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Coherent Elastic v-Nucleus Scattering

B L ---- "®Cs CEVNS —— Pb v, NIN total
I//X ) 27 CEVNS  eeeees Pb v, NIN 1n
; i 2o e Pb v, NIN 2n
V/X F —® J——
o~ I o ol Ve' T Lt e
€ 1k
o
3
=4
N g
Qo
B
?
]
°
(6]

Neutrino Energy (MeV)

1708.01294
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Route to the discovery of CEVNS

PHYSICAL REVIEW D VOLUME 9, NUMBER 5 | 1 MARCH 1974 ]
PHYSICAL REVIEW D VOLUME 30, NUMBER 11

Coherent effects of a weak neutral current

Daniel Z. Freedman' Principles and applications of a neutral-current detector

National Accelerator Laboratory, Batavia, Illinois 60510 for neutrino physics and astronomy
and Institute for Theoveticak Physics, State University of New York, Stony Brook, New York 11790

(Received 15 October 1973; revised manuscript received 19 November 1973)
A. Drukier and L. Stodolsky

1f there is a weak neutral current, then the elastic scattering process v +A —v +A should Max-Planck-Institut fiir Physik und Astrophysik, Werner-Heisenberg-Institut fiir Physik,
have a sharp coherent forward peak just as ¢ + A —e + A does. Experiments to observe this . ;
peak can give important information on the isospin structure of the neutral current. The Munich, Federal Republic of Germany
experiments are very difficult, although the estimated cross sections (about 10-% cm? on (Received 21 November 1983)
carbon) are favorable. The coherent cross sections (in contrast to incoherent) are almost . ) . PP
energy Th 5 ies as low as 100 MeV may be suitable. Quasi- We study detection of MeV-range neutrinos through elastic scattering on nuclei and identification
coherent nuclear excitation processes v + A — v + A*provide possible tests of the conservation of of the recoil energy. The very large value of the neutral-current cross section due to coherence indi-

the weak neutral current. Because of strong coherent effects at very low energies, the
nuclear elastic scattering process may be important in inhibiting cooling by neutrino

cates a detector would be relatively light and suggests the possibility of a true “neutrino observato-

emission in stellar collapse and neutron stars. £y The recoil energy which must be detected is very small (10—10° eV), however. We examine a

PHYSICAL REVIEW D VOLUME 31, NUMBER 12 I

Detectability of certain dark-matter candidates

Mark W. Goodman and Edward Witten
Joseph Henry Laboratories, Princeton University, Princeton, New Jersey 08544
(Received 7 January 1985)

We consider the possibility that the neutral-current neutrino detector recently proposed by
Drukier and Stodolsky could be used to detect some possible candidates for the dark 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 interactions of typical weak
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RESEARCH
PHYSICAL REVIEW LETTERS week ending

PRL 100, 021303 (2008) 18 JANUARY 2008

NEUTRINO PHYSICS
First Results from the XENON10 Dark Matter Experiment

at the Gran Sasso National Laboratory

Observation of coherent elastic

PRL 117, 121303 (2016) PHYSICAL REVIEW LETTERS 16 SEPTENBIR 2016 neutrino-nucleus scattering
4

Dark Matter Results from First 98.7 Days of Data from the PandaX-II Experiment

PHYSICAL REVIEW LETTERS 120, 241301 (2018)

Limits on Light Weakly Interacting Massive Particles from the First 102.8 kg x day Data
of the CDEX-10 Experiment
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Global efforts
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RECODE
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Huge variety of detection
techniques !

Taishan CEVNS

(reactor) neutrino physicg communities !

New experimental field co}necting DM and (¥

Clovers,
CICENNS

Adapted from M. VIVIER@Magnificent CEVNS 2020
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Current measurements

s* TDAR source @ SNS
COHERENT first observed in 2017 at 6.70, j
improved in 2022 at 11.60 with a Csl o
detector COHERENT, Science 357,1123 (2017) 5 o0o]

COHERENT, PRL 129 081801 (2022)

Later confirmed in 2021 with LAr detector :
and in 2025 with Ge detector 0% o 20 30 40 s0

0.01

COHERENT, PRL 126, 012002 (2021) 0% E M) <y, /2
COHERENT, PRL 134, 231801 (2025)

** Reactor neutrino source

Dresden-Il see a strong preference in a Ge detector
Colaresi at al., PRL 129, 211802 (2022)

4

dP/dE (Ny/MeVicm?/s)
S

CONUSH+ first observed at 3.70 in a Ge detector "% 2 4 6 8
Energy (MeV)
CONUS+, Nature 643, 8074 (2025) —
** Solar B : A T T A
* olar neutrino source )
PandaX-4T detected at 2.640 in a LXe detector i
PandaX, PRL 133, 191001 (2024) R S
XENONNT detected at 2.730 in a LXe detector /
XENON, PRL 133, 191002 (2024) o or
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Physics potential of CEVNS

» SM tests: weak mixing angle,
electroweak charges;

» Neutrino properties: neutrino
magnetic moment, neutrino charge
radius, radiative corrections;

» New physics: nonstandard
interactions, light mediators,
generalized interactions, light dark
matter, sterile neutrinos;

» Nuclear physics: neutron radius,
guenching factor, reactor neutrino flux;

» Astrophysics: supernova, solar,
atmospheric neutrinos, DSNB, ...
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Nonstandard interactions
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egéV
Coloma, et.al., PRD [1708.02899 ]

Photon Portal DM

DM-—electron cross section, o, [cm?]

