Summary Talk
TheoryPheno

& K

s A
g %;;\

16-20 November 2020
Cyberspace

MagnificentCEVNZ020 Matteo Cadeddu INFN
16-20 November 2020 INFN Cagliari ~ CAGLIARI

Istituto Nazionale di Fisica Nucleare

Cyberspace Scdon i Caglr

Magnificent CEVNS 2020




it Vion Standand T ’
‘S%.v g ok C&’Zs'obgonus Tew inenackions o0 me n(z,neewem
§ o abin NS Iconne
\ et et . -
ﬂ%s"f”““c&w Eih 5%%"&‘“5
® EUP precision festf)e S KT luclean form fackon . &
Stortle nebrinds T Reackod neublinol Darks Matke B O

E
L
A
S
T
|
C

OZ—oam-d-4>0



Magnificent CEVNS 2020

16-20 November 2020
Cyberspace b u
US/Eastern timezone oy ' : :
1 PO
§ ] M f
B ) 13
| i :H
—_—————— 7 $ N N T

J |
- " ,
$ ' T



Disclaimer not a

AveryrichC
EVN
phenomenO|OQVS A ComprehEHSNe

Destmatano atteo Ccadeddu ) §
pata 020—11—04 09:2
Ciao Matteo,
al hould b€ a goo
pllora; ¥ e all af tic frz ez\o e, o
S (e s c‘>‘pr t talk iS omin+1Y
nhave Y rsonal e". Th duratio
ot 1S day 15-18 our timM »
m

RICOCKHET

Quanching fockor
STERILEI

7'lm neufrinos @ SWW
WM 5 d: : M%S”fm
mdﬂlué ‘ Cp K connie

§ 55\ o i M&Mg
>0y SUPERNOVAE

n tm po I

DARK MATTER

e’/



FIrst taste

NEW PROPERTIES
|

 EWPRECISIONESTS

STERILEI

AXION

SUPERNOVAE

DARK MATTER

—




Whatwe (R 2 YkRawaboutnuclei

Most of the informationwe haveon the nuclearsize and -
y dzO t 8igrifui@én inside the nuclei arenainlyrelated =§ 0.10
to the electricchargeandthusthe protons 3
c
v T 7 o
Y Q p& @ fm § Electron scattering an
Thisis becauseheseinformation areextractedusingthe 5 0.05F m;;ggza?;tt;?;ﬁ)fﬁ ;
electronnuclei scattering datéhat are sensitiveonly to % - distribution
the chargedistribution. o H
- e
S =
/" Parityviolationin electron scattering \ 2 0.0 !
| 0 2 4 6 8

033 0.18 l‘ (fﬂl)

Measuring the elastic differential cross sections for incident
electrons of + helicity weare abletod & St SO ¢ (K S
to neutron. bp-208

e (a’o'+ - a’o'_) /(.afc,r+ N dcr_) © /
l_—l VoNda a0 )/ \aa a0 v 2 |
o [oreminary] | e N

S Stalk & o TR It is sensitive to the parityiolating term induced &
Seew S S@IRA T :

0 APRENI -

t Y t Y PREX-2 —— 0.28+ 0.08
v

Grand Average Ho—i 0.29+ 0.07

by the weak interaction. 6




CEVN®rocesss ,
mediatedby Z

U CEvN@S®aturallyconstitutesa processn
whicha Zbosonisinvolved

V The Zbosoncouplesmostlywith neutrons so
information on theneutrondistribution can
be obtained

o T(p 5») 1 G A
628k F2N¥ T O0INS

Q, ‘00 0"y . . e e o

e TT<p c%)u:u(ﬂh:l.) p T OEF &O("Yiv )8
p 1 OE+ x m8t unoreover

Twodifferent form factors one for the Z<N so theontribution of the

neutrondistribution and one for theproton. \pfOton form factoris negligible! )
ya

Y
Hence measurements of the process give information on the nuclear neutron forrT

factor which is more difficult to obtain in a model independent way.

[Phys. RevD30, 2295 (1984); JHEB512 021 (2005); Phys. Re86, 024612 (2012),
Phys Rev. Lett.120(2018)7,072501; JHEP 1906: 141 (2




Neutrino, Electroweak and Nuclear Physics from COHERENT Elastic

Ax?

