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Coherent elastic neutrino nucleus

scattering (aka CEVNS)

Y  +Apure weak neutral current process

Aoy, N
d1,y 78

)

G2 M MT,,
(B,T,) = & (1— )(@ZSM

+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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gy = =2 sinZ(9y) = 0.02274

1 See F. Dordei’s talk on
radiative corrections
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+ Radiative corrections are expressed in

gy =—-=-=-05
terms of WW, ZZ boxes and the neutrino
charge radius diagram — Flavour dependence
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g (ve) ~ 0.0381, 9 (v,) = 0.0299 gy ~ —0.5117

Nuclear physics, but since do
g% ~—0.51>» gh(v,) ~ 0.03
neutrons contribute the most dEr
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What we can learn from CEVNS
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Interplay between nuclear
and electroweak physics

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

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

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

» Coherent elastic neutrino-nucleus scattering (CEvNS)-
Cesium-iodide (Csl), argon (Ar) and germanium (Ge)
available.

used for R, used for sin®(9y)
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Neutron form factor dependence in CEvNS cross section
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See also:
Rossi et al. PRD 109, 095044 (2024) arXiv:2311.17168
De Romeri et al. JHEP04(2023)035 arXiv:2211.11905

D. Papoulias et al., PLB 800 (2020) 135133,
arXiv:1903.03722

M. Atzori Corona et al.,

EPJC 83 (2023) 7, 683. ArXiv:2303.09360 )



The Csl neutron skin fixing sin®(9yy)

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

fhen we obtain (1DY) [Rn (CsD) = 5.47 + 0.38 fm } AR, (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:[ - _ ‘13305 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
1 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



The strategy COHERENT (Csl)

APV (Cs) + CEvVNS is sensitive to the neutron skin
+Sensitive to the weak mixing angle + But less sensitive to the weak mixing

Sin29W

+ Similarly sensitive to the neutron skin angle 37
020 e sin? dw (COH — Csl) = 0. 231+8 831(1a)+8;8§8(90%CL)+8 0% (20)
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Combined fit of COHERENT and APV(Cs)

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

10 N\ I ‘ /- COH-CsI +
3 \\ // jlapvaen No assumptions on the Cs neutron skin
3 4 N — oot | T are made. The neutron skin is taken
. - e | — directly from CEvNS experimental data
0255 N ] . | .
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Where are we now? 3\ A

I: M. Atzori Corona et al. Refined determination of the weak
mixing angle at low energy, arXiv:2405.09416 (2024)



https://arxiv.org/abs/2405.09416

Cs neutron skin from
proton-elastic scattering

New measurement from proton-cesium elastic scattering
at low momentum transfer using an in-ring reaction
technique at the Cooler Storage Ring (CSRe) at the Heavy
lon Research Facility in Lanzhou, which can be included in
the derivation of sin?9,,. The authors employed this value to
re-extract the COHERENT sin?d9,, value by fitting the CEVNS
Csl dataset, finding sin?9,, = 0.227 + 0.028.

New direct measurement of the cesium-133
neutron skin, AR,,,,(Cs) = 0.12 + 0.21 fm available!

+ Experiments with hadronic probes are more precise BUT
result interpretation of hadronic probe experiments is
difficult due to the complexity of strong-force interactions.

Hovewer, this is the first DIRECT
determination of R (Cs)!

§> Huang et al.
7 arXivi2403.03566v2
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“Cesium neutron radius determination with hadronic
probes has been historically experimentally
challenging due to the low melting point and

spontaneous ignition in air.”




First results: fit using R (Cs) from CSRe

10
+ We combine APV(Cs) and COHERENT Csl adding a g LA B
prior on R, (Cs)=4.94 +0.21 fm coming from the 4 2 IR
Cooler Storage Ring (CSRe) < 5 09 |
0 1| 30 | e
- 2 133 :
sin® Y Rn(77°Cs)[fm] | | |
10,0020 0.26 E Adﬂ.tAtZO(/ thronC} Zt) al. Re]Zned -
. 1 I etermination o e weak mixing
0'2396—0.0019 5.04 £0.19 Z angle at low energy, arXiv:2405.09416 | |
° ° . . 0-25; it
Big improvement with respect to our previous result ]
(arXiv:2303:09360): = T — —5— =1
. 2 _ +0.0032 _ +0.4 o 0_24:....:’ - ’___-/’—f 10
sin® Yy = 0.24237 ) 0059, Rn(Csl) =5.5"7; fm I 1 — :—__:_:__::’ == ‘
T e )
v' Pros: For the first time a direct measurement 023,  APV(Cs)21+ COH + CSRe .
on R,(Cs) is used ' .
I [
< Cons: CSRe R, (Cs) still comes from YES 0.22 .
hadronic probes... w e | 31 B R A
E 4.6 4.8 5.0 5.2 5. 0246810
Can we use electroweak only inputs? R,('33Cs) [fm] Ax?
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https://arxiv.org/abs/2405.09416

. : 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, '» EW cOmbined
« APV has been measured also using lead. _ " «Good a(gr"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 profit fromay 025 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 ; §: i S ONEDRR R RMrons Rn("Cs) [fm]
| models to translate / 59 — ke 7
: R,(Pb) to R(Cs) // . v Pros: only electroweak probes used
————————— / 010 e . o~ 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)
14


https://arxiv.org/abs/2405.09416

Comparison between the two results

A very nice agreement between the EW fit and that using R (Cs) from proton scattering is achieved!

10

e ) L
N—— TS
T EW combined .
[
[ ]
[
[ |
| |
4.8 5.0 5.2 5.0246 810
R,(133Cs) [fm] Ax?

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 "‘\Z L | T L T LR | T L | T
E158 M. Atzori Corona et al.
0.240! * arXiv:2405.09416
I This Work
0.238/ I t \
> I ¢ Oweak
= 0.236}
!:'\.Ig L [
@ - APV(Cs)
0234 (Fixed
‘neutron
0.232tskin)
i Tevatron
_ PVDIS t
0.230: __SLC 7
0001 0010 0100 1 10 100 1000
Q [GeV] 15


https://arxiv.org/abs/2405.09416

Conclusions for R (Cs)

7 B sin® Yy B Ry ('3 Cs)[fm]
APV(Cs)+COH+CSRe| 0.239679:9920 | 5.04+0.19
[EW combined 0.2396 £ 0.0017| 5.04 +0.06 [1.2%

The COHERENT program for

The neutron radius (or skin) of **3Cs tends to be «large»
R, (Cs) for is exciting!

but we cannot conclude more than this.

