.

3
Disturbing the t̄tH coupling modifies the UV behaviour of the theory and may lead to a violation of

the perturbative unitarity at some scale ⇤UV. It has been shown in [37] that this e↵ect is most pronounced

at t = �1 but ⇤UV >⇠ 9 TeV even in that case. This implies that the perturbative calculation used in our

paper is still reliable.
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Figure 11. Left panel: the distributions in the angle ∆φℓ+ℓ− between the leptons produced in t
and t̄ decay in t̄tH production, in the centre-of-mass of the t̄t system. We display the distributions
for ζt = arc tan(κ̃t/κt) = 0 (in black), ±π/4 (in dotted red and blue) and ±π/2 (in solid red and
blue). Right panel: the phase shift δ as a function of ζt.

We have also found that the invariant mass distributions for the three-body combi-

nations t̄tH, tHj and t̃Hj are sensitive to the ratio κ̃t/κt, becoming less peaked at small

masses in the t̄tH case and more peaked in the tHj and t̃Hj cases as the ratio κ̃t/κt in-

creases. The two-body invariant mass distributions also carry information about the top-H

couplings.

Supplementary information on the ratio κ̃t/κt could be provided by angular distribu-

tions in semileptonic t and t̄ decays. In particular, lepton decay angles from the top boost

direction could provide information on the magnitude of κ̃t/κt, and lepton decay angles

against the tHj (or t̄Hj) production plane provide information on the sign of κ̃t/κt. Infor-

mation both on the magnitude and sign of κ̃t/κt could also be provided by measurements

of the angle ∆φℓ+ℓ− between the directions of leptons produced in t̄ and t decays in the

case of t̄tH production.

We conclude that there are good prospects for disentangling the scalar and pseu-

doscalar top-H couplings at the LHC via a combination of measurements of t̄tH, tH and

t̄H production.
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/ cos(��`` � �) + const

� = 2⇠t � sin(2⇠t)/2

•         can discriminate ξt > 0 and < 0.��``

• The fit shows:

The sign is defined by the direction of the top.  
This is important to capture the CP violation.



Conclusion
• It is important to model independently constrain CPV couplings in the 

Higgs sector. 

• Unitarity provides non-trivial constraints on the strength of effective 
operators as well as the new physics scale.    

• The ratio of the production cross sections of ttH and tHj is very 
sensitive to the modification of the top-Higgs coupling in the SM. 

• The lepton angle from the production plane of tHj and the angular 
correlation in the ttH are good variable to measure the CPV in the top-
Higgs coupling. 





Since no analysis of the arguably complicated pp →
hhjj process has been performed by the experiments yet,
we proceed to compute expected cross section limits
following [84] to estimate the limits that can be set on
ChhZ using the CLs method defined in [89,90]. The signal
and background cross sections after all selections are
applied are given in Table III. To show the impact of
uncertainties we provide limits based on using 20% flat
background systematics as well as excluding systematics
for comparison (Fig. 7).
As can be seen, accessing the t-channelW and Z bosons

in the initial state enhances the sensitivity to ChhZ way
below the unitarity limit, with expected constraints

jChhZj ≲ 0.06; ð3:2Þ

within the validity of the perturbative expansion
of Eq. (2.13).

IV. SUMMARY AND CONCLUSIONS

After the Higgs discovery the search for its particular
role in the mechanism of electroweak symmetry breaking is
underway. The high energy physics community has moved

to largely model-independent strategies based on the
application of effective field theory techniques. Unitarity
as well as perturbativity set important constraints on using
these tools in searches for new phenomena beyond the well-
established SM. If nature indeed chooses a new physics
scale well separated from the electroweak scale, then the
natural question we need to address at this stage of the LHC
program is how large effective interactions can become.
While this is a largely model-dependent question, pertur-
bative unitarity provides an important guideline in reflect-
ing hierarchies among Wilson coefficients at the ∼TeV
measurement scale that can be excited by a consistent
(perturbative) UV completion. This question becomes
particularly interesting when we turn to CP violation in
the Higgs sector as most interactions induce unitarity
violation even for relatively small Wilson coefficient
choices. In some cases this unitarity violation can be
mended through a new degree of freedom, whose inter-
actions are governed by probability conservation, which
gives rise to concrete phenomenological implications.
Considering unitarity arguments for a number of effec-

tive CP-violating interactions in the Higgs sector, we have
identified two phenomenologically relevant directions: The
search for a new Higgs-like state, which compensates CP-
violating interactions of the Higgs with top quarks, and
searches for enhancements of multi-Higgs production from
weak boson fusion due to CP-violating interactions which
are largely unconstrained by unitarity considerations.
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TABLE III. Cross sections for the signal and backgrounds
(including the gluon fusion-produced hhjj component) in the
hhjj analysis after all cuts have been applied. The signal cross
section shown here is calculated assuming the Standard Model
hypothesis. Turning on ChhZ induces a large contribution to the
signal yield which makes limit-setting possible despite the low
S=B in the Standard Model case.

Sample After selection [fb]

hhjj (WBF) 1.485 × 10−3

hhjj (GF) 5.378 × 10−4

tt̄jj 1.801 × 10−2

tt̄h 5.658 × 10−5

Zhjj 1.026 × 10−4

ZZjj 7.639 × 10−7

ZWWjj 2.039 × 10−7

Total background 1.870 × 10−2

S=B 1=12.60
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interference pattern that exists in gluon fusion between the
box- and triangle-induced amplitude contributions. While
there is an interference between the SM triangle and box
contributions (identical to the off-shell interference in
pp → ZZ [80]), the modifications induced by OhhZ

4

quickly die out for larger di-Higgs invariant masses.

