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Polarizabilities

. oq o N BARYONS
Polarizability: (§=0, I=1/2)
o p, Nt = wuud; n, N = udd
e A fundamental characteristic of the system
. . [7] IUP) = 33)
»  Characterizes the nucleon dynamical Mass m = 1.00727646688 < 0.00000000009 u
response to an external electromagnetic field Mass m = 938.272081 = 0.000006 MeV 17

mp — mp|/m, < 7x 10710, CL = 90% [°]
22| /(22) = 1.00000000000 + 0.00000000007
p p

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

Gp + Gel/e < 1x10-2 [

Magnetic moment p = 2.7928473446 4+ 0.0000000008 e py

(kp + pp) / pp = (0.3 & 0.8) x 106
ortrs ; . - : 00 v —23 ,
(11.2 + 0.4) x 104 fm?3

(2.5 + 0.4) x 10~4 fm3

mop | = U.o4Udc J.UUUSY

Charge radius, ep CODATA value = 0.8751 + 0.0061 fm [d]

Magnet

+ - Magnetic radius = 0.78 + 0.04 fm [€]
Mean life 7 > 2.1 x 1029 years, CL = 90% [Tl  (p — invisible
mode)

Mean life 7 > 103! to 1033 years [l (mode dependent)
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Generalized Polarizabilities

Generalized Polarizabilites (GPs):

e Access by Virtual Compton Scattering

(VCS)
\

Scattered real photon

Incoming virtual photon

Scattered proton

e Two scaler and four vector GPs

e Fourier transform can map out the spatial distribution
density of the polarization induced by an EM field

M. Gorchtein, C. Lorce, B. Pasquini, M. Vanderhaeghen, Phys. Rev. Lett. 104, 112001 (2010)
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Generalized Polarizabilities

—

B

7 =aFE

Electric polarizability a reflects
the rigidity of proton

7 / m=pB

Diamagnetic
Cloud

4

—p
I b Paramagnetic
Core

ap — Electric Polarizability

Py — Magnetic Polarizability

é Paramagnetic: >0, quarks align along
magnetic field;

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

/ ) Partially cancels each other, makes the

value small
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e —> ey*

k-incoming electron

k’-scattered electron

g-virtual photon
g-real photon
p-initial proton

p’-final proton

VCS cross section

' — 5
Scattering Plane Reaction Plane =d’o/(d l/abdgélabdgpcm)

Fig.1 Kinematics of ep — epy reaction
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VCS process — photon electro-production reaction

Bethe-Heitler

Amplitudes for photon electroproduction process :
Ter—epy — TBH 4 TBOI’n 4 TNB _ TBH n TVCS

Amplitudes & GPs

/
€ € /
e €
s
* * ..“‘,.u--....".‘
’y fy :n'. .’o’ fy
N

p P p/ P

VCS Born VCS non-Born

, e’ 3
a5 (Q°) = A ' E s
B (@) = == ]2
M  4gx 8
P(p’L’,pL)S(QZ)

- p(p’),characterizes the photon longitudinal or EM
nature

- L(L"), angular momentum

- [§ = 1,0], spin flip or non spin flip
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LEX & DR Formalism

LEX - Low Energy Expansion

Below pion threshold

Calculable with Gy and Gy,

thi?pace factor

DR - Dispersion Relation Formalism

Q Below & Above pion threshold

Predicted|~——4 spin (vector) GPs

l

do = (®-qg. )| ¥+ O(g2) Free parameters| 2 scaler GPs

/

Vo=V - (Pp—Prrle)+ Vi Py

_— N

PLL ~ P(Ll,Ll)O(QZ) PLT~ P(Ml,Ml)O(QZ) + P(Ll,Ll)l(Qz)

PTT ~(P(M1’M1)1(Q2) . \/quP(Ll,Ml)l(QZ))

|

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 & T Approved

5 —
MAMI-IV 2005 e Future measurements
: o DR E o DR
o LEX o 4l 1 o LEX
AL - U T HBChPT .= I
— DR 3 - iny
/ O E’J -. _ -
Very small 2“% T1 ¢-
4" 4 e
: ¢ ¢ ¢ 1 -
2 - — A A %
. e o i 3
OfO ' Of2 ' 034 ' 056 ' 0?8 ' 1?0 OTO Of2 ) OI;I- OTG 0?8 1?0 1f2 1?4 1?6 > 1?8 > 250
Q" (GeV9)
Q* (GeV?)
« Initial theoretical models predicted . Small values, 1/3 ~ 1/4 of ay,
smooth fall off of ay ,
2 , ,  New experiment can:
« data at Q° = 0.33 implies non- N
trivial structure  Improve precision
« New experiment can: « Explore para-& dia-magnetic mechanism