See details in D. Akimov et al.,

v" We need precise CEvNS measurements on this! arXiv:2204.04575 (2022)

v" With COH-CryoCsl-I we can reach M. Atzori Corona et al., EPJC 83 (2023) 7, 683,

same R (Csl) precison of the 6.0 S ArXivi2303.09360

current EW combined fit (3.7%) APV/(21)+COH

and with COH-CryoCsl-Il a better §5LERH o0l e s of™ oM

precision of the EW combined fit = — EW | CryoCsl-l

(0.5%) O & 50 -t I i

270 ~e - | COH R,(CsI)=5.06+0.023 fm
~ . . _ _ , APV(Cs)+ CryoCsl-I (0.5% precision)

87—~ Nhaa A e g et A A g e e e S A A ) i e P ]
O 4.5 COH+CSRe 10 kg(~40K) 700 kg. E4~1.4 keVnr |

18 CEVNS Wi T3]/ &=7 2020 2025 2030

16



Conclusions for sin*dy,

APV(Cs)+COH+CSRe

sin® Yw

!EW combined

The biggest «uncertainty» comes from the theoretical
calculation of the amplitude of the electric dipole
transition Im Epy. used in APV(Cs) for which two

0.2396 70 0019

0.2396 = 0.0017

different versions are available.

Value of ImEpy used by PDG (V. Dzuba et

Value of Im Epy from B. K. Sahoo
al., PRL 109 203003 (2012))

0.242

etal. PRD 103, L111303 (2021).

0.242
E158 E158
0.240 0.240
This Work T
0.238 | 0.238 r\
Qe < This Work  Qweak
= 0.236 3 0236
C\.IC (%
B APV(Cs)
0.234 /PVICS) 0.234
0.232,
0.232/ LHC Tevatron LEP1
Tevatron LEP1 { PVDIS A
PVDIS J SLC
0.230 LSt 0.230 T
0001 0010 0400 1 0 100 1000 0.001 0010 0.100 Q[;ev] 10 100 1000
Q[GeV]

In both cases the «STANDARD MODEL RULEZI» .



Thanks for your attention!
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Since we “approved” the use of hadronic probes for the S

measurement of R,(Cs), why not exploiting also the

M. Atzori Coronaetal. 10

IN ’
hadronic measurements of R (Pb)? ]1 ~0.26
e N
_ J
: 0.6 Consistent with i
| € 0.5 APV(Pb)+PREX-II 0.25'
= 0.4 . determination |
"&£ 03 " H < o4
Sos 1 g gfl o FoN—
0.2 s | A —— .
| & 0.1 } y * + #ﬂ H+ # h ) ARRMPW =0.16£0.01 fm | Egﬁ)’a """""""""" EW combined
lq 7 0.23- /s
| 0.0/ } 1 :
| 7At 70y PbPb7Sc pp pp AA e GDRAPV(Pb)+ P
S s 0.22°
| // . - | - C]
sin? 9w |Ra(M33Cs)[fm] |-~ 48 4.8 5.0 52 5024 gs 810
——— = R,('3Cs) [f Ay
APV (Cs)+COH+CSRe| 0.239670000 | 5.04 +0.19 (FCs) [m]
]EW combined 0.2396 £ 0.0017| 5.04 &= 0.06 ‘(
]Global fit 0.2387 + 0.0016 | 4.952 =+ 0.009 ( In the global fit we don’t gain much and the

assumptions are too «aggressive»!
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Global 1sigma
with APV(21)

p—Cs

non—EW on Pb 1|
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Using ImEpy - PDG

o R —

APV(Cs) PDG + COH + CSRe
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-_— T e
_—— T e
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Using ImEpy\ - PDG
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Global using
IMEes PDG

Rn(**°Cs) [fm]



Atomic Parity Vlolatlon In cesium APV(Cs)

e

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 6S and
/S states in cesium.

» 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 |nteraction mediated bythez ~ v* However, an electric dipole transition amplitude

by the photon and so boson and so mostly sensitive can be induced by a Z boson exchange between
mOStr']y sensitive to the to the weak (neutron) atomic electrons and nucleons > Atomic Parity
charge (proton) distribution. Violation (APV) or Parity Non Conserving (PNC).
distribution
+ The quantity that is measured is the usual weak charge Z(l — 4sin? 9 ) N

25



Extracting the weak charge from APV

Qw =N

+ Experimental value
of electric dipole
transition amplitude
between 6S and 7S
states in Cs

C. S. Wood et al., Science
275, 1759 (1997)

J. Guena, et al., PRA 71,
042108 (2005)

PDG2020 average
Epnc) _
Im( 3 )—
— 1.5924(55)
mV/cm

Qw
N Im EPNC

Im EPNC

/8 exXp

v Theoretical amplitude of the electric dipole transition

EPNC — Z[<6S|HPNCE|'np_1/2l;<npl/2|d|7s>
6

n s npi/

th.

B:tensor transition
polarizability
It characterizes the size of
the Stark mixing induced
electric dipole amplitude
(external electric field)

Bennet & Wieman, PRL 82, 2484 (1999)
Dzuba & Flambaum, PRA 62 052101 (2000)

PDG2020 average
B=27.064 (33) a;

N <6S|d|n}91/2><”lp1/2|HPNC|7S>]

E7y — E"Pl/z

» where dis the electric dipole operator, and

Value of ImEpy used by
PDG (V. Dzuba et al., PRL
109, 203003 (2012))

Im Epne = (0.8977 £ 0.0040) x 10~ |e|ap Qw /N see also §

Hpne = 2\/—QW75P( r)

NEW result on ImEpy !

