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Coherent elastic ne

scattering (aka CEVNS)
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+Weak charge of the nucleus
Qi sm = [9% o) ZFz (|101%) + g9 NFn (141°)]
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In general, in a weak neutral current process which involves
nuclei, one deals with nuclear form factors that are different
for protons and neutrons and cannot be disentangled from the

neutrino-nucleon couplings!

utrino nucleus
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+ Neuiirlno-nucleon tree-level couplings
gy = 5 2 sin?(9y,) = 0.02274
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+ Radiative corrections are expressed in
terms of WW, ZZ boxes and the neutrino
charge radius diagram — Flavour dependence
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CEvNS players

COHERENT Csl

D. Akimov et al. Science
357.6356 (2017)

+ Updated in Akimov et al., PRL 129, 081801 (2022)
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y |
Standard Model physics l )

I: M. Atzori Corona et al. Refined determination of the weak
mixing angle at low energy, arXiv:2405.09416 (2024)
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Neutron form factor dependence in CEvNS cross section

CEVNS 2 E =<
do B Br), GF (1 -2 ) (97 (sin2(8w)) 2 F7(1d1%) + g NEw(117)]
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The Csl neutron skin fixing sin®(9yy)

If we fix the value of sin?9y, at |
L M. Atzori Corona et al., EPJC 83 (2023) 7, 683 e
the SM prediction (0.23863(5)) arXiv:2303.09360 Neutron skin: Ry, (CsD)- R, (CsI)

fhen we obtain (1B AL [Rn (CsD) = 5.47 + 0.38 fm } ARy, (Csl) = 0.69 + 0.38 fm
~7% precision

Theoretical values of the neutron skin of Cs and | obtained

2 : : : :
0 Ry (CsD=5.47+0.38 fm )"y = 85.2 with nuclear mean field models. The value is compatible
8 = — ‘ - 127:[ - _ ‘13308 k

~ Model REO™ R, RPO™ R, ARCS™AR,,|RE™™ R, RE®™ R, ARCS™AR,,
—_— ‘ SHF SkI3 1.68 4.75 4.85 492 0.17 0.17 | 4.74 481 4.91 498 0.18 0.18
° SHF SkI4 [8]] 4.67 4.74 4.81 4.88 0.14 0.14 | 4.73 4.80 4.88 4.95 0.15 0.14
6 SHF Sly4 [82] 471 478 4.84 491 0.13  0.13 | 4.78 4.85 4.90 4.98 0.13 0.13
SHF Sly5 [82] 470 4.77 4.83 4.90 0.13 0.13 | 4.77 4.84 4.90 4.97 0.13 0.13
5 " SHF Sly6 [82] 470 4.77 4.83 4.90 0.13 0.13 | 4.77 4.84 4.89 4.97 0.13 0.13
< SHF Slydd [83] | 4.71 479 4.84 491 0.13 0.12 | 478 4.85 4.90 497 0.12 0.12
4l 20 SHF SV-bas [84] | 4.68 4.76 4.80 4.88 0.12 0.12 | 4.74 4.82 4.87 4.94 0.13 0.12
SHF UNEDFO [85] | 4.69 4.76 4.83 491 0.14 0.14 | 4.76 4.83 4.92 499 0.16 0.15
) SHF UNEDF1 [86] | 4.68 4.76 4.83 491 0.15 0.15 | 4.76 4.83 4.90 4.98 0.15 0.15
90% CL SHF SkM* [§7] | 4.71 4.78 4.84 491 0.13 0.13 | 4.76 4.84 4.90 4.97 0.13 0.13
) SHF SkP [8§] 472 4.80 4.84 491 012 0.12 | 4.79 4.86 4.91 4.98 0.12 0.12
RMF DD-ME2 [89]| 4.67 4.75 4.82 4890 0.15 0.15 | 474 481 4.89 496 0.15 0.15
15 RMF DD-PC1 [90] | 4.68 4.75 4.83 4.90 0.15 0.15 | 4.74 4.82 4.90 497 0.16 0.15
RMF NL1 [91] 470 478 494 501 0.23 0.23 | 476 484 501 5.08 0.25 0.24
RMF NL3 [92] 469 4.77 4.89 4.96 0.20 0.19 | 4.75 4.82 4.95 5.03 0.21  0.20
=20 15 50 55 6.0 65 70 RMF NL-22 [03] | 4.73 4.80 4.94 501 0.21 0.2 | 479 486 5.01 5.08 0.22 0.2
RMF NL-SH [04] | 4.68 4.75 4.86 4.94 0.19 0.18 | 474 4.81 4.93 5.00 0.19 0.19

