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Introduction

d polarizability — measure of induced dipole moment
in external field

electric magnetic
D = oE M = BB
Ae = -d-E — Y2a|E|? Ae = —u-B — % B|BJ?

qg,un =>=>=>= 1storderresponse

o, B >=>=>=> 2" order response

(lowest-order response of structure)

1 for the free nucleon:
» fundamental structure constants (and not so well known)
> test of models of nucleon structure
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paramagnetic polarizability:

electric polarizability: moments align with B
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paramagnetic polarizability:

electric polarizability: moments align with B

separation of charge

polarizability: measure of induced
dipole moment in external field

A A \\ //
\~“~—‘______—k’
M = BdiaB
diamagnetic polarizability:
induced current opposes B

aE M = Bpa,aB

O
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Measuring Nucleon Polarizability

J Proton

» Compton scattering 6, (0) = 1y — 2 7y o, ®
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v' neutron is uncharged (no Thomson scattering)



Measuring Nucleon Polarizability

d Proton
» Compton scattering 6, (®) = 12 = 2 1y 0, &
d Neutron
> difficulties
v no free neutron targets c,(0) ~ o, o

v' neutron is uncharged (no Thomson scattering)

» techniques
v' neutron scattering by heavy nucleus

v quasi-free Compton scattering: D(y,y'n)p
v elastic Compton scattering: D(y,y)D



exp(stat+sys)+theory/model 1o-error in quadrature
N T T al, = 10.65 £ 0.35, £ 0.2psR & 0.34he0

B = 3:15 03500 + 0. 255w F U380

af = 11.55 4 12544 £ 0.28sr = 0.8hc0
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Storage Ring and Booster

Circularly and linearly polarized y rays, nearly monoenergetic (EY =1-120 MeV)
Utilizes Compton backscattering to generate y rays

RF Cavity
Optical Klystron
— <
FEL
Booster Injector
Mirror LINAC

v

Phc*on Beam




HIGS Photon Beam

d monoenergetic photons 1-100 MeV (soon 120 MeV)
» beam energy resolution depends on collimation

d nearly 100% linear or circular polarization

E = 65 MeV

flux [107y/s]
N
T

d high photon beam intensity

> ~5x10° Hz above 80 Me\// z: _“_‘;H“ _gg%gg “ﬁ%fim s
> ~10’ Hz at 20-80 MeV SR S N

34
> ~10% Hz below 20 MeV 32f

3;\II‘I\\I‘\\\I‘\I\\|\\\\l\ll\ll\l\‘l\\\
150 200 250 300 350 400 450

Run Number

%
.

d low beam-related background
» no bremsstrahlung typical of tagged photons
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i Experimental Setup

o |

. & HIGS cryotarget
Nal LH,/LD,/LHe
Detector (3.5K - 24 K)

Array

upgrade to 1.7 K for *He

N -r f:l‘l.. 3 "" - 11 l' _.

HINDA detectors



Nal Detectors

25 cm x 30 cm
Nal core detector

Paraffin n shield

8-cm-thick optically isolated
Nal shield segments (8 in total)

Pb collimator

from the detector we obtain
energy and timing information
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Spectra of Scattered ‘He(y,y)'He
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D(y,y)D

EFT curves
(Griesshammer)

M. Sikora (2020)
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D(y,y)D

Elastic & Inelastic
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Back View

Pb Collimator
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Side View
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do/dQ [nb/sr]
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Lundin 2003, Elastic, E=69 MeV

HIGS 2022

elastic

D(y,y)D

L = 61-70 MeV

inelastic
Ey =61-94 MeV

D. Godagama (2022)

Hornidge 1994, E=94.4
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polarized Compton
scattering on proton

beam polarization
in horizontal plane

5 parallel Nal’s

3 perpendicular
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HiS (¢ = 0°)
HKS (6 = 180°)
HKS (¢ = 270°)
SAL, 81.8 MeV
MAMI, 79.2 MeV
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New Experiment 3He(y,y)3He

d experiment details

» higher cross section for Z = 2 target (compared to %H)

> first breakup channel (d+ p) at 5.5 MeV (compared to °H)

> exploit different Compton scattering channel to access a and
> no previous Compton data on >He exists!

> modify cryotarget: lower base temperature and 3He recovery

4 energies: E = 60, 80, 100, 120 MeV

d angles: 6, = 45°-150°

d target: liquid *He cryogenic target

[ detectors: BUNI, DIANA, and 4 HINDA Nal’s
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Summary
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Summary

“He and °H unpolarized data
proton: photon beam asymmetry with linearly polarized beam

°Li, 1°C and °O unpolarized data

’H: high resolution run (separate elastic/inelastic)
3He: first Compton on A = 3 (coming in Spring 2024)
“He: measure energy dependence (60-120 MeV)

d

Strong EFT support (Griesshammer, McGovern, Phillips)
» next milestone - theory framework for A=4

HIGS can contribute high-quality data!
» stay tuned for further developments in the future...