Cslneutrondensitydistributionmeasurements

Neutrino-Nucleus Scattering with a New Quenching Factor

M. Cadeddu,"[] F. Dordei,®[]] C. Giunti,»[] Y.F. Li,%5f] and Y.Y. Zhang* 5[]

10

[arX|v 1908.06045v3]

e —— ———— Theoretical values ifrp] with Skyrme
A\ [ ﬁ;‘ivqgjgggg?,?g Hartree-Fock(SHF) and relativistic
3 mean field (RMF) nuclear models.
3 Csl
] Model R, R, R,—R,
] SHF SkM* [26]  4.73 4.86 0.13
- SHF SkP [27] 4.5 4.87 0.12
N \ ; SHF Ski4 [28]  4.70 4.83 0.14
- SHF Sly4 [29] 4.73 4.87 0.13
3 SHF UNEDF1 [30] 4.71 4.87 0.15
RMF NL-SH [31] 4.71 4.89 0.18
| RMF NL3 [32]  4.72 4.92 0.20
o a0 RMF NL-Z2 [33] 4.76 4.97 0.21

AR,, =02 1(10)"

R,

= 5. 5+“ 2 fm

1.5
15(2

o) 52(30) fm

Official quenching factor

D.K. Papoulias®

COHERENT constraints after the Chicago-3 quenching factor measurement

[arXiv:1907.11644v1]

--- old QF

—— new QF

f'imL. L1

III|III,|III|II

!

i ||.k|'||||||||||

2.0 3.0 40 50 6.0 7.0 8.0 9.0
(RZ)'/? [fm]
(RE>UE 51772 fm (new QF).

(R2)? =5.8*1%fm  (old QF).




Cslneutrondensitydistributionmeasurement2)

[Khan et al. arXiv:1907.12444v?2]

10

28% sys. —— previous
13.5% sys. = current

R,

90%C.L.

e

Rp [fm]

= 4.670% fm (1) (current),
= 49711 fm (10) (previous).

ARy, = R, — R, ~ —0.18703 fm

<

Caveat: KlekNystrandform factor and
guenchingfactor was assumed to be
constant with a small uncertainty.

[Colomaet al. arXiv:2006.08624v2]

—-— Total rate — -eee-

-==- Energy binning

Time binning
—— 2D binning (t+E)

—— Data Release t+E
+new Background

+Duke QF
= Qur Fit t+E D
+Chicago QF
= Our Fit t+E C

10 — ,

:.,&1____ _-'::.____

t +0.77
RP" = 6.287 ) ¢- fm
0.89
RP' = 5.807g3 fm

RP' =5.9610:27 fm

For Data Release t + E

For Data Release t + E + new Background

For OQur Fitt + E D

0.65
/If%ﬁt = 4.99“:0_73 fm

For Our Fitt + E C

arXiv:1907.11644v1.

+Chicago QF \
= Qur Fit t+E C

Compatible with whafound inarXiv:1908.06045v3 and

9/




First argorconstraintson neutronradius

Using COHERERENNSO0 [arXiv:2003.10630]

[O. G. Miranda et al. arXiv:2003.12050v3]

[M. C. et al. arXiv:2005.01645v2]

12 [T | TTTTTTTTTTTT | TTT1 | TT1 | TT11 | TTT1] = p e
~ N » [ |CENNS-10LAr /
10 - | 22 S /
- ha ©® Fl 3
u /] ~ E E 20
8 B ,'—_ : 99%5 ((ec\:\o(\i(o(\ NE
[ ] B l’ ] © E' 1 i
* 6B P ) e o .\(\&,06‘3 & Theoretical values fakrin [fm]
< N R N Q20 (0 &00\“6_ Qv with SkyrmeHartree Fock(SHF)
— ' - : (0P < 5 \QO S .
4= S | / 39{‘ \6669 N \\‘5.\5\ and relativistic mean field (RM
| ! i 3 0 e
- /! N © GRS nuclear models. _ _
2 — / — N 3 (36\\)5 -\(\’&\\e Interaction RE®™ REO™*
- N Sky3D
0' Db Ysen e b i i o SkI3 [37] 3.33 3.43
2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 7 . . i Ski4 [37] 3.31 3.41
Sly4 [38] 3.38 3.46
4 5 6
R;, [fm] Sly5 [38] 3.37 345
Sly6 3.36 3.44
XQ(X) — min (NInea.s - Nthe()r(X)[l + CE])Q 4 ()2 Rp — 3_448 :I: 0_003 fm Sl}’id % 3.35 3.44
a O gtat SV-bas [A] 3.33 3.42
40 A ) UNEDFO [4I] 3.37 347
r) < 4.2 (]_{T) 6.2 (26") 10.8 (35") fm UNEDF1 3.33 3.43
R, < 4.33 fm] @90 % CL B ( * = 2 333
. SkM* [43] 3.37 3.45
| | | These boundsare in agreementith the nuclear SkP B4 340 348
Single energy bianalysidor LAr . DIRHB
model predictions, butinfortunatelythey are too DD-ME2 [5] 3.30 3.39
weak to allow us a selection of the model DD-PC1 HG] 3.30 3.39

[arXiv:2005.01645v2] 10



! Department of Physics and Astronomy, Ghent University, Proeftuinstraat 86, B-9000 Gent, Belgium Seet I YR
?Department of Physics, University of Florida, Gainesville, FL 32611, USA talk

Nuclear Structure Physics in Coherent Elastic Neutrino-Nucleus Scattering
@
? N. Van Dessel,! V. Pandey,>* H. Ray,? and N. Jachowicz' | J

arXiv:2007.03658v:

They performmicroscopic manybody nuclear structure physics calculation$ charge and weak nuclear form factors and
CENScross sections odifferent nuclei, including Ar.

60 T | T '| T |' T T I
ar HF - SKE2 —
0
10“5 . | — o — 10/ : | ' | ' _ T HF - SkF2 —— 7 F(QJ — 1 .
Payne e al. - NNLOwat — —~ | e ] 50F QKE? - folded 4
Exp + 1 B \\\ N Helm FF 4 - k. - D a EI{ /
— - fang et al. - R) b
E N i b~ 4 COHERENT - A )
i \ 3 ] | COHERENT - B ;
< 1072 - Ej 10-2 L
5 F
10~3 3 10-3 3
10~ _ - Y i

q(fm=1)

10 - _
V After validating Ar chargeform factor calculation,they make predictions !
for the Arweakform factor. 0 | . | | | | |
U Theycalculatedifferential crosssectionand compareit with widely used 0 10 20 30 40 50
phenomenologicaform factor predictions and recent measurementsof
the COHERENllaboration Future precisemeasurementsof CENSwiill E (MeV)

aidin constrainingneutron densities SeealsoC. GPayne et alPhys Rev. 00, 061304 (2019) 11
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Rate = BSM couplings ®

arXiv:2007.08529vz

large range of energy scales

Apsy

@ BSM scale Agsy: Lasw

Q@ Effective Operators:

Q Integrate out EW physics

Apw

(start here if only SM)

\ @ Hadronic scale: nucleons and pions
Ahadrons

— effective interaction Hamiltonian H;

@ Nuclear scale: (NV|H||N)

< nuclear wave function

hadronic matrix elements ®

nuclear structure

—

) ) I’o’N—ucIear matrix element of the single-nucleon and few-nucleon amplitudes
EFT motivationCEVNSpans very, g g

1 @ Ideally: based on nuclear interactions from chiral EFT

I
: @ Not yet available for heavier nuclei

: @ Therefore: here us nuclear shell model with phenomenological interactions

I @ Main uncertainty from neutron skin
I

nuclear shell model for a wide range of nuclei including Cs, | and Ar.

® neutrino flu

~
~

— “ab-initio” calculation coupled-cluster calculation for “°Ar, Payne et al. 2019

— no direct experimental validation of neutron distribution

/ BSM: impact on weak FF
do m
-5

Both theweak chargeAND
the form factorare affected
by BSM effects!

