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Outline

* 1. Coherent elastic neutrino-nucleus scattering(CEVNS)

e 2. Neutrino electromagnetic properties
* Neutrino charge radii and millicharge
* Neutrino magnetic moment and electric moment

3. Analysis of neutrino electromagnetic properties using
COHERENT data
* Neutrino charge radii
* Neutrino millicharge
* Neutrino effective magnetic moment

* Summary

2021/8/18 IHEP



Coherent Elastic Neutrino-Nucleus Scattering

* Predicted in 1974 for |g|R < 1
* Frist observed in 2017

* Taking into account interactions with both neutrons and protons:
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The COHERENT experiment
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[COHERENT, arXiv:1803.09183, arXiv:2003.10630]
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Neutrino electromagnetic properties

e Effective Hamiltonian:
N

Hi =g (@) A (@) = ) o) A v () A (x)

Vil Pi v
kyj=1 (Pi) W rlpr
A

» Effective electromagnetic vertex: \g/

wrp)lis ) |wilp:)) = ug(p) AL (pr, pi)ua(pi) ~(q)
* Vertex function:

AMu(@) = (v — 0ud/ ) [Fo(d®) + Fa(a®)a?ys] —ioug” [Far(a®) + iFr(q®)ys]

Lorentz-invariant / [ / /

form factors: charge anapole magnetic electric
2 — U f— ﬂTl a4 ‘!_.-', -
q S 5

* CPinvariance = Fr =0
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Neutrino charge radii and millicharge

* In the Standard Model of electroweak interactions neutrinos are exactly neutral
particles, but they have the charge radii induced by radiative corrections.

* In the Standard Model there are only diagonal charge radii (rvzl) = (rvzu) because lepton
numbers are conserved. [Bernabeu et al, PRD 62 (2000) 113012, NPB 680 (2004) 450]

Grp m?
r2 VoM = — 3—2lo (—E )]
(ry, dsm WP [ gl

o (v —aud/a%) [Fo(d®) + Fald”)g*ys]
dF(g*
o) = )+ 20

* For ultrarelativistic neutrino y°> — +1 = The phenomenology of the charge radius and
anapole moments is similar.
* Beyond the Standard Model, neutrinos may be not exactly neutral
dF(q*)
dq?

2 Ysm = —0.83 x 10732 cm?, 5 .
< 2 Ysm = —0.48 x 107%? cm?,
< ,2, >Sl\l —0.30 x 10™32 ¢cm?.
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~

=
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Neutrino Charge Radii in CEVNS

M) = (v — 4ud/d°) Fo(@®) —>r7,,

doy,- GaME MT = . n .
=l (g, T) = = (1— —) (o — Que) 2F2(3P) + g NEN ()] + 22F3(1d

%)) " 1Qeel?

dT T 2F?2 s
 Diagonal charge radii: 1y + N — vy + N
« Transition charge radii: ¥« + N — E vz + N
O£l
* Consider radiative corrections, 10% difference between these definitions.
* Only depends on the fine-structure constant.
Process Collaboration Limit [107%? ¢cm?] CL
Reactor v, — ¢ Krasnoyarsk [(r7 )] <73 90%
TEXONO —42 < () <66 90%
Accelerator v, — e LAMPF -7.12 < (r? ) < 10.88 90%
LSND —5.94 < (r2 ) <828 90%
Accelerator v, — e and 7, — e BNL-E734 -57 < (if ) < 1.1 90%
CHARM-II ()] <12 90%

[M. CADEDDU et al. PHYS. REV. D 98, 113010 (2018)]
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Fit of COHERENT data: neutrino charge radii

PhysRevD.102.015030
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The bounds of the combined fit
are similar to those obtained
with the Csl data only.

The limits on the diagonal

neutrino charge radii
~10731 cm?.

8 B ran RS
2 N - °';" The limits on transition charge
;E ;E radii, first obtained.
- = interesting on physics beyond
= N the Standard Model.
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Fit of COHERENT data: neutrino charge radii

Without transition charge radii
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Motivated by the Standard Model,
only diagonal charge radii.

The contribution of the Ar data
leads to a restriction of the allowed
regions.

Limit: ~10731 ¢m?

The combined fit tends to favor the
allowed island at large negative
values

compatible with the bounds of
TEXONO and BNL-E734 experiments.
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Neutrino millicharge in CEVNS

M) = (vu — 4ud/q°) Foq®) —> 4,

. GiM MT ~ . = .

