Probing electroweak physics with COHERENT data
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Proping the nuclear rms radius

Klein-Nystrand form factor

Credit M. Cadeddu

Proton rms radii are fixed
R,(1) = 4.766 fm

R (Cs) = 4.824 fm
R (Ar) = 3.448 fm

R, (Ar) €[0.00,3.72] fm,
R, (CsI) €[5.22,6.03] fm.

Neutron rms radii float freely
R 12341051 )

De Romeri, Miranda, DKP, Sanchez, Tortola, Valle: arXiv: 2211.11905



Proping the nuclear rms radius

Csl (2021) analysis
RiCab. s cotl i

De Romeri, Miranda, DKP, Sanchez, Tortola, Valle: arXiv: 2211.11905

Csl (2017) analysis
Bilalhe 880 0

P. Coloma, |. Esteban, M. C. Gonzalez-Garcia, and J. Menendez, JHEP 08, (2020) 030

ne full-Csl data with 2 X statistics
and an improved understanding of the error budget

. | Tomorrow's talk by
lead to a by factor 2 reduction of R, uncertainty M. Cadeddu



Probing the weak mixing angle
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The combined fit yields:

Csl (2021) + LAr (2020) sin” @y, = 0.237%05 (16)

De Romeri, Miranda, DKP, Sanchez, Tortola, Valle: arXiv: 2211.11905

Tomorrow’s talk by Csl (2017) + LAr (2020) sin’ 8y, = 0.26799% (14)

A. Majumdar for th TR
ajumdar for the M. Cadeddu, Dordei, Giunti, Li, Picciau, Zhang: PRD 102, 015030 (2020)
Dresden-|l analysis



Combining sin 0y and R,

R,(CsD=6.6"] fm sin®dy=0.31"005 x?.. = 83.9

— +1.9
an_ 6'6—1.3 - TN Ty
sin? gy, = 0.3070%

2 — 90.00% CL
Xoin = 81.2 S

95.45% CL

R, (Cs]) [fm]

De Romeri, Miranda, DKP, Sanchez, Tortola, Valle: arXiv: 2211.11905 Atzori Corona et al. arXiv: 2303.09360



-lectromagnetic neutrino properties

For neutrinos the electric charge is zero and there are no 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) (v) l — kj L I/(ll)l) I/(ljj)
> Effective Hamiltonian H./(x) = j”/(x)A"(x) = E Uk (x)NJvi(x) A (x)
kj—1

» We are interested in the neutrino part of the amplitude which is given by the
I I 0% — fi
following matrix element ;.. ()|t (0)|vi(pi)) = Tr(pr)A;: (q)ui(pi)

» The electromagnetic properties of neutrinos are embedded by the vertex function

ANi(q) = (Ve — 9ud/q%) [Fo(a®) + Fa(q®)q°s) — iouwq” [Fm(q®) + iFE(q°)vs)
. . [C. Giunti, A. Studenikin, Neutrino
Lorentz-invariant

form factors: charge hole magnetic electric electromagnetic Interactions:
A window to new physics, Rev
l ¥ l l Mod Phys, 87, 531 (2015),

8| a I 3 Arxiv:1403.6344]

Charge and anapole moment Magnetic and electric dipole moments

taken from M. Cadeddu, Magnificent CEvVNS 2020 |
Tomorrow's talk by F. Dordel




Neutrino (effective) magnetic moment
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Neutrino (effective) magnetic moment

doyy MM mog CEVNS

The effective neutrino magnetic dEy: ICEVNS
moment is a process-dependent
quantity which is expressed In

terms of the fundamental
transition magnetic moments

. EVES
ES f
Uy, = Z ZUEk)‘Jk e (for Csl only)

Dirac neutrinos: HE,\,| — 17R)\O'aﬁl/LFa5 + h.c.

@ A\ = — i€ is an arbitrary complex matrix

o u=p"and e = €.

Majorana neutrinos: Hé/IM — —%VZ_ C_l)\aaﬁz//_Faﬁ + h.c.

® \ = i — ie: antisymmetric complex matrix (Ao = —Agq)
o ' = —p and €' = —e are two imaginary matrices.

@ three complex or six real parameters are required




Neutrino (effective) magnetic moment

The effective neutrino magnetic
moment is a process-dependent
quantity which is expressed In

terms of the fundamental
transition magnetic moments
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De Romeri, Miranda, DKP, Sanchez, Tortola, Valle: arXiv: 2211.11905
10~8

Combined Csl + LAr fit
90% C.L.

w, < 3.6 (3.8)x107° ugp

by, < 2.4 (2.6)x107° pp



Neutrino (milli)charge

New contribution to SM cross section

De Romeri, Miranda, DKP, Sanchez, Tortola, Valle: arXiv: 2211.11905
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Neutrino (milli)charge

De Romeri, Miranda, DKP, Sanchez, Tortola, Valle: arXiv: 2211.11905

Combined Csl + LAr fit (10) * jsans/
CEVNS only . : 1O
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e
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Neutrino charge radius

+ Neutrino charge radius (CR) is the only EM neutrino
parameter that is different from zero within the SM framework

- Radiative corrections generate an effective electromagnetic
Interaction vertex

SM: only flavor diagonal CR are possible
due to lepton number conservation

The SM values are
({ri..) (0.} (rs..)) = (—0.83,-0.48,-0.30) X 10~** cm

2

Vpp

Bernabeu, Papavassiliou, Vidal, Nucl. Phys. B 680 (2004) 450-478



Neutrino charge radius

New contribution to SM cross section

Combined Csl + LAr fit (10)

(ry ) €[-61.2,-48.2] U [-4.7,2.2] x 10">* cm”,

2 2

(ry,.) €[—58.2,-52.1] X 107°% cm”.