This kinematic suppression cannot be circumvented, but
this line of thought points to a different channel that
accesses a distinct kinematic configuration of OhhZ

4 ,
which is not probed by the unitarity constraints of
Fig. 1—di-Higgs production through weak boson fusion
(WBF) [81–84], which accesses t-channel virtual massive
gauge bosons; see Fig. 6.
This leads to a sizable contribution to WBF-induced di-

Higgs production, which can be investigated through the
hhjj final state using the full HL-LHC data set [81–85]. We
make a projection of the HL-LHC’s expected sensitivity to
ChhZ by generating hadron-level hhjj events using MadEvent

[86] and Herwing [87]. Following [84] we focus on the hh →
τþτ−bb̄ final state and simulate tt̄jj, tt̄h, Zhjj, ZZjj, and
ZWWjj as backgrounds. We impose the following selec-
tions in order to improve the sensitivity and suppress the
QCD-mediated signal component, which is insensitive to
ChhZ and therefore acts as an additional irreducible back-
ground to the analysis:
(1) We simulate a staggered two tau trigger by requiring

two taus with pT ≥ 29; 20 GeV in jητj < 2.5 and
further apply a flat tau tagging efficiency of 70%.We
define jets by finding R ¼ 0.4 anti-kT objects using
FasrJet [88] and requiring pT;j ≥ 25 GeV
and jηjj ≤ 4.5.

(2) We b-tag the two hardest jets with an efficiency of
70% and fake rate of 1% within jηjj < 2.5. If either
of these overlaps with a tau, we veto the event. We
require at least two additional jets which are referred
to as tagging jets and refer to the two leading ones as
j1 and j2.

(3) We require jm bb − m hj < 15 GeV, jm ττ − m hj <
25 GeV, and m bbττ > 400 GeV.

(iv) Finally we require the two leading tagging jets to be
widely separated in η, such that Δηðj1; j2Þ ≥ 5.

FIG. 6. Representative Feynman diagram contributing to Higgs
pair production from weak boson fusion pp → hhjj, induced by
the operator OhhZ

4 .

FIG. 7. The expected exclusion for the high-luminosity
(HL)-LHC (3000 fb−1, 14 TeV) for the WBF-induced component
of pp → hhjj using the analysis detailed in the text, overlaid by
the cross section as a function of ChhZ relative to the SM
expectation. Two different systematics scenarios are assumed.

TABLE II. Feynman rules relevant for ff̄ → WþW−, PL;R denote the right- and left-chirality projectors.

Vertex Feynman rule SM

W−
α ðpÞWþ

β ðkÞAμðqÞ −gγWΓα;β;μðp; k; qÞ gγW ¼ gsW
W−

α ðpÞWþ
β ðkÞZμðqÞ gZWΓα;β;μðp; k; qÞ gZW ¼ gcW

ff̄W%
μ gfWγμPL gfW ¼ g=2

ff̄Aμ −gfγγμ gfγ ¼ gsWQf

ff̄Zμ γμðgZfLPL þ gZfRPRÞ gZfR ¼ ðg=cWÞðTf
3 − Qfs2WÞ

gZfL ¼ −ðg=cWÞQfs2W
gZfV ¼ ðgZfL þ gZfLÞ=2
gZfA ¼ ðgZfL − gZfLÞ=2

hff̄ −ðgfh þ igfAγ5Þ gfh ¼ gm f=ð2m WÞ
gfA ¼ 0

hWþ
μ W−

ν gWh gμν gWh ¼ gm W

hZμZν gZhgμν gZh ¼ ðg2 þ g02Þ1=2m Z
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015018-8

- 2 taus with pT > 29, 20GeV, |η|<2.5 (ετ=70%)

- 2 jets (not b nor τ) with pT > 25GeV, |η|<4.5

- Δη(j1, j2) > 5

- 2 hardest jets to be b-tagged and |η|<2.5 (εb=70%)