R, (CsI)[fm] 7



Weak mixing angle from CEvNS only
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If we fix the value of the neutron
radius of Cs and | and we fit for
the weak mixing angle only we
obtain:

sin®9y,, = 0.23119:957

The precision on the weak mixing
angle using CEvNS is poor because
of the neutrino-proton coupling
suppression!

M. Atzori Corona et al., EPJC 83 (2023) 7, 683.
ArXiv:2303.09360



Electroweak probes available

+ We can combine many electroweak processes to extract R (Cs) and sin?9y,.

» Atomic Parity Violation (APV): atomic electrons interacting with nuclei-
Cesium (Cs) and lead (Pb) available.

M. Cadeddu and F. Dordei, PRD 99, 033010 (2019), . n
arXiv:1808.10202 K\

i+ Atomic Parity Violation APV(Cs) and

CEvNS depends both on the weak charge
and thus on R, (Cs) and sin?d9,,

+ We can combine APV(Cs) and 0242
COHERENT(Csl) to obtain a fully g 20
z

Mediated by photons. Mediate(':I\ES/"t-I;le Z. Mostly data driven measurement of the S, 023

Sensitive to the charge  sensitive to the weak WMA in the low energy regime! % 26
(proton) distribution (neutron) distribution. % 02
e
f&] o
SM _ . 2 nSMY _ 2
W ~Z(1 4 sin GW) N % o

» Parity Violation Electron Scattering (PVES): polarized electron
scattering on nuclei- PREX(Pb) & CREX(Ca)

» Coherent elastic neutrino-nucleus scattering (CEvNS)- Cesium-iodide PVE S APV

(Csl), argon (Ar) and germanium (Ge) available. used for R, used for sin?(9y)



. : E M. Atzori Corona etal, /
ElectroWeak only fit 026 T mumsoms - o/
| & 17
+ We perform a fit using Electroweak (EW) only 025 i /
information removing the R,(Cs) input from CSRe .23 go 7/
> | </ H
+ COHERENT Csl & 0.24.
M. Atzori Corona et al. PRC 105, 055503 (2022), - - ! 2
+ APV(Pb)+PREX-II Arxiv: 2112.09717, [7; EW cOmbined
« APV has been measured also using lead. _ " «Good Jgf'éement between
« Moreover PREX-Il has measured the Pb neutron skin with 0.23 differept’probes»
Parity Violation Electron Scattering (PVES). j
I\\ 0.30 , i , \ |
= \ #2000 :’ SN COH 7]
I W fit f RME N ) I — = ]
e can profitfromay  _o2s N L
| very nice correlation \ = m}«m;z“; - /o 1ol
 between R (Cs)and Y\ &, g 4.6~ /4.8 5.0 5.2 5.4
| Ry(Pb) within many < /,:;%g»f’f 133
| theoretical nuclear / %e s SR e R,(""°Cs) [fm]
| models to translate / 59 — ke ——
: R,(Pb) to R(Cs) // . v Pros: only electroweak probes used
————————— / 010 gz2e .~ 1 < Cons:we should trust the theoretical
| 0.10 0.15 0.20 0.25 0.30 0.35 0.40 .
M. Cadeddu et al. ( ARES™ (%8Pb) [fm] nuclear models for the translation of

