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Parity violating in weak interaction
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Parity Violating Electron Scattering

ight handed

Flip spin of electrons and look {C),
for difference in scattering rate

€

(M, GpQ?Qy Fy(0?)

M, | 47za\/§Z F (0%

~ 107 x Q2

- X

Clean and theoretically easy interpretation, but very challenging!

Jinlong Zhang (3k3& %), SDU 3



Parity Violating Electron Scattering

PVES Landscape - PVES has a long history of pushing the
n limits of precision and discovery
- e Pioneering o Wl
10*E o Strange Quark Studies W -  E122: (AA=10 ppm) 1978
- e Standard Model Tests e
- i e e i i i
[ *fieutron Hadius o N -  pioneering experiment (already
107 o o had most of the features of modern
= s’y ® PVDIS6 :
n MainzBe g pp.1” o PVES experiments)
105 SAMPLE goj@,,  SOLID
~ F MIT-12095%™  *H.Hi -  Strange form factor
2 B T A% *H-He"~
% 107 SeHI - GO0, HAPPEX
— -7 (e @) e
= PRE}/I. EREX
n JEB8 - Standard Model Tests
_8 'PREX-II
107 E Qweak® -
= - E158, PVDIS, Qweak
- " oMESA-12C
10°.~ MOLLER - Nuclear structure / neutron skin
E OMESA-P2
- = PREX, PREX-Il, CREX
10—10 IIlII" L1 IIIIII| |- IIIIII| L1 IIIIlll L1 IIIIII| | IIlIII|
-8 7 -6 -5 4 -3
10 10 10 10 10 10 - Future:
PV
* - MOLLER, P2, SoLID

1,000,000 vs. 1,000,001

- High statistics and excellent systematics control
ppm (part per million)

Jinlong Zhang (3k3& %), SDU 4



What’s the size of nucleus?

- Proton distribution:

- Owing to the electric charge, this has been accurately measured
for many atomic nuclei

- Neutron distribution: poorly known

- Primarily from hadron experiments (pN, HIC, Rare Isotope, electric
dipole polarizability, etc), model dependent

- Parity-violating electron scattering: via the weak charge

Charge type @ Proton = Neutron
Electric 1 0

Weak ~0.07 -1

Weak interaction sees neutrons

Jinlong Zhang (3k3& %), SDU



Neutron Skin

J. Phys. G: Nucl. Part. Phys. 46 (2019) 093003
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For N=Z: the neutron and proton
density distributions are expected
to have a similar shape

For N>>Z, the excess neutrons
are pushed out to the periphery
forming a neutron skin

Neutron skin: Difference between root-mean-squared radii of neutron and proton.

— — — 2 2
Ar,, =R, — R, —\/<rn> —\/<rp>

Jinlong Zhang (3k3& %), SDU



Neutron Skin and Symmetry Energy

. 50 r [ l | 1 7
Symmetry energy 3(p): energy 5.4 Brown IPRL 85,5296 (2000y] /|
penalty for breaking N=Z symmetry I / d
= 30 [ / /
g /)
Slope of the symmetry energy L: | 7
p y y energy "l / “
d5(p) el ~—
Lo — | : ol
dp 1o - \ .
0 [ | 1 LN,
0.0 0.1 0.2 0.3
Symmetry energies are different in the RIRnaR
. . . FIG. 2. The neutron EOS for 18 Skyrme parameter sets. The
Inner core (hlgh denS|ty) and outer core filled circles are the Friedman-Pandharipande (FP) variational
. calculations and the crosses are SkX. The neutron density is in
(IOW denS|ty) units of neutron/m?’.

The extent of the neutron skin in a neutron rich nucleus is the result of balance
between the surface tension and the slope of the symmetry energy.

Jinlong Zhang (3k3& %), SDU



Neutron Skin and Symmetry Energy

Mean-Field predictions show a correlation between neutron skin of a
heavy nucleus, Ar, , and the density slope of the symmetry energy.