- |mbb - mh|<15GeV,  |mττ - mh|<25GeV,  mhh>400GeV

Event selection (bbττ channel)b
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b̄
<latexit sha1_base64="Vtit6NXqTXJtYw3rrS6FAII7LkY=">AAACEXicdVDLSgMxFM3UVx1fVZdugqXgapgZSx+7ohuXFewD2qEkmUwbm3mQZIRS+g8u3OinuBK3foFf4tZMW6EVPXDhcM693HsPTjiTyrY/jdzG5tb2Tn7X3Ns/ODwqHJ+0ZZwKQlsk5rHoYiQpZxFtKaY47SaCohBz2sHj68zvPFAhWRzdqUlCvRANIxYwgpSW2n2MBMSDQtG26rWKW65A27LtquM6GXGr5csydLSSoQiWaA4KX30/JmlII0U4krLn2InypkgoRjidmf1U0gSRMRrSnqYRCqn0pvNrZ7CkFR8GsdAVKThXVyemKJRyEmLdGSI1kr+9TPzL66UqqHlTFiWpohFZLApSDlUMs9ehzwQlik80QUQwfSskIyQQUTogs7S6BuOY+2t/aCmcmTqpnzjg/6TlWnXLubWLjatlZHlwBs7BBXBAFTTADWiCFiDgHjyCZ/BiPBmvxpvxvmjNGcuZU7AG4+MbZxKeAA==</latexit><latexit sha1_base64="Vtit6NXqTXJtYw3rrS6FAII7LkY=">AAACEXicdVDLSgMxFM3UVx1fVZdugqXgapgZSx+7ohuXFewD2qEkmUwbm3mQZIRS+g8u3OinuBK3foFf4tZMW6EVPXDhcM693HsPTjiTyrY/jdzG5tb2Tn7X3Ns/ODwqHJ+0ZZwKQlsk5rHoYiQpZxFtKaY47SaCohBz2sHj68zvPFAhWRzdqUlCvRANIxYwgpSW2n2MBMSDQtG26rWKW65A27LtquM6GXGr5csydLSSoQiWaA4KX30/JmlII0U4krLn2InypkgoRjidmf1U0gSRMRrSnqYRCqn0pvNrZ7CkFR8GsdAVKThXVyemKJRyEmLdGSI1kr+9TPzL66UqqHlTFiWpohFZLApSDlUMs9ehzwQlik80QUQwfSskIyQQUTogs7S6BuOY+2t/aCmcmTqpnzjg/6TlWnXLubWLjatlZHlwBs7BBXBAFTTADWiCFiDgHjyCZ/BiPBmvxpvxvmjNGcuZU7AG4+MbZxKeAA==</latexit><latexit sha1_base64="Vtit6NXqTXJtYw3rrS6FAII7LkY=">AAACEXicdVDLSgMxFM3UVx1fVZdugqXgapgZSx+7ohuXFewD2qEkmUwbm3mQZIRS+g8u3OinuBK3foFf4tZMW6EVPXDhcM693HsPTjiTyrY/jdzG5tb2Tn7X3Ns/ODwqHJ+0ZZwKQlsk5rHoYiQpZxFtKaY47SaCohBz2sHj68zvPFAhWRzdqUlCvRANIxYwgpSW2n2MBMSDQtG26rWKW65A27LtquM6GXGr5csydLSSoQiWaA4KX30/JmlII0U4krLn2InypkgoRjidmf1U0gSRMRrSnqYRCqn0pvNrZ7CkFR8GsdAVKThXVyemKJRyEmLdGSI1kr+9TPzL66UqqHlTFiWpohFZLApSDlUMs9ehzwQlik80QUQwfSskIyQQUTogs7S6BuOY+2t/aCmcmTqpnzjg/6TlWnXLubWLjatlZHlwBs7BBXBAFTTADWiCFiDgHjyCZ/BiPBmvxpvxvmjNGcuZU7AG4+MbZxKeAA==</latexit><latexit sha1_base64="Vtit6NXqTXJtYw3rrS6FAII7LkY=">AAACEXicdVDLSgMxFM3UVx1fVZdugqXgapgZSx+7ohuXFewD2qEkmUwbm3mQZIRS+g8u3OinuBK3foFf4tZMW6EVPXDhcM693HsPTjiTyrY/jdzG5tb2Tn7X3Ns/ODwqHJ+0ZZwKQlsk5rHoYiQpZxFtKaY47SaCohBz2sHj68zvPFAhWRzdqUlCvRANIxYwgpSW2n2MBMSDQtG26rWKW65A27LtquM6GXGr5csydLSSoQiWaA4KX30/JmlII0U4krLn2InypkgoRjidmf1U0gSRMRrSnqYRCqn0pvNrZ7CkFR8GsdAVKThXVyemKJRyEmLdGSI1kr+9TPzL66UqqHlTFiWpohFZLApSDlUMs9ehzwQlik80QUQwfSskIyQQUTogs7S6BuOY+2t/aCmcmTqpnzjg/6TlWnXLubWLjatlZHlwBs7BBXBAFTTADWiCFiDgHjyCZ/BiPBmvxpvxvmjNGcuZU7AG4+MbZxKeAA==</latexit><latexit sha1_base64="WpOvTXVkExac0ThJseeNVdx4ZV0=">AAACEXicbVDLSgMxFM3UVx1fVZdugqXgapippY9d0Y3LCvYB7VCSTKaNzTxIMkIp/QcXbvRTXIlbv8AvcWtmWqFVD1w4nHMv996DY86ksu1PI7exubW9k9819/YPDo8KxycdGSWC0DaJeCR6GEnKWUjbiilOe7GgKMCcdvHkOvW7D1RIFoV3ahpTN0CjkPmMIKWlzgAjAfGwULStRr1arlShbdl2zSk7KSnXKpcV6GglRREs0RoWvgZeRJKAhopwJGXfsWPlzpBQjHA6NweJpDEiEzSifU1DFFDpzrJr57CkFQ/6kdAVKpipqxMzFEg5DbDuDJAay99eKv7n9RPl190ZC+NE0ZAsFvkJhyqC6evQY4ISxaeaICKYvhWSMRKIKB2QWVpdg3HEvbU/tBTMzSypahYH/Et+kmqXrYbl3NrF5tUysjw4A+fgAjigBprgBrRAGxBwDx7BM3gxnoxX4814X7TmjOXMKViD8fENbY2eDw==</latexit><latexit sha1_base64="WpOvTXVkExac0ThJseeNVdx4ZV0=">AAACEXicbVDLSgMxFM3UVx1fVZdugqXgapippY9d0Y3LCvYB7VCSTKaNzTxIMkIp/QcXbvRTXIlbv8AvcWtmWqFVD1w4nHMv996DY86ksu1PI7exubW9k9819/YPDo8KxycdGSWC0DaJeCR6GEnKWUjbiilOe7GgKMCcdvHkOvW7D1RIFoV3ahpTN0CjkPmMIKWlzgAjAfGwULStRr1arlShbdl2zSk7KSnXKpcV6GglRREs0RoWvgZeRJKAhopwJGXfsWPlzpBQjHA6NweJpDEiEzSifU1DFFDpzrJr57CkFQ/6kdAVKpipqxMzFEg5DbDuDJAay99eKv7n9RPl190ZC+NE0ZAsFvkJhyqC6evQY4ISxaeaICKYvhWSMRKIKB2QWVpdg3HEvbU/tBTMzSypahYH/Et+kmqXrYbl3NrF5tUysjw4A+fgAjigBprgBrRAGxBwDx7BM3gxnoxX4814X7TmjOXMKViD8fENbY2eDw==</latexit>

