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Accessing GPDs

Physics goals: - 3D mapping of Nucleon

- sensitivity to Orbital Angular Momentum
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HERMES at DESY             / COMPASS at CERN  /          JLab

27 GeV e+& e-

Longit. polarized ~ 54%

Gaseous intern. polar target

1995 to 2007

160-200 GeV 

Polarized muon beam DIS

Pion beam: Drell-Yan, J/y

Long solid polarized targets

6 GeV  12 GeV 

Polarized CW e- beam

Pol=85%,

High luminosity

and pioneering work at 

H1 and ZEUS.

… and future EIC
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e, m
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GPDs generalized Parton Distributions

Want to determine Re and Im parts of 8 GPDs :  H, E, H, E  
and the 4 ‘transverse’ ones

via ‘exclusive’ processes: DVCS (g) and HEMP (r, w, f...)

DVCS interferes with Bethe-Heitler process

 Can use     interference terms (e.g. at Jlab)

or pure DVCS production  (e.g. at COMPASS).

Method:

• Collect very large sample of data, numerous observables (cross sections and 

asymmetries) in 4 kinematic variables

• Global analyses to extract 8x2 (Re and Im) Compton Form Factors CFFs

• Deconvolutions to finally access GPDs.

e p→ e’ p’ g

GPDs

~~

See talk by J. Wagner 
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Rsults on 

Deep Virtual Compton Scattering- DVCS 

Im DVCS Re DVCS

ℋ 𝐴𝐿𝑈, 𝐴⨀𝑈𝜎, 𝐴𝑈𝑈

෩ℋ 𝐴𝑈𝐿
𝐴𝐿𝐿 , 𝐴L𝑇

ℰ 𝐴𝑈𝑇

Easiest

E sensitive to OAM,

Can be measured

with transversely

polarized target

All demanding in luminosity

DVCS mostly sensitive to:

U, L ,T  indexes refer

to beam and target

polarization

e p→ e’ p’ g
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HERMES- Summary of results
Gunnar Schnell at IWHSS-22, sept.2022

ALU

ALT

AUT

AUL

ALL

e+ & e- beams
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DVCS – Jlab CLAS proton target, e H  e’p g

Assuming one GPD, fit to CFF at 3 x values: 

d4s (x,Q2,t,f ) and D (d4s) beam spin difference,

sensitive to Im[H]

a sample:

b decreases as xB increases

 proton shrinking with xB

K. Jo et al., CLAS, PRL 115 (2015)

~ e - b(x) t 

b related to proton transverse size 

__ VGG

---- fit
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DVCS- t-slope of Cross-section (COMPASS)

s DVCS/dt ~ exp-B|t|

B(xB) =  ½ <r
2 (xB)>      

Combining data from m+ and m- beams

(beam spin &charge sum),

measure t-slope of DVCS cross section

 x dependence of transverse size  of the nucleon

m+ / - p→ m  p  g

e, m

t

GPDs

Measurement of proton

transverse size vs xB

curves:

--- GK model at Q2=1.8 & 10 GeV2

--- KM15 at Q2=1.8 & 10 GeV2

New prelim. COMPASS result:

2016 data :prelim. result

3 x more stat. expected from 2017 data
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Flavour separation of CFFs

JLab Hall-A neutron and proton DVCS

Benali, Desnault, Mazouz et al., 

Nature Physics 16 (2020) 191-198

u quark

d quark 

u and d flavour separation for 3 CFFs

Note larger scale for E

Cross sections measured

with LH2 & LD2 targets

- DVCS2 and interference extracted simultaneously

- curves: predictions of diquark model Goldstein et al.

t dependence of CFFs
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DVCS – Jlab CLAS p  target,  e p  e’ (p) g

AUL (x,Q2,t,f)

sensitive to Im(H)

Possibility to access spatial distribution of quark helicity

S.Pisano et al., CLAS, PRD 91 (2015) 5, 052014

~

f modulation

amplitude aUL

a’UL (-t)
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DVCS – CLAS12  Beam Spin Asym (prelim.) 

𝐴𝐿𝑈 =
𝑎 sin𝜙

1 + 𝑐 cos𝜙 + 𝑑 cos2𝜙

Im
(DVCS, 

TCS)

Re (DVCS, 

TCS)

ℋ 𝐴𝐿𝑈 , 𝐴⨀𝑈 𝜎, 𝐴𝑈𝑈

෩ℋ 𝐴𝑈𝐿
𝐴𝐿𝐿, 𝐴L𝑇

ℰ 𝐴𝑈𝑇

CLAS12 prelim., S.Stepanyan, IWHSS22, Sept.2022First results 12 GeV beam

Data 12 GeV, with curves based on 

earlier results obtained with 6 GeV beam data

Towards higher Q2 : very promising results – only 25% of stat used here
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DVCS – Jlab CLAS 4He target,  e 4He  e’ g a

At LO- LT, only one GPD,

fit to Re and Im [H(t)]

