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Coherent elastic neutrino nucleus

scattering (aka CE' NS)

+ A pure weak neutral current process
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+Weak charge of the nucleus
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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!
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+ Neutrino -nucleon tree -level couplings
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+ Radiative corrections are expressed in
terms of WW, ZZ boxes and the neutrino
charge radius diagram © Flavour dependence
J
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gb-(ve) = 0.0382, gt (v,) = 0.0300 and g% = —0.5117

Nuclear physics, but since Q)
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neutrons contribute the most



Interplay between nuclear
and electroweak physics

+This feature is always present when
dealing with electroweak processes.

0 Atomic Parity Violation (APV): atomic electrons interacting
with nuclei . Cesium available.

1 Parity Violation Electron Scattering (PVES): polarized
electron scattering on nuclei . PREX(Pb), CREK@)

0 Coherent elastic neutrino -nucleus scattering (CE’ NS).
Cesium-iodide ( Csl), argon (Ar) and germanium (Ge)
available.

used for 2 used for OEM )
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Nuclear physics with
COHERENTCsI) dataY¥ a
short chronological
summary

Other works related to this topic | will
not touch during this presentation
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First average Csl neutron radius measurement (2018)

+ Using the first Csldataset from E D. Akimov et al. Science 357.6356 (2017)
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U We first compared the data with the predictions in the case of full

i

coherence, i.e. all nuclear form factors equal to unity:  the corresponding
histogram does not fit the data

We fitted the COHERENT data in order to get information on the value of the
neutron rms radius Y , which is determined by the minimization of  the ...
using the symmetrized Fermi (t=2.3 fm) and Helm form factors (s=0.9 fm).
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M. Cadeddu, C. Giunti, Y.F. Li, Y.Y. Zhang, PRL 120
072501, (2018), arXiv:1710.02730
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V' Only energy information used

X No energy resolution

x No time information

x Small dataset and big syst. uncer.



The Cslneutron skin (in 2018)

Proton rms radius for Cs and | The neutr()n Skin
Y T8¢ pv fm and

fm Ve g YY k'Y Y e §fm

are around 4.78 fm, with a
difference of about 0.05 fm
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|=] G. Fricke et al., At. Data Nucl. Data Tables 60, 177 (1995).

Theoretical values of the proton and neutron  rms radii of Cs and | obtained with
nuclear mean field models. The value was compatible with all the models...

127:[ 13305 | .
Model Rgoint Rp Rgoint Rﬂ, ARg;int ARnpRgoint Rp Rgoint Rn ARg;intARnp /
SHF SkI3 [81] 4.68 4.75 4.85 4.92 0.17 0.17 | 4.74 4.81 4.91 498 0.18 0.18 . A
SHF Skl4 [81] 467 4.74 4.81 4.88 0.14 0.14 | 4.73 4.80 4.88 4.95 0.15 0.14 Theoretlcally \ -
SHF Sly4 [82] 4.71 4.78 4.84 491 0.13 0.13 | 4.78 4.85 4.90 498 0.13 0.13

SHF Sly5 [82] 4.70 4.77 4.83 4.90 0.13 0.13 | 4.77 4.84 4.90 4.97 0.13 0.13 o N

SHF Sly6 [82] 4.70 4.77 4.83 4.90 0.13 0.13 | 4.77 4.84 4.89 4.97 0.13 0.13 [T[Eﬁ) C YY Tlﬁ Tm 4) \\
SHF Sly4d [83] 471 479 4.84 4.91 0.13  0.12 | 4.78 4.85 4.90 4.97 0.12 0.12

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 4.91 0.14 0.14 | 4.76 4.83 4.92 499 0.16 0.15
SHF UNEDF1 [86] | 4.68 4.76 4.83 4.91 0.15 0.15 | 4.76 4.83 4.90 4.98 0.15 0.15
SHF SkM* [87] | 4.71 4.78 4.84 4.91 0.13 0.13 | 4.76 4.84 4.90 4.97 0.13 0.13