τ+
<latexit sha1_base64="YqFg0UHfyYuRthh4N+8jTzh1SOE=">AAACEXicdVDLSgMxFM3UVx1fVZdugqUgCCXpwra7ohuXFewD2rFkMpk2NvMgyQhl6D+4cKOf4krc+gV+iVszbYVW9MCFwzn3cu89biy40gh9Wrm19Y3Nrfy2vbO7t39QODxqqyiRlLVoJCLZdYligoespbkWrBtLRgJXsI47vsr8zgOTikfhrZ7EzAnIMOQ+p0Qbqd3XJLk7HxSKqIwQwhjDjODqBTKkXq9VcA3izDIoggWag8JX34toErBQU0GU6mEUayclUnMq2NTuJ4rFhI7JkPUMDUnAlJPOrp3CklE86EfSVKjhTF2eSEmg1CRwTWdA9Ej99jLxL6+XaL/mpDyME81COl/kJwLqCGavQ49LRrWYGEKo5OZWSEdEEqpNQHZpeY3rRsJb+cNIwdQ2Sf3EAf8nrUq5XsY3qNi4XESWByfgFJwBDKqgAa5BE7QABffgETyDF+vJerXerPd5a85azByDFVgf34E1nhA=</latexit><latexit sha1_base64="YqFg0UHfyYuRthh4N+8jTzh1SOE=">AAACEXicdVDLSgMxFM3UVx1fVZdugqUgCCXpwra7ohuXFewD2rFkMpk2NvMgyQhl6D+4cKOf4krc+gV+iVszbYVW9MCFwzn3cu89biy40gh9Wrm19Y3Nrfy2vbO7t39QODxqqyiRlLVoJCLZdYligoespbkWrBtLRgJXsI47vsr8zgOTikfhrZ7EzAnIMOQ+p0Qbqd3XJLk7HxSKqIwQwhjDjODqBTKkXq9VcA3izDIoggWag8JX34toErBQU0GU6mEUayclUnMq2NTuJ4rFhI7JkPUMDUnAlJPOrp3CklE86EfSVKjhTF2eSEmg1CRwTWdA9Ej99jLxL6+XaL/mpDyME81COl/kJwLqCGavQ49LRrWYGEKo5OZWSEdEEqpNQHZpeY3rRsJb+cNIwdQ2Sf3EAf8nrUq5XsY3qNi4XESWByfgFJwBDKqgAa5BE7QABffgETyDF+vJerXerPd5a85azByDFVgf34E1nhA=</latexit><latexit sha1_base64="YqFg0UHfyYuRthh4N+8jTzh1SOE=">AAACEXicdVDLSgMxFM3UVx1fVZdugqUgCCXpwra7ohuXFewD2rFkMpk2NvMgyQhl6D+4cKOf4krc+gV+iVszbYVW9MCFwzn3cu89biy40gh9Wrm19Y3Nrfy2vbO7t39QODxqqyiRlLVoJCLZdYligoespbkWrBtLRgJXsI47vsr8zgOTikfhrZ7EzAnIMOQ+p0Qbqd3XJLk7HxSKqIwQwhjDjODqBTKkXq9VcA3izDIoggWag8JX34toErBQU0GU6mEUayclUnMq2NTuJ4rFhI7JkPUMDUnAlJPOrp3CklE86EfSVKjhTF2eSEmg1CRwTWdA9Ej99jLxL6+XaL/mpDyME81COl/kJwLqCGavQ49LRrWYGEKo5OZWSEdEEqpNQHZpeY3rRsJb+cNIwdQ2Sf3EAf8nrUq5XsY3qNi4XESWByfgFJwBDKqgAa5BE7QABffgETyDF+vJerXerPd5a85azByDFVgf34E1nhA=</latexit><latexit sha1_base64="YqFg0UHfyYuRthh4N+8jTzh1SOE=">AAACEXicdVDLSgMxFM3UVx1fVZdugqUgCCXpwra7ohuXFewD2rFkMpk2NvMgyQhl6D+4cKOf4krc+gV+iVszbYVW9MCFwzn3cu89biy40gh9Wrm19Y3Nrfy2vbO7t39QODxqqyiRlLVoJCLZdYligoespbkWrBtLRgJXsI47vsr8zgOTikfhrZ7EzAnIMOQ+p0Qbqd3XJLk7HxSKqIwQwhjDjODqBTKkXq9VcA3izDIoggWag8JX34toErBQU0GU6mEUayclUnMq2NTuJ4rFhI7JkPUMDUnAlJPOrp3CklE86EfSVKjhTF2eSEmg1CRwTWdA9Ej99jLxL6+XaL/mpDyME81COl/kJwLqCGavQ49LRrWYGEKo5OZWSEdEEqpNQHZpeY3rRsJb+cNIwdQ2Sf3EAf8nrUq5XsY3qNi4XESWByfgFJwBDKqgAa5BE7QABffgETyDF+vJerXerPd5a85azByDFVgf34E1nhA=</latexit><latexit sha1_base64="LkdiwZsyosHUyx3DyHKyuZ5HvyA=">AAACEXicbVDLSgMxFM3UVx1fVZdugqUgCCXpoo9d0Y3LCrYV2rFkMmkbm3mQZIQy9B9cuNFPcSVu/QK/xK2ZaYVWPXDhcM693HuPGwmuNEKfVm5tfWNzK79t7+zu7R8UDo86KowlZW0ailDeukQxwQPW1lwLdhtJRnxXsK47uUz97gOTiofBjZ5GzPHJKOBDTok2UqevSXx3PigUURkhhDGGKcG1KjKk0ahXcB3i1DIoggVag8JX3wtp7LNAU0GU6mEUaSchUnMq2Mzux4pFhE7IiPUMDYjPlJNk185gySgeHIbSVKBhpi5PJMRXauq7ptMneqx+e6n4n9eL9bDuJDyIYs0COl80jAXUIUxfhx6XjGoxNYRQyc2tkI6JJFSbgOzS8hrXDYW38oeR/JmdJVXN4oB/yU9S7Uq5UcbXqNi8WESWByfgFJwBDGqgCa5AC7QBBffgETyDF+vJerXerPd5a85azByDFVgf34ewnh8=</latexit><latexit sha1_base64="LkdiwZsyosHUyx3DyHKyuZ5HvyA=">AAACEXicbVDLSgMxFM3UVx1fVZdugqUgCCXpoo9d0Y3LCrYV2rFkMmkbm3mQZIQy9B9cuNFPcSVu/QK/xK2ZaYVWPXDhcM693HuPGwmuNEKfVm5tfWNzK79t7+zu7R8UDo86KowlZW0ailDeukQxwQPW1lwLdhtJRnxXsK47uUz97gOTiofBjZ5GzPHJKOBDTok2UqevSXx3PigUURkhhDGGKcG1KjKk0ahXcB3i1DIoggVag8JX3wtp7LNAU0GU6mEUaSchUnMq2Mzux4pFhE7IiPUMDYjPlJNk185gySgeHIbSVKBhpi5PJMRXauq7ptMneqx+e6n4n9eL9bDuJDyIYs0COl80jAXUIUxfhx6XjGoxNYRQyc2tkI6JJFSbgOzS8hrXDYW38oeR/JmdJVXN4oB/yU9S7Uq5UcbXqNi8WESWByfgFJwBDGqgCa5AC7QBBffgETyDF+vJerXerPd5a85azByDFVgf34ewnh8=</latexit>