> | will refer with APV2021
when usign Im Epy. from
B. K. Sahoo et al. PRD 103,
L111303 (2021)

nuclear Hamiltonian describing the electron-nucleus weak interaction

p(r) = p,(r) = py(r) - neutron skin correction needed 26



Atomic Parity Violation for weak mixing angle measurements

v" Weak charge in the SM including radiative corrections

L. Workman et al. (Particle Data Group),
Review of Particle Physics,” PTEP 2022, 083C01 (2022).

[p

$hTe = —2[Z(gS% + 0.00005) + N(gS% + 0.00006)]

[_ J Theoretically

QyM ™ (133cs) = —73.23(1)

0.245

RGE Running
s Particle Threshold

Measurements

a
1—%) Z(1—451n0 ) N a

10 difference

Using SM prediction at low energy
sin8,,(0) = 0.23857(5)

Experimentally 0
Q,, " (133Cs) = —72.82(42)

0.24 -
_ AN A _
& ors N sin“6y, (2.4 MeV)=0.2367+0.0018
«B 0.235 N
2 NLC I LHC .
023 | - But which Cs neutron
_ ] skin correction is used?
o228l ]

LL [GeV]

27



Extrapolated value of ARy}

**[' + Neutron-skin of a variety of v" From this linear fit one
- nuclei as extracted from obtains the relation for
0.4 antiprotonic data as a function the neutron skin for

of the asymmetry parameter, /. every nuclei

@ Extrapolated value for Cs

EA. Trzcinska et al. s, PRL. 87, 082501 (2001) ARy, [fm]

0.3 I I I I I I I —

e oprmen ARpp[fm] = —(0.04 +0.03) + (1.01 4+ 0.15) ——

Inear average

- " of experime%lt 1064 . . .
02F o NL3 “ For cesium it gives

A Shyd

o Dl}é 9(’Zrm' ARCS = O 13 + O 04‘ f

— & »y(extrap) = 0.13 + 0. m
0.1 4. Fe 8 % p

5 ;ZFC o T i

o- & % . losn Extrapolated (not measured)

: M| value for cesium!

A1[- e *Ni izFe;?Co Antiprotonic data: radiochemical and the other based
A I R R on x-ray data constraining the neutron distribution at
0 0.1 1‘ the nuclear periphery
I'= (N B Z)/A Irs =0.17 E M. Thiel et al., Journal of Physics G, 46, 9 (2019), arXiv:1904.12269v1 28



Extrapolated

L
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S
b

1
e
[S—

E A.Trzcinska et al. s, PRL. 87, 082501 (2001 ARy, [fm]
(==}

@ Mecausered value for Pb
O Extrapolated value for Cs

=

T ] I 1

experiment

linear average
i 106
of experiment Cd

FSUGold

value of ARSS

po-20°8

n
p _—
PREX-| & PREX-II
ARy) = 0.283 £ 0.071 fm

See
I=] o. Adhlkari etal PRL126, 172502 2021) |
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S ) B
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2nd advantage: extract both R,,(Csl) & sin“9y,
from data

R,(CsD)=6.6"}" fm sin¢p=0.31"00% x*i.= 83.9

10

4| COH-Csl

68.27% CL

1| 20.00% cL

95.45% CL

71 99.00% CL

99.73% CL

+APV(Cs)
2021

5 6 7 8 9
R, (Cs]) [fm]

R,(CsD)=5.5")7 fm sin*¢p=0.2423"000% x% .= 85.1

sin2(9 W

1

0
i A\ VAR ()
5 g AN / vt
2k / 11 99.00% CL
0 - : : 99.73% CL
0255+ N
| g\c ’Ll»‘
0.250/
(/o‘?‘ QQ\C’ //
| x ?‘
0.245"
0.240" //
-
_ (9/ \
0.235 AN
' AN
0230, L T
R, (CsI) [fm] Ay?



2nd advantage: extract both R,,(Csl) and
sin®9,, from data

10

R,(CsD=6.6"| fm sin®dp=0.31"005 x> = 83.9
AN
. -Si:éégiﬁi — | +APV(Cs)
b “owa | —||_PDG

sindy

TR S

R, (CsD)=5.4777 fm sin?dy=0.2397"000 x°pie= 852

COH-CsI +

1| APV PDG
1| 68.27% CL

90.00% CL
95.45% CL

711 99.00% CL

99.73% CL

R,(CsI) [fm]



Weak mixing angle determination from APV

without any assumption on R, (Cs)

No assumptions on ARg;,
are made. The skin is taken
directly from CEvNS

103

R,(CsD=6.6"| fm sin®dp=0.31"005 x> = 83.9
AR experimental data
Big impact due to the
0.245| S theoretical value of
pov el IMEpyc Used! needs to
be clarified by the
- community!
» 0.240:
=
S/
“i’;‘: ‘ COH 2022+
‘Th APV PDG 2020
0.235 This Work
APV PDG2020 (4RF; extrap.
0.230F from antiprotonic atoms)
103 102 101 1 10 102
Q [GeV]
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Combined 2D fit with COHERENT and APV(Cs)

Measuring the WMA at low energies could reveal the
presence of light dark Z bosons that would appear as a
deviation of the SM prediction of the running depending
on the value of the new mediator mass and kinetic mixing.

No assumptions on Cs neutron skin
are made. The neutron skin is taken
directly from CEvNS experimental data

4 | W

M. Cadeddu, N. Cargioli, F. Dordei, C. Giunti, E Picciau
PRD 104, 011701 (2021), Arxiv:2104.03280

| M. Cadeddu, F. Dordei and
0.245 ' -
&] Cg\'fzz?}zzzl C. Giunti, EPL 143 34001 (2023), 0-245_
arXiv:2307.08842 {93
i APV '°°Cs SLAC E158
- SLAC % F ARFO™=0.22(5) fm
0.240¢} ] E158 ‘ natey = 0240 "
| ] o . T
X o
S APV(Cs) IQN — [P W -
K= 2020 = L y
75| cb /
[ 0.235 i ,’/
0235 PVDIS Ng ____________
. —
V5]
- MOLLER &
Tevatron ol LHC } 0.230 - P2
0230 — 1
1073 1072 101 1 10 102 103

Energy scale [GeV]




We a k m i Xi n g a n g I e E M. Atzori Corona et al., EPJC 83 (2023) 7, 683, arXiv:2303:09360

R. L. Workman et al. (Particle Data Group),

2
. : sin” Yw
The Weinberg angle, 6, is a fundamental parameter of the EW theory best fit+1o-+0%CL+20 |, 2
of the SM. It determines the relative strength of the weak NC vs. the +0;;;’;§%‘Z$O—(f% o
electromagnetic interaction. There are many ways to define it, one of COH-Csl 0.231 00310030 0.04r | 860 |
i iNni H NMC +0.00194-0.00314-0.0038
those is the minimal subtraction scheme (M5). APV PDG 0.23757 (0019 0.0031 -0.0038 | -
> sin%6,,(M,) = 82 = 0.23122 + 0.00004 (MS) APV 2021 0.2399 10 0010 00020000521 -
] A . 0.002040.00324-0.0039
The value of sin?8y, runs as a function of the momentum transfer or APV PDG + Csl|0.23747 5 55750 '0031--0.0037 | 860
the energy scale. For low energies it assumes the value APV 2021 + CsI |0.239810-001810-002610.0032 1 86.0
32(0) = 0.23863 + 0.00005 (MS) 10 . . —
il fin :ré'l:.‘.']i' 30
0.245 RGE Running ' ¢ : . 8.1 i =
s Particle Threshold - el
- \ Voo i
Measurements However Ry (Cs) (or 8 j Co iwll | | EI_
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The Csl neutron skin

