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| will mainly refer to two published works:

e M.Atzori Corona, M. Cadeddu,
N. Cargioli, P. Finelli and M. Vorabbi,
PRC 105,055503

e M. Cadeddu, N. Cargioli, F. Dordei,
C. Giunti and E. Picciau,
PRD 104,L011701

| will also show some preliminary
studies done with M. Gorchtein

and H. Spiesberger




Nuclear Weak Charge Weak Form Factor

_ Weak Form Factor Fy;,: Fourier transform of the corresponding weak
Weak coupling to a nucleus: nuclear density pyy
_ AV AV
Qw = —2(gep Z + gen N) * Electromagnetic Interaction — probes the charge density
Pch

* Weak Interaction — probes the weak density py,
Combination of electron coupling to protons and

neutrons Pcn, — mainly due to protons

Pw — mainly due to neutrons
Electron-proton coupling suppressed with respect

to neutron coupling : Measurement of the Charge Radius R, and the Weak Radius Ry, into

QII/’V — _zgé‘lg ~ 0.0714 Proton distribution radius R,, and Neutron distribution radius R,
Oy = —294) ~ —0.99

R, — Rp Ryw —> R,

N Neutron Skin - ARy, = R, — R,
Weak Skin - Rgpin = Ry — R.p,



Wea k M iXi ng Ang I e P. Zyla et al. (Particle Data Group),

Prog. Theor. Exp. Phys. 2020, 083C01 (2020)

The electron-proton coupling depends on the weak 0245 puyerp— 3
mixing angle QW s Particle Threshold
1 Measurements l 3
AV ~ —_— ] 2 -
Gep =~ —7 + 2 sin“ 6y, 004|- SLACE158 E
/ N\ | ;
. . . ~ AP Qweak \
In SM the weak mixing angle runs with the energy scale = v \
= 3 eDis | N\ 1
@ 0.235F Qweak A
Precisely tested at high energies — g . Atomic Parity '
Violation LEP 1
. E Tevatron \I sLc | LHC 3
Few measurements at low energies — APV and Qweak 023k g .
L — —ee 3
(] L] (] (] A >
Atomic Parity Violation — measurement of the . Low-Energy 3
nuclear weak charge of Cesium (most precise), Lead I "
and other nuclei 10t 100 102 107 1 10 102 10° 10°
U [GeV]

Qweak — measurement of the proton weak charge

A measurement of the nuclear weak charge leads to a measurement of the weak mixing angle



PVES |

Parity Violating Electron Scattering: powerful tool to measure both the nuclear weak charge and the

weak nuclear radius
Polarized electrons that scatter off a nucleus: both electromagnetic and weak interaction

\/« ~\/, Polarized electrons — build an asymmetry / Weak distribution

P2 i N GrQ* QuFw(Q7
PTG o 4mﬁ/z Fcr(Q%)—

—» Charge distribution

Charge distribution is
Nuclear Weak Charge well known from
electromagnetic
scattering

Interaction mediated  Interaction mediated by

m p
by the photon and so the Z boson and so \ N & > s_L# This formula is in PWBA,
mostly sensitive to the  mostly sensitive to the & = s y ﬁ B Lok distobior effect
charge (proton) weak (neutron) // N e P e
distribution distribution.

R _ //’// Qweak Collaboration
Nature 557, 207-211 (2018)



PREX-Il measurement

PREX Collaboration: Measurement of the 2°8Pb weak radius and neutron skin
Weak distribution described through a symmetrized 2pF with a = 0.605 fm

° irst electroweak neutron skin measurement with 1.06 GeV electrons

: 208 . oy PREX Collaboration
scattering off ““°Pb nuclei at forward angles (~5°) Phys.Rev.Lett, 108,112502 (2012)
Apy = 0.656 + 0.060(stat) + 0.014(syst) ppm
« Q2% ~0.00880 GeV?