τ−
<latexit sha1_base64="qU5kx0N+KR6kGgYyUp+nLO4BOEs=">AAACEXicdVDLTgIxFO3gC8cX6tJNIyFxI2lZCOyIblxiIo8ERtLpdKDSeaTtmJAJ/+DCjX6KK+PWL/BL3NoBTMDoSW5ycs69ufceNxZcaYQ+rdza+sbmVn7b3tnd2z8oHB61VZRIylo0EpHsukQxwUPW0lwL1o0lI4ErWMcdX2V+54FJxaPwVk9i5gRkGHKfU6KN1O5rktydDwpFVEYIYYxhRnD1AhlSr9cquAZxZhkUwQLNQeGr70U0CVioqSBK9TCKtZMSqTkVbGr3E8ViQsdkyHqGhiRgykln105hySge9CNpKtRwpi5PpCRQahK4pjMgeqR+e5n4l9dLtF9zUh7GiWYhnS/yEwF1BLPXocclo1pMDCFUcnMrpCMiCdUmILu0vMZ1I+Gt/GGkYGqbpH7igP+TVqVcL+MbVGxcLiLLgxNwCs4ABlXQANegCVqAgnvwCJ7Bi/VkvVpv1vu8NWctZo7BCqyPb4SFnhI=</latexit><latexit sha1_base64="qU5kx0N+KR6kGgYyUp+nLO4BOEs=">AAACEXicdVDLTgIxFO3gC8cX6tJNIyFxI2lZCOyIblxiIo8ERtLpdKDSeaTtmJAJ/+DCjX6KK+PWL/BL3NoBTMDoSW5ycs69ufceNxZcaYQ+rdza+sbmVn7b3tnd2z8oHB61VZRIylo0EpHsukQxwUPW0lwL1o0lI4ErWMcdX2V+54FJxaPwVk9i5gRkGHKfU6KN1O5rktydDwpFVEYIYYxhRnD1AhlSr9cquAZxZhkUwQLNQeGr70U0CVioqSBK9TCKtZMSqTkVbGr3E8ViQsdkyHqGhiRgykln105hySge9CNpKtRwpi5PpCRQahK4pjMgeqR+e5n4l9dLtF9zUh7GiWYhnS/yEwF1BLPXocclo1pMDCFUcnMrpCMiCdUmILu0vMZ1I+Gt/GGkYGqbpH7igP+TVqVcL+MbVGxcLiLLgxNwCs4ABlXQANegCVqAgnvwCJ7Bi/VkvVpv1vu8NWctZo7BCqyPb4SFnhI=</latexit><latexit sha1_base64="qU5kx0N+KR6kGgYyUp+nLO4BOEs=">AAACEXicdVDLTgIxFO3gC8cX6tJNIyFxI2lZCOyIblxiIo8ERtLpdKDSeaTtmJAJ/+DCjX6KK+PWL/BL3NoBTMDoSW5ycs69ufceNxZcaYQ+rdza+sbmVn7b3tnd2z8oHB61VZRIylo0EpHsukQxwUPW0lwL1o0lI4ErWMcdX2V+54FJxaPwVk9i5gRkGHKfU6KN1O5rktydDwpFVEYIYYxhRnD1AhlSr9cquAZxZhkUwQLNQeGr70U0CVioqSBK9TCKtZMSqTkVbGr3E8ViQsdkyHqGhiRgykln105hySge9CNpKtRwpi5PpCRQahK4pjMgeqR+e5n4l9dLtF9zUh7GiWYhnS/yEwF1BLPXocclo1pMDCFUcnMrpCMiCdUmILu0vMZ1I+Gt/GGkYGqbpH7igP+TVqVcL+MbVGxcLiLLgxNwCs4ABlXQANegCVqAgnvwCJ7Bi/VkvVpv1vu8NWctZo7BCqyPb4SFnhI=</latexit><latexit