X. Roca-Maza (et al.) PRL 106 (2011) 252501

2
Linear Fit, = 0.979 »
N %
- 0 Nonrelativistic models 2 ¢
0.3 ¢ Relativistic models k2%
£

[N,
N
-

L (MeV)

Arnp calibrates the Equation of State of neutron rich matter, determining L
constrains and guides models needed for heavy nuclei

Jinlong Zhang (3k3& %), SDU



Neutron Skin and Neutron Star

Neutron Star

Lead Nucleus

3

A “typical” neutron star has a
mass of ~1.5 solar masses, Mo,

radius of ~10 km,

density (fm”)

0.18

0.15
0.12}
0.09 |
0.06

0.03 |

i Stiff EOS 7

0.00

density as high as 5-10 times that of lab nuclei

- In spite of the 18 orders of magnitude size difference, heavy nucleus and neutron

Farrukh J. Fattoyev - Jan 24, 2018 JLab seminar

T

208P b

| Two species only:

—

Soft EOS

—
Nucleus of an atom |

Several species:
np i

,1.4,M,un, " Neutron Star]
arXiv 1711.06615’

n,p,e, u

r(fm)

star are both described with the nuclear Equation of State

r (km)

- Both strongly correlated with the slope of the symmetry energy L

0.48
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0.24
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0.08

10.00

Jinlong Zhang (3k3& %), SDU



Constraints deduced from Binary Neutron Stars

Binary Neutron Stars Merger J. Phys. G: Nucl. Part. Phys. 46 (2019) 093003
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Image Credit: Jocelyn Read

The induced quadrupole deformation
will advance the orbit in this case and
change the phase of rotation!

Binary Neutron Stars merger significantly
limits the phase space for the neutron skin

Jinlong Zhang (3k3& %), SDU 10



Choice of Nuclei Target

PREX
Stable and Least theoretical uncertainties 203PD:
- Doubly-magic; Neutron excess; First excited - in realm of uniform nuclear matter
state far from elastic & Density Functional Theory

- serves as terrestrial laboratory to
test neutron star structure

Nuclear Landscape

5Ca. CREX

- “ab initio’ (exact microscopic)
calculations of Rskin for 4Ca have
recently been available.

G. Hagen et al., Nature Physics 12, 186(2016).

- bridge between “ab initio” models and
effective theory (DFT)

Jinlong Zhang (3k3& 1), SDU 11



ab initio Calculation

NNN

LO

NLO

N2LO

N3LO

optimized simu

derived 1994 /2002

X

taneously 2014

derived 2002

X

- Coupled cluster method: solve the quantum nuclear many-body
problem; Nuclear forces based on chiral effective field theory.

derived 2011

e

G. Hagen et al., Nature Physics 12, 186(2016).

35 | | | | 1 | | | | | ]
9
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] ] | | ] ] | ] |

0.15 0.18 021 3.4 35 3.6 20 24 2.8
Ry (fm) R, (fm) ap, (fm?)

skin

Figure 1 | Predictions for observables related to the neutron distribution in **Ca. a, the
neutron skin Rgis; b, the point-neutron radius R,; and ¢, the electric dipole polarizability op — all
versus the point-proton radius R,. The ab initio predictions with NNLOsy (dots) and chiral
interactions of ref. 28 (squares) are compared to the DFT results with the energy density
functionals SkM*, SkP, SLy4, SV-min, UNEDFO0, and UNEDF1" (diamonds). The theoretical
error bars are indicated. The blue line represents a linear fit to the data, with theoretical
uncertainties shown by a blue band. The horizontal green line marks the experimental value of R,
that puts a constraint on the ordinate (orange band).

- Predicted a smaller 48Ca neutron skin thickness than DFT

- Extra important need for CREX result.