SHF SkP [85] 472 4.80 4.84 4.91 0.12  0.12 | 4.79 4.86 4.91 498 012 0.12 : :

RMF DD-ME2 [89]| 4.67 4.75 4.82 489 0.15 0.15 | 4.74 4.81 4.89 496 0.15 0.15 But this Is not t end
RMF DD-PC1 [90] | 4.68 4.75 4.83 4.90 0.15 0.15 | 4.74 4.82 4.90 4.97 0.16 0.15 In 2020 the COHERENT

RMF NL1 [91] | 4.70 4.78 4.94 5.01 0.23 0.23 | 476 4.84 5.01 508 0.25 0.24 :

RMF NL3 [02] | 4.69 4.77 4.80 4.96 0.20 0.19 | 4.75 4.82 4.95 503 0.21  0.20 Collaboration released the full Csl

RMF NL-Z2 [93] | 4.73 4.80 4.94 5.01 0.21 0.21 | 4.79 4.86 5.01 5.08 0.22 0.22
RMF NL-SH [94] | 4.68 4.75 4.86 4.94 0.19 0.18 | 4.74 4.81 4.93 5.00 0.19 0.19

dataset




Improvements with the latest

+ New quenching factor
E.. = f(En) = aE,, +bE? +cE> +dE} .

Csl dataset

U Theoretical number of CEvVNSevents

TEF Tl:jlli'nux Elllﬂ-x
a=0.05546, b=4.307, c= -111.7, d=840.4 NEENS = N (Csl) / AT A(Ty) f dT.. R(Tw, T.) / dE
E Akimov et al. (COHERENTColl), arXiv:2111.02477, JINST 17 P10034 (2022) Tar . ; 0 Ermin(Thr)

v Ou-Csl -
+ 2D fit, arrival time information included ) _Z _dE (E) T, (B Tr)
NCEWNS _ ( A\TCEVNS ) P_(vp) NCEvNS - (ue,ﬁp) ) _ _ _ _
* (N; Ju B3+ (N; e B U With the inclusion of energy resolution
g : i V"l é 25\ i Prompt (v,) b
H; : : - ' lar(1+bR)]"™% b (bR
- u s yed (v, + v,) R N JN — N R e apR R PE
. ;: L Example POT trace [( PE PE) F(l _|_ bR) PE
b i 4 V Analysis with a Gaussian least -square function
T e, | 5 9 11 exp 3 2 3 ) |
[ — 1(‘)0x :fl!:‘ﬂz%]éﬁllmlgo“‘éw % ““~1000"~2060 30004000 50006060 7000 2 NIJF T ZZ:I (1 -|— nZ )Nf] T}z
Energy (MeV) Creation Time (ns since pulse onset) XC o Z Z _|_ Z —_— ,
+ Doubled the statistics and reduced
SySt UnCertaintieS E Cadeddu et al., PRC 104 065502 (2021), arXiv:2102.06153

OCEyNS = 13%, OBRN = 0.9%,
and 0ss = 3%
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The Cslneutron skin (2023 update)

E M. Atzori Corona et al., arXiv:2303.09360

Average proton rms radius for Csl

['Y (6 i)0uvd x nartlim[> Y 6i '04. T8 [>S"Y Oi Om® w T YPm

X 7% precision oD
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| Only an averaged

e | Information is obtained, \]
Y . | Could we do more? /|

0 ‘\' ~Use another electroweak

4.0 4.5 5.0 5.5 6.0 6.5 7.0

Ry(CsD)[fm]

? process that measures the
R, (COH — Csl) = 5.474035(10) 1573 (90%CL) L5352

weak charge of Cs .



Atomic Parity Vlolatlon In cesium APV(Cs)

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

+ Parity violation in an atomic system can be observed as an
electric dipole transition amplitude between two
atomic states with the same parity , such as the 6"Yand
7"Ystates in cesium .