ARy, = 0.33%3:18 fm

%021 improved measurement with 953 MeV electrons scattering off “°®Pb nuclei
at forward angles (~5°) PREX Collaboration

Phys.Rev.Lett. 126,172502 (2021)
App = 550 + 16(stat) £ 8(syst) ppb
« Q%= 0.00616 GeV?
. ARnp = 0.278 + 0.078(exp) + 0.012(theo) fm

¢ PREX found a rather thick neutron skin compared with
the EDF predicted value: ARnp ~ 0.13 —0.19 fm

PHYSICAL REVIEW LETTERS 126, 172502 (2021)

Accurate Determination of the Neutron Skin Thickness of 2**Pb
through Parity-Violation in Electron Scattering

D. Adhlkd.ﬂ H. Albataineh,’ D Androic,’ K Aniol,* D S. Armstrong,’ T Averett,” C. A)erbe deso S. Barcus,®
V. Bellini,’ R. S Bemmw«mha JLE Bnncxch H. Bhdll ’ D. Bhatta Pdlhak D. Bhuuwal *B; Bldlkl(, Q Cdmpd},nd
A. Camsunnu G.D. Cdlcs Y Ch&,n C. Clarke,” J.C. Comqo 38 Cumg Dusa,” P. Datta," A DLShpdndL 213
D. Dutta,” C. Feldman,”” E. Fuchs.) C. Gdll M5 D, Gaskell,’ T. Gdul am,' M Gericke, "’c Ghosh,"”"" I Halilovic,"’
J.-O. Hansen,"F. Hdumslun ®W. Henry,'” C.J. Horu\ulz 2 C. Jantzi,"" S. Jian,"' S. Juhnslon D C. Jones," B. Karki,?
S. Katugampola,'' C. Keppel,® P. M. King,?' D. E. ng 2 M. Knaus'\' ‘K.S. Kumzu' "T. Kutz,” N. Lens'hln:y-Collhxrs‘l 5
G. Leverick,"” H. Liu,"” N. Liyunge“ S. Maldu, R Mammei,** J Mammei," M M(.Cdu;_,hdn D. McNulty,'
D. Meekins."C ‘Vlclls‘ °R. Ml(.hdel's M. M. Mondal,"*"* J. \I\polllmo A Ndmmn 5 D. Nikolaev,' VI N.H. Rlshdd 18
V. Owen,’ C. Pal: atchi,'™! J P an,'’ B. Pdndc) 5. I’drk K.D. Paschke ML Pelmsk) M L. Pit,”®
S. Pl‘Lmdl.hl]dkL 'A.LR. Puckcll *B. Qumn 'R RddlolT S. Rahman CA. R\lhndyakc B.T. Reed,” P E Rumcr .
R. Richards,"” S. Riordan,” Y. Rublm S. Seeds," A. Shdhm).m P. Soudt.r L. T‘mg'” M. Thiel,” Y. Tmn
G.M. Urciuoli,”® E. W. Wertz,’ B. Wojl\LkhU\Vskl B. Yale,” T. Ye,'? A. Yoon,”" A. Zec,'"' W. Zhang,"
J. Zhang,'*">*? and X. Zheng"'

PREX Collaboration
Phys.Rev.Lett. 126,172502 (2021)
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W.M.A. effect

0'+—O'_

A,y = ~
PV 6, +0_

GrQ* QuFy(Q?)

PHYSICAL REVIEW C 105, 055503 (2022)

Incorporating the weak mixing angle dependence to reconcile the neutron skin
measurement on **Pb by PREX-II

- AtaN2 Z

A, depends on the Nuclear Weak Charge Oy, and
thus, on in the weak mixing angle sin“8,, .
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M. Atzori Corona®,"? M. Cadeddu®,>" N. Cargioli 521 P Finelli ©,* and M. Vorabbi ©*
! Dipartimento di Fisica, Universita degli Studi di Cagliari, Complesso Universitario di Monserrato - S.P. per Sestu Km 0.700,
09042 Monserrato (Cagliari), Italy
2Istituto Nazionale di Fisica Nucleare (INFN), Sezione di Cagliari, Complesso Universitario di Monserrato - S.P. per Sestu Km 0.700,
09042 Monserrato (Cagliari), Italy
3Dipartimento di Fisica e Astronomia, Universita degli Studi di Bologna and INFN, Sezione di Bologna, Via Irnerio 46, 1-40126 Bologna, Italy
*National Nuclear Data Center, Bldg. 817, Brookhaven National Laboratory, Upton, New York 11973-5000, USA
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Is it reasonable?

PREX is a low-energy experiment (Q
not well tested.

Variation arising in plenty BSM scenarios (one discussed later..)