Jinlong Zhang (3k3& %), SDU



From Apy, to Neutron Skin

X. Roca-Maza (et al.) PRL 106 (2011) 252501

Measured Apy,
% I | L] | I L] L] I | I L] L] T | | I | | L]
X P : :
* NG & o Linear Fit, r=0.995 ]
Known charge 74 3@ & O Nonrelativistic models _|

¢ Relativistic models

form factor | ~¥|Coulomb correction
From strong probes

v | %
i
]

~ 7.2
Weak form factor Fy,(Q?) < 7
and weak density py(Q?) =

v

Corrections for 6.8
Electric form factors i

} o1 o015 02 02 03

Neutron density p,(Q?)

' 208
and neutron radius R, Robust correlation between 298Pb Apy and

the neutron skin over existing nuclear

v structure models
K t . L .
n;‘:;’&: r]g " | = | Neutron skin Ar,, Different neuron skin thickness from different
z models, experimental data needed.

Jinlong Zhang (3k3& %), SDU 13



Continuous Electron Beam Accelerator Facility
at Jefferson Lab

R
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Jinlong Zhang (5k3& %), SDU



Continuous Electron Beam Accelerator Facility
at Jefferson Lab

New Hall

Upgrade arc
magnets
and supplies

Add 5
cryomodules

20 cryomodules

cryomodules

' Enhanced capabilities
U in existing Halls

Jinlong Zhang (3k3& %), SDU 15



PVES at JLab

Detectors

Beam Helicity Pattern

+--+0r-++- GaAs
Photocathode
Helicity
Generator IHWP

Compton & Moller 1 \\
Polarimeters ¢
h 4

Position Modulation Laser +
Magnets Pockels Cell

Electron Beam

CEBAF

Position Feedback
Magnets

/L
7/

Wien Filter

Jinlong Zhang (3k3& %), SDU



PVES at JLab

Detectors Injector:
- Up to 180 uA
Beafn Helicity Pattern - Polarization ~90%
1 tor-t+- GaAs - Up to 1kHz helicity flip
Photocathode
Helicity
Generator 'H‘(
e | N |
v e Fast helicity flipping relies on
Position Modulatipn Laser + Pockels Cell.
Magnets Pockels Cell
FRE AR ’ « Slow helicity flipping relies IHWP
C E B A F Position Feedbag¢k and
Magnets & Wien Filter

Insertable Half

Linear Wave Plate Pockels Cell right handed
Polarizer
Laser source oo e

C left handed

+ A/4 retardation
Produces L/R circular
polarization

GaAs
Photocathode

Jinlong Zhang (3k3& %), SDU 17



PVES at JLab

Detectors

Beam Helicity Pattern
+--+0r-++- GaAs

Photocathode

Helicity
Generator IHWP

Compton & Moller
Polarimeters

Position Modulation

Electron Beam Magnets

CEBAF

Position Feedback
Magnets

/L
7/

| =
v ¢

Laser +
Pockels Cell

Wien Filter

Polarimeters:

- Mott at Injector

- Compton and Moller at Hall
- ~1% level precision

Jinlong Zhang (3k3& %), SDU

18



Moller Polarimetry

- Polarized cross section asymmetry of Moller scattering
(elastic electron-electron scattering)

- Rapid, high precision measurement; Destructive only low

beam current
<N{>‘(1}§— /
o~ 1+ Y (Ay- Pl pheam :

i=X.Y.Z osf-

A B Sin2 HCM . (7 + COS2 HC’M) b

- (3 + cos2 Ocr)? Iron Foil Target in high-field
. '10— l ‘2[Ol l l410l l l6101 ’ 1810‘ ’ l1(;0l ‘ 11é0l l ‘1‘i01 ’ l1é0l 191180 Superconductor magnet.
Energy independent o

-~ e

. - s Jr—
nme

e
-‘L ™ - —

Detector box

two electrons §

n coincidencd
A &

-—

Jinlong Zhang (5k3& %), SDU 19



Compton Polarimeter

Electron Detector

Polarized cross section asymmetry of 2 % % /Notior PREX
Compton scattering b /e —