U Indeed, a transition between two atomic states
with  same parity is forbidden by the parity
selection rule and cannot happen with the
exchange of a photon .

Interaction mediated Interaction mediated by the Z V However, an electric dipole transition amplitude
by the photon and so boson and so mostly sensitive can be induced by a & boson exchange between
mostly sensitive to the to the weak (neutron) atomic electrons and nucleons A Atomic Parity
charge (proton) distribution. Violation (APV)or Parity Non Conserving (PNC)
distribution
+ The quantity that is measured is the usual weak charge V) (l')(p TOE+ ) 0

10
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R. L. Workman et al. (Particle Data Group),
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V' The theoretical PNC amplitude of the electric dipole
transition is calculated from atomic theory to be
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RGE Running
s Particle Threshold
Measurements
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: antiprotonic atoms , which
i are known to be affected

g angle from APV(Cs)

Historically APV(Cs) has been used to estract the lowest energy determination of the weak mixing angle.

However 'Y # O(or the 0.250r
neutron skin) has been
taken from indirect
0.245¢

measurements using

APV only

68.27% CL | !
90.00% CL | |
95.45% CL | 1
99.00% CL | !
99.73% CL i

by considerable model o 0240 T
dependencies < ]
= APV(Cs) == i
PDG-——""
02353y 1 dm!

0.230f

0.225

But, we also use

NEW resulton ImO

0.6

11

Value of ImO
(2012))

used by PDG (V. Dzuba et al., PRL 109, 203003 B. K. Sahooet al. PRD 103, L111303 (2021)

é | will refer to APV 2021 when using
) P Vim ©® D Gom Sahoo et al.

g wi | | refer tjo 1t with



1D fits

sin? Yy R, (Csl)[fm] N
) I * best-fit T1o +90%CL+2a 2 | pest_fit T1o+90%CL+20 | 2 @) ET| fixed to theory
Y fixed to theory eSU-Ib 1, go%cL—20 | Xmin |PESUIV 3 07 90070126 [ Xmin Lz oA
€ £ COH C I 0 231+0.027+0.046+0.058 86 O 5 47+0.38+0.63+0.76 85 2 O E_I_ (T[) T[a O- LlJ (p 0-
Y (# Q) L8t qu -Us 291 _5102420.039—0.047 : A0 0.38-0.72—0.89 : .
oz A APV PDC 0.9375+0-0019+0.0031+0.0038 5 9 +0.33+0.55+0.66 Y free to vary
O E[l freeto vary : —0.0019—0.0031—0.0038 | ~ 49 _0.34-0.56—0.68 -
APV2RL (020 QRIEOORENINR |  | asetiangn |
APV PDG + CsI|0.237470 0010 0003200032 186.0 | 5.3510 5210437029 | 85.3
* Nuclear shell model APV 2021 + CsI [0.239870 001270 0020 0r00a7 | 86.0 | 5.04%0 337055048 186.6
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|iI fin?ﬂ_i_‘]i 3g [:' - _3:" / / 30
' IR — 0 O o /=
1T mEHE eoien Sjiz & 18 /3
BT iy g Ji5 S L4
4t o - (=N B e, a. f A,
oY = <11l P> > O
[} (=% [ / T r < f{' [} Q-4 n-< ] ﬂ:
53 % 9 / L1 99% CL [i < <! 99% CL
N\ i [
6 . \.\ N/ | Ili % 6 H / /
\/ 11 i O 1 1
NI LTI ) . ‘ :
%< 0.234 0.236 0.238 0.240 0.242 } { “ O«b <>l<
\ s O I I U 20 ': ': 20
4 -t 4 f: .
L1 /
]| / /
H ; 90% CL ] ; 90% CL
- = l : ’l
_ i / L
2 I 2 P
‘” 1o W : 1o
Ly {
0 1 L 1 1 1 L O M ) SN 4 < ) " )
0.16 0.18 020 022 024 026 028 0.30 4.0 4.5 50 55 6.0 6.5 7.0
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1D fits