Ny inside nucleon
 Address puzzling az enhancement

« Reduce error by 2

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 9
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0, =7.69°, P, = 4.034(GeV)

dGy_130- —

beam

d0¢:Oo

Asymmetries =
d6¢= 180° +

d6¢:00

VCS Experiment

Coincidence Trigger

>

Q|

High enough 6, . to avoid BH peak

Avoid rapid cross section variation 5®-

o Summer 2019: July 20 - August 5

e Beam FE = 4.56GeV,

.+ 07 =0.33GeV?, W= 1232GeV

0, = 33.73 10 60.74°;
P, =0.893 10 0.795(GeV)

5000

4500 -

d’c (pb/GeV/sr’)

3500 —

30004 ,,,,,,,,,,,,,,,

2500 -
2000
1500 -

1000 +

0

4000 — _______________ :

b=0

¢ =180

100 120 140 160 180

By*y (deg)

10

HALL A&C JOINT MEETING 07/16/2020



5.8

5.6

5.4

G, (pb/GeV/sr?)
:h n
(0 0) @) N

.y
»

4.4

4.2

4

100 110 120 130 140 150 160 170 180

Predicted Measurement

G, ., (Pb/GeV/sr?)

GY.Y (deg)

6.8

6.6

6.4

o
N

»

0
o

o
o2

o
N

5.2

4.8

100 110 120 130 140 150 160 170 180

- : : : : Q2=0.33
i : : : : w— =15 3=1.1
= : =11 =4.8,3=0.4

w—y=4.8,3=1.1

— =4 8,3=1.6

Sensitivity to ay

Sensitivity to [,

0. (deg)
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Counts

KIN Ib Run 9053

VCS peak and piO peak
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Counts

KIN IIb Run 8880

Cuts:
500 ABS(CTime.epCoinTime_ROC2
- \ -50) <1.2
- | Trigger g.evtyp ==
3002— \ HMS:
2003— dp = +/'8’
P l l l l l l theta = +/- 0.08,

002 -0.01 0 0.01 0.02 0.03 0.04 005 006 phl — +/ - 0.04

M?niss (Gevz)

Run 8880 Coincidence ToF SHMS:
- dp = +/-8,
50000; theta = +/- 0.045,
T phi = +/- 0.04
SOOOO; H.gtr.beta < 0.9
ZOOOO; P.cal.etottracknorm > 0.8
T W > 1.1

time(ns)
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5SHMS

SHMS Xptar

Proton Absorption

simc Delta HMS vs. SHMS simc SHMS Xptar and Yptar
8 _ _ h_dphp . h_pxytar
- e C =" aa - - - Entries 335266 Y= I I Entries 309108
- = 5= Mean x  —1.026 < UTE i ' Mean x  —0.002349
7.5H e = _ = = - . Mean y 6.096 N — . - ! Meany -6.069e—-05
- - - Std Devx  4.37 = 0.03f |- =. ] Std Devx  0.006282
iy - - StdDevy 0.5664 n = . - - " Std Devy  0.00706
7 2™ = = o == 0N " 0.02—
0.01FE—"—-—- — = e e -
6.5 - . e -
& 0:_ - :-:h =
f L = - --
001 e o =m e e e e
55 _miss < 0.02GeV - —0.02 E_ - E_miss < 0.02GeV
-8.5%<HMS_dp<7.5% TE F - W -8.5%<HMS dp<7.5%
5%<SHMS dp<7.1% 0 03:_ - -: - .: .r 5°/o<SHMS_dp<7-1%
> T = ! i - ! -0.011<SHMS_yptar<0.003
| —0.04 — | | I . | | _|SHIMS_xptarI'|<0.011 |
4596 8 6 4 2 0 2 a2 & s 10 004 2003 002 001 0 7001 002 003 004
S, ms SHMS Yptar
singles SHMS singles Xptar and Yptar
_ _ _ _ h_sigpxytar . .
0.04 - 5%<SHMS_dp<7.1% ke e T I ne T Eres 302536 o Select ep-elast1c acceptance region
0,03 -0.011<SHMS yptar<0.003 g Pt (coindence)
— ISHMS_xptar|<0.011 _ | StdDevy 0.02219
0.02 - - _u - - == = *
S - .- e Find number of electrons should be
Ll I L et
0.01F i - T .
] TR detected (SHMS singles)
= B B - - =
= el . == . "
*’-‘“E- o .-  Find number of electrons did be detected
—0.02F= _ ==
H - (SHMS acceptance cuts + hTRIG1>0)
—0.03F ;
—0.045 -_ :I-F n ‘ | = | —
0.04 '—'6.0?3 ~ _0.02 —0.01 0 0.01 002 003 004 Cdid