T

maT S e
A ——)o%\Fw(qQ)F

 2E2  E,

Fuolg®)

—

100 F———

X

~

q

W

10°F

-

10°F _ NNLO.,

[ — ANNLOgo(450)
" - RMF

| — This work

107

0.20

Martin Hoferichter," 2:[] Javier Menéndez,* *[[] and Achim Schwenk® & 7:[f]

They provide weak form factor calculated using the lasgale

Coherent elastic neutrino—nucleus scattering: EFT analysis and nuclear responses

2]

Seel 2 T S NAtdlkK
Weak form factor of°Ar

(EM)-(PWA)

0

0.04

008 012
lql [GeV]
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o= [(gh + 2ely + €3 )ZF (1)) + (g% + €l + 2e47)NF(|4]%)]
H". +2t£“ )NFN |Q‘ )l

rr,f; af

(264 + e2)ZF7(|g]*) + (

af

«Heavy» mediator |EINRNERPE Ty & <lioht> mediator’
n Lo n 1 o

Effective four fermion interaction One can assume thexistence2 ¥ | QO 1
Lagrangian The parameters - describe with anadditionalvector’2Q 2 NJ%b a
the size of NSI relative to standard

One has also an explicit dependence on
neutralcurrentweakinteractions momentum transfer and) charges.

«AboveD 1 GeV» «AboveD10MeV» 14
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Seet SNA KIE& Qa

MNEW COHERENEIresults
\

25_ L] T T 'I |I T II T | T T T T I L] L L T '| T T T T |' T L] L] T | _' | I. T II' T |' L] L] L T T T T T I L] L L T | T T ]
_ _ - Preliminary 4+Data Residual *E  Preliminary +Data Residual
NN «Heavy» mediator scenario of Ov,CEWNS : Ov.CENs |
wof [Ov, CEvNS 2 2 200l v, CEvNS E
& 15— [@v, CEVNS = = @v, CEvNS g
B BININ Background s [ BNIN Background
See Phys Rev D96 11 115007 S 10 [BRN Background | S =4 [BRN Background |
Pteliminary @ . @ N
@ B il D 4
2 si — 2 Y
wr 3 w
i il 0
3;“% 1 l L l L N l l l 1 l
0 10 20 30 20 50 60 0 1 2 3 7 5 6
PE trec
I Oscillation Dat - .
.C:r;:;;n e 12D Gaussian 1/2/30
Tcritical up-values
05
zgg"'
|
0 Measurement of PMNS parameters with neutrino oscillation experiments I Preliminary
can be confused in NSI scenarios O Updated Csl data improves upon i
. . N .. ' i 0.5
O In particular, there is ambiguity between the large mixing angle (LMA) previous constraints -
solution to solar oscillations and the LMA-Dark dark model .
« Would flip the 8,, octant: 8, - /2 — 0 . Z8 o
P 12 12 > T/ 12 QO Updated from 2017 result to include % |
JLMA-Dark would require non-zero sgévand aﬁﬂ/, which we can test given full spectral fit I
with our flavored cross section result . . 05l
(o), held fixed at SM prediction O30 [ CHARM
while (o), floats freely | Il Csl 2020
AI_ L ' L L J L I L L
1 -0.5 0, 0.5 1
15 Sg; 1D Gaussian 90%

critical up-values



Constraints on light vector mediators through

coherent elastic neutrino nucleus scattering data @ P 0.100

from COHERENT
See/ | NH®IR f

0.010

M. Cadeddu,”? and N. Cargioli,’ F. Dordei,” C. Giunti,° Y.F. Li,%¢ E. Picciau,”? and
Y.Y. Zhang?*

gz

arXiv:2008.05022v2

: — CCFR 95% C.L.
0.001 o—— — (g-2), 20 C.L.

V Limits onthree different light mediator models R ATLAS 95% C.L.

— CMS 95% C.L.

«light»
mediator scenario combiningCsland argon COHERENT data

— Borexino 95% C.L.

1074 . — BaBar 95% C.L.

excludeg-2 with future data— cer.zx 20 ...

~lo Tl oo Tiof
My [MeV]

0.010

0.001

Improvedlimits for & 0.001

20 <200MeV

10°°

— COHERENT (CsI+Ar) 20 C.L.
— (g-2), 20 C.L.
— CONNIE 95% C.L.