Y fixed to theory*
OEl free tu var:

R,(CsD[fm]



1st advantage: Y (0 ) & 'Y (‘Qseparation

Even if theoretical nuclear models predict a similar neutron
radius forCsand I,i.e. 'Y (6 ) uvdt &El Y (O uv8t oEh
meaning that the use of 'Y (0 iQis OK for current precision,
it is interesting to try to separate the cesium and iodine
contributions.

Assuming to know the value of the weak mixing angle at
lowenergy OE+ (M ™ oY @o

COHERENT... APV ...

. >
NI CSOS(R,) — OB (sin” 19W))
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Y
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Contribution of Cs and | disentangled!!

R,(Cs)=5.29"03) fm R,(1)=5.6") fm y?_. =852

|

1| APV PDG

1| 68.27% CL

Ay
SN By ©

1| 99.00% CL

COH-CsI +

90.00% CL
95.45% CL

99.73% CL

T Icl T
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....................

Ry(Cs) [fm]
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1st advantage: Y (0 ) & 'Y (‘Qseparation

Even if theoretical nuclear models predict a similar neutron

R,(Cs)=4.85"032 fm R,(1)=6.0")7 fm y?_. = 85.3

radius forCsand I,i.e. 'Y (6 ) uvdt &El Y (O uv8t oEh lg_ ‘\ ' /’ ' || comea-
meaning that the use of Y (0 i)'1® OK for current precision, o 6l \ / fesoma | —
it is interesting to try to separate  the cesium and iodine I 4 1/ veascr |
contributions. 2| \/ j| owooscL | ——
O : ; : 99.73% CL
|/ /
i C} /
: . QL A /
Using Im'O  form B. K. Sahooet al. 5 S D s
PRD 103, L111303 (2021) (APV 2021) o & & »® /
g | CRCEN /
qf‘_\ 6_' | X g\\’\gj
< | ©
= \J \
4 \\
Y PCR=Y Y o)X § Al ; N
. ) 30 )
WY P#EGY Y e T 8 A ;
S T A

Contribution of Cs and

| disentangled!!

R,(Cs) [fm]
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2D fit: leaving both the

weak mixing angle and the
nuclear neutron radius*
free to vary

*average Cslneutron radius

______



2nd advantage : extract both 'Y (Csl) and
O Efl from data

a\s0 D. ’(a\\(‘ R, (CsD)=5.4777 fm sin?dy=0.2397"000 x°pie= 852
| . Se€ “ \asS
RH(CSI)=66H? fm SIHZ'SW:O'B’ ligg}% /Yzmin= 83.9 pa@ou\\hak 10 A\ I I /- COH-CsI +
8f \ / 1| APV PDG
10 : A . . . ‘ : 6fF 1| 68.27% CL
8f N\ 1| con-ca ) 4 90.00% CL
% 4 ANS e ‘ — 2 P
2' ] 99.00: Ei R —
0 99.73
0.45¢
0.40f ~ /
0.35 s d
§ 0.30; , .
R= j “
2 0.25¢ ‘
020 \O\ N
0.15 \\

