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@ Introduction: Energy versus Precision Frontier
@ Example: LHC versus MOLLER
@ Case study: Doubly charged scalar

@ Conclusion
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Complementary and intertwined. Need input from both to probe new physics.
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| Example: LHC versus MOLLER




MOLLER Experiment
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@ Scattering of longitudinally polarized electrons off unpolarized electrons.
@ Upgraded 11 GeV electron beam in Hall A at JLab.

http://hallaweb. jlab.org/12GeV/Moller/pubs/moller_proposal.pdf


http://hallaweb.jlab.org/12GeV/Moller/pubs/moller_proposal.pdf

Parity-Violating Asymmetry
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@ For the MOLLER design, A3M ~ 33 ppb (including 1-loop effect).
@ Goal: §Apy = 0.7 ppb. [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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Case Study: Doubly Charged Scalar
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Why Doubly Charged Scalar?

\ Explains neutrino mass via Type-ll Seesaw
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[Schechter, Valle (PRD ’'80); Mohapatra, Senjanovi¢ (PRD '81); Lazarides, Shafi, Wetterich (NPB '81)]

Fixes all the elements of f;.
(up to an overall scale, depending on the absolute neutrino mass)



LFV Constraints

[BD, Rodejohann, Vila (NPB '17)]
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MOLLER versus LFV
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MOLLER versus LFV
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Left-Right Symmetric Model

[Pati, Salam *74; Mohapatra, Pati '75; Mohapatra, Senjanovi¢ '75]

Ly = —(fu);¥L,CioaArip j — (fr); Uk, CioaArior j + Hec.

@ L-R symmetry demands that f; = fz (and g, = gr).
@ Similar neutrino mass and LFV constraints also apply to fx.
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Parity-Violating Left-Right Model

@ Discrete P-symmetry breaking scale could be decoupled from the
SU(2)g-breaking scale. [Chang, Mohapatra, Parida (PRL '84)]

@ No Ay in the low-energy theory.
Ly = _(fR)ijw;,iCiUZARwR,j + H.c..

@ Allows fz # f1 (and g, # gg) at low scale.
@ fz is not related to the neutrino oscillation data.
@ LFV constraints do not restrict (fz).. anymore.



Neutrinoless Double Beta Decay

|(fR)ee|
1(fR)eel

parity-violating case (NH)

parity-violating case (IH)

100 1000 10 100 1000 104
My [GeV] My [GeV]



MOLLER Prospects
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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 minimal type-1l seesaw, LFV constraints are stronger.

@ For the parity-violating left-right scenario, MOLLER can go well beyond
the current constraints, as well as the future collider prospects.