SHMS Yptar Proton absorption = 1 —
€should
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Proton Absorption

W e _did /e _should

. h_sigWshould
g 400 — e_should cuts: N Entries 8542
8 — 5%<SHMS_dp<7.1% \ Mean 0.9427
350 |—-0.008<SHMS_xptar<0.005 :\ i Std Dev 0.00361
— .0.005<SHMS_yptar<0.0025 ‘hﬁ\
— -3<SHMS Z Target<2 x.,
__shms_etot >0.6 -
300 - 0.935<W<0.052 s‘ \ e did/e should =
_ A 90.2399%

250 — e_did cuts

— e_should cuts+

[ -8.5<HMS_dp<7.5
200 :hTRIG1_R062>0

150

100

50

IIII|IIII|IIII|IIII

-

(90.2293% without substracting
dummy background)

Proton Absorption =
9.7601%

| 1 1 I 1 1 1 1

O
N
&)

0.93 0.935

| I 1
0.955 0.96 0.965
W

9.7601% Proton did NOT make it to form a trigger
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Elastic

ElasticI data vs. simc
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..................................................................................................................................................................

Elastic Il 9.64

4259 6376  0.795
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Energy Calibration

Spectrometer: ~ SHMS p :SHMS th HMS P HMS _th  SHMSp SHMS th | HMS_p HMS_th

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

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

Same P Klnla; 4034  7.69 §0.893§ 37.33 Kin2a 4.034  7.69 §0.863§ 33.52

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

Different Theta Kintb 4.034 769  0.893 5140 Kin2b 4.034 769  0.863 55.22

Kin 1a & Kin 1b Km 2a & Kin 2b

O
©
o

E #— a1p0=6.446 p1=-1.378 - —#— a2 p0=7.201 p1=-1.574
0.96 f—+-verreeeeee M e — —_ __ _________________________ _________________________
- | —3— b1 p1=4.060 p1=-0.786 0.94] : | + 02 913,274 p1=-0.598

0.9 T S S SR

P S S >N S S S

0,88 i ------------------ . (4-.-0-23}1...,.0...8690.) ..................

0,92 b TN S— s E—

- . (4 o 68,0. 8949)

0.9 _ ......................... ........................ 9 ......................................................................

HMS Central Momemtum (GeV)
|
HMS Central Momemtum (GeV)
|

088 _’ ------------------------- ------------------------- ---------------------- ? ----------------------- . ------------------------ 086 _ ......................... ......................... ....................... e ........................

- g ; T U S S N =
0.86 _ ......................... ......................... ......................... ....................... S 084_ :

0.84 _ ......................... ......................... ........................ ........................ —

3.96 3.98 4 4.02 4.04 4.06 4.08 08 ———
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COUriILS
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VCS Data

Kin2b
h_mm?2 Cuts:
*3 1200 — Entries 12438 . A
> B Vean  0.0008885 ABS(CTime.epCoinTime_ROC2 -50) < 3
© B : Std Dev  0.007162 Trigger g.evtyp ==
1o : HMS dp = +/-8
! : SHMS dp > -10
800 — !
- : mm2 < 0.06
ol ABS (theta_gg-140) < 6
- : ABS(W-1.232) < 0.01
200l ABS(Q2-0.33) < 0.05
200l : VCS data vs. SIMC comparison
[ : ONGOING...
| | L1 | L1 1 | F 1 1 | L1 1 a1 1 L I | I | ] | L 1 1 1 | | N I N |
—8.02 —0.01 0 0.01 0.02 0.03 0.04 0.05 0.06

missing_mass2
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Future Work

*Detector Calibration

*Acceptance Study

*Radiative Corrections

e Extracting Cross-Sections and Asymmetries

Extracting the Electric and Magnetic Generalized Polarizabilities
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Thank you & Question Time
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Backup Slides
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