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HERMES experiment at HERA

DVCS measurements and GPDs

HERMES experiment at HERA

DVCS: measurement of azimuthal asymmetries at HERMES
Measurements of BSAs: use of Recoil Detector information
Summary



Atomic Beam Source: ' Systt.atm for
generation of target e m_ on.ng
polarization polarization

Storage Cell

HERMES at DESY

Self-polarized e* and e” beams
27.6 GeV
Helicity switched every few months

Polarized hydrogen (Long.,Trans.), deuterium (Long.)

Polarization flipped at 60-180 s time interval
Unpolarized He,N,Ne,Kr,Xe
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Deeply virtual Compton scattering & GPDs

Bethe-Heitler

» Theoretically cleanest way
to access GPDs

> Interference between DVCS
and Bethe-Heitler amplitude

» | Tpyesl < |tgyl at HERMES

AXY

Access to GPD combinations through azimuthal asymmetries

/\
HERMES: Complete set of asymmetries YN
beam target

» Both beam charges

» Both beam helicities

> Unpolarized 1H, ?2H, and also nuclear targets
> Longitudinally polarized 1H and 2H targets

» Transversely polarized !H target

> Recoil detector: unpolarized 'H and 2H
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Accessing GPDs in DVCS

Beam-Charge Asymmetry _
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Compton Form Factors: convolutions of GPDs with hard scattering kernels

: S [dxca (e, x === (GPD )
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DVCS without recoil detector

* Event with exactly one DIS—lepton and exactly one trackless cluster in the
calorimeter.
® No recoil detection mssp Exclusivity via missing mass: My?=(q + P - q)?

5 < @Y*y < 45 mrad

-t < 0.7 GeV? E, >25 GeV 2 MC for background and cuts,
003 < xz <035, 1< Q2 < 10GeV systematic uncertainty
W > 3GeV, v < 22 GeV
o Py
E — MC sum ' . 5
3 T et e p—¢py,; elastic BH

associated BH
-------- semi-inclusive

ot
ha

e p— e' 7 X ; semi-inclusive
0.1

Correction; n® background (= 3%)
; part of signal

ST T -
M2 (GeV?)

mm) Exclusive bin (- (L5)> < M2 < (1.7)2 GeV?)
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DVCS asymmetries at HERMES

HERMES DVCS

® Hydrogen
A Deuterium
Hydrogen Pure
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#® Beam-charge asymmetry
GPD_H H:PRL87(2001) 182001

JHEP 07 (2012) 032 JHEP 10 (2012) 042

PRD 75 (2007) 011103
JHEP 11 (2009) 083
/ D: Nucl. Phys. B 829 (2010)1
® Beam-spin asymmetry
GPD H

¢ Transverse target-spin asymmetry
GPD E  H:JHEP 06 (2008) 066

#® