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[. NP & BSM Context

Fundamental symmetries and
neutrinos in NP in light of the LHC



Scientific Questions

2007 NSAC LRP:

What are the masses of neutrinos and how have
they shaped the evolution of the universe?

o Why is there more matter than antimatter in the
present universe?

 What are the unseen forces that disappeared
from view as the universe cooled?
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Four Components **

EDM searches:
BSM CPV, Origin of Matter

Ovpp decay searches:

Nature of neutrino, Lepton
number violation, Origin of
Matter

Electron & muon prop’s &
interactions:

SM Precision Tests, BSM
“diagnostic” probes

Radioactive decays & other
tests

SM Precision Tests, BSM
“diagnostic” probes

** 2012 NSAC Subcommittee Report
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The BSM Context: NP & the LHC

<> What are the BSM interactions and
what is the associated mass scale?

< Are fundamental interactions “natural” ?
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Is it telling us anything about A ? Naturalness?



Scalar Fields in Particle Physics

Scalar fields are a simple

Scalar fields are theoretically problematic

ro) Am? ~ ) A2

Discovery of a (probably) fundamental 125 GeV scalar :

m.? ~Av? & Gg ~ 1/v°: what keeps G “large” ?



LHC Implications

Weak scale BSM physics (e.qg., SUSY) is there but
challenging for the hadronic collider

SUSY is there but a bit heavy (some fine tuning)

We are thinking about the problem incorrectly
(cosmological constant???)
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Opportunity for precision tests: weak decays



LHC BSM Challenge:
Light but Compressed ?
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LHC BSM Challenge:
Light but Compressed ?
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LHC Implications

 Weak scale BSM physics (e.qg., SUSY) is there but
challenging for the hadronic collider

 SUSY is there but a bit heavy (some fine tuning)

* We are thinking about the problem incorrectly
(cosmological constant???)

Opportunity for SM-suppressed processes: EDMs...



Probing Heavy Scale: EDMs & Precision Tests

BSM Signal ~ (v/A)?

Baco & BSM CPV EDM
BSM Probe :
Weak

BSM “diagnostic Decays
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ATLAS EXxotics Searches* - 95% CL Exclusion

LHC (lack of) Indications ?

ATLAS Preliminary

Status: ICHEP 2014 f-Cdt: (1'0_20_3) fb? VE=7, 8 TeV
Model ¢,y Jets ET™ [rdm) Mass limit Reference
T T — T T T T T — T T T T T T L —
ADD Gyx +8/9 - 12)  ws 47 [Mg 437TeV n=-2 1210.4491
ADD non-resonant ££ 2e.p - - 203 n=31Z ATLAS-CONF-2014-030
ADD QBH — (g lep 1j - 203 n=6 1311.2006
ADD QBH - 2j - 203 n=6 0 be submitted to PAD
ADD BH high Ng 2p(88S) - - 203 7 =6, Mp = 1.5 TeV. non-rot BH 1308.4075
ADDBHhigh ¥’ pr =lep =2j - 203 =6, Mp = 1.5 TeV, non-rot BH 1406.4264
RS1 Gy — £ 2ep - - 203 /My = 0.1 1406.4123
RS1 Gy —» WW — vty 2ep - Yos 47 K/ Mgy =01 1208 2880
Buk RS Gy — ZZ — £6qq 2ep 2j/114 - 203 KMy =10 ATLAS-CONF-2014-036
Buk RS Gxx — HH — bbbb - 40 - 1935 k/Mpy = 1.0 ATLAS-CONF-2014-005
BUK RS gyy — 1T 1ep >1b> 142 s 143 BA=0.925 ATLAS-CONF-2013-052
sz ep 2ep - - 50 12092535
UED 2y - Yos 48 ATLAS-CONF-2012:072
ssMZ' e 2epu - - 203 14064123
SSMZ' - 1T 2r - - 195 ATLAS-CONF-2013-066
§ SSMW’' — oy 1epu - Yes 203 ATLAS-CONF-2014-017
EGMW’ —» WZ — tv 't T - Yes 203 1406.4456
EGM W’ — WZ — qqet 2ep  2j11d - 203 ATLAS-CONF-2014-036
g LASM W, — 1B lep  2D.01] Wos 143 ATLAS-CONF-2013-050
LASM W, — tb Oep =21D1J - 203 10 be submitied to EPJC
Clggqq - 2j 48 12101718
S  cigger 2ep - - 203 =1 ATLAS-CONF-2014-030
Cluutt 2e,u(SS) 21b.21] Yes 143 ICl=1 ATLAS-CONF-2013-051
Bl Saommon o e —— wana g e |
9 £FT Do operator (Dirac) Oep 1J<1j wes 203 at 90% CL for m(y) < 100 GeV 1300.4017
Scalar LQ 1% gen 2e =2j - 10 | LOmess 660 GeV -1 1112.4828
3 Scalar LQ 2™ gen 2p =2j - 10 |LOmss 885 GaV -1 12083172
Scalar LQ 3" gen 1epir 1D.1j - 47 | LOmess 534 GeV =1 1308.0526
Vector-iks quark TT — Hr + X 1ep =22D>4] Yes 143 Tin (T.8) doublet ATLAS-CONF-2013-018
§§ Vectordlke quark TT — Wb+ X 1eux =>1b>3j ¥Yes 143 Isospin singlet ATLAS-CONF-2013-060
§ Vectordlke quark TT — Zt + X  223ep  >21b - 203 T in (T.8) doubiet ATLAS-CONF-2014-036
Vectorlke quark BB — Zb+ X 2/>3eu 2221b - 203 8 in (B.Y) doublet ATLAS-CONF-2014-036
Vector-ike quark BB — Wi+ X 2eu(SS) 21b.21] Yes 143 B in (T,8) doublet ATLAS-CONF-2013-051
Excited quark §° — gy 1y 1j - 203 only w* and d*, A — m{g*) 1308 3220
g Excited quark §° — gg - 2j 203 only o* and d*, A - m(q") 10 be submited 1o PAD
Excited quark b* — Wt for2ep1b.2jor1j ves 47 | b*mass 870 GeV left-handed coupling 1301.1583
Excited lepton £ — £y 2eply B - 130 A =22TeV 13081364
LSTC a7 —» Wy teply - Yes 203 1o be submitted to PLB
LRSM Majorana » 2ep 2j - 21 m(Wg) = 2ToV, no mixing 1208 5420
Type Ill Sessaw 2ep - - 58 IVale0.055, |V, 10.063, V.10 ATLAS-CONF-2013-019
g Higgs tripiet H** — ¢« 2e,u(SS) - - 47 DY production, BR(H ** — ¢£)=1 1210.5070
Multi-charged particies - - - 44 DY production, |gl — 4a 1301 5272
Magnetic monopoiss DY production, gl = 1g,, 1207.6411