’’’’ Scattered
Photons

Photon Detector

Optical Table Shielding GSO

Deflected Beam

- 4-dipole chicane, non-destructive measurement: continuous monitoring of beam
polarization

- Laser beam colliding with electron beam nearly head-on

- Integrating DAQ;
GSO used to detect scattered photons; e (Eyean)
Diamond microstrips used to detect scattered electrons

- PREX2 will need 1% at 950 MeV

: CREX Polarimetry Result:
CREX will need 0.8% at 2.22GeV Po=87.09 +/- (0.44% dP/P)

Jinlong Zhang (3k3& %), SDU 20



PVES at JLab

Detectors

Beam Helicity Pattern

+--+0r-++- GaAs
Photocathode
Helicity
Generator IHW\P
Compton & Moller
{ Polarimeters 7 \ ¢
A 4
Position Modulation Laser +
Electron Beam Magnets Pockels Cell
C E BA F Position Feedback
Magnets Wien Filter
//
7/

Beam monitoring:

- RF antenna or RF resonating cavities

- Charge ~30ppm, position ~1um

- Fast feed back to injector

Jinlong Zhang (3k3& %), SDU
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Beam Monitoring

¥ [‘ | ' \ y+ ’;

- —= A --l.,-ml - l!-hl':-' Y'X

il

- Mostly use RF resonating cavities or RF antennas

- can measure beam charge to about 30 ppm and positions to about 1
micron

- Electronics are used to fast feedback and reduce large helicity correlated
beam asymmetries

Jinlong Zhang (3k3& %), SDU
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PVES at JLab

Detectors

Electron Beam

CEBAF

Beam Helicity Pattern

+--+0r-++- GaAs
Photocathode
Helicity
Generator IHW\P
Compton & Moller
Polarimeters 1 \ ¢
h 4
Position Modulation Laser +
Magnets Pockels Cell
Position Feedback
—egnete Wien Filter
Yy
7/

Spectometers:
- HRS - High Resolution
Spectrometers

- dp/p ~2x10+4

Jinlong Zhang (3k3& %), SDU



Hall A High Resolution Spectrometers

- Resolve elastic scattering Elastic

detector

- Discriminate excited states '"e'aim
- dp/p ~2x10-4

Quad

Quads

Jinlong Zhang (3k3& %), SDU 24



Main Detectors

Photo-Electron Distribution - Prototype B Detector

T TTTI

. Prototype B, 855MeV electron beam

real:data, run 462, theta ~89 deg, gain 1.24E6

................... o SOOSIIVIY. 200CICR. ...
‘ Simulated data: Qthick 6mm, sep 3.6mm, DetAngle -1deg

: glisur polish 0.981; QE R7723Q (bjalkali) :

quartzADC |:[ hit_n_hist
Entries 583686 Entries 583675
Mean 37.68 £ 0.000432 Mean  37.94 + 0.00025¢
RMS 7.206 £ 0.00667 RMS 7.074 £ 0.006547

TT ”Iml

T Hllﬂ[

102=E ..................................................... integeal - , ntegral B
i o RMS _ g 191 RMS _ g 146

10

S | SO ‘ ..................... | eanolMean ...............................

T lllllll

NBeam test

..... l__... I , Nl

0 50 100 150 200 250 300
Photo-electrons

D. McNulty

- Fused silica Cherenkov radiator, 5mm thick 3.5x16 cm2 area, mated to a
single PMT

- Non-linearity of detector response was tested on the bench and with beam
during the experiment

- GEMs for tracking runs (Q2 measurement)