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

[Rn (Csl) = 5.47 4+ 0.38 fm }

§

Average proton rms radius for Csl from

muonic X-rays data

R, (COH — CsI) = 5.4770-38

R, (CsI) = 4.78 fm

~7% precision

R,(Csl)=5.47+038 fm  y° . =85.2

10
30
8
99% CL
6
4 20
90% CL
2
10
0
4.0 4.5 5.0 3.3 6.0 6.5 7.0
R, (CsD)[fm]

(10) 1095 (90%CL) 15-25 (20) fm,

G. Fricke et al., Atom. Data Nucl.
Data Tabl. 60, 177 (1995)

First result Cadeddu et al. Phys. Rev. Lett. 120, 072501
(2018), arXiv:1710.02730

Neutron skin: R, (CsI)- R, (CsI)

AR,,,(CsI) = 0.69 + 0.38 fm

Theoretical values of the neutron skin of Cs and | obtained with
nuclear mean field models. The value is compatible with all the
models...

Model

Rgoint Rp Rgoint Rn ARggint AR'n.p

@.12 < AR,%S,I < 0.24 fm

127:[ 133 CS

Rgoint Rp Rgoint Rn ARﬂgintARnp

SHF SkI3 [5]
SHF SkI4 [&1]
SHF Sly4 [82]
SHF Sly5 [82]
SHF Sly6 [82]
SHF Sly4d [83]
SHF SV-bas [84]
SHF UNEDF0 [85]
SHF UNEDF1 [56]
SHF SkM* [§7]
SHF SkP [85]
RMF DD-ME2 [89]
RMF DD-PC1 [90]
RMF NLL1 [91]
RMF NL3 [02]
RMF NL-Z2 [93]
RMF NL-SH [94]

4.68
4.67
4.71
4.70
4.70
4.71
4.68
4.69
4.68
4.71
4.72
4.67
4.68
4.70
4.69
4.73
4.68

4.75 4.85
4.74 4.81 4.88
4.78 4.84 4.91
4.77 4.83 4.90
4.77 4.83 4.90
4.79 4.84 4.91
4.76 4.80 4.88
4.76 4.83 4.91
4.76 4.83 4.91
4.78 4.84 4.91
4.80 4.84 4.91
4.75 4.82 4.89
4.75 4.83 4.90
4.78 4.94 5.01
4.77 4.89 4.96
4.80 4.94 5.01
4.75 4.86 4.94

4.92 0.17
0.14
0.13
0.13
0.13
0.13
0.12
0.14
0.15
0.13
0.12
0.15
0.15
0.23
0.20
0.21
0.19

0.17
0.14
0.13
0.13
0.13
0.12
0.12
0.14
0.15
0.13
0.12
0.15
0.15
0.23
0.19
0.21
0.18

4.74
4.73
4.78
4.77
4.77
4.78
4.74
4.76
4.76
4.76
4.79
4.74
4.74
4.76
4.75
4.79
4.74

4.81
4.80
4.85
4.84
4.84
4.85
4.82
4.83
4.83
4.84
4.86
4.81
4.82
4.84
4.82
4.86
4.81

4.91
4.88
4.90
4.90

4.98
4.95
4.98
4.97
4.89 4.97
4.90 4.97
4.87 4.94
4.92 4.99
4.90 4.98
4.90 4.97
4.91 4.98
4.89 4.96
4.90 4.97
5.01 5.08
4.95 5.03
5.01 5.08
4.93 5.00

0.18
0.15
0.13
0.13
0.13
0.12
0.13
0.16
0.15
0.13
0.12
0.15
0.16
0.25
0.21
0.22
0.19

0.18
0.14
0.13
0.13
0.13
0.12
0.12
0.15
0.15
0.13
0.12
0.15
0.15
0.24
0.20
0.22
0.19
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Hg TARGET C @ﬁﬁ

SHIELDING MONOLITH

CONCRETE AND GRAVEL

CEVNS playe rS T — i—}— V), Prompt component

wt = et + 1, + v

Delayed component

COHERENT Ar

D. Akimov et al. Science
357.6356 (2017)

COHERENT Csl

Excess Counts / PE

+ Updated in Akimov et al., PRL 129, 081801 (2022) [=] Akimov et al., COHERENT Coll. PRL 126, 01002 (2021)
Recoil Energy (keV ) Recoil Energ %(BVFI?
0 5 10 15 20 30 35 40 45 — %) 0 50 100 150 30 250 300 0
T T 1 T T 1 .I"I 300 I ! I .' z [T T T UL B = F
ESQEET:ISS"’UQ' ] i E?j:f;ifs'd”a' 1 2 200 fit values 5500:— 4 o _?att;
@, CEvNs 1 2,0 [v. CEWS 1 3 Nogwns 15943 8 400f o C(IJEVNS
.V-u CEVNS 13 .Vu CEVNS § ‘150_— Nggrn, prompt | 553 £ 34 % E ------ BRN
WBRN + NIN 1 § WBRN + NIN 1 3 Nor, delayed | 10 & 11 'E 300( |:| Syst. Error
1 §1oo ] . 2 100p--t Nss 3131 + 23 @ - =
g § 1 ] S e total events fit 3853 E 200~
1 2 . <] A T N et A
] i w . === 4 %) 501 %,100_ T‘
— 1 & 3 i
— @ [ re
I L 1 R | a 2\ :Ii Jll‘ é _6 gl O, £ 0;....|. 1
0 10 20 S(é 40 50 60 trec (,,Ls) 0 w 0 05
| Prior Prediction Best-Fit Total 100ﬂ M Cnlaraci af al -
. #
Steady-state background| 1286 £ 27 1273 £ 24 2022 New player: A |=] Colaresi et al. M)
BRN 184+ 4.6 17.3+ 4.5 w 2 PRL129, 211802 (2022)¢
NIN 5.6+ 2.0 5.5+ 2.0 NCC- 1701 (Dresden-Il) = 4| H“ Y
CEvVNS - 306 + 20 .= J "
+ 3 kg ultra-low noise 2 4o}, ReON 964d) & \
Table I. A summary of prior prediction and best-fit event germanium detector. E %0 ‘\\ "M s '-\._
I‘batel:i and Zti,tistica'::l[‘ll;ln(:irta;ntijs fUI('i (]-/‘EVNS ta.Itl.(j ea;_',h A Strong preference for the _g . \ ]‘\\_:._ CEv _\I:PTEL-U:(})U!]
s » u‘ o o s - “» s . - = I 1l - L L I_ 4
CENS 1o 3u] 1] g ARErOCE Gpectabion ToF presence of CEUNSisfound. & 0z o1 06 o0s 1 _ 12z 14
VNS 1S : ionization energy (keV, ) 36