-

*Only a selection of the available mass limits on new states or phenomena is shown

10 Mass scale [Tevl
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LHC Implications

 Weak scale BSM physics (e.qg., SUSY) is there but
challenging for the hadronic collider

 SUSY is there but a bit heavy (some fine tuning)

* We are thinking about the problem incorrectly
(cosmological constant???)

Naturalness is a misleading guide & there may be
new ultralight degrees of freedom: Intensity frontier



New Light States ?

«  “Dark” gauge bosons

Macroscopic (spin-dependent) forces

T T A N
| X
A S
a |
Positron fraction o(e) 7 (d(e)+ dle’))
£
N

Energy (GeV)
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The BSM Context: NP & the LHC

<> What are the BSM interactions and
what is the associated mass scale?

< Are fundamental interactions “natural” ?

Weak decays provide an invaluable
window Into possible answers

24






Weak Decays: CKM Unitarity
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CKM Unitarity & V.,
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Year of Publication

Latest Results from UCNA

A() — O ]. 1972(55)5tat(98)5y5t

Systematic corr. (%) unc. (%)
Polarization +0.67 +0.56
Abackscauering +1.36 +0.34
Aungle ~1.21 +0.30
Energy reconstruction +0.31
Gain fluctuation +0.18
Field non-uniformity +0.06 +0.10
EMWPC +0.12 +0.08
Muon veto efficiency +0.03
UCN-induced background +0.01 +0.02
T utatistics +0.46

Theory contributions

Recoil order [19-21] —1.71
Radiative [22] —0.10
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Weak decays B-decay
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Weak decays: kaons & V.

Two approaches:

K,; decays:
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Weak decays: kaons & V.

Two approaches:

K,; decays:
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Weak decays: kaons & V

Two approaches:

K,; decays:
o mg :
dr(K{5) = —5—5SewC ()| Vus| mm- [1+ 248y () + 2A%x]
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Antonelli et al, 1005.2323

Weak decays: kaons & V.

fK/n

frc ) fr = 1.198(2)stat (T2 syst = 1.197(7),

I
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| ! | I I
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AR AR R\ R S IR T
A AN AN Y

]Vus/Vud| X fK/f7T = 02758(5)

Leutwyler & Roos 8 e 0.961(8) Quark M.
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lll. CKM Unitarity: BSM Implications
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CKM Unitarity & BSM Physics
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CKM Unitarity & BSM Physics
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CKM Unitarity & BSM Physics

BSM physics
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CC: SUSY Radiative Corrections
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CKM Unitarity & BSM Physics
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CKM Unitarity & BSM Physics
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Pion Leptonic Decay
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Pion Leptonic Decay
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7 ,, & B Decay: Diagnostic Tool
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7 ,, & B Decay: Diagnostic Tool
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LHC BSM Challenge:
Light but Compressed ?
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Effective Operators
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Effective Operators
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Effective Operators: LHC & Weak Decays
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Effective Operators: LHC & Weak Decays

.1%on | '
*  Neutron B, b 0.008;: Low—energy funl‘e. dod gs
e SHeb -
00 I Low—energy
0.004}
= - A~30 TeV
) I
o 00021
(a4 .
0.000}
~0.002f
A ~10TeV: /m
Comparable P
to 0*— O*
59

V. Cirigliano et al, 1303.6953



Worldwide Radioactivity
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Summary

Precision tests of weak decays can provide unique
and powerful diagnostic probes of BSM physics,
complementing what we may learn from the energy
frontier

Tests of CKM unitarity and lepton universality with ~
104 precision could uncover “footprints” of BSM
interactions that so far have evaded the LHC and
address key open questions at the NP/HEP
interface

Achieving a robust value of the neutron lifetime with
ot, < 1sis an essential step in this program
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