sha1_base64="qU5kx0N+KR6kGgYyUp+nLO4BOEs=">AAACEXicdVDLTgIxFO3gC8cX6tJNIyFxI2lZCOyIblxiIo8ERtLpdKDSeaTtmJAJ/+DCjX6KK+PWL/BL3NoBTMDoSW5ycs69ufceNxZcaYQ+rdza+sbmVn7b3tnd2z8oHB61VZRIylo0EpHsukQxwUPW0lwL1o0lI4ErWMcdX2V+54FJxaPwVk9i5gRkGHKfU6KN1O5rktydDwpFVEYIYYxhRnD1AhlSr9cquAZxZhkUwQLNQeGr70U0CVioqSBK9TCKtZMSqTkVbGr3E8ViQsdkyHqGhiRgykln105hySge9CNpKtRwpi5PpCRQahK4pjMgeqR+e5n4l9dLtF9zUh7GiWYhnS/yEwF1BLPXocclo1pMDCFUcnMrpCMiCdUmILu0vMZ1I+Gt/GGkYGqbpH7igP+TVqVcL+MbVGxcLiLLgxNwCs4ABlXQANegCVqAgnvwCJ7Bi/VkvVpv1vu8NWctZo7BCqyPb4SFnhI=</latexit><latexit sha1_base64="G5nQDoOlaKswguStmBj4i5x9SUc=">AAACEXicbVDLTgIxFO3gC8cX6tJNIyFxI2lZ8NgR3bjERMAERtLpFKh0Hmk7JmTCP7hwo5/iyrj1C/wSt3YGTEA9yU1Ozrk3997jRoIrjdCnlVtb39jcym/bO7t7+weFw6OOCmNJWZuGIpS3LlFM8IC1NdeC3UaSEd8VrOtOLlO/+8Ck4mFwo6cRc3wyCviQU6KN1OlrEt+dDwpFVEYIYYxhSnCtigxpNOoVXIc4tQyKYIHWoPDV90Ia+yzQVBClehhF2kmI1JwKNrP7sWIRoRMyYj1DA+Iz5STZtTNYMooHh6E0FWiYqcsTCfGVmvqu6fSJHqvfXir+5/ViPaw7CQ+iWLOAzhcNYwF1CNPXocclo1pMDSFUcnMrpGMiCdUmILu0vMZ1Q+Gt/GEkf2ZnSVWzOOBf8pNUu1JulPE1KjYvFpHlwQk4BWcAgxpogivQAm1AwT14BM/gxXqyXq03633emrMWM8dgBdbHN4sAniE=</latexit><latexit sha1_base64="G5nQDoOlaKswguStmBj4i5x9SUc=">AAACEXicbVDLTgIxFO3gC8cX6tJNIyFxI2lZ8NgR3bjERMAERtLpFKh0Hmk7JmTCP7hwo5/iyrj1C/wSt3YGTEA9yU1Ozrk3997jRoIrjdCnlVtb39jcym/bO7t7+weFw6OOCmNJWZuGIpS3LlFM8IC1NdeC3UaSEd8VrOtOLlO/+8Ck4mFwo6cRc3wyCviQU6KN1OlrEt+dDwpFVEYIYYxhSnCtigxpNOoVXIc4tQyKYIHWoPDV90Ia+yzQVBClehhF2kmI1JwKNrP7sWIRoRMyYj1DA+Iz5STZtTNYMooHh6E0FWiYqcsTCfGVmvqu6fSJHqvfXir+5/ViPaw7CQ+iWLOAzhcNYwF1CNPXocclo1pMDSFUcnMrpGMiCdUmILu0vMZ1Q+Gt/GEkf2ZnSVWzOOBf8pNUu1JulPE1KjYvFpHlwQk4BWcAgxpogivQAm1AwT14BM/gxXqyXq03633emrMWM8dgBdbHN4sAniE=</latexit>
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Scenario Channel Obs. Limit Exp. Limit (pb)
(pb) Median ±1s ±2s