The past, present and future of R,, measurements with

CEvNS and PVES

COH-CryoCsl-I: 10 kg, cryogenic temperature (~40K), twice the light

yield of present Csl crystal at 300K

COH-CryoCsl-II: 700 kg undoped Csl detector. Both lower energy

threshold of 1.4 keVnr while keeping the shape of the energy

efficiency of the present COHERENT Csl.

COHERENT
6.0r Csl
R, (CsD)=
~ COH 2022 5.06+0.023 fm
& E O t . COH
o E (This work)
—~ = CryoCsl-lI
= 5ol . | .
. Co|-|T 0.5%
CEvNS CryoCsl-I precision
4.5t |
6.0}
. +F’REX—| MREX
© | N
) 3.5 Dominik Becker et al.
L = Eur. Phys. J. A 54, 208 (2018),
> 5.0l arXiv:1802.04759
4.5; PVES
2015 2020 2025 2030

year

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

COHERENT future argon: “COH-LAr-750" ]
LAr based detector for precision CEvVNS '

E

) ., singlephase, scintillation
[ only, 750 kg total (610 kg
4.0} fiducial) ]
= v 3000 CEvNS/year
?:J: E 3.8 COH '
< 34l LAr-750 kg l
3.4F CEVNS T
4.2} SE
.M
\sO A9
4.0} see ® Da013?
. a(*\\" >
< |
& = 3.8
T E | CREX
¥ 36 4
I D. Adhikari et al. PRL 129, 042501 (2022)
I AR,,,(*®Ca)=0.121+0.026+0.024 fm
341 PVES '
2020 2025
year



The past, present and future of sin“9,, with
CEvNS and APV

0.28Ff : , , e '
0.244F _ COVNUS, TEXONO; CONNIE and MINER sensitivities |
i | 1 from B. C. Cafas, E. A. Garcés, O. G. Miranda, and A.
0.242F )] ] Parada, PLB 784, 159-162 (2018), arXiv:1806.01310. 1
< 0240} of 11 ik
= ! i
0.26f = 0_233-+ + + IR I
1 1 [
" I i I COH 2022
0.236 Lo +APV 2021 ,
0234k . o ool (This work) . & ,
’-5‘% 2010 2015 2020 2025 2030 (# COWS Ox}’@ i %@f“ MIVER i
LLT 0 B P
e - | = o1 R i -
£024 ~ ot 7 BRI ;
vl o APV(Cs + 'E“_'f-ﬁ':-_:':' COH 2022 + TEXOMNO E [:[j[””IE I E
/ : E 2010 _'Fﬂ 2020 UAI:,llI-'l'-fth-)D:? 2::3\2[! E COH'
- s work COH CryoCsl-Il
CFYDCS|—| (This Wo Fk}l
0.22¢ COH-Csl (This work) 30
2022 .. !
(This work) precision
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Neutron nuclear radius in argon

ﬂ
VA
TRTEREEE C@Y\ T S\NS Combined fit in (time, energy, PSP) space suggest >30 CEvNS detection significance
SHIELDING MONOLITH % fl 5Il'l IlI,REH:I:lI EIFIHQ;’ D J,,fl -3L'0
L%su{: » Data a0k 2o0f-
CONCRETE AND GRAVEL E"D" E:%lﬂls Ti N3 'T + y Dominant bHCngOUﬂdSZ
= " | | § s I Syst Emor o + 1. *9Ar beta decay
= = s | oo b T '
GeARRAY‘ waRs " Csl NIN Cubes Enm : 50 ' e SN su-jL—]\— + —b 2. Beam related neutrons
ﬁ-ﬂ e e - D_ + _. e 3 of |
w L 1.5 21"_“E|-|55f 3 35 4 45 a ZDRBCDVISITUMEMTQT“&VEEI 120 HEVE T E{L 07 08 0485 0P
B Akimov et al, COHERENT Coll. PRL 126, 01002 (2021)
_ 2 prrrrmmemm——— s [ COHERENT Argon
(@) F . E
R e < "
S e || fam R, (*%Ar) < 4.2 fm
S M tatisti ded COHERENT future argon: “COH-Ar-750"
s f 3 ore statistics needed. LAr based detector for precision CEvNS
S © < Theoretical values _
8‘“%3 o E E Interaction Rgoint Rgoint N : . i Slngle phase,
o g : Sky3D ' : intillati
_ A 95.45% 3 SKI3 [37] 3.33 3.43 : scintillation Only'
: .S  Swupmosmosam = 750 kg total (610
v @ F E Sly4 [38] 3.38 3.46 ee also. {1 = . .
3 90% 3 Sly5 [38] 3.37 3.45 Payne et al., ) kg fIdUCIa|)
S NE E Sly6 [38] 3.36 3.44 PRC 100, 061304 (2019) :
o Sly4d [39] 3.35 3.44 &
S 2wy SV-bas [0 333 3.42 > « 3000 CEvNS/year
] o bl L N L L .3 UNEDFO [41] 3.37 3.47 See also: y

UNEDF1 m 3.33 3.43 .
4 5 6 7 8 9 10 11 12 SKkM* Eﬂ 3.37 3.45 Miranda et al.,

R, [fm] SkP [44] 3.40 3.48 JHEP 05 (2020) 130 39



Improvements with the latest Csl dataset

+ New quenching factor

» Theoretical number of CEVNS events
E.. = f(En) = aE,, +bE? +cE> +dE} .

