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Coherent Elastic v-Nucleus Scattering
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From neutrino to DM

PHYSICAL REVIEW D VOLUME 9, NUMBER 5 1 MARCH 1974

Coherent effects of a weak neutral current

Daniel Z. FreedmanT

National Accelerator Laboratory, Batavia, Illinois 60510
and Institute for Theoreticah Physics, State University of New York, Stony Brook, New York 11790
(Received 15 October 1973; revised manuscript received 19 November 1973)

If there is a weak neutral current, then the elastic scattering process v + A —v + A should
have a sharp coherent forward peak just as e + A —~e + A does. Experiments to observe this
peak can give important information on the isospin structure of the neutral current. The
experiments are very difficult, although the estimated cross sections (about 10738 cm? on
carbon) are favorable. The coherent cross sections (in contrast to incoherent) are almost
energy-independent. Therefore, energies as low as 100 MeV may be suitable. Quasi-
coherent nuclear excitation processes v +A —v + A* provide possible tests of the conservation of
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

emission in stellar collapse and neutron stars.

PHYSICAL REVIEW D

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 Physik und Astrophysik, Werner-Heisenberg-Institut fiir 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 detector would be relatively light and suggests the possibility of a true “neutrino observato-
ry.” The recoil energy which must be detected is very small (10—10° eV), however. We examine a
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PHYSICAL REVIEW D VOLUME 31, NUMBER 12

15 JUNE 1985

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
strength and masses 1—10? GeV; or strongly interacting particles of masses 1—10" GeV.
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Global efforts
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Physics potential

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

» Neutrino physics: neutrino
magnetic moment, charge radius,
sterile neutrinos,

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

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

E. Lisi, Neutrino 2018

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



Nonstandard interactions
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Light mediators
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Current data

*»* TDAR source @ SNS

COHERENT first observed CEVNS in 2017 at

the 6.70 CL with a Csl detector
COHERENT, Science 357,1123 (2017);
COHERENT, PRL 129, 081801 (2022)

Later confirmed in 2020 at more than
30 CL with LAr detector
COHERENT, PRL 126, 012002 (2021)

** Reactor neutrino source

CONNIE uses a Si detector with 0.1 keV,.threshold
CONNIE, PRD 100, 092005 (2019)

CONUS uses a Ge detector with 0.3 keV,, threshold

CONNIE, PRL 126, 041804 (2021)
vGeN uses a Ge detector with 0.3 keV,,, threshold

vGeN, PRD 106, L0O51101 (2022)

Flux

Dresden-Il uses a Ge detector with 0.2 keV,, threshold o,

Colaresi at al., PRL 129, 211802 (2022)
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Quenching factor ambiguity
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CEVNS as a probe of neutrino physics



Test of neutrino mass models
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To avoid FCNC in the quark sector
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Take B — L, — 3L, + L, for example

Araki, Heeck and Kubo, JHEP [1203.4951];
JL, Marfatia, Whisnant, PRD [1306.4659]
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Reactor neutrino flux

Channels Fractional Compositions Relative Rates Neutrino Yield Neutrino Yield
by Mass (%) per Fission per Event per Fission

235U Fission 1.5 0.55 6.14 3.4

238U Fission 98.0 0.07 7.08 0.5

?39Pu Fission 0.4 0.32 5.58 1.8

241 Py Fission <0.1 0.06 6.42 0.4

238U (n,y) 2°U - 0.60 2.00 1.2

287 1 1 _ 2897 5_) 239Np ﬁ) 239Py,
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NUCLEUS experiment

JL, Liu, Marfatia, PRD[2302.10460]

» NUCLEUS uses cryogenic -
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>
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Normal unfolding
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Regularized unfolding

Tikhonov regularization: o) = x*(v) + BS(v)
m—2

S(V) = Z (—1/7; + 2v441 — Vi+2)2 = Gz’jl/il/j

1=1

** The neutrino flux is obtained by minimizing the regularized function ¢

89§£':):Dijuj—l(j=0, i=1,2,...m
Estimated neutrino flux: =D'K
Estimated CEVNS spectrum: p(B,m)=Ri(B,n)+h+b
Bias: B = b b, =S Cyi(f; — ;)

e W, U i Zig\Hg T T
Covariance matrix: W = (CRC - C)V(CRC -C)T C;; = g?:;
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B selection criterion

A large B suppresses the variance,
but allows an increased bias.