ALU (x,Q2,t,f)

sensitive to Im(H)

a sample:

Promissing 4He study

M. Hattawy et al., CLAS, PRL 119 (2017)

+ radial TPC for recoil a, f=16cm
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Hard Exclusive Meson Production -HEMP
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Mesons, DVMP – JLab,    e H  e’ (p) p° / h

M. Defurne et al., Hall A, 

PRL 117 (2016) 262001

I. Bedlinskiy et al., CLAS, PRC 95 (2017)

p°p° h

First clear separation

of sT and sL (Rosenbluth)

____  GK

__  __ GHLiuti

sTT

sT+esL
sT(t)

sL(t)
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CLAS and CLAS12 excl. p0 and  p+ production  

CLAS12 prelim, K.Joo, IWHSS 22, Sept.2022

ep  epp0 ep  enp+

S.Diehl et al., PRL125, 182001 (2020)

Beam spin asymmetry p+

New: CLAS12 

first results
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CLAS12 exclusive p+, p- and  p0 production 
CLAS12 prelim, K.Joo, IWHSS 22, Sept.2022

BSA (f) in 7 t bins

ep  ep p-D++
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COMPASS exclusive p0 production

25% of available

statistics used

Preliminary result on p0 production at xB~0.1 
input for models as Goloskokov Kroll, Goldstein Liuti, etc.

m+ / - p→ m  p p0

COMPASS Preliminary

COMPASS PLB 805(2020)135454

COMPASS prelim., M. Peskova, IWHSS 22, Sept.2022
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COMPASS HEMP of r0 and w 

COMPASS NPB 865 (2012)1, PLB731 (2014) 19 COMPASS NPB915 (2017)

w promising despite p0 pole contribution

Acces to GPDs ET , HT …

Transversely polarized target

Sensitivity to GPD  E

However, Eu and Ed of opposite sign

m+ / - p→ m  p  r0/w
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COMPASS w SDME
COMPASS EPJC81 (2021) 126Spin Density Matrix Elements

If SCHC (s channel

helicity conservation):
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COMPASS r0 SDME  (prelim.)
COMPASS, subm. EPJC, hep-ex/2210.16932
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CLAS12 r0 exclusif  prelim.

Impressive statistics on r0

+ ongoing work on w, f, D ++

CLAS12 prelim, K.Joo, IWHSS 22, Sept.2022
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• BHA, 𝐴⊙𝑈~sin𝜑𝐼𝑚𝑀
−−, 

universality of GPDs 

• FB asymmetry, 

𝐴𝐹𝐵~cos𝜑𝑅𝑒𝑀
−−, access to 

the EM FF 𝐷𝑄(𝑡) (D-term).

TCS Bethe-Heitler (BH)

+

CLAS12, P. Chatagnon et al., PRL127, 262501 (2021)

TCS - CLAS12 first measurements

BHA - Beam helicity asymmetry ~ Im CFF FB - Forward backward asymmetry ~Re CFF 

TCS= ‘mirror’ of DVCS
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CFFs from globat fits of DVCS data 
Example: ‘PARTON’ fit at LO/LT DVCS proton,  

Including Jlab, HERMES and COMPASS data

2600 / 3970 points

with constraints on GPDs (PDFs, elastic Form Factors, limits at x1...)

H. Moutarde, P.Sznajder, J. Wagner, Eur. Phys. J. C78 (2018)11, 890

this fit

--- VGG

... GK

Re H Im H

Position of up quarks in a proton:

b┴

x

CFFs:

See talk by J. Wagner 
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Future US Electron Ion Collider

• Hadrons up to 275 GeV

existing RHIC complex, incl. 

polarized p

• Electrons up to 18 GeV

Storage ring, polarized e-

 sqrt(s)=20 -140 GeV

 Design to reach 1034 cm-2sec-1

For exclusive 

measurements

DVCS & HEMP,

see talk by S. Fazio
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Conclusion

• Plenty of results on DVCS & HEMP (Jlab 6 GeV, COMPASS, HERMES)

Measurements are difficult, demanding in precision and luminosity.

• Data from Jlab 12 GeV coming

• Global analyses preparing for CFF extractions

• EIC measurents much awaited for…
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Backup slides
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GPDs - Definitions
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HEMP – sensitivity to CFFs and q/g contrib.
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HEMP
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Compton Scattering and GPDs
S. Stepanyan, IWHSS2022

DDVCS

Both space-like and time-like 

photons can set the hard scale 

DVCSHard scale is defined 

by space-like photon 

Hard scale is defined 

by time-like photons TCS

Access to the Re-part of the 

Compton amplitude 
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First experimental measurement with CALS12 

PRL 127, 262501 (2021)

Started in 2001, PRL 87, 182002 

Is the large part of the CLAS12 physics program
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s-DDVCS is three orders of magnitude smaller than s-DVCS

The main driver of the high luminosity upgrade
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TCS

BHA  Beam Helicity Asymmetry

FB     Forward Backward Asymmetry