T T Emax
a=0.05546, b=4.307, c=-111.7, d=840.4 NFERS = N(Cs]) / ATy A(Tyr) f dT., R(Ty, T.,) / dE
E Akimov et al. (COHERENT Coll), arXiv:2111.02477, JINST 17 P10034 (2022) Tir . ; 0 Emmin(Tor)

v O (sl —"
+ 2D fit, arrival time information included . _Z_ £ P dT, (B, Tow),
CEvNS __ [ n7CEUNS (V) CEUNS (Ve.Ty) -
sz - (NE )V,u.j:)j + (NI )Ve:l_’ij

E | Vp g 250 . Prompt (v,) 1 —I_bR

£ 10k Vu 8 | Delayed (5, + v,) i [GR(l + bR)} b —a (1+b )N
10° 20 S R N N = N R € f i o
) ;z B L Example POT trace [ ( PE> pE) F(]_ + bR) PE

¥ "4”1?‘; o | 1 3 27 |
10%0‘ “160‘21];: ’l!}o%n;‘ﬂ*z%bllmlgoméw 0y “~1000" 2000 3000 40005000 60007000 2 ’ foxp o ZZ=1 (1 -|— nZ )Nf] & nz ?
Energy (MeV) Creation Time (ns since pulse onset) XC o Z Z G . _|_ Z ; ,
. T S Ly _ <
+ Doubled the statistics and reduced i=2 =1 =l

syst. uncertainties
OCEyNS = 13%, OBRN = 0.9%,
and ogs = 3%

©

» With the inclusion of energy resolution

v Analysis with a Gaussian least-square function

E Cadeddu et al., PRC 104, 065502 (2021), arXiv:2102.06153

~ |,

é arXiv:2303.09360
N\ =t
40



R,(Cs)=53"7 fm R,1)=5.6"% fm x?;,= 852

1| cor-cs

. 68.27% CL
1| 90.00% CL

1| 05.45% CL

1| 99.00% CL

4| 99.73% CL

/

T




COHERENT Csl

+Poissonian least-square function:

+ Since in some energy-time bins the number of events is zero, we used the Poissonian least-squares function

9 11 4 exp 4 2
2 _ 2 1 ATZ h;re}f.p VE}E[}I ]_ J'P\r'!lj rr;'..EZ 1
Xcsl = L2 (1 +m:)N; — ij T4V n T NZ + P (10)
i=1 j=1 Lz=1 > =11+ 1) ij z=1 N Z
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 = N_SE“’ES) beam-related neutron (ﬂfj 'ERN ,
neutrino-induced neutron {ﬁ»; = Nﬂm) and steady-state [N% = 'Ef’) backgrounds obtained from the

anti-coincidence data. In our notation, NEEP is the experimental event number obtained from coincidence
data and NSE”}‘FE 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:lli'gtt atoms and the CHI quenching factor [16]. We take into account the sys-
tematic uncertainties with the nuisance parameters 77. and the corresponding uncertainties ocg,ng = 0.12,

orN = 0.25, oniny = 0.35 and ogs = 0.021 as explained in Refs. [6] [I6].




Dresden-Il weak mixing angle results

sz

+Insensitive to R, (Ge)

+Insensitive to the
antineutrino flux
parametrization

DI(HMVE-YBe) —— DII(HMVE-Fef)
DIHMK=YBe) ---- DII(HMK~Fef)
DI(EFK-YBe) DI{EFK—Fef)

// QQ%CL%

/ %0
\ / QU%CLg

0.05 0.15 0.25 0.35 0.45

sinzﬁw

E M. Atzori Corona et al., JHEP 09, 164 (2022), arXiv:2205.09484

+Very sensitive to the Ge quenching
factor parametrization

0.35¢ - \
I \)( a&e\l %'\65
| | 2 o0
- \OG’ O\N
. xO &\
Q> Qe
wnn | ——t eas
E F -~ Dresden—II (YBe) ('(\
3 L
c§ 0.25 APV(Cs) ELS PVDIS
~ y PDG2020 (ef) (e’H)
= [ T . I
w Qweak
o (ep)
rDresden—II (Fef)
0.20¢
sin?(9y) = 0.219190¢

0.00l 0010 _ 0.100 1

U [GeV] SeealsoD. Aristizabal Sierra, V. De Romeri, and
D. K. Papoulias, JHEP 09, 076 (2022) 43



THE NUCLEAR FORM FACTOR

* The nuclear form factor, F(q), is taken to be the Fourier transform of a spherically
symmetric ground state mass distribution (both proton and neutrons) normalized so that

F(0) = 1:

For a weak interaction like for CEvINS you deal with the
weak form factor: the Fourier transform of the weak charge
distribution (neutron + proton distribution weighted by

the weak mixing angle)

do G% my mNEr

~

dE, 41 2E;

©
—

Q\%} X |Fweak(Er)|2

Weak charge X weak form factor

[g‘I;ZFZ (Er’ Rp) + gy NFy (E;, Rn)]z

+ Neutron from factor

Q Poorly known...

Proton
Extensively studied
Huge bibliography

Helm form factor |F(E,q)|2

—
<
o

[=]Helm R. Phys. Rev. 104, 1466 (1956)

It is convenient to have an analytic expression like the
Helm form factor

jl (qRO) e—q252/2

FN™(¢*) =3 ey

e
—_——
——
e
——
——
——
—

Besse

J1 : spherical

function of the first

kind Rg: box radius, s:

— Xenon

=== Argon surface thickness
- — Germanium q: momentum transfer.
s ~0.9fm, a~0.52 fm
0 50 100 150 200

Er[keV] Recoil energy



FITTING THE COHERENT
Csl DATA FOR THE NEUTRON
RADIUS

E G. Fricke et al., Atom. Data Nucl. Data Tabl. 60, 177 (1995)

Rccﬁ = 4.804 tm (Cesium charge rms radius )
Réh = 4.749 tm (Iodine charge rms radius )

data we have

v From muonic X-rays
(For fixed t = 2.3 tm) {

N 3
‘ Rp™ = \/Rgh - (} (ne) + oz T (T2>so>

Rgs = 4.821 £ 0.005 fm (Cesium rms proton radius)
\_ R{, = 4.766 + 0.008 fm (Iodine rms-proton radius) )

do o GEmy (1 M) [0, (5, RE) + GENF (B, RS

RSS & Rl very well known so we fitted

COHERENT Csl data looking for RSS! ...
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FROM THE CHARGE TO THE
PROTON RADIUS

One need to take into account finite size of both protons and neutrons

plus other corrections

!