PRD 104, 011701 (2021), arXiv:2104.03280 R,(Pb) to R,(Cs)
10
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Conclusions for sin“9y,

A very nice agreement between the EW fit and that R,(Cs) from proton scattering is achieved!
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30- ........
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P | N ——
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4.6 48 50 52

RA(®Cs) [fm]

0.2396 4+ 0.0017 (EW combined) f
sin®dy =
.002
0.239679-0920 (APV(Cs) + COH + CSRe]
/ v" same central values different uncertainties.
0.242 T """‘\Z L | T L T L | T L | T
E158 M. Atzori Corona et al.
0.240! arXiv:2405.09416
I This Work
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Conclusions for

sin? Yw
0.239670 0019

'APV(Cs)+COH+CSRe

RL(CS)

Ry, (33Cs)[fm]

5.04 £0.19

0.2396 £ 0.0017

]EW combined

5.04 £ 0.06 [1.2%

The neutron radius (or skin) of **3Cs tends to be «large» but we

cannot conclude more than this.

v We need precise CEvNS measurements on thls'
27, }:f/svuvovuvovo S O A e I T R

I CEvNS WE TRR1'BT

v' With COH-CryoCsl-l we can reach same R (Csl)
precison of the current EW combined fit (3.7%) and
with COH-CryoCsl-Il a better precision of the EW

combined fit (0.5%)

Conclusions for R (Cs) and sin?9y,:

«STANDARD MODEL RULEZ»

The COHERENT program for
R, (Cs) for is exciting!

See D. Akimov et al., arXiv:2204.04575 (2022)

M. Atzori Corona et al., EPJC 83 (2023) 7, 683.

ArXiv:2303.09360
6.0
APV(21)+COH
5 5 COH onIy R,(CsD)= 5.06£0.19 fm COH
o » (3.7% precision)
CCS E | EW | CryoCsl-II
= 550 T [ : —
5 COH R,(CsI)=5.06+£0.023 fm ]
0 L
45 APV(Cs)+ CryoCsl-| (0.5% precision) ]
) COH+CSRe 10 kg(~40K) 700 kg. E;,~1.4 keVnr |
2020 2025 2030

12







=—Z, | Y g mve+ > 9% o'q

b=e,u,1 g=u,d

Li ht mediators from
U(1) extensions:
vector boson case

M. Atzori Corona et al. JHEP 05 (2022)109,
arXiv:2202.11002

Model

« Search for anomaly free extensions of the SM The universal model [ : |
(connection with Dark Sectors, Hidden Sectors..)  is not anomaly free universa
« Light mediators ~ MeV - few GeVs  B_T
|=] Rev.Mod.Phys. 81 (2009) 11991228 These models B — 3L,
, are anomaly
[SU@)L @ Uy ®SUR). > SUDL ®UWy ®SUB).® UMD | free if the SM B-3L,
: : - is extended
« The effect of the new mediator is quantified by with right- || B — 2Le — Ly,
additional terms in the weak charge of the nucleus handed
neutrinos B — Le — 2L,
Qlsmrv = Qlsu + 12 +[E] [(dR)He) zr-(a*) + @)+ ) NEv(a»]| |V L.—L,
Anomaly-free Le — L~
See also: The coupling of the new vector boson with L. —L
Miranda et al. Phys, Rev. D 101, 073005 (2020) the quarks is generated by kinetic mixing of 2 i\ —# T

Coloma et al. JHEP 01 (2021) 114 with the photon at the one-loop level
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Universal model

Constraints on light mediators

from COHERENT data

Universal vector boson
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Limits on v magnetic moment and millicharge