107" 10° 10° 102 10°
DM mass, my [MeV]
Ge, Shoemaker, PRD [1710.10889 ]
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Light mediators
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SM tests: Weak mixing angle

do G2 mNEN .
By = dn QW (1 - W) FAEN), Qu =N = Z(1~ dsin”w)

> CEVNS provides low-Q2 test of sin®8y,,; complementary to
atomic parity violation and electron scattering.
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De Romeri, Papoulias, Sanchez Garcia, PRD [2501.17843]

See also, Atzori Corona et.al., PRD [2501.18550]
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SM tests: N? dependence

n 2
Q3m = [NgVFn(a?) + ZgY Fz(¢%)]

> Q&u = [NgvFn(¢") + Zg} Fz(¢*)]"
» Introduced parameter x: x = 2 - full coherence; x = 1 - total decoherence.
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JL, Marfatia, Zhang, PRD [2408.06255]

See also, Kerman et.al., PRD [1603. 08786]
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BSM constraints: v magnetic moment

doy  ma? [ 1
dTy B mg Ty

5 ) 2FRar)

2
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> quf is an effective neutrino magnetic moment depending on the

neutrino beam (SNS, reactor, solar, etc.)

» Sensitivity to quf is enhanced at low-energy recoil spectrum.
Experiment u,‘f (107 up) Process |Reference
CONUS+ <11 CEvVNS+EVES | this work
COHERENT (CsI+LAr) < 360 CEVNS+EVES|  [90]
DRESDEN-II <19 CEVNS+EVES [35]
XENONNT + PandaX-4T (combined) <190 CEVNS [20]
CONUS <75 EvES [43]
Borexino <37 EvVES [97]
TEXONO <74 EvES [98]
GEMMA <29 EvES [99]
LZ <14 EvES [100]
XENONnNT <0.9 EvES [100]
XENONnT+PandaX-4T+LZ (combined) < 1.03 EVES [101]

Jiajun Liao

De Romeri, Papoulias, Sanchez Garcia, PRD [2501.17843]

See also, Atzori Corona et.al., PRD [2501.18550]
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BSM constraints: Nonstandard interactions

q,4,t

Lnst = —2V2GF Z 632{’0(1727”PLV£’)(C7’Y;»PCQ) ;

Qisre = [(9h + 26 + i) Z+ (g + i +2e8 )N+ (28 + ) Z + (1) + 268 ) N]

» different materials have different slopes,
combination will break degeneracies
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Li, Song, Tang, Yu, PRD [2409.04703]

See also De Romeri, Papoulias, Sanchez Garcia, PRD [2501.17843]
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BSM constraints: Generalized interactions

G _ _ . :
LNGI \/Fi Z [vrﬂv] [qra (CZ + Y5 Dg) q] ) Fa = {]Ia lYSaY#)Y#Y5aGHV}

a=S,PV.A,T Lindner, Rodejohann, Xu, JHEP [1612.04150]
q=u,d
do INGI GFmNF 2 my B myEy  Eo Aristizaba.l Sierra et..al., JHEP [1806.07424];
1B P w(ldl ){ 52 (CV + 2QV ) ( ~om E ) H_an, JL, Liu, Marfatla, JHEP [2004.138609];
or |CEVNS v v ¥/ Li, Ma, Schmidt, JHEP [2005.01543];
+8C2 (1 _myEy Enr) N REnr} _ Flores,et.al.,PRD [2112.05103];
AFE? E, E, Majumda et. al., PRD [2112.03309];

De Romeri, et.al. JHEP [2211.11905], ...

> Earlier studies use the same spin-independent (SI) weak form factor for all GNI.
» Axial-vector and tensor operators induce spin-dependent (SD) contributions.
» The standard weak S| form factor - nuclear response functions

doyn A

2m \s 9?21 mnTn 2T\ 5T 9 Altmannshofer, et.al., JHEP [1812.02778];
(Ev,Tyx) = D) 2 - S’ (lal) ferich | .
dTy 2J +1 (mA + 2mpATh)2 E2 E, Hoferichter, et.al., JHEP [2007.08529];
v Candela, et.al, JHEP [2404.12476];
De Romeri, et.al., JCAP [2411.11749];
Chattaraj, et.al., JHEP [2501.12443];
my gT

2J + 1 (m2 + 2mpy Ty )2 SL, ST are spin structure functions
o mNIN _2TN g7 LIV a2 to account for the longitudinal and
X T E2 B, (la") + (1~ B, (Ial)] - transverse multipoles calculated by

the nuclear shell model.
Jiajun Liao CEVNS 14
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Tensor interactions: Coherence strikes back