Jinlong Zhang (5k3& %), SDU 25



Determining central scattering angle and Q2

H20 gold.p run2709

ADp :16.225 MeV (4.749+0.003:0.029 Degree) P=2.17297GeV + 0l008MoV 168

AP=16.225 + 0.022MeV Std Dev 0.006836
BPM x::0.87969 , BPM y::1.56840
=2.15674GeV + 0.022MeV

i\

Elastic O peak =" MJLFW -

Elastic H

10

Energy spectrum from water target

1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I

2.155 2.16 2.165 2.17 2.175 2.18
Momentum [GeV]

by Siyu Jian (UVa)
1 1 1 | 1

AE'=FE,—E, =E -
1+ Mo 1+ My

- 'H and %0 in one target (same E-loss) provides measurement of angle 0

- Nuclear recoil method recoil momentum difference — scattering angle

- Determined central angle with pointing with precision of 86 = 0.02° (0.45%)

PREX <Q2> = 0.00616 + 0.00004 GeV2 (& Q2/Q2 = 0.65%)

Jinlong Zhang (3k3& %), SDU



PREX/CREX Target

- Lead has low melting point, and low
thermal conductivity

- Diamond foils have excellent thermal
conductivity, Helium cooled

- 12C is isoscaler, spin-0 (and well-
measured) harmless background

Diamond .
Cryogenic

| ead production

Diamond target ladder

~5.7 mm thick

~91.7% 48Ca, ~7.96% 4°Ca

%0511 mm
1——j¢ 1.118 mm

I ] 4094

~12.7 mm

Jinlong Zhang (5k3& %), SDU
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Scattering Chamber

Upstream view

Production

- One cryogenic production target ladder and one optics ladder at single target location
- Improved based on lessons learned during PREX-I
- Solves vacuum and mechanical assembly considerations

Jinlong Zhang (3k3& %), SDU 28



Radiation Shielding

PREX-I distributed significant power in the hall, damaging vacuum and

electronics
PREX-I |PREX-II| CREX
30 cm HDPE
Power in
collimator 9.7 28.8 6.8
(W/uA)
Power
30 cm HDPE in hall 18.0 3.0 ~1.5
60 cm (W/uA)

Solution: Localize power in hall at collimator, and shield it

- Heavy concrete shielding over the target and collimator region to reduce the

boundary dose

- Collimation and shielding protect sensitive electronics inside the hall

Jinlong Zhang (5k3& %), SDU
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Integrating DAQ

Flux integration Technique Continuous Wave (CW) laser which flips
quartz helicity fast enough to make sure that

Art | | A . iy
I AA»E{}— D experimental conditions do not change
(Iutmn g C

flux //'//'/ integrator | from one helicity signal to the other

CREX rate: 500 MHz
PREX rate: 2GHz

Integrating, not counting (total number of

Detector Signal |......} i ............................................................. detected eleCtronS was ~6e+15
| . ‘ "t
Helicity States +1 - =i -4 + - 4+ - - +
'\Q“afr/“p'et/\ N dominated by counting statistics fairly
Al A?- A3 T Ap 10° /\\“\\
A1+ Aptina Az + Aviina Az + Aplind © /
» fo =97 ppm

f %
)/30 Hz, 70 uA, |
1]/, ~aGHz ||

800 600 400 -200 200 400 600 800 1000
A [ppm]

A; = sign; X

- >
§I Hlml TT Ill'ﬂ] IIIII"I IIIIIHII IIIIIII I

|
—

D: detector signal, I: beam current

Jinlong Zhang (3k3& %), SDU 30



Time Line

—_———

Jun 2019 Sept Dec Mar 2020 Sept

PREX-II Installation

PREX-II Running ]

(25 +10 PAC days)
CREX running

(35 +10 PAC days)

Charge Tracking
—_ = : ; i —_— 500
zé 140:_ - Chargeall 126.98C ... .......... g B * Goal e
o B () B — Raw
et ] Passed onli lysiscut 113.01C | . ... O i
B 120_ - assed online analysis cu a 400_ i i
3 [ = "
g 100_ ....................................................................................................... O :
[ I : : :
& B @ 30
80__ .................................................... +— )
= PREX-II g |
_ : ) : : : B
60— ................ : E 200}
: H H H : 3 =
i & B
a0f- 2
E z 100~ CREX
20 ------- -
oL oL : | . l . |
07/10 07/17 07/24 07/31 08/07 08/14 08/21 08/28 09/04 Dec 31 Apl’ 01 Jul 01 Sep 30

