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The start point, proton spin

* |M FEBRUAR 1922 WURDE IN DIESEM GEBAUDE DES
 PHYSIKALISCHEN VEREINS, FiANI{FLIET AMMAN,
VON OTTO STERN UND WALTHER GERLACH DIE R ~
FUNDAMENTALE ENTDECKUNG DER EAUMGUAHHSIERUHG TO TIPWTOV,
DER MAGNETISCHEN MOMENTE IN ATOMEN GEMACHT. _
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" AUF DEM STERN-GERLACH-EXPERIMENT BERUHEN WICHTIGE
PHYSIKALISCH-TECHNISCHE ENTWICKLUNGEN DES 20. JHBTE.,,,
' WIE KERNSPINRESONANZMETHODE, ATOMUHR GDER LASER.

- or1o STEE’N WURDE 1943&?{)& BIE;;ET CKUNG.
~ DERNOBELPREIS VERLEHEN. = = f_.
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 the proton has a spin 1/2



we have learned to use it

With MRI devices you can check
whether it make sense to play
Football




lets open it

Kindergarden Event University Event



Why GPDs

* Multidimensional description of nucleon
- structure (longitudinal momentum versus
transverse position)

* Include parton distribution functions and
form factors as forward limits and moments,
respectively

* Can provide access to the total
(and hence orbital) angular momentum of
quarks in the nucleon via Ji relation

1
J, = lim / dr v|H,(x,&,t) + E, (z,&, 1))
~1

t—0

0\ * In case of proton target four GPDs
. T o T
- H H E.E

X. Ji, D. Mueller, A. Radyushkin, .... (1994-1997)




GPDs, how to access them
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selects different GPDs:

* theoretically very clean

pvcs (y): H, EH, E
*VM(p.w, 0): H, E

+ info on quark flavors

Pl P

PS mesons (., ):H, E

Eur. Phys. J. C(2009)59
P. Kroll, S. Goloskokov

Ayt measurement

K. Goeke, M. Polyakov,
M. Vanderhaegen PPNP 47(2001)



Deeply Virtual Compton Scattering (DVCS)

DVCS is the cleanest way to access GPDs

Handbag diagram separates

* hard scattering process
y (QED & QCD) (NLO) and

* non-pertubative structure of
the nucleon: GPD(x,&,t,Q?)

GPDs = probability amplitude for a nucleon to emit a parton with

x+§ and to absorb it with momentum fraction x-&



The Experiment

Longitudinal
Polarimeter

HERA
+ 27.5 GeV
* et and e

Transverse
Polarimeter

*Today: most compl experimental access:
* charge reversal (et and e beams)
* beam spin reversal (both beam helicities)

* target spin reversal (longitudinal, transverse,
unpolarized)

* target mass variation (H, D, He, N, Ne, Kr, Xe)
* recoil and spectator proton detection




The Detector

D " Spectrometer
» particle identification
- B; I * recoil proton
= i S —— detection(in 2006-07)
-\ 1 * complete DVCS
Somsatorgh kinematics e p = epy

== _ _CALORIMETER
TARGET TRD ==~ _ 140mrad

CELL STEEL PLATE

"7~ _ 270 mrad

sToday: most complete exp&&
* charge reversal (et and
* beam spin reversal (bot

* target spin reversal (lonc
unpolarized)

* target mass variation (H
* recoil and spectator prot



The Recoll Detector

superconducting
solenoid

photon detector

scintillating fibre
tracker

silicon strip
detector

target cell

vacuum chamber
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Recoll fibre detector made in Giessen
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Detection scheme
"Missing mass” without/with recoil detector

unresolved sample

unresolved-reference sample

pure sample

"2,

@® experimental data
—— simulation (sum)
""" ep—epy
[ ] ep—eAy

7 semi-inclusive
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1. unresolved
sample

no recoil detector

mMissing mass
technique

88% purity

2. unresolved-reference sample

as 1. (no recoil detector)
proton in recoil acceptance

3. pure sample

kinematic fit
99,8% purity

recoil proton detection
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But the process ep = epy is dominated by
Bremsstrahlung

DVCS Bethe-Heitler

* Bethe-Heitler dominates at HERMES kinematics
* The same initial and final state, hence interference
T|* = | Toves|” + [ Tnl” + TovesTer + Toves T,
1

* Access to GPDs through azimuthal asymmetries -’



Azimutal Asymmetries in DVCS,
Beam polarization , charge

@ Cross section orLu (¢, Pp,Cp) =
JUU[I + PBAEEE{CS + CBPBAEU -+ CBA.Q]

2 Beam-crarge asymmetry
ot (¢)—o (o) _
Ac@) = oy T () & N
@ Charge-difference beam-helicity asymmetry
A (g) = T7O) =) — (07 (9) — o= (9)
(077(¢) —0+(¢)) + (677 (¢) — 07 (0))
@ Charge-averaged beam-helicity asymmetry
ADVCS (4) = (UH(QD) +0 () — (6" (¢) + 0" (¢))
o (0(P) + o (9) + (0t (9) + o7 (0))
@ Separation of contribution from DVCS and interference term

4'A'
/productmn plane

o SH

x SmHH* + ﬂﬁx]

Dependence from beam Charge(CB) and Polarization(PB) 13



Azimutal Asymmetries in DVCS,
Target Polarization

Transverse target-spin asymmetry Agr(o, ¢s) [TTSA]:
do(¢p, dg) — do (¢, dpg + m) ox Im[F5H — Fi&] - sin (¢ — ¢g) cos @
+ Im[ﬂﬁ - Fl{;f] - cos (¢ — dg) sin @
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HERMES DVCS results:
"Beam Helicity Asymmetry” WO/with RD
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HERMES DVCS results:

"Beam Helicity Asymmetry” compared to models

Bl e HERMES L L L
KM10a pure I -t i XB i Q2

VGG Regge (b, = 1...0)

val

=0
bsea

-- . b :1

overall -t [GeVA] Xg Q? [GeV?]

KM= Global fit of world data: Kumericki-Muller, Nucl. Phys. B 841 (2010) 1
(JLab, HERMES and HERA, dashed excludes JLab Hall A cross section)

VGG Regge= Model calculation: Vanderhaeghen-Guichon-Guidal, Phys. Rev. D60 (1999) 094017
and K. Goeke, M.V. Polyakov, M. Vanderhaeghen Prog. Nucl. Phys. 47 (2001) 401
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HERMES DVCS results:

"Beam Helicity Asymmetry” with GPD model from HEMP
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GPD Model for exclusive meson production: Kroll, Moutarde, Sabatie, Eur. Phys. J. C (2013) 73:2278
compared to HERMES data:

® = no recaoil
O = HERMES recoil (pure)
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e'p—eyp (04<=M_<1.4GeV)
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FIGURE 1. Single-spin asymmetry as a function of azimuthal angle .
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Transverse target-spin asymmetry
JHEP 06 (2008) 066

Transverse double-spin asymmetry
Phys. Lett. B 704 (2011) 15
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Nucl. Phys. B 842 (2011) 265
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Conclusions

| am thankful to the organizers for this opportunity and persons
(M. Diiren, K. Rith, M. Murray, S. Yaschenko

and Colleagues from HERMES)

for allowing me to read their slides

GDPs are promising to play a main role in nucleon
structure study

»HERMES was a pioneering and the only single experiment that could offer all
flavours of DVCS(+associated+HEMP not shown here) measurement

»The recoil data showed importance of clean measurement to be done
In future facilities

>If we add all mentioned results together then it is natural that currently
almost all theoretical studies uses HERMES data for constrain GPDs
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