kt/kV = �1 µµ 1.00 0.58 [0.42, 0.83] [0.31, 1.15]
eµ 0.84 0.54 [0.39, 0.76] [0.29, 1.03]
``` 0.70 0.38 [0.26, 0.56] [0.19, 0.79]
Combined 0.64 0.32 [0.22, 0.46] [0.16, 0.64]

kt/kV = 1 µµ 0.87 0.41 [0.29, 0.58] [0.22, 0.82]
(SM-like) eµ 0.59 0.37 [0.26, 0.53] [0.20, 0.73]

``` 0.54 0.31 [0.22, 0.43] [0.16, 0.62]
Combined 0.56 0.24 [0.17, 0.35] [0.13, 0.49]

Table 4: Expected and observed 95% C.L. upper limits on the tH+ ttH production cross section
times H ! WW⇤ + tt + ZZ⇤ branching ratio for a scenario of inverted couplings (kt/kV =
�1.0, top rows) and for a standard-model-like signal (kt/kV = 1.0, bottom rows), in pb. The
expected limit is calculated on a background-only MC dataset.
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Figure 7: Observed and expected 95% C.L. upper limit on the tH + ttH cross section times
H ! WW⇤ + tt + ZZ⇤ branching fraction for different values of the coupling ratio kt/kV. The
expected limit is derived from a background-only MC dataset.

couplings, and the results are used to constrain these couplings.
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Scenario Channel Obs. Limit Exp. Limit (pb)
(pb) Median ±1s ±2s

kt/kV = �1 µµ 1.00 0.58 [0.42, 0.83] [0.31, 1.15]
eµ 0.84 0.54 [0.39, 0.76] [0.29, 1.03]
``` 0.70 0.38 [0.26, 0.56] [0.19, 0.79]
Combined 0.64 0.32 [0.22, 0.46] [0.16, 0.64]

kt/kV = 1 µµ 0.87 0.41 [0.29, 0.58] [0.22, 0.82]
(SM-like) eµ 0.59 0.37 [0.26, 0.53] [0.20, 0.73]

``` 0.54 0.31 [0.22, 0.43] [0.16, 0.62]
Combined 0.56 0.24 [0.17, 0.35] [0.13, 0.49]

Table 4: Expected and observed 95% C.L. upper limits on the tH+ ttH production cross section
times H ! WW⇤ + tt + ZZ⇤ branching ratio for a scenario of inverted couplings (kt/kV =
�1.0, top rows) and for a standard-model-like signal (kt/kV = 1.0, bottom rows), in pb. The
expected limit is calculated on a background-only MC dataset.

Figure 7: Observed and expected 95% C.L. upper limit on the tH + ttH cross section times
H ! WW⇤ + tt + ZZ⇤ branching fraction for different values of the coupling ratio kt/kV. The
expected limit is derived from a background-only MC dataset.

couplings, and the results are used to constrain these couplings.

Combining the results from all three channels yields a 95% confidence level (C.L.) upper limit



interference pattern that exists in gluon fusion between the
box- and triangle-induced amplitude contributions. While
there is an interference between the SM triangle and box
contributions (identical to the off-shell interference in
pp → ZZ [80]), the modifications induced by OhhZ

4

quickly die out for larger di-Higgs invariant masses.

This kinematic suppression cannot be circumvented, but
this line of thought points to a different channel that
accesses a distinct kinematic configuration of OhhZ

4 ,
which is not probed by the unitarity constraints of
Fig. 1—di-Higgs production through weak boson fusion
(WBF) [81–84], which accesses t-channel virtual massive
gauge bosons; see Fig. 6.
This leads to a sizable contribution to WBF-induced di-

Higgs production, which can be investigated through the
hhjj final state using the full HL-LHC data set [81–85]. We
make a projection of the HL-LHC’s expected sensitivity to
ChhZ by generating hadron-level hhjj events using MadEvent

[86] and Herwing [87]. Following [84] we focus on the hh →
τþτ−bb̄ final state and simulate tt̄jj, tt̄h, Zhjj, ZZjj, and
ZWWjj as backgrounds. We impose the following selec-
tions in order to improve the sensitivity and suppress the
QCD-mediated signal component, which is insensitive to
ChhZ and therefore acts as an additional irreducible back-
ground to the analysis:
(1) We simulate a staggered two tau trigger by requiring

two taus with pT ≥ 29; 20 GeV in jητj < 2.5 and
further apply a flat tau tagging efficiency of 70%.We
define jets by finding R ¼ 0.4 anti-kT objects using
FasrJet [88] and requiring pT;j ≥ 25 GeV
and jηjj ≤ 4.5.

(2) We b-tag the two hardest jets with an efficiency of
70% and fake rate of 1% within jηjj < 2.5. If either
of these overlaps with a tau, we veto the event. We
require at least two additional jets which are referred
to as tagging jets and refer to the two leading ones as
j1 and j2.