Day since 06/17/2019

Jinlong Zhang (5k3& %), SDU



PREX-Il Data Overview

0=0.995 +£0.010

200 —

Corrected asymmetry
8000 — X¢ / ndf 5310/ 5083

492 + 13.52

4000

Number of mini-runs

2000

100 —

—2000

—4000

_llllllllllllll llllll]lllllll]

—-6000

min l/'runs
3400 3600 3800 4000 4200 4400 4600 4800 5000 -6

run Normalized difference from average

| | 1 | | I |

| 0

4 6

The corrected asymmetry removed effects from beam asymmetries and noise

“Blinding box”: an additive term on every octet asymmetry, randomly selected (flat) at
the start of the run, from + 160 ppb

Jinlong Zhang (3k3& %), SDU 32



PREX-Il Data Overview

In, Left —e— 484.75+ 25.08 Apy uncertainty  Apy uncertainty
contribution [ppb] contribution [%]
Polarization 5.23 0.95%
Out, Left e 533.53+ 24.47 Accept.ancc.e 456 0.83%
normalization
Beam correction 2.98 0.54%
Non-linear detector o
Out, Right —eo— 481.16+ 31.66 response 2:67 0-47%
Carbon dilution 1.45 0.26%
Charge correction 0.25 0.04%
In, Right  }—e— 455.79+ 28.68 Inelastic 0.12 0.02%
contamination ' '
Total 8.16 1.48%
Grand Average e+ 492.55+ 13.52
Blinded When taken all into account the experimental
o b b b b b b bevna L SyStemat|C uncertalnty Comes to Just ~150/O

300 350 400 450 500 550 600 650 700 750 o/
Asymmetry (ppb) (2 /O IN pl’OpOS&D

ACOT‘T‘ Pe — @ATf?
APV — RacceptNorm 1/_ Zzz;l

Unblinded Apv: (550.0 £ 16.1)ppb

A(:m'r — Araw + Abemn + A'n,()'n,Lin — Ablind

Jinlong Zhang (3k3& %), SDU



PREX-Il Result

PHYSICAL REVIEW LETTERS

6 1 Highlights Recent  Accepted Collections  Authors Referees earc|

g 208Pb _E 05 Volume 126, Issue 17
of- . BRmwmny oo S
E sofF B =
[— : : mﬂ.
o ssf  SUcold E
S L o 99 1 £
B s7f 585 Big Apple —{02 3 N = 550 £ 16 (stat) £ 8 (syst) ppb
= — Q) . c
® UFS 1 O
L 56 — 0.1 5
= - i
E charge radius Rch=5.503fm EO 8 FW(<Q2>) — 0368 j: 0013 (eXp) j: 0001 (theo)
5.5 2
- A E Ry = 5.795 4 0.082(exp) £ 0.013(theo) fm
5.4 AT TR T T N TR T TN NN TN TR T N TN SR TR N T T SR
520 540 560 580 600 620 _ —
PV asymmetry A__ [ ppb ] R, —R, = 0.278 £0.078(exp) & 0.012(theo) fm.
Combined PREX-I and PREX-II - Consistent with PREX-I
*Pb Parameter Value - Did better than originally proposed
Weak radius (Ry) 5.800 £ 0.075 fm statistical (=3%) and systematic (£2%)
Interior weak density (pf,) —0.0796 +0.0038 fm™> uncertainty goals
Interior baryon density (p}) 0.1480 + 0.0038 fm™>
Neutron skin (R, — R),) 0.283 £ 0.071 fm

Jinlong Zhang (3k3& %), SDU 34



Impact on symmetry energy slope

Reed, Horowitz et al. PRL 126, 172503 (2021)

