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Neutrino Non-standard Interactions

Neutrino-quark interactions:
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Neutrino Non-standard Interactions

Parameterization of neutrino NSls:
e charged current:
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e neutral current:
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matched to dimension-6 operators in the SMEFT

Yong Du, Hao-Lin Li, Jian Tang, Sampsa Vihonen,
Jiang-Hao Yu 2106.15800 (PRD)
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Neutrino Non-standard Interactions

Measurements of neutrino NSIs in oscillation experiments:
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* Neutrino charged-current NSls affect the source (production)

and detection (scattering) of neutrinos

* Neutrino neutral-current NSls affect the propagation of neutrinos
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Neutrino Non-standard Interactions

Measurements of neutrino NSls in scattering experiments:
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e Neutrino neutral-current NSls can also affect the detection

(scattering) of neutrinos

neutron
Spallation /
spallation
product

neutron

— I o

proton
(>1GeV) .
target nucleus
\ spallation
neutron

product

Gang Li (SYSU) Neutrino source: Spallation Neutron Source



Coherent elastic neutrino-nucleus scattering

CEvNS: what is it?
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x Z? Z: atomic number

D. Z. Freedman, Phys.Rev.D 9 (1974) 1389

2 2
Ea = 57 (Ey/1 MeV)? keV

Drukier, Stodolsky, Phys.Rev.D 30 (1984) 2295



Coherent elastic neutrino-nucleus scattering

CEvNS: physical potential

» EW precision tests: weak mixing
angle, electroweak charges;

» Neutrino physics: neutrino
magnetic moment, charge radius,
sterile neutrinos,
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» New interactions: nonstandard
interactions, light mediators,
generalized interactions; light dark
matter;

» Nuclear Physics: neutron radius,
quenching factor, reactor neutrino flux;

E. Lisi,

Neutrino 2018

» Astroparticle physics: supernova,
solar, atmospheric neutrinos, DSNB;...

credit: Jiajun Liao



Coherent elastic neutrino-nucleus scattering

First observation of CEVNS by COHERENT:
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Cross-section (10 cm?)
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Coherent elastic neutrino-nucleus scattering

First observation of CEVNS by COHERENT:

Res. counts / 2 PE

Res. counts / 500 ns
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Constraint on NSls from COHERENT

From CEvVNS events to neutrino NSls:

e Number of PEs in 7-th bin
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number of target nuclei: n
fraction of Cs/I: 7,
average time efficiency: (e7),,

detector efficiency: e(npg)

detector energy resolution: P(npp)
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Constraint on NSls from COHERENT

From CEvVNS events to neutrino NSls:
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measurement by LAr detector = COHERENT, 2003.10630 (PRL)
combined result of Csl+LAr V. De Romeri, et al., 2211.11905 (JHEP)
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From

Experimental Synergy

neutrino measurement to dark matter 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 neatral current. Because of strong coberent elfects at 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 VOLUME 30, NUMBER 11

af

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

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

We study detection of MeV-range neutrinos through elastic 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 d would be relatively light and sugg the possibility of a trues "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 ies, Pri U ity, Py . New Jersey 08544
(Reoewod 7 January 1985)
We consider the possibility that the l-current el recently proposed by

mmwymuummnummm‘mmﬁmmmm 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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Experimental Synergy

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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Solar 8B neutrinos

First measurements of solar 8B neutrinos via CEVNS:
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PandaX-4T, 2407.10892 (PRL)

US2 (75), pair (3.5) ,
background-only hypothesis
is rejected with 2.64 o

Gang Li (SYSU)

Events per bin
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XENONNT, 2408.02877 (PRL)

37 signal events, background-only
hypothesis is rejected with 2.73 o
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Solar 8B neutrinos

First measurements of solar 8B neutrinos via CEVNS:

Number of signal events

= solar 8B neutrino flux (& CEVNS cross section
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Neutrino Non-standard Interactions

Measurements of neutrino NSls in scattering experiments:

________________________________
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* Neutrino neutral-current NSls can affect both the propagation

and detection (scattering) of neutrinos

Neutrino source: sun

Gang Li (SYSU)
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CEVNS events in PandaX-4T and XENONnNT

From CEvVNS events to neutrino NSls:
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CEVNS events in PandaX-4T and XENONnNT

From CEvVNS events to neutrino NSls:

0.60 —— W =-0.50] _ .
- w-o0 e The neutrino NSls have substantial

0.551— e 0,00 .
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 The averaged probabilities vary by

a factor of 2 at most for [€¥/]| < 0.5
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see also Aristizabal Sierra, Mishra,

0-301 Strigari, 2409.02003 (PRD)

100 10
E, / MeV

The neutrino neutral-current NSls have impact on the solar matter

effects (propagation) and CEvNS cross section (scattering)
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CEVNS events in PandaX-4T and XENONnNT

From CEvVNS events to neutrino NSls:
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Constraint on NSls from PandaX-4T and XENONnNT

From CEvVNS events to neutrino NSls:
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constraint from PandaX-4T (US2 unique probe of tau-flavor NSls

data) is weaker than XENONnT

Gang Li (SYSU) 20



Prospects for PandaX-4T

chi-square analysis:

2 [Nrneas - NCEVNS(l + CV)]2

X = 2
astat

The sensitivity to NSls is limited by
central value (69.1)

statistic uncertainties (37%)
exposure (1.04 tonne - year)
systematic uncertainties (24.5%)
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Summary

We investigate constraints on neutrino nonstandard interactions from

COHERENT, PandaX-4T and XENONNT.

We find that the costraints from PandaX-4T and XENONnRT are

weaker than that from COHERENT for e- and mu-flavor NSls.

PandaX-4T and XENONnRNT provide unique probes of tau-flavor NSls.

In the measurements of solar 8B neutrinos, effect of NSls on neutrino
is that on scattering.

The sensitivity of PandaX-4T is primarily limited by the deviation of

the central value from the SM prediction

Thank vou
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