(3) We require jm bb − m hj < 15 GeV, jm ττ − m hj <
25 GeV, and m bbττ > 400 GeV.

(iv) Finally we require the two leading tagging jets to be
widely separated in η, such that Δηðj1; j2Þ ≥ 5.

FIG. 6. Representative Feynman diagram contributing to Higgs
pair production from weak boson fusion pp → hhjj, induced by
the operator OhhZ

4 .

FIG. 7. The expected exclusion for the high-luminosity
(HL)-LHC (3000 fb−1, 14 TeV) for the WBF-induced component
of pp → hhjj using the analysis detailed in the text, overlaid by
the cross section as a function of ChhZ relative to the SM
expectation. Two different systematics scenarios are assumed.

TABLE II. Feynman rules relevant for ff̄ → WþW−, PL;R denote the right- and left-chirality projectors.

Vertex Feynman rule SM

W−
α ðpÞWþ

β ðkÞAμðqÞ −gγWΓα;β;μðp; k; qÞ gγW ¼ gsW
W−

α ðpÞWþ
β ðkÞZμðqÞ gZWΓα;β;μðp; k; qÞ gZW ¼ gcW

ff̄W%
μ gfWγμPL gfW ¼ g=2

ff̄Aμ −gfγγμ gfγ ¼ gsWQf

ff̄Zμ γμðgZfLPL þ gZfRPRÞ gZfR ¼ ðg=cWÞðTf
3 − Qfs2WÞ

gZfL ¼ −ðg=cWÞQfs2W
gZfV ¼ ðgZfL þ gZfLÞ=2
gZfA ¼ ðgZfL − gZfLÞ=2

hff̄ −ðgfh þ igfAγ5Þ gfh ¼ gm f=ð2m WÞ
gfA ¼ 0

hWþ
μ W−

ν gWh gμν gWh ¼ gm W

hZμZν gZhgμν gZh ¼ ðg2 þ g02Þ1=2m Z
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B. Gauge-Higgs sector

Turning to CP violation in the gauge Higgs sector, we
focus on the operator OhhZ

4 , where unitarity constraints are
weak.8 Such an operator will impact multi-Higgs final
states (see [71–75]). The dominant process of this type is
Higgs pair production through gluon fusion gg → hh,
which can receive a new Z boson-mediated contribution
from OhhZ

4 , as shown in Fig. 4.9 However, since tt̄ → hh
does not give rise to an energy-dependent unitarity con-
straint, we can already anticipate that the absorptive parts of
the gg → hh will be largely unaffected.
Both ATLAS and CMS have published results on

extrapolated sensitivity yields of Higgs pair production
at the LHC [76–78], using or even combining the hh →
bb̄γγ and hh → bb̄τþτ− channels [72,73,79]. In Fig. 5 we
compare these extrapolations with the expected enhance-
ment of pp → hh at the LHC due to the operatorOhhZ

4 . The
most optimistic constraints that can be set from this channel
result from the 1.9-σ significance reported by CMS for the
bb̄γγ þ bb̄τþτ− combination [78], which translates into a
Wilson coefficient constraint

jChhZj ≲ 16.5 > 4π: ð3:1Þ

This constraint is weaker than the perturbative constraint;
namely it does not play any role in the regime where
Eq. (2.13) can be understood as a trustable series expan-
sion. Also, this constraint does not probe the unitarity limit
imposed by hh → hh scattering; see Fig. 1. Although this
result is expected in the light of our unitarity discussion of
Sec. II A, we are forced to draw a somewhat unfortunate

conclusion that the most dominant (and hence best moti-
vated) di-Higgs production mechanism is unlikely to
improve constraints beyond the theoretical bounds within
the remit of perturbation theory.
The observed sensitivity of pp → hh to OhhZ

4 domi-
nantly arises from contributions of Eq. (2.15), which
contribute to the imaginary part of loop-induced gg →
hh near the threshold m ðhhÞ≃ 2m t through modifying the

FIG. 3. Cross section and branching ratios for the additional scalar that compensates the unitarity violation induced by OhhZ
4 for the

SM-like Higgs boson for a representative choice of parameters and 13 TeV center-of-mass energy.

FIG. 4. New contribution to Higgs pair production from gluon
fusion gg → hh, induced by the operator OhhZ

4 . We suppress the
fermion flow directions as well as SM contributions.

FIG. 5. The expected exclusions of ATLAS [76,77] and CMS
[78] for the high-luminosity (HL)-LHC (3000 fb−1, 14 TeV) for
pp → hhþ X, overlaid by the di-Higgs cross section as a
function of ChhZ relative to the SM expectation. To highlight
the different ATLAS exclusions, we do not plot them across the
entire Wilson coefficient range.

8The physics of hF ~F operators has been discussed in detail in
the literature (e.g. [3–5,67–70]), and we will not discuss it in
detail.

9Note that the bottom contribution needs to be included to
avoid spurious loop singularities related to SUð3Þ2 × SUð2Þ
anomaly cancellations.
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OhhZ = h(∂µh)Z
µ
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[78] for the high-luminosity (HL)-LHC (3000 fb−1, 14 TeV) for
pp → hhþ X, overlaid by the di-Higgs cross section as a
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the different ATLAS exclusions, we do not plot them across the
entire Wilson coefficient range.
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