~ 78 — 93 MeV), where sin”8,, is

We included the weak mixing angle in the analysis as a parameter free-to-vary

230}
0 30:/ y
0.225} /013
022007

N/
sAR p5019/ / /
A

0.0 0.1

M. Atzori Corona et al.
PRC 105,055503 (2022)
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ARpp [fm]

* Degeneracy in the plane AR, vs sin?0y,
* Smaller sin“6y, - smaller AR,,,,(*°*Pb)



Atomic Parity Violation

10

ﬂ: Do we really know nothing of the weak mixing angle at low-energy?

From Atomic Parity Violation (APV) experiments we obtain the lowest energy (fgw MeVs) weak mixing angle

measurements

Parity violation in an atomic system: an electric dipole transition
amplitude between two atomic states with the same parity

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

* an electric dipole transition amplitude can be induced by a Z boson
exchange between atomic electrons and nucleons-> Atomic Parity
Violation (APV) or Parity Non Conserving (PNC)

S "'_ We used APV(Pb) although it is less
Jgn precise than APV(Cs). But why?

M. Cadeddu
talk at 11:30
on Thursday

transition between the states 6S

and 7S in Cs \\
APV(Pb) /[

o
Q~8 MeV @

transition between the states
6p? P, and 6p? P, in Pb



Atomic Parity Violation

Reyp = —9.80(33)x1078

S.J. Phipp et al. Journal of Physics B 29,
1861 (1996)

Reyp = —9.86(12)x 1078

D.M. Meekhof et al. Phys Rev Lett 71,3442
(1993)

Experimental
value of electric
dipole transition
amplitude between
the two states

Qw = = —117(5)

Rep

To be compared with
QM (SM) = —118.79(5)

se 0l depends on the
weak mixing angle!

Im EAPV Hamiltoni s
— _ -8 APV _ Hamiltonian describing the
Rep = ( ) = —10.6(4)x107"(—Qw "/N) electron-nucleus weak interaction
th
G
S.G. Porsev et al. PRA 93,012501 (2016) | Hpye = — OwYsp(r)

| Theoretical APV (or PNC) amplitude
of the electric dipole transition
— Nuclear spin independent

M; i1s the reduced electric-dipole 2\/7
transition of the magnetic-dipole p(r) = pp(r) = p,(r) = neutron
skin correction needed

operator for the relevant transition

1/,
=l W= R¢, depends on the neutron skin!

In the case of APV(Pb): uniformely charged ball density with R, (2°8Pb) = 5.501 fm

Neutron Skin Correction:

dp(n) are the integrals over the proton and neutron nuclear densities:

Apn = 41 [° ppn(@F(@)ridr

* f(r) is the matrix element of the electron axial current between the atomic states wave
functions inside the nucleus

* For the radial electric potential we used the charged density used in the original work

QW(Rn) =—N

<Im (EAPV + )) M. Cadeddu et al.
PRC 104,065502 (2021)
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PVES+APV Pb
N

= APV(Pb) and PVES on “°®Pb depend on the same quantities: ARy, and sin0y,
APV is more sensitive to sin“0y,, PREX more to ARy

Assumption: sin“0y, constant between the two experimental L —— '
th .
energy scales (i.e. 8 < Q < 78 MeV) 0.26 ARY 0.13 0.19 fm Q\}« -

3 S 5
- ol 4

re

AR,, = 0.262 + 0.136 fm

sinZ 6y, = 0.237 + 0.014 PREX-11+APV(Pb)

e h A2

PREX-Il ___/ 1
Forcing AR, toward the nuclear model prediction: " /stSM=0.23857«
7/ ]
AR,, = 0.164 + 0.029fm | PREX-II+APV(Pb) 74 |
”~ !
sin? 9y, = 0.228 + 0.008 | +theory /

AAAAAAAAAAAAAAA

In order to find a neutron skin compatible with the ones
predicted by EDF nuclear models the weak mixing angle

should be lower than the SM value M. Atzori Corona et al.
PRC 105,055503 (2022) AR"P Ifml

10



W.M.A. Status |

CEUNS can say See M. Cadeddu ]
Something talk at 11:30 on |

Thursday
'\‘\; E158
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4 Particle Threshold - L
Measurements 0 2 4 5 :
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P. Zyla et al. (Particle Data Group),
Prog. Theor. Exp. Phys. 2020, 083C01 (2020)

0.225!

