Indirect probes of new physics with

non-standard interactions of leptons
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New physics

The Standard Model is successful but incomplete:

* neutrino masses

e baryon asymmetry
e dark matter

e strong CP problem

e flavor structure
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Neutrino physics

Open questions:

2R (LA )

Normal or Inverted (sign of Am3,?)
Leptonic CP Violation (6 = ?)

Octant of 0,; (> or < 45°?)

Absolute Neutrino Masses (mghiesc = 07) u

Majorana or Dirac Nature (v=v¢ ?)

Majorana CP-Violating Phases (how?)

Extra Neutrino Species /
Exotic Neutrino Interactions \
Various LNV & LFV Processes

Leptonic Unitarity Violation

muon

® Origin of Neutrino Masses

® Flavor Structure (Symmetry?)
® Quark-Lepton Connection

® Relations to DM and/or BAU

credit: Shun Zhou
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Neutrino Interactions

Neutrino Non-Standard Interactions:
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Neutrino Interactions

Charged-current interactions:
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Neutrino CC NSlIs affect the source (production) and
detection (scattering) of neutrinos in oscillation experiments
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Neutrino Interactions

Neutrino production:

* Neutrinos from pion decays m2
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Neutrino Interactions

Charged-current interactions:

e Chirality-flip four-fermion operator
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Oledq — (LaeRﬁ) (dRQ ) T2HK DUNE JUNO T2HK and JUNO and
limit limit limit DUNE limit TAO limit
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Best sensitivity among the flavor-conserving semileptonic
four-fermion operators

Y. Du, H.-L. Li, J. Tang, S. Vihonen, J.-
H. Yu 2106.15800 (PRD)

For the study of chirality-flip four-fermion operator at the
EIC, see H.-L. Wang, X.-K. Wen, H. Xing, B. Yan, 2401.08419 (PRD)
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Neutrino Interactions

Neutral-current interactions:
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Science 357 (2017) 6356, 1123

Coherent Neutrino-nucleus scattering (CEvNS)
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Neutrino Interactions

Neutrino scattering:

(DSe
CEVNS: what’s it good for? @Many | ko TR
P Thinss '

CEVNS as a signal
for signatures of new physics

CEVNS as a signal
for understanding of “old” physics

CEVNS as a background
for signatures of new physics

direct detection

CEVNS as a signal for astrophysics

CEVNS as a practical tool
credit: Kate Scholberg

Neutrino NC NSIs affect the CEVNS
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Neutrino Interactions

Neutrino scattering:
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Neutrino Interactions

Neutrino scattering:
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Neutrino Interactions

Neutral-current interactions: ]
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Charged lepton physics

Open questions:

* muon anomalous magnetic moment (g-2)
* electron electric dipole moment (EDM)

» charged lepton flavor violation (CLFV)

see also Qiang Li’s talk
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CLFV Interactions

4 — € conversion:

H” ° e"
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F'(p=+(A,Z)— e + (A7)
I'(p=+ (A, Z) — capture )

CR(p~ + (A, Z) e +(A2))

cLFV obs. Present upper bounds (90% CL)
CR(p —e,8) 7.0 x 10~ Badertscher et al. (1982)
CR(p — e, Ti) 43 x107'* SINDRUM II (1993)
CR(u — e,Pb) 4.6 x 10-11 SINDRUM II (1996)

v CR(p — e, Au) 7.0 x 1071 SINDRUM II (2006)

New experiments to start: COMET, Mu2e
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CLFV Interactions

[t — e conversion to probe semileptonic four-fermion operators
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CLFV Interactions

e Given the severe CLFV constraints, is there natural scenario in
which new physics is expected?

e Dark loop paradigm:

D-I-1
Class I (from T-1): \(—J/
R

dark particles
in the boxes Cepedello, Esser, Hirsch, Sanz, 2302.03485 (JHEP)

The dark symmetry guarantees that CLFV is naturally suppressed,
which is forbidden at tree-level
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Fermion portal dark matter

One-loop realization of the semileptonic four-fermion operator:

L KR
g new fields | SU3)c | SU(2)L, | U(1)y Za
""" X 1 1 0 -1
F X F 1 2 s 1
_____ S 1 1 1 —1
Pd dd 3 1 ~1 —1

Q dp

~ Majorana DM: X
L= frs (LFr)S*+ fys (XLpr) S

_ i mediators: S, ¢q
+ frq (FrQ) ¢ + fax (drxL) ¢a + h.c.

lepton: F

— - : Cepedello, Esser, Hirsch, Sanz, 2302.03485 (JHEP)
afll P
Olegq = (L‘éeRﬁ) (dRQ]> An, Wang and Zhang, 1308.0592 (PRD)
Bai, Berger, 1308.0612 (JHEP); 1402.6696 (JHEP)
DiFranzo, Nagao, Rajaraman, Tait, 1308.2679 (JHEP)
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Fermion portal dark matter

Indirect probes of dark matter with the NSlIs of leptons:
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Summary

Non-standard interactions (NSls) of leptons are sensitive to
new physics

We investigate constraint on the neutrino NC NSI using recent
measurement of solar 8B neutrinos via CEVNS by PandaX

We show that both the neutrino CC NSI and charged-lepton-
flavor-violation interaction can effectively probe dark matter

Thank vou
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