10- N .\
0.001 0.100
16 Mz [GeV] Seea 2 ( ta

mtior 150 1000  10°
U <5MeV Mz [MeV]

Q¢
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arXiv: 2011.0508¢

* The electron magnetic dipole moment is at a ~2.50 deviation from its

2011 .xxxx

Heerak Banerjee,l'-E] Pritibhajan Byakti?‘-lﬂ and Sourov Roylﬂ

MOTIVATION: obtain the opposite signf@r ¢ and C ¢

The experimental observation of the muon magnetic dipole moment
stands at a ~3.70 deviation from its theoretical prediction.

erp __ exrp SM __ =a —9
sacm = at™P — aSM = 2.79(0.76) x 10

G. W. Bennett et al. PRD73 (2006)

Standard Model prediction, but in the opposite direction.

daf™P = —8.8(3.6) x 10713

R. H. Parker, C. Yu, W. Zhong, B. Estey and H. Mller,
Science 360, 191 (2018)

Flavor-universality of leptons: both quantities would be of the same
sign, and scale by the mass-squared of the corresponding leptons.

U@y

Lepton (g-2) are of the
same sign!

" | Unless coupling switches
nature over generations.

Requires lepton flavor-
Violation.
" Leadsto charged-lepton
flavor violating decays.

Two distinct sources of
lepton (g-2)!

No dependence on
Lepton flavor-violation.

l0g10(gx)

T.Aoyama et al. Phys. Rept. 887 (2020)

-1.0

-2.04

—2.5 A1

—-3.0 1

=35

U Projection limits for a future 3x2@POTCEVNSdetectorvery
promising in probingC ¢

V They fitted bothCslan Ar COHERENT data for the

SUSY
do not excludeC ¢ bound.

"

] — Ar2oCL

] »=== Borexino 95% C.L.
== CCFR 95% C.L.

=1.5 1

—— BABAR 95% C.L.
— GCsl2oC.L

~-- CCM 20 C.L.
—== Csl+Ar 2o C.L
(g -2), 20

-
-

.
——————

0.5 1.0

1‘5
logy0(Mz/MeV)

2.0

2.5

3.0

Supersymmetric gauged U(1)r,_r, model for neutrinos and the muon (g-2) anomaly

See. | Y S N&KS

U model finding that the current data

/

CCM

5000 hours of operation per year,

equivalent to ~ 3 x 102 POT

0.0425 neutrinos per proton per flavor,

KeVee window of 25- 150 KeV.
Poisson likelihood in each bin

\ Only CevNS prediction used. /

~

HB, B. Dutta, S. Roy, arXiv:2011.05083, 2011.XXXX

space.

Ly
= =21
o8 (ﬁl)

My = 20 MeV — 1.40

ﬂ/jzf = 100 MeV — 1.30

17
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Implications of the first detection of coherent elastic

0. G. Miranda,'** D. K. Papoulias,® " G. Sanchez Garcia,!
0. Sanders,b»% M. Tértola,.® ¥ and J. W. F. Valle?: **

arXiv:2003.12050vz:

N‘:-I

= —2v2GF E: E

f.Papg

Qm_ [(g} + 222% + o) ZF,(Q%) + (gf + etn, + 2<8 )NF;{Q?)]Z
+ Z [(2e4% 4 2%) ZF,(Q°) + (e + 2¢2%) NF,(Q%)]

5 (7" Prvs)(fruPx f)

Single energy bianalysidor LAr
107!
1073
107°

NS
= 10—7

107

10-1
107110° 10! 102 103 10* 10° 10° 107
M, [MeV]

107110° 10! 102 10% 10* 10° 10% 107
Mzr [MEV]

FIG. 7: Excluded region at 90% C.L in the parameter space (Mz, g%_;) for the vector
mediator scenario (left) and (Mg, g3) for the scalar mediator scenario (right), from the

analvysis of the recent LAr data. In both cases. a comparison is given with the Csl data.