- ‘N(EvT) == (1 - m) { [(g@ - Qfﬁ) ZF7(|3%) +9vNFN(IQ|2)] +Z2F3(|g Z \QM| }
242

2\ 2na

Qrp = Gr? Teer

* The strongest constraint: Neutrality of matter:
From electric charge conservation in neutron betadecay (n = p + e~ + v,)

¢, = (—0.6 £3.2) x 107%*¢

* SN 1987A: ,
g, | S2x 1077 e
Limit Method Reference

g, | <3 x 1071 e SLAC e~ beam dump Davidson et al, (1991)

g, | <4 x107% BEBC beam dump Babu et al, (1993)

lq,| <6 x 10714 Solar cooling (plasmon decay) Raffelt (1999)

lq,] 2 x107e | Red giant cooling (plasmon decay) Raffelt (1999)

qu X cutrality of matter aftelt

| <3 x107%e N lity of Raffelt (1999

g, | < 3.7 x 10_128 Nuclear reactor Gninenko et al, (2006)
g, | < 1.5 x 10712¢ Nuclear reactor Studenikin (2013)

[Giunti, Studenikin, RMP 87 (2015) 531, arXiv:1403.6344]
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Fit of COHERENT data: neutrino millicharge

PhysRevD.102.015030
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Neutrino Magnetic and Electric Moments

- io_,uyqy [FJ\[(q2) +iFg (q2)75:| - lu“l/g

VZ -N E T _ TQ Z2F2 =2 HVIZ
nr meg nr HUB
dO‘ O'SM macr [Konstantin A. Kouzakov, Phys.Rev.D 95 (2017) 5, 055013]
Vp -N Vg—./\f I/ﬁ N
—— (B, Ty) = (B, Toe) + —— (B, Ty)
104 T T TTTIT T IIIIHIl T I\I\IHI T \Illllll T \\HHII T T TTIIT T T TTTTm
501\ Method Experiment Limit CL
— Krasnoyarsk | g1, < 2.4 x 107" up | 90%
s n ) Rovno fy, < 1.9x 10719 up | 95%
& Reactor i/, e~ MUNU fy, < 9x 107 up | 90%
f‘% 0= ‘f?gclﬁ(\anve COVI'GCU;)HS ~ TEXONO ,I-’L‘Ut 7'4 X 107]1 'IJ,R 90(%
Ni u.‘zs | u‘.s | 0.|75 = GEMMA My, < 2.9 X 10“1(] ]| 90%
5 Accelerator v,—e~ LAMPF ty, < 1.1x 1077 ug | 90%
o BNL-E734 [ j1,, <85x 10~ ug | 90%
B Accelerator (v, 7,)—¢~ LAMPF Lo, < 7.4 x 107" pp | 90%
= 5 LSND fl, < 6.8 x 1071 g || 90%
3 Accelerator (v, v:)—e~ DONUT fy. < 3.9 x 107 ug | 90%
0 11 \lllHl 1 IlIIHIl 11 L piL | - IIIlIIl L LI | - IHllIl Ll [Giuntil StUdenikin' RMP 87 (2015) 531' arXiV:1403'6344]
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Fit of COHERENT data: Neutrino Magnetic Moments

PhysRevD.102.015030
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Effective neutrino magnetic
moment.
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Electron neutrino magnetic
moment is hot competitive
with the current reactor limits.

Muon neutrino magnetic
moment is only about 5 times
larger than the best current
laboratory limits.

Have potential to match the
current limit.
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summary

CEVNS: unigue process to explore the neutrino electromagnetic properties.
e obtain constraints on the neutrino charge radii:
—78 < (r2) <22x1073? cm?,-71 < <rv2”> < 17 x 10732 cm?.
e obtain constraints on the neutrino millicharge :
—20<q,,<42x107%e¢,—-12<q,, <20x 10 %e.

* obtain the constraints on the effective neutrino magnetic moment:
|y, | < 56 X 1070up, |u,, | < 41 x 107 pup

The combined fit of the COHERENT Csl and Ar data leads to a significant
restriction of the allowed values.

The constraints on transition charge radii, qv, are the first one obtained from
laboratory data.

COHERENT Spallation Neutron Source experiment:
e SNS:Nal, HPGe, CCM, LAr, European Spallation Source

Reactor neutrino experiment:
e CONUS, CONNIE, Taishan
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