0.220%

- .QCREX

P2 and Moller will measure 0

sin®0y, with high precision!

150

O [MeV]

M. Atzori Corona et al.
PRC 105,055503 (2022)

What is this green curve?

11



BS M p hys i CS i n W. M . A. PHYSICAL REVIEW D 104, L011701 (2021)

Muon and electron g —2 and proton and cesium weak charges implications

Example of BSM physics involving the weak mixing angle on dark Z, models

M. Cadeddu®,"” N. Cargioli®,>"" E. Dordei®,"* C. Giunti®,** and E. Picciau®*"!
'Istituto Nazionale di Fisica Nucleare (INFN), Sezione di Cagliari,
Complesso Universitario di Monserrato—S.P. per Sestu Km 0.700, 09042 Monserrato (Cagliari), Italy

« Z4 model: U(1)4 extension of the SM with a corresponding Comptens e Rl s Ukl Sl ot
¢ Zd boson’ in the Sub_GeV maSS Scale Istituto Nazionale di Fisica Nucleare (INFN), Sezione di Torino, Via P. Giuria 1, I-10125 Torino, Italy
* Coupling via kinetic mixing parametrized by e and Z — Z,

mass matrix mixing, parametrized by ¢, = (mz,/mz)é

® (Received 16 April 2021; accepted 1 June 2021; published 16 July 2021)

2
s Lo : myz Q :
ﬂ: sin” By (Q%) —» [ 1 — 8 ——cot Oy f( ——| |sin? 8y (Q?)
mZd mZd
H. Davoudiasl et al..Phys Rev Lett 109,031802 \
The running of sin’ 8, is modified by the

introduction of this Zy: SCALE DEPENDENT VARIATION

* fora MeV Z;boson — the effect is at low-energies

» Effects on weak charge measurements (both nuclear and proton)
e Effects on muon and electron g-2

12



Zd in light of Muon g-2

Combined fit of APV(Cs), Qweak and muon
and electron g-2:

10

LX

myz, = 471%% Mev
g=2.3%1x1073

6 <2x1073

Effects of the
Z4 boson on
Sinz HW

@\

sin

0.245¢

£0.240|

\\W Q
o

0.230}

_ APV 133Cs SLAC E158
F AR;O™=0.22(5) fm l
1 h
* /// Qweak ¢
------------ - PVDIS
MOLLER 1
}LHC
P2 1
>
1073 102 107 1 10' 10% 10°

M. Cadeddu et al.
PRD 104,L011701(2021)

Q [GeV]
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CREX ‘ 225 CREX results are éX:
about to come out

CREX is the PREX twin experiment on BCa 0.255 e
* Higher momentum transfer: Q~172 MeV ' / / / / / /
¢ Eg~2.1GeV 02s0f /s [/ o ./
* Oscate~S° / / S
. A‘;f,e“m‘“ar-" = 2.6586 + 0.1132 ppm 0.245¢ / 0/ / 67 _
: \C/l\/e~uose5dzt3hfemPREX-ll angular acceptance S 0.2405/ / // N/ / 2SM_), 23857

= Ja = A 74 7/

0.235 / / / /
, Fixedsin? §,, —» AR,,(**Ca) = 0.10 £ 0.03 fm /
ﬂ: Thin skin compatible with the nuclear model 0.230 / / / /
prediction: AR%,~0.08 —0.12 fm 0.225 0.08 sAR“‘DZo 7/ /

0220L. Lt S|
» Degenerate Band
i~ To be compatible with the nuclear model prediction 0. OO 0.05 O IO 0. 15 0.20 0.25
sin? 8,, should be similar to its SM value ARnp [fm]