R?h :ig'"R[Z)oint T <7"p2> + E<rnz> T 4M?2 T (7”2)50

Charge [ Ppoint-
radius | |
! roton -
p . Meall Squared Cl}arge G. Hagen et al. Nature P]IYSI.CS 12, 186—190 (2016),
radius radius ofa"siilole Arxiv: 1509.07169
d 1> . S
: ol roton M. Cadeddu et al. PRD 102, 015030 (2020),
p Mean squared charge Arxiv: 2005.01645
(r2) = 0.7071 fm? - -
p : radius of a single
neutron

Reelativistic Darw: Spin-orbit correction
elativistic Darwin-
~0.09 fm?2 for *8Ca

Foldy correction 5 208
~0.033 fin2 ~ 0.028 tm* for “~"Pb

(r2) = —0.1161 fin?

o . 46
distribution radius

N
— \/Rgh — <— (rnz) 4+ — 4+ (7‘2)50> RMS proton




The proton form factor

do,_ GEM MT
veest _ F (1 - 2E2> [N Fy(T,R,) — ¢Z Fz(T,R,)] 2

’ 4 L
The proton structures of 133Cs (N = 78) and 1221 (N = 74) have been

studied with muonic spectroscopy and the data were fitted with two-
parameter Fermi density distributions of the form

dT 41T

Electron scattering and
Inuonic spectroscopy can
probes only the proton
pdistribution

pr(r) = —°
F - r—c)/a
1 + e( )/ pn)/po
Where, the half-density radius c is related to the rms Surface{ Bilsiness
radius and the a parameter quantifies the 01- ]
t=4aln3 °l
(in the analysis fixed to 2.30 fm).
- Fitting the data they obtained 0s- 5.6710(1) fm
(Cs)
RS = 4.804 fm (Caesium proton rms radius ) il
R{, = 4.749 fm (lodine proton rms radius ) o1 pra ECENSIOIECIE

0.

[G. Fricke et al., Atom. Data Nucl. Data Tabl. 60, 177 (1995)] 0 1

4 5 6 7 8 9 1047



FERMIONS
MATTER

Weak mixing angle (WMA)

@ cuark

@ Leptons
+ The Weinberg angle, 8, is a fundamental parameter of the electroweak (EW) Bosons
theory of the Standard Model (SM), usually expressed as sin? 6, .

+ WMA determines the relative strength of the weak neutral /g2 + g2
current (NC) vs. electromagnetic interaction
: M7 g
> Tree-level Sin* HW = 1— —Vg = =1
+ The on-shell scheme promotes the tree-level formula to a definition of the renormalized sin? 6, to
all orders in perturbation theory (quite sensitive to the top mass)

12 € \0w e = g sin 0y,

O

2
> sin? 0y, - si; =1 — 74—“2’ = 0.22343 + 0.00007 (on-shell)

Z

[EE—— A AIZ . 0 .
+ Minimal subtraction scheme (MS) sin?8,,(u) = g2(5)+(gu')2(u) where the couplings are defined in the

MS and the energy scale u is conveniently chosen to be M, for many EW processes (less sensitive to
the top mass)

> sin?fy,(M;) = 82 = 0.23122 + 0.00003 (MS) | Scale dependent=> running of WMA

48



. 2
SIN“0y,

The value of sin?8,, varies as a function of the momentum
transfer or energy scale («running»).

Working in the MS, the main idea is to relate the case of the WMA
to that of the electromagnetic coupling @

The vacuum polarization contributions are crucial

Allows precision tests of the Standard Model!

0250 AL | UILAILLL L | LLAR UL L | UL LLL | LRI LY | AL L | LR LLLL |
Anti-screening effects of the full
non Abelian EW theory NS

0.245 | A ' -

[ SiIl2 Qw(O) =

[ sin%0,,(0 =
0.240 8 ] o

i I )

[ o

L . . @/

[ ~ _\_’." 1 .0 B
0.235 | y i , {20

[ W—(r [\ 1 & é

_ — | g

- Fermionic screening effects of the : 2 N
0.230 ; : w 4 <%

| effective Abelian gauge theory 32

i I IIIIlII 'l A IIIIIII A i IIIII.II IIIII IIJ.II IIIII IIJ.II 1 L IiIIII- E 2
10 107 107 10 10° 10’ 102 10° 104
u (GeV)

The «running» function changes sign at u= My, where the fermionic,
screening effects are overcompensated by the anti-screening effects



3566v2 [nucl-ex] 8 Apr 2024

03

,1
J

irXiv:240

¥V

C

Neutron radius determination of *3Cs and its impact
on the interpretation of CEvNS-Csl measurement

Y. Huang®®, S. Y. Xia®?, Y. F. Li*¢, X. L. Tu®*, J. T. Zhang®, C. J. Shao®,

K. Yue*, P. Ma®, Y. F. Niv®, Z. P. Li, Y. Kuang’, X. Q. Liu®, J. F. Han®,

P. Egelhof®, Yu. A. LitvinovE, M. Wang?®, Y. H. Zhang®, X. H. Zhou®, Z. Y.
Sun®

nstitute of Modern Physics, Chinese Academy of Sciences, Lanzhow 730000, China
bKey Laboratory of Radiation Physics and Technology of the Ministry of Education,
Institute of Nuclear Science and Technology, Sichuan University, Chengdu 610064, China
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fSehool af Physical Science and Technology, Southwest University, Chongging 400715,
China
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Abstract

Proton-'#*Cs elastic scattering at low momentum transfer is performed using
an in-ring reaction technique at the Cooler Storage Ring at the Heavy Ion Re-
search Facility in Lanzhou. Recoil protons from the elastic collisions between
the internal H,-gas target and the circulating "**Cs ions at 199.4 MeV /u are
detected by a silicon-strip detector. The matter radius of **Cs is deduced by
describing the measured differential cross sections using the Glauber model.
Employing the adopted proton distribution radius, a point-neutron radius of
4.86(21) fm for **Cs is obtained. With the newly determined neutron radius,
the weak mixing angle sin?#y, is independently extracted to be 0.227(28) by
fitting the coherent elastic neutrino-nucleus scattering data. Our work limits
the sin®fy value in a range smaller than the ones proposed by the previ-
ous independent approaches, and would play an important role in searching
new physics via the high precision CEvNS-Csl cross section data in the near

*Corresponding author.
Email address: tuxiaolin@impeas.ac.cn (X. L. Tu)

~inelastic scattering(0.081 MeV)

—elastic scaltering __; elastic scattering(0.161 MeV)

Proton energy (MeV)

0 5 10 15 20 25 30
Strip number

Figure 1: Scatter plot of the recoil proton energy versus the strip number of DSSD. The
solid (red), dashed (green), and dash-dotted (pink) lines denote the calculated proton
energies for elastic and two inelastic scattering channels, respectively. For more details see
text.