R T T R S :%%g 5 eREewEL
(" Ry(CsD [fin* Ay’ R,(C1) [fn} Ax



2nd gdvantage: extract both Y (Csl) & O Efl
from data

R,(CsD)=5.5"07 fm sin®¢p=0.242370003 x%...= 85.1

R,(CsD)=6.6"1" fm sin’¢p=0.31"00 .= 83.9 10 < . ‘ ey
0 R [
8F | \\ ’ I ‘ | | 1| con-cs1 N%‘i 4 \ / 9050‘; CL —
6 N awa| = [ +APVCs) 2 / o | —
g 4 AN | 9sasecL | —— , 0 99.73% CL _—
2 o | —| L2021 == B E
0 ™ 0.255" = }\
045 | <<§« 79'1“ :
0.40} 0250 ‘3&?\\(") | d 4
l ¢O X) ,
'/ N/ Q 1
0.35 s
0.245
£0.30f
=
% 0.25} / 0.240 /
e
O e
N 0.235 AN
0.15 N\ U
0.10 5=, 5 6 Fay g 9 SREa®mo 0230 T T Su R e R
(" Ru(Cs) [fim+" Ay? R,(CsD) [fim] AY?



Weak mixing angle determination from APV
on Y (Cs)

without any assumption

R,(CsD=6.6"| fm sin®dp=0.31"005 x> = 83.9

Sil’l2 ¢ W (Q) MS

No assumptions on 3Y
are made. The skin is taken
directly from CE ' NS
experimental data

Big impact due to the

0.245¢ COH 2022+

APV 2021

This Work
- —
0.240¢}
‘ COH 2022+
APV PDG 2020
0.235 This Work

APV PDG2020 (Y extrap .
0.230} from antiprotonic atoms)

" theoretical value of
ImMO  used! needs to

be clarified by the
community!

1073 102 101

1 10 102
Q [GeV]

103
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Summary of nuclear neutron

: [ | COH | i
radius measurements 8| | g ;
0 APVPDG: UsinglmO  from V. Dzuba et A e L O o |
al., PRL 109, 203003 (2012) ; ; © %! CoH APV PDG | COH
- i COH+ 1 i
Despite the different fit configurations used = gl COH APV COH+ ! | pypDG i COH+ | con COH+ |
to extract the values of 'Y (Csl),’Y (Cs) and < PDG APVPDG & | ¢ | APVPDG| APV PDG
Y (1), a coherent picture emerges with an - J + | Re( G Fi7 { i +
Overa” agreement between COHERENT and 5i:iqi{:és:é:::;;:J:::R;":((::;i}:::i:::E%::fén:(E::s:I)::-:;{::E::: Z:Z::ZZZ;Z{E:ZSZ):ZZZZ:Z]:Z}%I%S;}ZZ ZZZZZ:ZF%“Z[ZGZ:JZ]ZZ .Z.ZZZT
APV results and the theoretical predictions. 1 ; N o 0 + ol
4] ' Fit2D | hcg 2D i ) Fit 2D
Using APV PDG we obtain on average larger values S sinou fixed | sin“oy free | T sinZey fixed | sin’oy fixed
on the radii, still compatible within uncertainties 3: v | Ry(Csl)free | Ry(Cs) & Ry(l) free | R,(1)<R,(Cs)
i APV2021:using ImO  from gl . COH . Precision on 'Y as |
B. K. Sahooet al. PRD 103, L111303 (2021) [ ; g con COHs | |OW ?18;4-5%
[ ! ' ! reacnead:
[ : e, | APV 2021
On the contrary, APV 2021 shifts Tt ; ¥ N | con e
downwards the measured radii towards the : COH+ 5}
icti - - i — [ COH | i} |
pr_edlqthn§, but in the S|multan_eous _2D fit E 6} oy COHe || APV 2021 i cods 7 | | COH SO
with O Efl  where the correlation with the = | { Jopq APV 2021 ME ; ¥ APV 2021 i APV.2021
latter increases the extracted central o S - R N IR SO (RO R I J%% _____
value of 'Y (Csl) CReCs) f'““"',;";c;;}““{'“""i;"é;&:'s'n“jff"“;* """"""" ) i;““ """"" rics |
: Ra(Cs) i m‘ i Rl .n s i o ()
@ 2D fit COHERENT(Csl)+APV(Cs) is stable 4 —Fu 20 120 -~ Fit2D
against Im s choice. Precision of * 7%1is | Fit1Dsin%oyfixed | o oW | Sin“ow fixed 4 Sin“oy fixed
reached even i letting v “_ freetovary! ;| . Ro(Cslyfree & Ra(Cs) & Ry(l) Tree Rn(1)<Ra(Cs)




