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@ Example: LHC versus MOLLER
@ A case study: Doubly charged scalar

@ Conclusion



Two Frontiers: Energy versus Precision
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Two Frontiers: Energy versus Precision
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Complementary and intertwined. Need input from both to probe new physics.




Two Frontiers: Energy versus Precision
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| Example: LHC versus MOLLER




MOLLER Experiment

Measurement Of a Lepton Lepton Electroweak Reaction
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@ Scattering of longitudinally polarized electrons off unpolarized electrons.
@ Upgraded 11 GeV electron beam in Hall A at JLab.



Parity-Violating Asymmetry
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@ For the MOLLER design, A3M ~ 33 ppb (including 1-loop effect).
@ Goal: 0Apy = 0.7 ppb. [J. Benesch et al. [MOLLER Collaboration], arXiv:1411.4088 [nucl-ex]]
@ Achieve a 2.4% precision in the measurement of Qy,.



Sensitive to New Physics
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Case Study: Doubly Charged Scalar
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Case Study: Doubly Charged Scalar
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Why Doubly Charged Scalar?

\ Neutrino Mass via Type-ll Seesaw

Ly = _(fL)iij,iCiUZAL'QZJL,j + H.c.

m, = V2fiva = Un,U" .
[Schechter, Valle (PRD ’'80); Mohapatra, Senjanovi¢ (PRD '81); Lazarides, Shafi, Wetterich (NPB '81)]

Fixes the elements of f; (up to an overall scale)



LFV Constraints

. . . 2
Process Exper;mneéw;al limit Constraint on | Bound x (&/)
[ — ey <42x10°13 [N <24 x107°
1 — 3e <1.0x 10712 [(ARIAM <23x1077
T ey <33x10°8 |(F ) er ] <1.6x1073
T =y <44x1078 [(AAM <19x1073
T —ete e <27x1078 |(f2)rel | (fL) e <92 x107?
T ptpTe” <27 %1078 | ()l (L) e <6.5x 1073
T—etuTu" <1.7x10°8 [(FL) eI (FL) s <73x%x1073
T eteuo <1.8x 1078 () el 1) e <53% 107
T—ute e <1.5x1078 L) 7l | (L )ee <6.9x 1073
T ptuT T <2.1x1078 | L) 7 | (L) | <81x107°
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MOLLER versus LFV

10

0.1

|(fL)ee|

1072

1073

NH, My;: = 1 TeV

1072 0.1 1 10
va [eV]

[BD, Ramsey-Musolf, Zhang '18]



MOLLER versus LFV
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Parity-Violating Left-Right Model

Ly O 7(fR)ijw;,iCiO—2AR7/}R,j + H.c..

@ Could have fz # f1 at low scale. [Chang, Mohapatra, Parida (PRL '84)]
@ fz is not related to the neutrino oscillation data.
@ LFV constraints do not restrict (fz).. anymore.

@ Other relevant constraints:

o Neutrinoless double beta decay
@ Bhabha scattering at LEP: ete™ — ete™.
@ Drell-Yan process at LHC: pp — v*/Z* — H"TH .

@ Future prospects at ILC/CLIC: ete™ — efetH T and ety — eTHE™.

[BD, Mohapatra, Zhang ’18]



Parity-Violating Left-Right Model
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Conclusion

@ Complementarity between the high-energy and high-precision
experiments.

@ We considered a case study of doubly-charged scalars.
@ Can be probed at the MOLLER experiment up to ~ 20 TeV.

@ For the parity-violating left-right scenario, goes well beyond the current
constraints, as well as the future collider sensitivities.



