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Experimental Motivation
In general, we’d like to have 
a much better understanding 
of the overall nuclear landscape.

● Ab-initio methods are easily 
performed for light nuclei

● DFTs are used for medium-weight 
and heavy-weight nuclei. 

● 48Ca lies on the light-to-medium 
weight nuclei boundary.
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Experimental Motivation
● 48Ca provides a unique

opportunity to examine the 
light-nuclei to medium/heavy-nuclei  
transitional region to compare to 
theory.

○ Made it an ideal 
sister-experiment to PREX-2

● Like 208Pb, 48Ca is doubly-magic 
meaning that there is no spin-spin 
correction for the Mott 
cross-section, simplifying the 
experiment.



Typical Electron-Nucleon Scattering Experiments
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off a point-like scattering target. 

                                           They arise from the 
scattering potential.

Cross sections are related 
to form factors and the 
valuable physics can be 
extracted.  In this case, 
charge radii of various 
nuclei.



Image source: QWeak Collaboration

1. Electromagnetic scattering from nucleus only happens with protons.
2. Weak scattering primarily occurs from neutrons and violates parity.

⇒ With the right type of experiment and facility one can take advantage of this phenomenon.
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EW Implications: Particle Charges

Particle Qe QW

Proton +1 ~0.07

Neutron 0 ~1

Electron -1

Electromagnetic and Weak Charges of Particles

Note: Conventionally, this matter is discussed with weak charge; however, the basis for the 
parity violation is the weak-isospin T3 which =0 for all right-handed spin states
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JLab Polarized Source
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● Circularly polarized laser incident on 
superlattice GaAs photocathode.

● Finely tuned and rapidly alternated 
through use of a RTP Pockel

● Produces bunches of polarized (~90%) 
electrons. 

● Slow noise controlled by alternating 
usage of insertable halfwave plate.

● Wein flips used for additional control
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Parity-violating Asymmetry APV

7
Eric King – JLab Users Group Meeting, June 2023

+

2

~ MW,L = -MW,R

Note:

● Electroweak cross section
○ Account for Gamma and Z0

● Interference term responsible for 
parity-violating asymmetry 

● [1 - 4 sin2θW] ≈ 0    ⇒  sin2θW ~ 0.23xx

● FCH(q) ⇒ Experimentally
well-known values

● Measuring the parity-violating asymmetry 
provides us with a clean way of measuring 
FW(q)



HRS
● HRS – Double Arm 

Spectrometer

● Capable of precision 
energy measurement 
with its native vertical 
drift chambers

● Captured very small 
cross section

● QQDQ Optics Setup
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GEM 
Detectors



Hall A  HRS
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GEM 
Detectors

● QQDQ Optics Setup

● Optics finely-tuned to 
separate inelastic 
scatters out of the 
detector acceptance.

● Primary collimation 
immediately after the target scattering 
defines experimental acceptance.

● Septum magnets bend target scatters 
from 5o to 12.5o    (HRS minimum angle).



PREX2/CREX Detectors
          Quartz Detectors

● Integrating Detectors
● Capable of handling 

GHz rates
○ CREX 

     ~ 50MHz
○ PREX-2

     > 2GHz
● Made of 5mm thick 

radiation hard silica.

● Each quartz detector connected to PMT
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              GEM Detectors

● Gaseous Electron 
Multiplier 

● Counting Detector
○ Can identify 

single MIPs
○ Multiple GEMs 

can offer 
effective track 
reconstruction

● Used for kinematics measurements and 
elastic signal alignment.
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CREX 48Ca Targets

Started with:

・Single Puck
・5mm thick
・96% 48Ca
・3.48% 40Ca

➢ Enriched 48Ca target
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Calcium Targets held here

PREX2/CREX Target Ladder



CREX 48Ca Targets
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Ended with: 

・1 Puck + 2 foils
     sandwiched
     together
・~91.7% 48Ca
・~7.96% 40Ca
・~5.7mm thick

➢ Replacement target

0.511 mm

1.118 mm

4.094 mm

Started with:

・Single Puck
・5mm thick
・96% 48Ca
・3.48% 40Ca

➢ Enriched 48Ca target

🔥 Beam struck target ladder and 
destroyed first target
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Calcium Targets held here

PREX2/CREX Target Ladder



Beam Corrections & Scattering Angle/Water Cell
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➢ Recoil momentum difference ⇒ Q2
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Beam corrected for position fluctuations, charge 
asymmetry and energy fluctuations (all of which are 
continually monitored).

Corrections determined through careful analysis of 
controlled alterations (a.k.a. “beam modulation”) and 
regression techniques on natural beam jitter.



Beam Polarimetry | Compton + Moller

● Compton e𝛾 scattering.
● Electron beam diverted from main beam line 

into chicane and into circularly polarized light 
amplified in optical cavity.

● Backscattered 𝛾 detected by photon detector
● Minimally destructive to beam and can be run 

concurrent to experiment.