It’s just a really PRELIMINARY result

14



CREX+Qweak 0.2502 PRELIMINARY
We can use the Qweak measurement to break the degeneracy: 0245; E158
e proton weak charge measurement at Q~160 MeV . 0.240F  Comb| P2MOLLER
) [ R —— T
sin® 0, =~ 0.238 + 0.001 5; (),235%2/’((33) = ]
N 2 i ]
I Precise measurement of sin” Oy at Q~160 MeV 0.230} -{combHh §
0.22551 il ﬁl
VIS 7T CREX+Qweak results 0220 = & -
0.250t / / 8 090 . 0 50 100 150
oust /1 & AR,, = 0.10 £ 0.03 fm O [MeV]
L L Qg S _
IS 0.24044 o e Lo ~eM.023857] sin? 0,, =0.23857 + 0.001
B 0235t T OB S
0235 TR/ |
02300/ /o =7 CREX — thin skin Different s can mean
0225 [/ oos SARmD‘é_O‘Z / PREX — thick skin | different sin? 0y
oot/ PRELIMINARY!
0.00 0.05 0.10 0.I5 020 0.25 .
ARy, [fm] Can we be in presence of a BSM effect

on the weak mixing angle? Who knows..

15



0. Koschchii et all., PRC 102,022501(2020)

MESA measurements

PHYSICAL REVIEW C 102, 022501(R) (2020)

The case of Carbon-12@Mesa

. E,~155 MeV

Weak charge and weak radius of >C

Oleksandr Koshchii ®,"" Jens Erler @3 Mikhail Gorchtein ©,* Charles J. Horowitz ®,> Jorge Piekarewicz ©,°

= pW ~pch ( 6 neutrons an d 6 p roton S) Xavier Roca-Maza ©,” Chien-Yeah Seng ©,% and Hubert Spiesberger ©'
1 2 . 2 'PRISMA* Cluster of Excellence, Institut fiir Physik, Johannes Gutenberg-Universitdt, D-55099 Mainz, Germany
L Q W ( C ) ~ — 2 4 Sln 9 W 2Helmholtz Institute Mainz, Johannes Gutenberg-Universitit, D-55099 Mainz, Germany
3Departamento de Fisica Tedrica, Instituto de Fisica, Universidad Nacional Auténoma de México, 04510 CDMX, México

4PRISMA* Cluster of Excellence, Institut fiir Kernphysik, Johannes Gutenberg-Universitdt, D-55099 Mainz, Germany
. SDepartment of Physics, Center for Exploration of Energy and Matter, Indiana University, Bloomington, Indiana 47405, USA
4 A p p roac h W h IC h dCCou ntS fo r mo d e I d e p en d ences ®Department of Physics, Florida State University, Tallahassee, Florida 32306, USA
"Dipartimento di Fisica, Universit degli Studi di Milano, Via Celoria 16, I-20133 Milano, Italy
and INFN, Sezione di Milano, Via Celoria 16, 1-20133 Milano, Italy

¢ CO m b I n e d I n fo r m at I O n fro m fo rwa rd a n d b a C kwa rd Scatte rl n g 8 Helmholtz-Institut fiir Strahlen- und Ken;phyxik, Bethe Cent;zrfor Theoretical Physics, Universitit Bonn, D-53115 Bonn, Germany

® (Received 8 May 2020; accepted 27 July 2020; published 11 August 2020)

q (fm™) , , _
o o406 0785 1100 1350 1500 1550 * Coulomb distorsion effect is larger at backward angles
; _ : —R Q
12) Foean=155 MeV : e Studyintermsof 1 = W R qnq A = P 2) 1
100 - CD (pwk=psF) ] Rcn Fcp(Q)
8 Lo CD (pwk:pch) ————— i
S ST | i Fsp A n2p2
:‘;‘C 6* """ Tree level (Pwk=Pch) ’/‘,'{-’"‘-- 7 ¢ i __Q R lA«SF( ) + EQ RCh
2 [ -:"'"
ar = ] GrFQ* Qw
| g | o Apy=———==Y[1+py + (p + 0,0
N /// { PV™ 4nayZ Z [ Po (pl pzf) ]
0, _/”/’ ,
o 30 e 9 120 150 180 e ( to account for the model dependence introduced by fixing the diffuseness
6 (deg) parameter

O. Koschchii et all., PRC 102,022501(2020)
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Simultaneous measurement
ka_Rch (fm)