0 50 100 150 200 250

140 _I | L I | I L I | l_ | | | | | I | T | | l
[ — P=R ’ - +EFT (2020)
120 — P=(2/3)R, - 0 vEFT (2013)
§ i Ab-initio (CC)
; 100 — — Skins(Sn)
s I - ® QMC
= 80r ~ ot (RPA)
et B i
o0 ~
O i
40— —
B (a) i (106+37)MeV (b)
20—| N N N 1 l 1 o 1 |
0.15 0.2 0.25 0.3 035 O 50 100 150 200 250
Rskin (fm) L(MeV)

PREX result indicating a larger L (stiff EOS)

Jinlong Zhang (3k3& %), SDU



Implication on Neutron Star

Reed, Horowitz et al. PRL 126, 172503 (2021)

1.4
R* (km)
12.5 13 13.5 14 14.5
1200 I i | T
] Allowed 1
£ 1000
=
4y}
N
T —K
S <
T 800
O
|_

upper limits 95% CL

upper limits 90% éBO

LIGO GW170817 0.15 0.2 0.25 0.3 0.35
R i, (fm)

- NICER (NASA’s neutron star
Interior Composition ExporeR)
IS an X-ray telescope on the
International Space Station

- LIGO GW170817 provided
upper limits for tidal
polarizability < 580 neutron star
radius and accordingly for
neutron skin as well.

- Consistent with NICER, but
tension with LIGO

Jinlong Zhang (3k3& %), SDU
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Press attention

.
ScienceNews

DISENDENT JOURNALISN SINCE 1923

APS Viewpoint “highlighting exceptional research”

VIEWPOINT

Probing the Skin of a Lead Nucleus

Kate Scholberg
Physics Department, Duke University, Durham, NC, USA

April 27,2021 « Physics 14,58

Researchers make the most precise measurement yet of the neutron distribution in a heavy nucleus, \
implications for the structure of neutron stars.
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The thickness of lead’s neutron
‘skin’ has been precisely
measured

The atom'’s nucleus Is surrounded by a neutron shell just 0.28 trillionths of a
millimeter thick
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CREX Result

1ign-uncorrected, Each point: 8h time-scale

Sign-corrected, Each point: ~1week time-scale
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beam asymmetries and noise
- Blinded Apv

2334.8 + 106.1(stat) = 37.3(sys) ppb

- corrected asymmetry removed effects from

Jinlong Zhang Gk 1%),

SDU
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CREX Result

Unblinded on October 9, 2021

Unblinded APV:
2658.6 + 113.2 ppb (4.3%)

<Q2> =0.0297+-0.0002 GeV?

Presented at the DNP2021
by Caryn Palatchi on Oct 12.
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- Preliminary extraction of weak Form factor: Fw: 0.1297 + 4.3%

- Analysis and extraction of neutron skin is ongoing

Jinlong Zhang (35 %), SDU
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Collaboration

Spokespeople: Kent Paschke (contact), Krishna Kumar, Robert Michaels, Paul A. Souder, Guido M. Urciuoli

Post-docs and Run Coordinators: Rakitha Beminiwattha, Juan Carlos Cornejo, Mark-Macrae Dalton, Ciprian
Gal, Chandan Ghosh, Donald Jones, Tyler Kutz, Hanjie Liu, Juliette Mammei, Dustin McNulty, Caryn Palatchi,
Sanghwa Park, Ye Tian, Jinlong Zhang

Students: Devi Adhikari, Devaki Bhatta Pathak, Quinn Campagna, Yufan Chen, Cameron Clarke, Catherine
Feldman, Iris Halilovic, Siyu Jian, Eric King, Carrington Metts, Marisa Petrusky, Amali Premathilake, Victoria
Owen, Robert Radloff, Sakib Rahman, Ryan Richards, Ezekiel Wertz, Tao Ye, Allison Zec, Weibin Zhang

Thanks to the Hall A techs, Machine Control, Yves Roblin, Jay Benesch and other Jefferson Lab staff
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Summary

- PREX-2 successfully ran a technically difficult experiment
- Significant neutron skin is determined from PREX Apyv, 0.283 (0.071) fm
- Prefer to a larger L and larger neutron star

- The final results were published in PRL as cover article in April 2021 and are
already having an impact well beyond electron scattering community

- CREX just released the preliminary results for the asymmetry, theoretical
implication is ongoing.

