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Polarizabilities

Polarizability: Generalized Polarizabilites (GPs):
» A fundamental characteristic of the proton - Access by Virtual Compton Scattering (VCS)
» Characterizes the nucleon dynamical response I coming virtal photon B

=
to an external electromagnetic field S

Scattered proton

N BARYONS
(§=0,1=1/2) « Two scaler and four vector GPs

p, Nt = uud; n, N° = udd

- Fourier transform can map out the spatial distribution
Py_ 11 . . . .
[~] 1UP) = 3(6) density of the polarization induced by an EM field

Mass m = 100727646688 + 0.00000000009 u

Mass m = 938.272081 =+ 0.000006 MeV [2]

mp — mg|/mp < 7x 10710, CL = 90% [*]

22| /(=£) = 1.00000000000 =+ 0.00000000007
D p

dp + qp|/e < 7x 10710, CL = 90% [P]

Gp + Ge|/e < 1x 102 [d]

Magnetic moment p = 2.7928473446 1+ 0.0000000008 gz py
(kp + pp) / pp = (0.3 £ 0.8) x 106

Charge radius, ep CODATA value = 0.8751 + 0.0061 fm (4]

Magnetic radius = 0.78 + 0.04 fm [€]

Mean life 7 > 2.1 x 10%° years, CL = 90% [7] (p — invisible
mode)

Mean life 7 > 1031 to 1033 years [l (mode dependent)
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Generalized Polarizabilities

Electric Polarizability

e Electric polarizability oy reflects

the rigidity of proton
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Generalized Polarizabilities

eParamagnetic: >0, quarks align along

, S magnetic field;
Magnetic Polarizability

e Diamagnetic: <0, pion cloud induced
magnetic field in opposite direction

* Partially cancels each other, makes f;,
value small
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k-incoming electron
g-virtual photon
p-initial proton
k'-scattered electron
q-real photon
p’-final proton

VCS cross section =

Reaction Plane

Scattering Plane

dSG/ (d lab elal’odg2 )

Kinematics of ep — epy reaction
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Amplitudes

VCS process — photon electro-production reaction ppL.pL)S (Q2)

- p(p’) photon longitudinal or EM nature

¢ . - L(L") angular momentum
v ! N*’A"'\-‘“‘-‘f - [ = 1,0] spin flip or non spin flip
p p/ \p’
& €I e, 62 3 :: - 7
e 2\ | p(L1,L1)0/ )2
, L g (Q°) = 4/ =1 P! ) (Q°)
! S T dr 2
p P p/ N \p’ |
Y A
. 2 3
Bethe-Heitler VCS Born VCS non-Born e

ﬁM1(Q2) —

47z. S|

Amplitudes for photon electroproduction process :

Ter—epy — TBH 4 TBorn 4 TNB — TBH 4 TVCS
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LEX & DR Formalism

LEX - Low Energy Expansion

Below pion threshold

do = dGBH+BOWZ + (D qgm) ' lPO T O(QC,‘%%)

DR - Dispersion Relation Formalism

6 Below & Above pion threshold

Predicted«~— 4 spin (vector) GPs

l

Vo=V - (P —Prple)+ Vip- Py

Free parameters<«— 2 scaler GPs

'

/

PLL - P(Ll,Ll)O(QZ)

/

\

P~ pMLMIO(2) 4 pULLLDI(()2)

PTT ~(P(M1,M1)1(Q2) . quP(Ll,Ml)l(Q2))

v

Fits to cross section of experimental data

'
Find best y?

|

Measurement of a; and f,,
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World Data & Motivation

MAMI-I 1996 &
— - MAMI-IV 2005 :
E 12- — )
9 1% / o DR ;g
o 1040 o LEX =3 4 - o DR
° - " | f New Experiment o= = o LEX
..... HBChPT 5 It f New Experiment
—— DR S
L]
2
1 -
b - 3
JLab 0 % %
ofo | 012 | 0f4 | Of6 | 018 | 1f0 00 02 04 06 08 10 12 14 16 , 1.8 , 2.0
2 2 Q" (GeV")
Q" (GeV’)
- Initial theoretical models predicted smooth fall off of a - Small values, 1/3 ~ 1/4 of o
- data at O? = 0.33 implies non-trivial structure - Large uncertainties
* New experiment can: - New experiment can:
- Address puzzling a; enhancement » Improve precision
* Reduce error by 2 * Explore para-& dia-magnetic mechanism inside

nucleon

J. Roche, et al., Phys. Rev. Lett. 85 (2000) 708-711; P. Janssens, et al., Eur. Phys. J. A37 (2008) 1-8; G. Laveissiere, et al., Phys. Rev. Lett. 93 (2004) 122001; H. Fonvieille, et al., Phys. Rev. C86 (2012) 015210;P.
Bourgeots, et al., Phys. Rev. Lett. 97 (2006) 212001; Eur.Phys.J.A55(2019)no. 10,182; Phy.Rev.Lett. 123(2019)no0.19,192302
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0, =7.69°
P, = 4.034(GeV)