The past, present and future of 'Y measurements with
CE NS and PVES See details in D. Akimov et al., arXiv:2204.04575 (2022)

A COH-CryoCsl-I: 10 kg, cryogenic temperature ¢ T T )Jtwice the light
yield of present Csl crystal at 300K

A COH-CryoCsl-II: 700 kg undoped Csl detector. Both lower energy
threshold of 1.4 keVnr while keeping the shape of the energy

COHERENTfuture argon: 3 C GIlEAr-7504
LAr based detector for precision CE ' NS

efficiency of the present COHERENT Csl. | /
‘ 42| Single phase, scintillatjon
6ol CORERENT _ i only, 750 kg total (6101kg
. Csi v 8 6 a0l fiducial)

Z = 5.5 ! COH 2022 5.06+0.023 fm | z | V3000 CE NSlyear
g E (This work) con s E3§ COH '
= = | CryoCsl-I E — _ LAr-750 kg l

5.0t [ COHT 0.5% . 3.6_’

a5l CE NS CryoCsl-I precision - 3-4f CE NS T

42 v
.M
6.0 : I cee a\s Ol,l?)’zbcg
+PREX—I MREX 4.0r SO e
£ —ss * S = o
e g 77 Dominik Becker et al. ] & = 3.8
L = Eur. Phys. J. A 54, 208(2018), = ] CREX
e 50 arXiv:1802.04759 [« 36 4
D. Adhikari et al. PRL 129, 042501 (2022)
3 4k 3Y  # A=0.121+0.026+0.024 fm
4.5t PVES ] “I PVES
2015 2020 2025 2030 2020 2025

year year



The past, present and future of O Ejl with
CE NS and APV

0.28Ff : , , e '
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Conclusions

+ The weak-mixing angle -neutron radius degeneracy is always present in weak processes on nuclei

+ To break this degeneracy one can combine different EW measurements

V. %2
= )

9

+ In this game, CE NS, even if not explicitly designed for this purpose, is a powerful tool for 2 PN
measuring the neutron form factor (6, suppression of full conrence reached) that in turn is 7
sensitive to 'Y with a precision of 7%. g

+ In combination with APV(Cs) a precision as low as 4.5% in 'Y is obtained and a consistent picture
emerges.

+ On the other hand CE ’ NS is not so sensitive to the O Efl hbut, in combination with APV(Cs)
provides a complete data -driven value of O E7l (historically APV uses a 'Y (Cs) which is
extrapolated)

+ The value of O Ef1 is very dependent on the theoretical Im 'O  used: needs to be clarified.
+ We provide a complete sensitivity study for future COHERENT experiments in terms of O Eil

and 'Y and we compared it with those coming from parity violation electron scattering showing
that a similar precision (0.5%) can be achieved.









Excess Counts / PE

CE NS players so far

COHERENTCsI

+ Updated in arXiv:2110.07730v1
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Table I. A summary of prior prediction and best-fit event
rates and statistical uncertainties for CEvNS and each
background type. The standard-model expectation for
CEvVNS is 341 + 11 + 42.
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Fy (|cﬂz) Thus, in this paper, we calculated the couplings taking into account the radiative corrections in

the MS scheme following Refs. [BI1 62]

y 1 _ u u
g =p (5 — 2 smzﬂw) +2Zww + Oww — 28w + p(2K%% + K5, —2RYS —K37), 2)

gy " = —g +20ww +Xww + p(2 R%7 + K35 —2 RS —KY7).

