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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

lepton = /¢, v

Indirect probes of new physics via
precise measurements of lepton
interactions




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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Charged lepton physics

Open questions:

* muon anomalous magnetic moment (g-2)

* electron electric dipole moment (EDM)

» charged lepton flavor violation (CLFV) ¢
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Outline

Neutrino non-standard interactions (NSI): charged currents and
neutral currents

Constraints on neutrino neutral-current NSls using the first
measurements of solar 8B neutrinos

UV completion of neutrino charged-current NSI and CLFV
interaction with dark matter



Neutrino Interactions

Neutrino Non-Standard Interactions:

1% J4 v 14
or other contributions
W Z from BSM particles
(W', Z', new scalar,
leptoquark )
/
q q q q

v L)y
< MW7 Mz
‘ semileptonic four-fermion
operators

q q'/q
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Neutrino Interactions

In neutrino oscillation experiments:

25 l
v B Vg
source _— - 4o detection
propagation
W W

* Neutrino charged-current NSls affect the source (production)

and detection (scattering) of neutrinos

* Neutrino neutral-current NSls affect the propagation of neutrinos

ZR (FULKRE) 72



Neutrino Interactions

Future neutrino oscillation experiments:

T2HK DUNE JUNO T2HK and JUNO and
limit  limit limit DUNE limit TAO limit
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Neutrino Interactions

In neutrino scattering experiments:

V4 B Va
1% Va
source — - —— S detection
propagation
w Z

* Neutrino neutral-current NSls can affect both the propagation

and detection (scattering) of neutrinos

Inelastic incoherent Elastic incoherent Elastic coherent (CEvNS)
Ago K2R Agzo S 2R Azo 2 2R
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Neutrino NC Interactions

Coherent Neutrino-nucleus scattering (CEvNS):
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Science 357 (2017) 6356, 1123

D. Z. Freedman, Phys. Rev. D 9, 1389 (1974) Neutrino source: spallation

neutron source
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Neutrino NC Interactions

From neutrino to DM: neutrino floor/frog
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C. A. J. O’Hare, 2109.03116 (PRL)
J. Tang, B.-L. Zhang, 2304.13665 (PRD)
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Neutrino NC Interactions

First measurements of solar 8B neutrinos via CEVNS:

COHERENT .
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Number of signal events

= solar 8B neutrino flux ) CEVNS cross section
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Neutrino NC Interactions

First measurements of solar 8B neutrinos via CEVNS:

Number of signal events: Ve

T
nr, max dRa
N,, = nN/ ATy € (Tur)

an,min dan ’
s
Differential event rate:
dan E) min I{—-Vf-—-ij-'li dan,: * Mdet A

_____

 The neutrino NC NSIs have impact on the solar matter effects
(propagation) and CEvVNS cross section (scattering)

 We find that the NSI impact on the neutrino propagation is milder
than that on the scattering
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Neutrino NC Interactions

Neutral-current interactions:
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Outline

Neutrino non-standard interactions (NSI): charged currents and

neutral currents

Constraints on neutrino neutral-current NSls using the first
measurements of solar 8B neutrinos

UV completion of neutrino charged-current NSI and CLFV
interaction with dark matter

Semileptonic four-fermion operator:

O = (Lheny) (@@ La=(2")  ap=1

The unbroken SU(2), symmetry relates neutrino physics to
charged lepton physics

ZN (HWXRE)
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CLFV Interactions

4 — € conversion:

H” ° e"
(;:?»
A A

F'(p=+(A,Z)— e + (A7)

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

I'(p=+ (A, Z) — capture )

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

ZN (PLRFE)
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CLFV Interactions

[t — e conversion to probe semileptonic four-fermion operators
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Fernandez-Martinez, et al., 2403.09772 (EPJC)
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CLFV Interactions

e Considering the stringent CLFV constraints, is there a plausible
scenario where new physics is anticipated?

e Dark loop paradigm:

D-I-1
Class I (from T-1): \(—J/

IR '
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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Exclude the compressed region that is beyond the reach of the LHC

Y. He, GL, J.Liu, X.-P. Wang, X. Zhao, 2407.06523
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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 the
first measurements of solar 8B neutrinos via CEVNS by PandaX

and XENONnT

 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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Neutrino CC Interactions

Future neutrino oscillation experiments:

T2HK DUNE JUNO T2HK and JUNO and
limit  limit limit DUNE limit TAO limit
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From

Neutrino NC Interactions

neutrino to DM: detection

PHYSICAL REVIEW D VOLUME 9, NUMBER §

Coherent effects of a weak neutral current

Daniel Z. Freedman?t
Natiamal Accelerator Laboralory, Batavia, fllinois G0510
and [nstitule for Theoreficak Physics, State Usiversity of New York, Stony Brook, New York 11790
(Received 15 Cctober 1873; revised manuscript received 19 November 1873)

If thero 15 o weak newtral current, then the elastic scattering process ¥+ 4 —& + 4 should
have a sharp coberent forward peik just as ¢ + A —2 + A does, Experiments i observe this
peak can give important information on the isospin structure of the neatral current. The
experimonts are very difficals, although the estimated cross sections {about 107 cm? oo
earbon) are faverable. The coherent cross sections {in contrast to incoherent) are almost
energy-independent. Thorefore, energies as low as 100 MeV my be suh:hl: Quasi-
coherent puclear excitation processes v+ A4 — » + A4* provid
‘the weak neutral current. Because of strong coherent effects ut very low energies, the
muclear alastic scattaring profess may bé important in inhibiting cooling by neutrine
omission in stellar eollapss and neutron stars.

PHYSICAL REVIEW D

af

VOLUME 30, NUMBER 11 1 DECEMBER. 1984

Principles and applications of a neutral-current detector
for neutrino physics and astronomy

A. Drukier and L. Stodolsky
Max-Planck-Institut fiir Phpsik und Astrophysik, Werner-Heisenberg-Institut fur Physik,
Munich, Federal Republic of Germany
{Received 21 November 1983)

We study detection of MeV-range neutrinos through clastic scattering on nuclei and identification
of the recoil energy. The very large value of the neutral-current cross section due to coherence indi-
cates a ok would be relatively light and suggests the possibility of a true “neutrino observato-
¥ The recoil energy which must be detected is very small (10—10" eV}, however. We examine a

PHYSICAL REVIEW D VOLUME 31, NUMBER 12 13 JUNE 1983

Detectability of certain dark-matter candidates

Mark W. Goodman and Edward Witten
Jozeph Henry Lab i U ity, Py . New Jersey 08544
(Reoﬂvoﬂ 7 January 1985)

We consider the possibility that the J-current det recently proposed by
mmwymnummmmmm‘mmmmmm matter in galac-
tic halos. This may be feasible if the galactic halos are made of particles with coherent weak in-
teractions and masses 1—10° GeV; particles with spin-dependent intcractions of typical weak
strength and masses | — 107 GeV; or strongly interacting particles of masses 1—10" GeV.

credit: Jiajun Liao
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Neutrino NC Interactions

Neutral-current interactions:
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