neutrino-nucleus scattering (CEvINS) with Liquid Argon . >

SeeToNJJ 2 thlk~ NQf‘ff

—ly —el

].D_l\\ I_ 10 TTTRrTod |||||||||||| L ||||-
- 7 N Csl ]
8 — -] 8
. \ : 7 - 6
—.r '\\ : 1 ,' ! rf : R i1 !
B 7 A B S WY I
o\ ) 4 oF\ )
y/ . N ; \ Y
[ J I . 0! ,.-;,' N/, ) ]
/ —0.4 —02 00 02 04 —0.2-0.10.0 0.1 0.2 0.3 0.4 05
4 dVv dv
Ea g
«heavy» C anx

FIG. 3: Sensitivity of the new CENNS-10 LAr results (solid lines) and the first
COHERENT-CsI measurements (dashed lines) to the flavor changing (left) and
non-universal (right) NSI couplings. One NSI parameter fitted at a time.

lIIIIIIIII|IIII|IIII 1

s
mm LAY

IIIIIIIIIIII
mm Csl

IIIIIIIIII|I||I
uV

£
T TTT I rTTT I rTTT | L
TTTI | TTTT | TTTT | T

- —0.5
—_— L1 11 I L1 1 1 | L1 1 | Ll 1 1 : _1 1.1 1 1 | L1 1 1 I L.l 1.1 I |
-1 —0.5 0 0.5 1 -1 —0.5 0 0.5 1
’ dv dav
«h eavy» Eee Ece

FIG. 4: 90% C.L. allowed regions from the analysis allowing two NSI parameters at a time.
The left panel considers the simultaneous presence of non-universal and flavor-changing
NSI with d quark, while the right panel corresponds to the case of simultaneous

non-universal NSI couplings with u and d quarks. For comparison, we show the results

from the analysis of Csl and LAr data. AIIOWIngtWO NSIparamete s 18



arXiv:2002.03066v2

%‘

HE[ @ o

%%g@ Oo'cw 1d marginalsand 95 % CL 2tbntours (
E@E@m _ DUNE with priors from LXe
e
mﬂm@m@l (ZZ)T—IERENTC | a:i B om‘?ﬁno
@ﬂ@@@ﬂ#ﬁl ot and Borexino
@E@@Eﬂﬂﬂ Oz;;

AW N

SRR E b & N o; O
-AFOIIY NN < P
iﬂiﬂ@@@ﬂm&ﬂ Se See¢ K2 YLJa2)

A global analysis strategy to resolve neutrino NSI

SeealsoC. Giunti arXiv:1909.00466

degeneracies with scattering and oscillation data

Big computational effort made

i,

Bhaskar Dutta,* Rafael F. Lang,” Shu Liao,* Samiran Sinha,® Louis Strigari,” and Adrian

Thompson®

Ce

SR BN E T E e
@E@E@E@Mﬁ N

talk

© arXiv:2008.06062 V

\
Q¢

possible by a new approach
utilized to combine information
from different experiments

A NSI with the first generation of SM fermioeshibitsdegeneracies that cannot be broken by a single clasgmériments.
A The authors combined neutrirelectron and neutrinenucleus scattering frorBorexinoand COHERENT and projectiot
for CENNSO (argon). In addition they also considelpmi)jectionsfor DUNE and multi ton DM detectors.

\_

A Statistical Analysis of the COHERENT Data and
Applications to New Physics

pya)

SeeD S K NJtafk

I

V A careful treatment of the statistical methods is essenti?
to derive correct constraints on new physics parametergs

V Due to the low statistics of th€sldataz A f 1 4 Q G K

is not fulfilled in generaland a calculation of thp

values and confidence regions via Monte Carlo

simulations is necessary.