L=, 2. Of

(vaUWVa)(aUWQ)

—

q=u,d a=e,u,T

NR expansion

JL, Tang, Zhang, PRD [2502.10702]

L) La) L)
neutrino —2uk/a(0)uk 22Uy O (1) Uk | —2Ur O (0) Uk
nucleon @NZ;LP%MGNI InGyp —%11\]6’?’2,0

parity odd even odd

> Previous studies only consider nuclear response functions for P-even spin operator dy,

and the momentum suppressed P-odd operators are ignored due to — -

» Momentum suppressed P-odd terms can be coherently enhanced, i.e., 22—2 >
m N
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CEVNS as a probe of muon decay

m
zt — u* v, (prompt)
ut Vp Vi
pu*t— et v, v, (delayed)

4G _ _
L= ——5 > g5@TXW)) (B Txpy) + he. 2o
V2 ,

15 | ===-- Projection
dl'; 24T 1 vy 8 3
H kP 21 = _ 4 “an- 2 2 _
dEp m# vy [y (2 3) + gwtu <4 y)]v

» P,y and w,y are the analogue of the Michel
parameters for the electron energy distribution.

COHERENT

1 1
Py, = |grl® + |9kl + Z|ggR|2 + ;1|ng|2 +3lgtrl?,

3
T (Igf’ml2 + lgzr|? — 4|ng|2)

Bresi-Pla, et.al., PRL [2502.18175]
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CEVNS as a probe of reactor flux

B8 1+ o 297 Py 2INp L 239py » CEvVNS provides model-independent flux
6 : A —— measurement below the IBD threshold.
*... fission only
~

with neutron capture 8
—scenario 1, 8 = 230

—scenario 2, 8 = 100

[2]

IBD threshold_

dN,/dE, [1/fission/MeV]
IS

dN, /dE, [1/fission/MeV]
w
N

05 10 15 2.0
E, [MeV]

—_

| Suffers from unknown branching ra‘tiosI
due to the Pandemonium effect. :
8.1 0.2 0.5 1 |
E, [MeV] 6

scenario 3, 8 =20

— with neutron capture

— fission only

» NUCLEUS and similar cryogenic detectors
can reach extremely low threshold.

e scenario 1: ¢t =1 kg - year, bkg = 100 counts/(keV -
kg - day), Egthr =5 €V.

dN,/dE, [1/fission/MeV]

e scenario 2: t = 3 kg - year, bkg = 1 count/(keV -
kg-day), ERtn =5 €V, 052 05 1 2

E, [MeV]

JL, Liu, Marfatia, PRD [2302.10460]

e scenario 3: ¢t = 300 kg - year, bkg = 1 count/(keV -
kg - day), Erthr =1 €V.
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Coherent scattering of CvB with NS

GF 2 —58 .2 E, ?
o = E; 1. 1 ,
o ( 7% 107°° cm?) 1oV

» Due to the huge number density of neutrons in
neutron star (NS), the cross section can be
coherently enhanced by a factor of

4 0.1eV\> .
N¢ ~ §7r)\l?jnn ~ 3 x 10%° (—e) ( n )

q 4 x 1038 cm—3
Lcus 3G Mnsny 1 2GMys\ Okawa. S [2408.01484]
= — Das, Dev awa, Soni, PRD[2408.01484
L 4osg Rns TR Vrel Rns Y o
L NS 103 K 0.1 eV 1/2 See also Chauhan, PRD[2408.01489]
o () (42)
INs m;

» The anomalous cooling can be observable if there exists a local CvB overdensity
n = 10°, which is still allowed by laboratory constraints (1011) at KATRIN.
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Coherent scattering of CvB with CR

» Pierre Auger data suggests heavy nuclei dominate (>90%) at cosmic ray
(CR) energy = 10 EeV. Pierre Auger, JCAP [2211.02857 |

» Foriron CRs (~10 EeV) scattering on CvB (~ 0.1 eV), the relic neutrino energy
is ¥20 MeV in the nucleus rest frame, exactly within the CEVNS regime.

Coherent Zhang, Sandrock, JL, Yue, [2505.04791]

(E.N'p.N‘)
Z

Incoherent

—— UF
10-36f === v-Fe (COHERENT)
-------- Fe (INCOHERENT)
—_— s

— == 1-Si (COHERENT)
-------- Si (INCOHERENT)

— up

EE% (em 25 1sr 1 GeV)

1079 + KM3-230213A
4 IceCube-HESE

4 IceCube-NST

4 IceCube-DPeV

4] i, L

107 108 10° 1010 101 1012 10% 10100 =
10 10

En (GeV)
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Summary

CEVvNS opens a new window to test the SM and explore new physics.
CEvNS at SNS has entered the precision era.

New measurement from the DM and reactor experiments offer
complementary approaches.

CEvNS can be useful to probe neutrino sources, and coherent concepts
can be extended into new environments.

Both experimental and theoretical studies are undergoing rapid
development, and new ideas are continually emerging in this field.

Stay tuuned!
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Thanks for your attention!
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