0.2400 -0.0371 -0.0247 -0.0124 0.0
Combined measurement of A, at both forward and backward ' i i i i
angle: | |
0.2395 | — L
* Assuming a 0.3% precision at forward angle (29°) i i i i
* Investigating for 3%-7%-10% precisions at backward angle (145°) - .
0.2390 o 1 .
: : : : ° Eb:3%
o = 1 J 1 1
: e Simultaneous measurement of R, and S . A L e e=T%
£ Yy U
: '_ sin? 0y, with intriguing precision @ 023851 | L e =10% |
* No need of an external input to break the | o
0.2380 + N I .
degeneracy —— —
B
Estimate of having a relative precision of 0.32-0.35% 0.2375 i i i i i i Ay? =1]
on sin® By, (similar to Qweak) and a determination .Y I

O. Koschchii et all., PRC 102,022501(2020)
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Preliminary results on 12¢

Same approach adopted for CREX and PREX to the case of a

backward-forward measurement on *2C:

* E.~155MeV - q~70 — 300 MeV
e a=0494 fm

0.2395}

0.2390}

2
D
N

c
‘®» 0.2385
0.2380

0.2375

PRELIMINARY |

ﬂ/:

0.2400¢

0.2395;

Different
behaviour at
different angles

10

15 ~1.0 205 0.0
A (%)

[
> @ 0.2385}
We get larger regions:. 0.2380l
probably due to the different
treatement of the diffuseness
0.2375¢

N L7

iy

A prior on ¢ was
considered

Work in Collaboration with
M. Gorchtein and H. Splesberger

=
o

PRELIIVIINARY
€p = 3%
€p = 7%

WORK IN PROGRESS FOR ADOPTING THE SAM
TREATEMENT OF PRC.102,022501(2020)

1.0
A (%)

18

15

1 A 7
-0.5'4

=0



Conclusions

* We showed the impact of a non-standard weak mixing angle running at low-energies for PVES experiments

* Inthis scenario, CREX could find a thin neutron skin being still compatible with the thick skin found by
PREX due to the different energy scales (i.e. different weak mixing angle)

* Need for precise weak mixing angle measurements at low-energy

* Prospect for a simulaneous measurement of the weak skin and weak mixing angle with 12¢c @MESA facility
using 155 MeV electrons

A * Implement in our analysis the procedure introduced in PRC.102,022501(2020) for the case of
12¢ to account for the nuclear model dependence

« Investigate the sensitivity of the measurement on *2C also for different kinematic regimes

19
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Nuclear Weak Charge

Weak coupling to a nucleus:

Qw = —2(9& Z + g& N)

Combination of electron coupling to protons and

neutrons

Electron-proton coupling suppressed with respect

to neutron coupling :
Qu = —294Y =~ 0.0714
o = —2g4Y ~ —0.99

Weak Form Factor

Radius R, and the Weak Radius Ry, into Proton distribution radius R,,
and Neutron distribution radius R,

N 3
Ry = Ry — (%) — o — (),

M. Cadeddu et al. PRD 102,015030(2020)
G. Hagen et al. Nature Physics 12,186-190 (2016)

0 Qb z V4 Z+N
RTZl = Qrutl;VNR\ZN o Q'E,/NRgh _ <r129> _N<r121> +Q7;|:-,N<r§>

C.J. Horowitz et al. PRC 85,032501(2012)

Neutron Skin > ARy, = R, — R,
Weak Skin = Rgpin = Rw — Rcp

22
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PVES+APV Pb
1o,

- = APV(Pb) and PVES on %°®Pb depend on the same quantities: ARy, and sin?0y,
APV is more sensitive to sin®0y,, PREX more to ARy
The assumption behind the combined fit is that the weak mixing angle has to be

12_ constant between the two experimental energy scales (i.e. 8 < Q < 78 MeV)
oop — 0.262 + 0.136 FIN v r—r——————————
< ‘21: AR, =0.262 + 0.136 fm 0.26! T ole 15 tm 09, .

o sin? @, = 0.237 + 0.014 > <L@/ |/
0.28} 025 3 p4 /4
If we force the skin toward the EDF R /
0.26f predicted value we find: 24} _or=iicl ,Z{M_O s
S 0.24} Al
T AR,, = 0.164 + 0.029 fm //
" 022 sinZ @,, = 0.228 + 0.008 /
0.20y In order to find a neutron skin . ‘ ‘
QUpls s soh g o e o s o w pons 5 AYEUTL T compatible with the ones 0.3 0.4 0.5
-02 00 02 04 06 08 ° 2:)(5’ 19" predicted by EDF nuclear models ARy [fim]
ARy [fm] the weak mixing angle should be )
. M. Atzori Corona et al.
M. Atzori Corona et al. lower than the SM value PRC 105,055503 (2022)