De Romeri, Miranda, DKP, Sanchez, Tortola, Valle: arXiv: 2211.11905
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Neutrino charge radius

New contribution to SM cross section

Combined Csl + LAr fit (10)

(ry ) €[-61.2,-48.2] U [-4.7,2.2] x 10">* cm”,

(’r,z,w) €[-58.2,-52.1] x 10™°* cm”.

De Romeri, Miranda, DKP, Sanchez, Tortola, Valle: arXiv: 2211.11905

vy vy CR
gy — gy +Qu

ES contribution is negligible
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Comparison with existing results

Flavor

|/~"1/| [10_11“3]

g, [10~2¢]

(r2) [10~°4cm*]

Ve

<14 (LZ)
< 0.9 (XENONnT)
< 3.7 (Borexino)
< 2.9 (GEMMA)
< 360 (COHERENT)

—0.3,0.6] (LZ)
'—0.1,0.6] (XENONNT)
< 1 (Reactor)
—9.3,9.5] (Dresden-1I)
(—260, 260] (COHERENT)

(—121,37.5] (LZ)

(-93.4,9.5] (XENONnT)
(—4.2,6.6] (TEXONO)

—5.94,8.28] (LSND)

(61.2, 48.2

U [4.7,2.2] (COHERENT)

< 2.3 (LZ)
< 1.5 (XENONnT)
< 5 (Borexino)

< 240 (COHERENT)

—0.7,0.7] (LZ)
[—0.6,0.6] (XENONNT)
< 11 (XMASS-I)
(—140, 140] (COHERENT)

(—50.2, 54

[_

(=109, 112.3] (LZ)

(XENONNT)
1.2,1.2] (CHARM-II)

(—58.2, —52.1] (COHERENT)

<2 (LZ)
< 1.3 (XENONnT)
< 5.9 (Borexino)

~0.6,0.6] (LZ)
(—0.5,0.5] (XENONnT)
<11 (XMASS-I)

(—93.7,97] (LZ)

(—43,46.8] (XENONnT)

De Romeri, Miranda, DKP, Sanchez, Tortola, Valle: arXiv: 2211.11905




summary

weak mixing anglenuclear neutron

Scenario SM 9
(sin” Oy ) radius (R,,)

CsI | 83.2 (0.849) 82.8 (0.854) 81.9 (0.845) |
LAr  [106.5 (0.887) |  105.5 (0.887) 105.5 (0.887) |

CsI+LAr | 189.7 (0.870) 189.7 (0.874)

Scenario

millicharge charge radius |

(¢...2,,) | (ro ) (re.))

| MMctive |

(20,5 180, )

83.2 (0.867) 82.8 (0.863) ||l 83.2 (0.867)
- 106.4 (0.902) | 105.5 (0.894) |/ 105.4 (0.893)

CsI+LAr | 189.7 (0.878) 188.4 (0.872) 189.6 (0.877)

De Romeri, Miranda, DKP, Sanchez, Tortola, Valle: arXiv: 2211.11905

—fficiency and timing uncertainty play key role
in the analysis of Csl data

Csl data dominate the combined Csl+LAr fit

A tfactor 2 improvement is obtained regarding
the uncertainty on R,

The new Csl data improve the agreement
between the RGE extrapolation and extracted

constraint on sin” @y,

=S events become relevant for the analysis of
Csl, especially for the extraction of millicharge
constraints




ntion

Thank you for your atte

ln]]ﬁ |i.- 4
1 llL 1

,'ﬁq"

M1

Acknowledgements

The research project was supported by the Hellenic Foundation for
Research and Innovation (H.F.R.I. under the “3rd Call for H.F.R.L.

Research Projects to support Post-Doctoral Researchers”

Hellenic Foundation for

Research & Innovation (Project Number: 7036)




trec:|0.0,0.125|us trec:|0.125,0.25|us  tye:|0.25,0.375]us trec:10.375,0.5|us 4trec; 0.5,0.625|us trec:|0.625,0.75|us

a3
P~
P)
51 :
O
O

20 40 60 20 40 60 20 40 60 20 40 60
& % 5 P

E E E E

CEvNS-prediction
CEvNS-best fit
B BRN+NIN
BN S5S5B
<4 Data

Counts/PE

Counts/PE
e
-

Q1

0720 40 60 D720 40 60 U 20 40 60 U 20 40 60 DV 20 40 60

PE PE PE PE PE