Compton Result Combined Result Moller Result
87.10% +/- 0.52% 87.09 +/- 0.44% 87.06 +/- 0.85%

14

● Brute force polarimeter.
○ Superconducting magnet holds 4T field to 

align foil spins in beam direction.
○ ~8% foil polarization

● Looks for Moller coincidence.
● Monte carlo used to determine analyzing power.
● Destructive to beam quality.

Eric King – JLab Users Group Meeting, June 2023*Beam polarization is the largest systematic uncertainty so it’s important to get this precise and correct.



Asymmetry Extraction
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The final asymmetry is corrected for: 

● Rradcorr: Radiative Corrections
● Raccept: Acceptance
● RQ2: Scaling for Q2

● PL: Beam Polarization 
● PL𝚺i fi Ai: Backgrounds
● Acorr: Corrected Asymmetry
● Abeam: Beam Corrections
● Atrans: Transverse asymmetry correction
● Anonlin: Detector non-linearities
● Ablind: Experimental blinding APV  = 2668 ppb + 106 ppb (4.0%) + 40 ppb (1.5%)



Uncertainties
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APV  = 2668 ppb + 106 ppb (4.0%) + 40 ppb (1.5%)

● Dominated by statistical 
uncertainty 4%

● Beam polarization uncertainty is 
the largest contributor.

● Beam trajectory/energy uncertainty 
reasonably well-controlled during 
experiment

○ Regression/Beam Mod
○ Charge Feedback

● Transverse asymmetry comes from 
separate measurements. 

● Acceptance function uncertainty 
derived from Monte Carlo

*Table taken from CREX paper.



Results: Difference of Form Factors (Main Result)
After the extraction of FW from APV

Difference of the charge form 
factor and weak form factors

● Form factors do vary as a 
function as a function of Q2

● Fch is an experimentally 
well-vetted quantity

● Statistical error shown in black 
and total experimental error 
shown in red.
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Results: Weak Skin and Neutron Skin
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Difference of the charge and weak 
form factors of 48Ca plotted against 
RW-Rch and the 48Ca neutron skin Rnp

● Extraction of RW-RCH from FCH-FW 
does introduce some model 
dependence due to Q2-dependence

● Extraction of Rnp introduces some 
additional model differences in 
relativistic vs. non-relativistic models 
due to spin orbit             dependencies.

Relativistic density functional models shown in 
magenta diamonds while non-relativistic are 
shown in gray circles.



Results: CREX & PREX2 Neutron Skin

CREX results and PREX-2 neutron skin 
results plotted against

● The results are consistent at the 
90% level with several DFT 
models.

● The combined CREX/PREX2 
results are consistent with the 
coupled cluster mode. 
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Conclusions
● 48Ca has a thinner neutron skin than predicted by models.

○ As a reminder, PREX2 revealed results that correlate to a thicker than expected 
neutron skin.

● Combined with the PREX2 measurements the precision CREX result provides 
additional and valuable information for predicting neutron skin of nuclei. 

○ Helps bridge the divide between ab-initio calculations and DFT predictions in 
the light- to medium-weight nuclei.
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 Questions?                      Comments.

The CREX Collaboration

Acknowledgements / Questions / Comments
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Participating Institutions

Eric King – JLab Users Group Meeting, June 2023



Publications

Precision Determination of the Weak Form Factor of 48Ca
https://doi.org/10.1103/PhysRevLett.129.042501  arXiv:2205.11593v2
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https://doi.org/10.1016/j.nima.2022.167710 (open access)
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Backup Slides
Someone may ask



Extracted (and Used) Physics Values
● Move to backup slide just for reference.
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Quantity Value (stat) (sys)

APV 2668 ppb 106

<Q2> 0.0297 GeV2/c2

q 0.8733 fm-1

FW(q) / FCH(q) 0.8428 0.0328 0.0124

FCH(q) 0.1581

FW(q) 0.1304 0.0052 0.0020

FCH(q) - FW(q) 0.0277 0.0052 0.0020

RW-RCH 0.159 0.026 0.023

Rn-Rp 0.121 0.026 0.024



Physics Extraction
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After the parity-violating asymmetry is 
extracted from the data:

● The weak form factor can be extracted.

● From that we can get the weak density 
and the weak radius.

● Finally the neutron skin can be 
extracted. 

The last equation was Chucks formulation in one of his talks for 
PREX that I used in my thesis; I honestly don’t know if this is 
the same method used here given that there was apparently 
more model dependence in the neutron skin extraction. 

● Move to backup slide just for reference.



10.4

Compton and Møller Measurement Overlay

I’ve made an attempt to highlight the less-frequent Moller measurements among the Comptons

➢ Møller and Compton measurements were consistent throughout 
the CREX experiment.
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Comparison of Compton & Møller 
Polarization Measurements

➢ The mean Compton/Møller ratio was 
0.9995 ± 0.0008

Ratio consistent with 1 at the ~0.1% level.

➢ Møller measurements were compared 
to Compton measurements taken 
within roughly ± 48 hours.

0.2%
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