PRC 105,055503 (2022)
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BS M p hys i CS i n W. M . A. PHYSICAL REVIEW D 104, L011701 (2021)

Muon and electron g —2 and proton and cesium weak charges implications

Example of BSM physics involving the weak mixing angle on dark Z, models

M. Cadeddu®,"” N. Cargioli®,>"" E. Dordei®,"* C. Giunti®,** and E. Picciau®*"!
'Istituto Nazionale di Fisica Nucleare (INFN), Sezione di Cagliari,

. » . . Complesso Universilario di Monserrato—S.P. per Sestu Km 0.700, 09042 Monserrato (Cagliari), Italy
® Zd m Od el . U ( 1 )d exte n S I o n Of th e S M Wlth a CO rres po n d I n g “Dipartimento di Fisica, Universita degli Studi di Cagliari,
3Camples.w Universitario di Monserrato—S.P. per Sestu Km 0.700, 09042 Monserrato (Cagliari), Italy
H Istituto Nazionale di Fisica Nucleare (INFN), Sezione di Torino, Via P. Giuria 1, I-10125 Torino, Italy
« Zq4boson, in the sub-GeV mass scale ‘

® (Received 16 April 2021; accepted 1 June 2021; published 16 July 2021)

« Coupling via kinetic mixing parametrized by € and Z — Z; mass
matrix mixing, parametrized by e, = (my,/mz)é

1/, . 2 my Q° :
ﬂ: sin? Oy (Q%) —» | 1 — &8 ——cot Oy f( ——| | sin? 8y (Q?)
mZd mZd

H. Davoudiasl et al..Phys Rev Lett 109,031802

The running of the weak mixing angle gets modified by the
introduction of this BSM boson: for a light (MeV) boson, the effect
is in the low energy regime

SCALE DEPENDENT VARIATION

* Weak charge measurements (both nuclear and proton) are sensitive to the Z4 boson.
e Also, the anomalous magnetic moment g-2 is sensitive to such boson:

o NZd =£(€+mzd5 1—4 sin? Oy, ) Fv( Zg4 )COHFV(X)_f dz 27z(1-2)%

a
Lvector  ap myz 4 sin Oy cos Oy, (1-2)2+x2z
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Zd in light of Muon g-2

* Muon g-2 Collaboration (FNAL) confirmed the deviation of a,;:

*  World average Aa, = 251(59)x107"*(4.20)

* Recent result also for the electron magnetic moment Aa, = 0.48(30)x10712(1.60)
L. Morel et al. Nature 588, 61(2020)

Combined fit of APV(Cs), Qweak and muon and electron g-2:

N

=

Effects of Light
Mediators from
BSM theories

| s

my, = 471%4 MeV
£=2.3"31x1073
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M. Cadeddu et al., PRD 104,L011701(2021)

sin
= :
(\©]
o

Phys Rev Lett 126, 141801(2021)

BNLg-2 ——=eo——+

FNAL g2 +——@——+

A N
< 4.20 >
N L4
—_— +——+
Standard Model Experiment
Average
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M. Cadeddu et al.
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CREX

CREX is the PREX twin experiment on *3Ca
Higher momentum transfer: Q~172 MeV (E,~2.1 GeV,O.4::~5°)

AP = 5 6586 + 0.1132 ppm

We used the PREX angular acceptance

Weak charge computed at tree level
a =~ 0.523 fm

...............................

L>50 MeV
0.25} L<50 MeV

PRELIMINARY

o
)
o

AR ,(*®Ca)[fm]

o
N
[¢))

0.10#

PREX-comb

3 S A e e 7
0.056 010 015 020 025 030 035
AR (*®Pb)[fm]

For the nuclear
model prediciton
of CREX

The combination of
PREX and CREX results
could suggest a
preference for some
values of the L
parameter, selecting
specific nuclear
models

.‘g'(_ CREX results are
about to come out 0.230}/ / / /

0255 77— / /
o250t [/ /) )/
omast | ) | 0/ ‘7 Y

_§O.240—/ / ,/ N/ /25 =0.23857 |

L

o (7 /
g7 0.235'/// , / / /

0225t / oossarndorf /

0.220t / A /PR'fELIMINARY

0.00 0.05 0.10 0.15 0.20 0.25
ARpp [fm]