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

The physical criterion: we choose the
smallest value of B that yields a
positive definite flux at all energies.

Average bias B plateaus at a value
that is not much larger than the
number of bins m.

Consistent with the strategy for
selecting B that lowers B until B~ m
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Simulation results

e scenario 1: t =1 kg - year, bkg = 100 counts/(keV -

kg - day), ERrtnr =5 €V.

e scenario 2: t = 3 kg - year, bkg = 1 count/(keV -

kg - day), Ertnhr =5 €V.

e scenario 3: t = 300 kg - year, bkg = 1 count/(keV -

kg . day), ER,thr =1 eV.

» For scenario 1 and 2, a meaningful
upper bound can be placed on the low
energy flux.

» For scenario 3, B=20 can separate the
neutron capture component, but the
physical criterion allows a smaller B,
and the uncertainty bands will have
considerable overlap.

Jiajun Liao CEvNS
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CEVNS as a probe of nuclear physics



Form factor parametrization

F(qz):/eia'?p(r)d3?.
> Helm & - telm, phys. rev. 104, 1466 (1956) pH(r)=M%/fa(r—r’)G(Ro—lr’l)d37’
0

i1 (gR 3
Ji(q ())e—qzsz/Z’ (P = SR 435
gRo

Fu(q*) =3 5

. W. L. Sprung and J. Martorell, Journal of

> Symmetrized Fermi distribution s o e 150,

Fse(q) = % [Sl(f;(gg) (tanngqa)) N COSCI(Cq C)] (Sin:(nga)) I+ (;a/ c)?

3 7
(r*)sp = gcz + g(na)z
> Klei n' NySt ra n d S. Klein and J. Nystrand, Phys. Rev. C60, 014903 (1999),
2y ~J1(gRA) 1 3
Fen(q7) = 3 gRs 1+ q%a; <r2>KN = 3 ,%1+6a13
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Form factor uncertainties

. . __ n p
> Neutron rms radius are poorly known. Neutron skin: Arnp = Fpps — Frms.
p
Ar 208Pb = 0.33+O'16 fm PREX experiment, phys. Rev. Lett. 108, 112502 (2012)
np —0.18 P
1.0~ 7 . '
D (R - Fms'= 4.8 fm 2.5 CS ,
----- hms = 5.1 fm 67 [ ;’.'
0.8 . 2.0 i
L 5 ;__\ - !'l

=06 4 £ a 9’6_ 15
% T % l'
o . S, §I
- S 1.0 ;

0.4 2 EL(?

0.5
] ,
0.2 ) .
o~ 0.0 mmommmee -
0 20 40 60 80 0O 20 40 60 80 100 0 20 40 60 80 100
q [MeV] q [MeV] q [MeV]

Aristizabal Sierra, JL, Marfatia, JHEP [1902.07398 |
* FF uncertainties are relevant for g = 20 MeV

* Percentage uncertainties reach maximum at g = 65 MeV

* Size of the uncertainties do not depend on the FF parameterization chosen
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Impact on spectrum
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Impact on New physics search
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pn(r)(fm=3)
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Nuclear quadrupole deformation
R)=2) 7|®;(R)”

™ Qo

5A< R2>"’

(R%) =

mT/

J. Meng et al. Prog. Part. Nucl. Phys.
57,470 (2006); S. G. Zhou et al.,
Phys. Rev. C 82, 011301(R )(2010)
Sarriguren, PRC [2402.08304]
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Sensitivity at COHERENT
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Summary

CEvNS open a new window to probe the neutrino and nuclear physics at
the low energy frontier.

A CEVNS experiment with a O(10) eV threshold has the potential to
detect the low energy reactor neutrino flux below IBD threshold.

New physics searches are strongly affected by nuclear form factor
uncertainties.

COHERENT experiment has the potential to probe nuclear quadrupole
deformation.

Thanks/