In the SM the channel due to neutrino-electron scattering is negligible with respect to that of
CEVNS, however the contribution due to the magnetic moment and the millicharge grows as E M. Atzori Corona et al. PRD 107, 053001
1/T. Dark matter-searching experiments such as LZ, XENONNT that observe solar neutrinos are (2023), arXiv:2207.05036

sensitive to these quantities

For the neutrino

MM 2 .
doy, za- (1 1 ,u,_,{ do, |EC 2a0,(T E charge radius see N.
dT (E.T.) = Zii(T. ) T. E = = ——log|—|q; Cargioli's talk
Ve
HB dT. |gpx 7 T, m,
"= Z
< | l | [ [ |
E X COHERENT = LSND=
—9| ] ) 1 -9

g 10 ? BNL—E734% APE § = 0 3 E

LSND ] F 1
= mSuper-K ] 0 _1ol xCOHERENT -
§ ® Dresden-lII B XMASS S 10 E_ _E
o 10-10- mMuUNU KamLandm _ _"E) ]
= : CONUS'TEXONO : = 101 ¢XMASS IXMASS -
on - GEMMA: This Work  This Work ' ! CONUS:TEXONO 3
S - (LZ) (Lz)‘: 2 10—12— GEMA/AI -
= 10-11kL ¥ This Work_| = _ This Work  This Work E
= F This Work ; (LZ) GD)‘ [ IThls Work t(LZ) T(LZ) This Work 1
E (L2) XENONNT 1 Z 10713 (L2) Tw 4
D | | | | ] E | | | | ]
= Ve Vu Vr Veff Ve Vu Vr Veff

Neutrino Type Neutrino Type

- 3egGp ~32 x 10-19 » CEVNS limits from COHERENT and Dresden-Il detectors competitive. Dresden-Il profits 16
Ky = 8\/5,1: my, x eV HB from the very low threshold, however the CEVNS signal in Dresden-Il is debated...




e and the CEVNS background

WIMPS: the futur

A solar/atmospheric

neutrino can mimic a WIMP

signal almost perfectly

0—39

108
=== Total CEnNS background
10‘""‘"'-*..\ ——— WIMP Signal M,=6.6 GeV/c’,
= o=4.8x10~%5 cm?
10* A\
\ argon
100 — - ——— ———

=
=]
- Y

Event Rate dR/dE, [ton™' year 'keV™']

iN
10~ | =~
0.001 0.01 0.1 1 10
Recoil Energy E,[keV]
— 108
% ~< === Tgtal CEnNS background
i ——— WIMP Signal M,=5.8 GeV,
g ‘< o=4.8x10"** cm?
> o Y
> 10
s [T T~ Xenon
= 100
) \
=z
g 1 \
@O
g \
& 0.01 ™
§ |~
s S
@ 44 i N
10 i .
0.001 0.01 0.1 1 10

Recoil Energy E.[keV]

g_ .
i } APPEC committee
40
Ny 3 I’Eport
a1 EDELWEISS
107" =~ REssT \\\ NEWS.G
u \ T-REX_~ DAMIC-M
10742 E SuperCDMS (Si) \!\__viv’-
10—43 — SuperCDMS (Ge) \‘\

1 0—44
10—45

rosd Section [cm?]

> ' k
s §
= v-floor \
Argon - = Germanium \\
Xenon (";1\\'('}| \

WIMP mass [GeV/c?]

Neutrino floor/fog

CEvNS produces recoils very similar to those

produced by dark matter, thus limiting sensitivity

\ = o i

—=" Y Atmospheric
L1l 1 l lllllli 1 l lllllll l 1 ||ll||| 1 1 Ilr‘lﬁHtrllnlo]slllll
0.1 0305 1 35 10 3050 100 300

1000 3000 10




Conclusions

+ CEvNS is a powerful tool for measuring both SM and BSM physics.
+ Combination with other electroweak probes is fundamental in order to break some degeneracies!

+ Many CEvNS experiments are expected to produce results soon!
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| The future is bright!
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