It’s just a PRELIMINARY result

Fixed s5, —» AR,,(**Ca) = 0.10 + 0.03 fm
Skin thinner and compatible with the nuclear model
prediction: ARY,~0.08 —0.12 fm

Degenerate Band, however, to be
compatible with the nuclear model
prediction the weak mixing angle should
approximately be similar to its SM value
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SIn“Hy

CREX+Qweak 0.250; PRELIMINARY |
We can use the Qweak measurement to break the degeneracy: O°245§ E158 -
e proton weak charge measurement at Q~160 MeV < 0.240¢ P2 MOLLER _
Quw = —2g,v = 0.0711(2) woP=-2g10 =0.0719(45) > 023 51L’ """""""""""""""" Ext )]
M2 S V4P IAPY(Cs) ]
Which is translated in: sin® 8,, ~ 0.238 + 0.001 ﬂ. “ 02301 Combaih ]
- Precise measurement of : T _
- | e 0225/ 7
o ; sin” Oy, at Q~160 MeV 'z .
T e ] 0220y = & /G
O 1
o T _erecminary [ 1] 0 50 100 150
0 // N \\J S Q Q [MeV]
SN CREX could find a thin sk
= / 7 % ' could find a thin skin,
[ | ,// \ \%f 23867 s 1, while PREX measures a thick CREX+Qweak results
0.238 l\ (\ \ // / // ﬂ: skin due to the different impact ARnp =0.10+0.03 fm
S— 7 fth k mixi le at
/ of the weak mixing angle a .. 2 -
\\\00\8;:;/2/ y different energy scales sinZ 8y, = 0.23857 £+ 0.001
0234 B s Are we in presence of a BSM effect on

000 005 010 015 020 02:0236810
AR, [fn] Ax

the weak mixing angle? Who knows..
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MESA measurements ‘

PHYSICAL REVIEW C 102, 022501(R) (2020)

10°APV(Q)

10°APVQQ)

-0.0494

R wk™ Rch ( fm )

-0.0247 -0.0124 0.0

-0.0494

Epeam=155 MeV

Rwk - Rch (fn])

-0.0247 -0.0124 0.0

13

12

11

T

Epeam=155 MeV
6=145 deg

e —

-1.0 -0.5 0.0

O. Koschchii et all., PRC 102,022501(2020)

Weak charge and weak radius of 2C

The case of Carbon-12@Mesa
e E,~155 MeV

* Higher precision

* Pw~Pch

¢ Quw(*C) ~ —24sin% 06y,
Three major novelties:

e Approach which accounts for model dependences
 Combined information from forward and backward scattering

Xavier Roca-Maza ©@,” Chien-Yeah Seng ©,% and Hubert Spiesberger ©'

'PRISMA* Clu:ler a[ Excellem‘e In:!lml fiir Physik, Johannes Gu!enberg Universitdt, D-55099 Mainz, Germany
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7Dipam'menm di Fisica, Universit degli Studi di Milano, Via Celoria 16, I-20133 Milano, Italy
and INFN, Sezione di Milano, Via Celoria 16, 1-20133 Milano, Italy
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q(fim™")

* Coulomb distorsion effect is larger at backward angles

Oleksandr Koshchii ®,'"" Jens Erler ®,"23 Mikhail Gorchtein ,4 Charles J. Horowitz ®,’ Jorge Piekarewicz @,
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O4+—0_ GFQ QW & . ==—-- CD(py=p) S =TT
* c/qpv N ~ (1 +A) = o g
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A 2 l (FSF ) A 22 ] S s
. A=-2Q2R%, +Z02R :
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* Apv= mTW [1+po + (p1 + p2{)A] (dee
* ( to account for the model dependence introduced by fixing the thickness

parameter

29



Preliminary results on 12¢

Apv(6) [ppm]

12— Apv pw E,=155 MeV
10 --CD (ka=RCh)
| CD (R,«=2pF with c=2.07 fm)
8 Ll
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: ,/,¢/
4'_ »"//
| v
| //’
2 // AXZ =
| /// PRELIMINARY
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6 (deq)
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