The quantities in Eq. @, Oww. Xww and Eg‘;, with f € {u,d} and X € {L, R}, are the radiative
corrections associated with the WW box diagram, the WW crossed-box and the ZZ bhox respectively, while
p = 1.00063 is a parameter of electroweak interactions. Moreover, &,y describes the neutrino charge radius
contribution and introduces a dependence on the neutrino flavour £ (see Ref. [62] or the appendix B of
Ref. [63] for further information on such quantities). Numerically, the values of these couplings correspond

to gi,(ve) = 0.0382, gf,(v,) = 0.0300, and gf> = —0.5117.



COHERENTCsI

+Poissonian least-square function:

+ Since in some energyme bins the number of events is zero, we used Bwagssoniarkeastsquares function

9 11 4 MExp 4 2
2 9 1 ATZ rexp NEXP | “ g UE 10
t=1 j=1 Lz=1 ZE=1( + nz:]‘l' 1] z=1 =
where the indices 7, 7 represent the nuclear-recoil energy and arrival time bin. respectively, while the indices
z=1,2,3,4 for Nj; stand, respectively, for CEvNS, [:TIIJ = NSE”}‘S), beam-related neutron {f\% = 'E;RN ,
neutrino-induced neutron {N& = Nﬂm) and steady-state [N% = ﬁ'ﬁs) backgrounds obtained from the
anti-coincidence data. In our notation, NEEP is the experimental event number obtained from coincidence
data and ﬂ"ﬁE”xﬁ is the predicted number of CEHNS events that depends on the physics model under
consideration, according to the cross-section in Eq. : as well as on the neutrino flux, energy resolution,
detector efficiency, number of t:l[‘gtt atoms and the CHI quenching factor [16]. We take into account the sys-
tematic uncertainties with the nuisance parameters 7. and the corresponding uncertainties ocg,ng = 0.12,

orN = 0.25, oniny = 0.35 and ogs = 0.021 as explained in Refs. [6] [I6].
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FIG. 10.  Constraints on the plane of R,('**Cs) and Rn("*"I) together with their marginalizations, at different
CLs obtained fitting the COHERENT Csl data alone (a) and in combination with APV data (b) and (c), using
the value for the neutron skin corrections of Ref. [73] (b) and Ref. [74] (c). In all cases, we impose the constraint
R, (Cs) > Ry(I). The green lines indicate the corresponding NSM prediction for the average rms neutron radius of
Cs and L



Dresden -1l weak mixing angle results

sz

+Insensitiveto 'Y ' A

+Insensitive to the

antineutrino flux
parametrization
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+Very sensitive to the Ge guenching
factor parametrization
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+ COHERENT+APV




*

p - - - * also known as PNC
Atomic parity violation *on Cs (arty nonconservation )
A In the absence of electric fields and weak neutral currents, an electric dipole (El) transition between

two atomic states with same parity (6Sand 7Sin Cs)is forbidden by the parity selection rule.

A However an electric dipole transition amplitude can be induced by a dboson exchange between atomic

electrons and nucleons A Atomic Parity Violation (APV)
NO DIPOLE

TRANSITION U The weak NC interaction violates parity and mixes a small amount of the P
Cs \/ state into the 6S and 7S states (X p 1t ), characterized by the quantity
7S € T F |4 . giving rise to a7SA 6Stransition .
* y - U To obtain an observable that is at first order in this
6S.. I5—3d 3 amplitude, an electric field E (that also mixes S & P) is
\ applied . E gives rise to a JStark induced } E1 transition
Weak 5;:]\» g,’g“ amplitude, Axthat is typically p mttimes larger than Aggna
Interactior nm “ and can interfere  with it.
TNA
DIPOLE
TRANSITION 850,890 nm Y o @ 0 S

\\// =Ir » CIF =

Z‘ _ €
I

@ hyperfine levels
' 33




The experimental technique

For there to be a nonzero interference term, the experiment must have a 3 handednang # jthe
handedness is reversed, the interference term will change sign, and can thereby be distinguished as a

modulation in the, transition rate

o ® 0 seO0p GF aF |4

U Stark -interference technique  : cesium atoms pass through a region of
perpendicular electric, magnetic, and laser fields. The Jhandednjys
the experiment is changed by reversing the direction of all fields

Cs Beam

Interaction
Region

L m—— . S .
X The transition rate is obtained by measuring the B
ep, amount of 850-and 890-nm light emitted in the

5;;‘,:.’;1 6P, 6P-6S step of the 7S6Sdecay sequence.