- provide tests of DFTs and microscopic calculations and thus provide valuable
new insight into nuclear structure

Jinlong Zhang (35 %), SDU
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Summary

- PREX-2 successfully ran a technically difficult experiment
- Significant neutron skin is determined from PREX Apyv, 0.283 (0.071) fm
- Prefer to a larger L and larger neutron star

- The final results were published in PRL as cover article in April 2021 and are
already having an impact well beyond electron scattering community

- CREX just released the preliminary results for the asymmetry, theoretical
implication is ongoing.

- provide tests of DFTs and microscopic calculations and thus provide valuable
new insight into nuclear structure

Thank you for your attention!

Jinlong Zhang (35 %), SDU
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PREX-I (2010)

| ! | ! | ! | ! |

- Collected data at 2010 ‘R =R

V.75

- 1.063 GeV electrons scattering

G +PREX-I
from 208Pb at 5 degree e 07 FSU !
= STII NL3 |
- . _& rPREX-II
- Initial goal: 3% precision e | e
0.65 =
NL3mO05
0.6 i
- I Tatd 1, 1 l | ; | : | 1 | :
Systematic uncertainties were wgll sa |53 == i <5 s .
under control, however radiation issues R R (fm)

P

limited the statistical uncertainty
Apy = 0.657 + 0.060(stat) + 0.014(syst) ppm

First electroweak observation that there

IS a neutron skin around a heavy nucleus

_ 0.16
R,—R,=0.337;¢ fm

Precision of PREX-| did not allow to exclude many models, motivation for PREX-II.
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Neutron Star
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Nuclear Equation of State

At O temperature:
E(p,a) = Esnm(p) + S(p) + O(a?)

EOS can be written as expansion around

o= n 'n,+
symmetric limit of the energy per nucleon (Pn=pp)/(Pnt )

S(p)=&(p,a=1)—E(p,a=0)

Taylor series expansion
around saturation density:

gSNM(P) 1 + —K0£U2 4+ ...

T~ kFermi _—] \.\.__/ 2

Ban = and g z = (p — po)/3p,
\.‘\._.-/./ w
o —g—0— 9 -—g—o &
\.\._'_/./ \.-\._‘/.’ Energy per nucleon

AT e
st

== il Incompressibility coefficient
Symmetric Bucket ASymmetric Bucket 2 .
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Symmetry Energy

Esnm(p)

1
S(p):J+Lx—I-§KSym$2+...,

80

2

1
—¢e,+ -Kox*+ ...,

70 k- — Symmetric Nuclear Matter
— Symmetry Energy
Pure Neutron Matter
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-10

20 =

Non-zero Slope (L)

Pressure of pure neutron

- - - -— e - - -

P/p,

matter at saturation density:

1

PO ~ _poL

3

- Nuclear masses are largely insensitive

to the density dependence of the
symmetry energy

- The extent of the neutron skin in a

neutron rich nucleus is the result of
balance between the surface tension
and the slope of the symmetry energy

- The slope can be obtained by looking

at the difference in the symmetry
energy between:

- The inner core (SNM at saturation
density)

- The outer core (lower nuclear
densities)

Jinlong Zhang (3k3& %), SDU
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Parity Violation in high energy scattering

Longitudinal single spin asymmetry

Spin Momentum Target Detector
,_.'
Right-handed  —» > 8@8 —
£) >
Left-handed < > 888 _ @
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