Low-Energy Probes of the Electroweak Sector
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Key Ideas for this Talk

Low-energy tests of fundamental symmetries &
neutrino property studies provide a powerful
window on possible BSM physics

There is a rich complementarity between low-energy
studies, energy frontier searches, and
cosmological/astrophysical probes

Increasing experimental sensitivity is catalyzing
advances in theoretical methods & computations

There are exciting prospects for discovery and
insight in the coming decade
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Low Energy Probes
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Back up

FS/N Program: Four Components
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Il. Lepton Number



Lepton Number: ! Mass Term?

Loass = yEﬁVR + h.c. Lonass = %Z_LCHHTL + h.c.
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Mass scale for LNV dynamics ?



LNV Physics: Where Does it Live ?

SUSY, see-saw, BSM
Higgs sector...

Mass Scale

Sterile v’s, axions,

BSM ? | dark U(1)...

Coupling

Is the LNV scale (associated with m,) far
above M,, ? Near M,, ? Well below M, »
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OvBP decay Experiments - Efforts Underway

5 g (Ovpp
Collaboration Isotope Technique isotepe) Status
CANDLES Ca48 305 kg CaF; crystals - liq. scint 03kg Construction
CARVEL Ca48 #CaWO, crystal scint. ~ton R&D
GERDAI Ge-76 Ge diodes in LA 15ke Complete
GERDAII Ge-76 Point contact Ge in LAT 31 Operating
LT R Ge-76 Point contact Ge 25 ke Operating
LEGEND Ge-76 Point contact ~ton R&D
Mo-100 : : 69
NEMO3 o Foils with tracking o :g Complete
SuperNEMO ) _ )
L Se-82 Foils with tracking Tke Construction
EXO200 SuperNEMO Se-82 Foils with tracking 100 kg R&D
LUCIFER (CUPID) Se-82 ZnSe scint. bolometer 18 kg R&D
AMORE Mo-100 CaMoO, scint. bolometer 15-200 ke R&D
LUMINEU (CUPID)  Mo-100  ZnMoO,/Li;MoOs scint. bolometer  15-Skg R&D
COBRA Cd-114,116 CAZnTe detectors 10kp R&D
CUORICINO, CUORE0  Te-130 TeO; Bolometer 10kg, 11 kg Complete
CUORE Te-130 TeO; Bolometer 206 kg Operating
CUPID Te-130 TeO; Bolometer & scint. ~ton R&D
SNO-+ Te-130 0.3% "Te suspended in Scint 160 kg Construction
C e EX0200 Xe-136 Xe liquid TPC 79ke Operating
Xe-136 Xe liquid TPC ~ton R&D
Xe-136 2.7% in liquid scint. 380 kg Complete
Xe-136 2.7% in liquid scint. 750 kg Upgrade
Xe-136 High pressure Xe TPC Ske Operating
Xe-136 High pressure Xe TPC 100 ke - ton R&D
Xe-136 High pressure Xe TPC ~ton R&D
Nd-150 Nd foils & tracking chambers 20ke R&D

J. Wilkerson INT DBD Program June 2017



LNV Mass Scale & 0/"" -Decay
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LNV Mass Scale & 0/"" -Decay
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0!/"" -Decay: “Poster Child” Mechanism

Three active light neutrinos
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Implications for 0!/"" -Decay

Three active light neutrinos
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LNV Mass Scale & 0/"" -Decay
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TeV Scale LNV: Minimal LR Symmetric Model
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TeV LNV & Leptogenesis
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TeV Scale LNV: 0!/"" -Decay & Colliders
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Simplified Models: lllustrative Case

EINI = QQQ(‘-I({”S} T B QLCi"‘Z‘iFS;- = IIC

2% VSB#TB#[X
\* VSB#WB#WX4J&%4'4

19



Leptogenesis, 0!" Decay & Collider
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lll. Precision Tests
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Parity-Violation & Weak Charges
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Continuous interplay between probing hadron structure and electroweak hysics
ptay pP 4 pny
| Parity-violating electron scattering has become a precision tool
photocathodes, polarimetry, high power cryotargets, nanometer beam stability,
precision beam diagnostics, low noise electronics, radiation hard detectors
PVeS Experiment Summary
Ploneering electron-quark PV DIS experiment SLAC E122
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Weak Mixing Scale Dependence
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MOLLER Exp’t at Jefferson Lab
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Goal: 2.4% uncertainty
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MOLLER Exp’t at Jefferson Lab

11 GeV,65 uA 90% beam polarization Unique (purely leptonic)

Apv ~ 32 ppb 5(APV) ~ 0.8 ppb new physics reach
| (Qw) = + 2.1 % (stat.}t 1.1 % (syst.) ‘Search for new flavor
| diagonal neutral currents
I (si"w) =/ 0.00023 (stat.)
/' 0.00012 (syst.) —> ~0.1%
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BSM Sensitivity: Type Il See Saw
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Two-Loop EW Radiative Corrections
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Two-Loop EW Radiative Corrections

+0.13 (estimate)

Quantity Contribution (x1073) E
14 sin26y +74.4
KOs ~29.0
AQ({V(I.O) +3.1 i
AQy 2 —0.18*000% i
AQwq.) +1.1870015

(2.0) :

% shift *

- 39%
+ 7%

-0.4%
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1V. Outlook

Low-energy tests of fundamental symmetries &
neutrino property studies provide a powerful
window on possible BSM physics

There is a rich complementarity between low-energy
studies, energy frontier searches, and
cosmological/astrophysical probes

Increasing experimental sensitivity is catalyzing
advances in theoretical methods & computations

There are exciting prospects for discovery and
insight in the coming decade
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Back Up Slides
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EDMs: New CPV?

System Limit (e SM CKM CPV BSM CPV
Ty
19 Hg 7.4 x 10-30 10-33 10-2°
ThO 1.1 x 10-29** 10-38 * 10-28
n 1.8 x 10-26 10-31 10-26
*95% CL  ** e-equivalent * e-equivalent from Cg

Mass Scale Sensitivity

\(p Sin(I)CP ~ 1 — M > 5000 GeV
Y )‘\J‘\J‘\M Y
P M < 500 GeV — singcp < 10-2
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EDMs

: New CPV?

System Limit (e SM CKM CPV BSM CPV
Ty
199 Hg 7.4 x 10-30 10-33 10-2°
ThO 1.1 x 10-29** 10-38 * 10-28
n 1.8 x 10-26 10-31 10-26
*95% CL  ** e-equivalent * e-equivalent from Cg
%  neutron
proton
& nuclei
atoms
~ 100 x better
Not shown: sensitivity

muon
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kg =>-16 HrEDPH* Ty, QIR .*141)¢ A&A
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EDMs & EW Baryogenesis: MSSM+

Heavy sfermions: LHC

_ Sub-TeV EW-inos: LHC & EWB -
consistent & suppress viable but non-universal phases
1-loop EDMs
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/N d,=1028 e cm
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Precision Tests: Weak Decays
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Weak Decays: CKM Unitarity
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Precision ~ BSM Mass Scale
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Error Budget

ACKNI — (qud|2 + |Vus|2 + |Vub|2)exp - 1
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