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Figure 2: Expected event spectra in a dark matter detector from new physics in the scattering of solar
neutrinos on electrons. The di↵erent colored curves correspond to (A) a model where the neutrino has a
magnetic dipole moment of µ⌫ = 0.32⇥ 10�10

µB and (B, C, D) models where the scattering is enhanced by
the exchange of a new light gauge boson A

0 with couplings ge to electrons and g⌫ to neutrinos. The latter
case is for instance realized in the model from section 3.3, where Standard Model particles couple to the A

0

through its kinetic mixing with the photon, but there is also a sterile neutrino ⌫s directly charged under U(1)0.
To keep the discussion general, we assume the ⌫e ! ⌫s transition probability to be energy-independent, and
we have absorbed the corresponding flux suppression into a redefinition of g2⌫ . The black curve shows the
Standard Model rate from figure 1, and the red curves and data points show the observed electron recoil
rates in XENON-100 [39] (see section 2 for details), Borexino [34], CoGeNT [25], and DAMA [40]. (Note
that CoGeNT and DAMA cannot distinguish nuclear recoils from electron recoils, so their data can be
interpreted as either.)

dark matter candidate events and rejecting the latter as backgrounds. Interestingly, two exceptions
to this are DAMA [40] and CoGeNT [24], both of which have observed a possible signal. We will
begin with scenarios in which the scattering neutrinos (either active or sterile) are light (. 1 eV),
and later consider also heavier sterile neutrinos.

4.1. Scattering of Light Neutrinos

Curve A in figure 2 shows the neutrino–electron scattering rate expected for neutrinos with a
magnetic moment (section 3.1) of 0.32⇥10�10

µB, saturating the 90% C.L. limit from the GEMMA
experiment [42]. We see that a significant enhancement of the event rate, by more than one
order of magnitude at Er ⇠ few keV, is possible. While this is still outside the reach of existing
experiments, near future detectors like LUX, XENON-1T, X-MASS or PANDA-X may be able to
enter this territory because the self-shielding capabilities of large liquid noble gas detectors are
expected to lead to a significant reduction in radioactive background levels. Once the uncertainty
on the background rate drops below the expected signal rate, future dark matter detectors may be
able to improve the bounds on the magnetic dipole moment of the neutrino considerably.

Curves B, C and D in figure 2 are typical event spectra from A
0-mediated neutrino–electron

scattering in a dark matter detector. We see that, as expected, the electron recoil energy spectrum

solar-ν overview plot (2012)

complementarity of

wildly differing approaches


(exposure/threshold/background)


note the unit:  “per mole of electrons”


`Exploring nu signals in dark matter detectors’
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order of magnitude at Er ⇠ few keV, is possible. While this is still outside the reach of existing
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enter this territory because the self-shielding capabilities of large liquid noble gas detectors are
expected to lead to a significant reduction in radioactive background levels. Once the uncertainty
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Since then:  rapid technological advances

(just rough sketches for now…)


Point being:  dark matter-centric 
R&D which is directly applicable


`Exploring nu signals in dark matter detectors’
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General questions for the next few days:

1) What theory goalposts exist? what scales are most compelling?


2) What of this space is already probed from astrophysics?


3) What technologies are most promising for the next searches in the 
next few years?  the next few decades?


4) What can we learn from the example/experience of the current 
leading experiments?


5) How do electron-scattering sensitivities compare to coherent nuclear 
scattering sensitivities?


6) How do neutrino sources compare (reactor / spallation / solar)?


7) Others?


(personally biased…)