Small-angle p-nucleus elastic distributions are
sensitive to matter distribution radius.

was -

plef;ent work, a well eatabhahed procedure @ 49, @} based on the Glauber
multiple-scattering theory ] is emp]oyed to extract the matter radius of
133(Cs through describing the measured 42 =(0). The ;fg (0) values are expressed
in the Glauber model as a function of the matter density distribution p(r) and
the proton-nucleon scattering amplitude f,;(¢) with i = n or p, see Ref. @]
for details. To reduce the model-dependent errors of matter radius, the scat-
tering amplitude parameters were calibrated at 200 MeV [@] to be g, =
1.788(20) fm?, o, = 3.099(27) fm?, a,, = 0.893(17), a,, = 0.325(23), and
Bop = Bpn = 0.528(41) fm?, which are adopted here to calculate the f,;(q).
These values have been adopted to fit the differential cross sections of p-%0

elastic scattering at 200 MeV and reproduce the well-known matter radius
of 50 [4§]



As shown in Fig. 2, the measured ddo €2(0) are well described with the Glauber model by
adjusting R and LO. With the obtained R and fixed a, a root-mean-square (rms) point-matter
radius Rpm for 133Cs is determined to be

fp(‘r)r‘id?‘ 2
= =4.811+0.127 f
R (fp(’r)r?dr 8 0.127 fm , (3)

where uncertainties from statistics, input parameters, and Glauber model are
about 0.12 fm, 0.03 fm, and 0.03 fm, respectively. The radius uncertainties
caused by statistics and input parameters are estimated by using the ran-
domly sampled experimental %(9) and input parameters within 2¢ band @],
respectively. The model-dependent error at 200 MeV is estimated by com-
paring the well-known proton radii with the matter radii of 2C, %0, and
28i determined with the similar method, where similar proton and matter
radii are expected for the N = Z nuclei. To check the effects of background,
only recoil protons with energies > 1 MeV were analyzed, and a consistent
radius of 4.825 fm is obtained. Details and reliability considerations about
radius determinations can be found in Refs. @, @]

With the obtained R, a point-neutron distribution radius R,, of **Cs

pim 1
is determined to be

_ 55{2 = 4.86 + 0.21 fm, (4)

A
Ryn = ERgm N PP

where N, Z, and A are the neutron, proton, and mass number, respectively.
The adopted point-proton radius R, of 4.740(5) fm for '*Cs is deduced
from charge radius [@

We extract the neutron skin of **Cs to be Rpn—Rp, = 0.12(21) fm.



(a) ,
0.4} .
0.3F
z
o
[= sin“6y = 0.23857(5)_ |
7]
4 Free
I . 4 This work
2 —— CL (1D} = 68.3% (32, +1)

— = CL(2D)=68.3% (12,,+2.3)
- CL(2D)=99.7% (12,,+11.8)
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Figure 4: (a) The y2, contours in the plane of Rg, versus sin®fy. The blue curves and
point represent results when both Rg, and sin®fw are free variables in the CEvNS-Csl

data fitting. The black curves and point add the constraint lll’lpﬂ‘-:L{l by the ]IL'-:-LIlt-l".-
deduced radius. (b) The distribution of reported neutron radii of 1“(_3'-: Eg

@ @ H @ deduced from the CEvNS-Csl data lﬁ |ﬁ|]



Parity Violation Electron Scattering (PVES) and APV on Lead
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Lead neutron skin from
non-EW probes...

Experimental Evaluated  Difference
A (fm) Method ~ Arc (fm) 20
“Eph 0.150(20) [21,36] AA 0.167(11) 0.9
0.250(90) [49] (o, o) —~0.9
0.080(50) [56] (p. p) 1.7
0.160(50) [57] (p. p) 0.1
0.060(100) [59] (p. p) 1.1
0.360(200) [64] (p.p) ~1.0
0.180(70) [67] (p. p) —-0.2
0.190(90) [72] GDR —0.3
0.300(70) [74] (o, o) -1.9
0.211(63) [75] (p. p) —0.7
0.197(42) [76] (p. p) —0.7
0.260(130) [77] (o, o) —0.7
0.4200200) [77] (o, o) -1.3
0.273(90) [78] (o, o) -1.2
0.182(70) [79] (p. p) —0.2
0.140(40) [80] (p. p) 0.7
0.180(35) [81] PDR —0.4
0.120(70) [82] GDR 0.7
0.160(45) [83] AA 0.2
0.200(64) [32] AA —~0.5

PRC 104, 034303 (2021)

0.0

il

nAt % PbPb7Sc pp pp AA aa GDRAPV(Pb)+

PREX-II

Table 4. 28Pb neutron skin measurements and theoretical predictions with 1 uncertainties

105Ph Experiment Reference rﬁ'?,g (fm)
Coherent 7 production [77] u_15jgﬁ
Pionic atoms [73] 0.15 £ 0.08
Pion scattering [73] 0.11 £ 0.06
p annihilation [75,79] 0.18 + 0.06
Elastic polarized p scattering [70] 0.16 + 0.05
Elastic polarized p scattering [50] 02111554
Elastic p scattering [81] 0.197 £ 0.042
Elastic p scattering [72] 0.119 £ 0.045
Parity-violating ¢~ scattering (PREX 1+11) [17] 0.283 = 0.071
2% Ph experimental weighted mean 0.166 £ 0.017
Pygmy dipole resonances [82] 0.180 + 0.035
w [83] 0.175 + 0.020
Anti=analog giant dipole resonance [54] 0.216 £ 0.048
Symmetry energy 2%Pb [85] 0.158 £ 0.014
Dispersive optical model [86] D.lﬂfgﬁ
Dispersive optical model [67] 0.25 £ 0.05
Coupled cluster expansion [66] 0.17 £0.03
ri% [63,64], this paper 0.128 + 0.040
ngm [62], this paper 0.154 £ 0.019
g [20,64], this paper 0.188 £+ 0.017
8P theoretical weighted mean 0.170 = 0.008

Lattimer arXiv:2301.03666v1
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