NS

850,890 nm : .

V The measurements culminated in 1997 when the Boulder group performed a
measurement of 0 70 with an uncertainty of just 0.35%.

65— -1 ) |(—) PB W qWP —

““|e 18 suagoy]

Detection
Region

[(ST0Z) €9 ‘GO '19S "Led "|oNN 'A8Y " Nuuy

[C. S. Wood et al., Science275, 1759 (1997)]

The PV amplitude is in units of the equivalent electric field required to give the
same mixing of "Yand Ustates as the PV interaction

34



Extracting the weak charge from APV £5
\//

Q Im EPNC QW
W /Bexp.—l—th.
NImE
[j) exp. PNC th.
+ Experimental value \/ Theoretical amplitude of the electric dipole transition Td endoransi ti
of electric dipole . ¢ ol ari zabi |
- . 6s|Hpne |1 n d|7s P
transition amplitude Epne = Z[< |Hpncl p1/2)< p1/2| [7s) \\/ It characterizes the size of
between 6S and 7S n Eos — Eyp, 2 the Stark mixing induced
states in Cs = electric dipole amplitude
6s|d|n n Hpnel7s ,
< 4] p'/2>< p1/2| prc| >] % (external electric field)
C. S. Wood et al., Science E o Enpl/z Bennet & Wieman, PRL 82, 2484 (1999)
275, 1759 (1997) B ) ) ) Dzuba & Flambaum , PRA 62 052101 (2000)
B u where dis the electric dipole operator, and PDG2020 average
o, eran PRATL, Value of ImO  used by 5 27 . 06 4
042108 (2005) H — = :
PNC — 2\/‘ 5 Qwysp(r) PDG (V. Dzuba et al., PRL
PDG2020 average 109, 203003 (2012)) é NEW resulton ImO !
) I'(_) Im EF:\](‘_‘ = {HSI}TT + U[]Ul[]) X ].U_]l |IF’| g C-Jn'/i“"v'r see a|SO A\ u | will refer with APV2021
ear Hamiltonian describing th - | S when usignim O from
pEB) m '(UU) nuciear Ramiitonian descrioing tne  electron -nuclieus weak Interaction B. K. Sahooet al. PRD 103,

mV/cm "(» " (®» " (®O neutron skin correction needed 1111303 (2021) 35
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+ In order to measure Y one has to subtract to the so

skinty correct

Weak mixin

g angle from APV(Cs)

Historically APV(Cs) has been used to estract the lowest energy determination of the weak mixing angle.
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Atomic Parity Violation for weak mixing angle measurements

V Weak charge in the SM including radiative corrections
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But which Cs neutron
skin correction is used?
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The dilemma
APV (Cs)
+ Sensitive to the weak mixing angle

COHERENT (Csl)

+ CE NS Is sensitive to the neutron skin
+ But less sensitive to the weak mixing

+ Similarly sensitive to the neutron skin angle 37
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Extrapolated value of 3Y
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Extrapolated value of 3Y
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More statistics needed.

Theoretical values

See also:
Payne et al.,
PRC 100, 061304 (2019)

See also:
Miranda et al.,
JHEP 05 (2020) 130

Akimov et al, COHERENT Coll. PRL 126, 01002 (2021)

éHERENT fut ureAr-i}Q'

LAr based detector for precision CE ' NS

| &)

A Single phase,
scintillation only,
750 kg total (610
kg fiducial)

A 3000 CE NS/y&y
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