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How to study “Structure of the proton” %

‘ Elastic scattering I
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‘ Deep Inelastic Scattering I
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Proton Structure and
Generalized Parton Distributions
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“virtual photon elastic scattering”

I+ N—=>I'+y+N

I

- Virtual photon probes a quark

- Momentum transfer
spatial distribution of quarks
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Generalized Parton Distribution %
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GPDs, Form Factors, PDFs
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Form Factor
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Mother distribution of the proton %

‘ Form factorl il
dedsz\ dedeBI”

Wigner Distibution
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Total angular momentum of quarks %

WA F
In= Z (%qu 4 Lq) +J, X.-D. Ji, PRL78(1997)610
g—mds.e
1 .
J, = 5 /da’;x [Hq(x,0,0) + Eq(a:, 0,0)] X.-D. Ji, PRD55(1997)7114
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Hard Exclusive Production and GPDs %

Deeply Virtual Compton Scattering (DVCS):

etN=>e'+N'+y

Involved GPDs: H, E, H, E
clean reaction

Hard Exclusive Meson Production (HEMP)
Deeply Virtual Meson Production (DVMP):

e+N->e'+N'+[p, m,..]

vector meson: H, E
pseudo-scalar meson: H , E
Quark flavor sensitivity

Meson amplitude involved

2020/02/19 £16[E 5IR/ILFX—QCDARE

e K=

I+ N—=>I'+y+N




Chiral-odd GPDs W’
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‘Chiral-even GPDsg KH , E , H , rE A
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Exclusive Process and GPDs %
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Hard Exclusive Meson Production

Exclusive Drell-Yan Process

I+ N—=>I+m+ N’

n+N—->L+L+N I+
Tt
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Experiments on
Deeply Virtuial Compton Scattering
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Experiments on DVCS
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JLab

Electron (4 GeV— 6 GeV— 12 GeV)
o, BSA
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DVCS vs Bethe-Heitler

DVCS Bethe-Heitler ~
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DVCS @ COMPASS Ii

Detected in the recoil
detector
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Detected in the
forward spectrometer

* Lig. H target + Recoil proton detector L AD= (I)predlcted ;q)measured

* Pol. Muon @ 190 GeV
» Data taking: 2009 (test), 2012 (pilot),
2016-17
* Results from 2012 data are available.
* Event selection
* Incoming muon () 50
* single outgoing charged particle (u’)
* One neutral cluster in ECAL (y) N\, ,
« Recoil D article A®~0 and ApT~0 0_ 1 e teet e ! “ﬁ

100

Hp'+y

Entries / 40 mrad

PLB793(219)188
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https://www.sciencedirect.com/science/article/pii/S0370269319302710?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269319302710?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269319302710?via%3Dihub

DVCS @ COMPASS Ii
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1(GeV/c)? < Q? < 5(GeV/c)?
0.08 (GeV/c)? < |t| < 0.64 (GeV/c)?

BH Monte Carlo normalization
based on integrated luminosity

BH process dominant
at the middle and large v

% background contributing
at the small v
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DVCS cross section @ COMPASS  |PLB793(219)188| %
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Proton tomography PLB793(219)188
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Proton tomography

PLB793(219)188
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COMPASS 2016 ~ 2017

(2 x 6 months)

10 times more statistics in 2016 ~ 2017
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<Q’> = 4.0 (GeV/c)*
<Q?> = 8.0 (GeV/c)?
<Q?> = 10. (GeV/c)?
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DVCS @HERMES, JLab
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_ Unpol. target

Differential cross section

2 2
d O oc |Teul? + |Toves|® + 7.
|T 2 IfBH : BH
BHl — P (r))Pg ’LD 3l Z COS }EQ
|7ijv(35|2 — I"LDVCS ( DVCB Z CEVGS COE('TL(I))@ DVCS Hlll -‘.’)) 5

7= _ 6{%1 (*ﬁo + Z cos(neo) @Z s, sin(no )
Beam Charge ‘ Beam helicity f
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Cross section asymmetries and GPDs

T Q{I (c‘g —

3 2
Z £ cos(no) @ st b‘in(mp))
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— Pu(d)P2(0)

— AN
T ; T P
5wl y(2 —y) SM(C.)- N
. r/ p ﬁ‘z\ég& o |
= .
= F Fy + F F
unp @ 9 _ IE( 1T ?@ 41{5 @

2020/02/19 £16[E 5IR/ILFX—QCDARE



4

WA
I —FH+ "2 (F+F)H e
unp 2 _zp 4112

‘ Compton form factors \ NPB629 (2002) 323-392

FEp—— 1 - e
(H.e 13,83 12,82} (6) = /_ld:a:: CO,x) {H B, H2 B3 0 B} (2,7) e

o . 1 o _
{Hjé::'{Hi}giv HB_E-’E} (g) — lem C{—'_j(ﬁ*r) {HEH-?J Ej_"HEEE} (mjn)l'ﬁ‘:—ﬁ p

j Sum of quark flavors

Corny = F1H Negligible
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Beam spin asymmetry | A1 17|= o« SmH
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Beam: 27.6 GeV polarized e-/'e+ @HERA
1997 ~ 2005: H, D, L-pol H, L-pol D, T-pol H
2006 — 2007: H and D w/ recoil detector

w/ recoil proton detection

1 Ml e HERMES I
[ T Ko [ : |JHEP 10 (2012) O42|

VGG Regge (b, = 1...=9)

overall -t[GeV?] Xg Q% [GeV?
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DVCS @ CLAS
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with a transversely polarized target
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DVCS with a transversely polarized target
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DVCS with T-pol. H target 1 /(7
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Extracted overall asymmetries @ HERMES
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DVCS @CLAS
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COMPASS 2016 ~ 2017
(2 x 6 months)

4
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(1) The beam charge & spin sum of cross sections

Sesp=do” +do~ =2(do”? +dolV ® +e,FIm 1)

(2) The beam charge & spin difference of cross sections

Desy =do™ —do— = 2(P,do2V %S + e, Re I)

=
4

(3) The beam charge & spin asymmetry of cross sections

+ —
dtT{_ — dﬂ'_} o D.jg__[;

+ - - 1
do— +de—  Scsu
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Expected beam charge spin asymmetries
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DVCS @ JLab 12 GeV
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DVCS experiments @ Jlab 12 GeV

w

‘% 30);0- —— E.xperimenlal cro.ss section

N =
Hall-A 202 e . /
E12-06-114 Measurements of Electron- 15 N/
Helicity Dependent Cross Sections of Deeply Virtual S B\ N\ Re OFF,). wist
Compton Scattering with CEBAF at 12 GeV s
Hall-B CLAS12 0‘/ — \
E12-06-119 Deeply Vlrtual Compton -SO_I’Si(T | ‘1(|)0‘ - ‘1é0‘ - 2501-2!3m0

Scattering with CLAS at 11 GeV @ (degree)
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DVCS @ Electron lon Collider
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DVCS @ HERME
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GPD based analysis frameworks:

GeParD http://calculon.phy.hr/gpd/
PARTON(EPJC78(2018) 478) https://drf-gitlab.cea.fr/partons/core
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GPD extraction from data

GPD based analysis frameworks:
GeParD  http://calculon.phy.hr/gpd/
PARTON http://partons.cea.fr/partons/doc/html/index.html

[K.K., Miiller '09-'15] [Moutarde, Sznajder, Wagner, '18]
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Fit with PARTONS (arXiv:1807.07620)
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Summary and Outlook %
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