V Correct treatment of PE smearing

A

Peter B. Denton, Julia Gehrlein

SM is a good fit, independent of number of bins
19
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Electromagnetimteractions

Forneutrinosthe electric charge is zero and there aie electromagnetic interactions at tree level
However, such interactions can arise at the quantum level from loop diagrams at higher order of the

perturbative expansion of the interaction. ( ( )
, v(p;) v(py
(i Effective Hamiltonian #{%)(x) :jft")(x)A“(x) — Z y_k(x)AEyj(x)A”(x)
k,j=1

U We are interested in the neutrino part of the amplitude which is given by the
following matrix element (w(Pf)U,EV)(O)M(PE)) — u—f(pf)/\ﬁ(q)ui(pi) o= b pr

U The electromagnetic properties of neutrinos are embedded by#réex function "y’(q)

AN(q) = (Ve — au4/q°) [Fa(a®) + Fa(a®)q*s| — iowwq” [Fm(a?) + iFe(q?)s)

[C. Giunti,A. StudenikinNeutrino

Lorentz-invariant electromagnetic  interactions

form factors: charge anapole magnetic electric _ ;
A window to new physics,Rev
l l l l Mod Phys, 87, 531 (2015,
P?=0 — Qq a 1L 5 Arxiv14036344

Charge and anapole moment Magnetic and electric dipole moments
21



Neutrinochargeradius Y, .

U In the SM the effective vertex reducesrto&N ) since ,_
the contributionN r N j N vanishes in the coupling with a conserved,,
current

Q@ (¢ nar Ain)yander '@n)

AR ) =, ()
an) am n —% E n— E
AN ¢
U In the Standard Model(‘l rt} O o cl i (%)] g
) C\/Eu
(i) & pTT GE s A
<‘| > & pT R OA charge radius that is gaugedependent,
finite is achieved by including additional W
(i ) o8t p TGl diagrams in the calculation 6@ )¢ v

[Bernabeu et al, PRD 62 (2000) 113012, NPB 680 (2004) 450]

22



c§ Physics results from the first COHERENT observation of CErNS in argon and their
Q combination with cesium-iodide data O
g -/~
8 M. Caduddufl‘E] F. Durduifl'-[ﬂ C. Giunti._i‘ﬂ Y.F. Li._3‘4'-E| E. Piccislll_.5=ﬁ‘|I| and Y.Y. 3115111g1=4‘|fl
° SeevsK | yfalk Q &
o
8 ' ch dii
S charge radii millicharge ' magnetic moments
X 2 a1 — ] S —— ' — S —
E [ — Csl:1o ™ | Csl+Ar — (&l 1o - ™ | Csl+Ar —— Cslt1a 1
-_— g Csl: 20 -— | --- Csl'2c [ — C |2 i
[ w— 2 | Gsll:Bc' — 2 Csl: 3o | [ — 22 G;; 32‘
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* obtain constraints on the neutrino charge radii:
78 < (r?) <22,-71< (ré) < 17 X 107** cm®.

* obtain constraints on the neutrino millicharge :
—20 < gy, < 42,-12<gq,, <20 X 10" %e.

A

* obtain the constraints on the effective neutrino magnetic moment:

|luve| < 56’

,uvu| <41x107 0,

.. [107%] v, 107" pg]

Argon data more sensitive to the
neutrino electric charges because of
the lower nuclear mass.
Improvement of theonly existing
laboratoryboundofy . 23

A Muon neutrino magneticnoment
only aboutfive timeslargerthan
the bestcurrentlaboratorylimit.
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Implications of the first detection of coherent elastic

neutrino-nucleus scattering (CEvNS) with Liquid Argon
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0. Sanders,'*% M. Tortola,* ¥ and J. W. F. Valle® **
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FIG. 5: Sensitivity to the neutrino magnetic moment (left) and charge radius (right).

Thick (thin) curves correspond to the LAr (Csl) measurement.
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FIG. 6: Upper panel: 90% C.L. allowed region in the parameter space of the neutrino
magnetic moments (f,,, ftv;). Lower panel: 90% C.L. allowed region in the parameter
space of neutrino charge radii ({r ), (rf,ﬁ)). The results are shown for different choices of
neutrino flavours, with the undisplayed parameters in each case assumed to be vanishing.

For comparison, we show the results from the analysis of CsI and LAr data.

(r2 ) =(—64,—41) and (—7,16),

(O (2) =(=69,-37) and (~10,21),

> (r2 ) =(—60,—43) and (—5,12),
in units of 10~%?cm?
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The physics potential of a reactor neutrino experiment with Skipper CCDs:
Measuring the weak mixing angle
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