Asymmetries =

Coincidence Trigger

10cm LH?2

beam

JLab E12-15-001 Experiment

——'—

d6¢= 1 800 - d0¢=00

0, = 33.73 to 60.74;
P, =0.893 to 0.795(GeV)

d0¢: 180° + d6¢:()o

*Summer 2019: July 20 - August 5
*Beam E = 4.56GeV

.02 = 0.33GeV2, W = 1.232GeV

Q|

5000 —
4500 —
40004 )

3500 -

d°o (pb/GeV/sr’)

3000 —

2000 +~

1000

500 —

> High enough 6, . to avoid BH peak

>  Avoid rapid cross section variation
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Elastic

Elastic II data vs. simulation

x10° h SW
€ 500 | —=
g _ data Entries 445686
8 Mean 0.9476
— SIMC Std Dev 0.02198
400 |
300
200
100

O e —r -ﬁ-“----————
0.86 0.8 09 092 094 096 0,98 1 1.02 1.04
W(GeV)

Kinematic | @7 | P/(GeV/c)| 0O, |P(GeVic)
ElasticI | 10.76 4.193 61.16 0.893
Elastic Il | 10.41 4.214 61.95 0.863

ElasticIII | 9.64 4.259 63.76 0.795

Agreement in 3 %
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VCS peak and piO peak

Coincidence Time

03 -0.02 -0.01 0 0.01 002 003 004 005 0.06 0.07 300

missing_mass*(GeV?) 200

s 10000 x10°
§ N
Missing Mass Squared 8000
x10° B
” N
= — MM2 i
S 6000 |—
8 2500 —— MMm2-ace -
— MM2-acc-dummy -
4000 |—
2000— i
: 2000 —
B WMW WM 100
1500 — %0 ~30 —éo —1Io (l) 1|o 20 30 40
: CoinTime(ns)
- Reaction Vertex
1000 — £ 800
B g
B 700[—
500 — ooof-
B \ 500 f—
3 — —— \\ 400 f—
8 I I [ | I [ | J_=a_ | : L1 1 1 | L1 1 1 | L1 11 | L1 1 1 | I I Ir L1 1 7 : i ?ﬁ"—"% —
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| | | | | | 1 i { | } 1 | | | | | |
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HMS reaction vertex(cm)
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0.0025<mm2 < 0.06
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= MAID model
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Cuts:
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Pion Preliminary Analysis
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Figure Credit: Hamza Atac
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VCS Preliminary Analysis

W Q2 MM2

h sW h Q2 h smm2
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Counts

2500
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1000

500

Missing Mass Squared

VCS Preliminary Analysis

h _mm2
: Entries 5790
— ; Mean 0.003
B ; Std Dev  0.005061
N 5 Pion contamination
_l_IJ——. |_I|—| |_L|I|_I [ | | | i | | | = 1 | | | | | | |
.02 -0.01 0 0.01 0.02 0.03 0.04

missing_mass?

Cuts:

mm2 < 0.06

ABS (theta gg-140) < 6
ABS(W-1.232) < 0.008
ABS(Q2-0.33) < 0.05

VCS data vs. DR comparison
ONGOING...
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Summary

GPs are fundamental structure constants

Data at O = (.33 implies non-trivial structure

JLab E12-15-001 experiment focus on exploring the mechanism of the non-trivial 02
dependence of o

Analysis status

e Detector calibration and timing cuts — completed

o Elastic H(e, ¢’)p data cross section comparison at same HMS central momentum — completed
e Agreement with world data at 3% level

e Determination spectrometer central angle and momentum offsets — nearly complete
o 7V production cross section extraction — preliminary results

e Determination of VCS cross section and extraction of a; and f;, — ongoing
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Thank You & Question Time

Temple University
Ruonan Li

On behalf of JLAB E12-15-001 Collaboration
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HMS Central Momemtum (GeV)

Energy Calibration

Spectrometer: Same momentum,Different HMS theta
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COUriILS
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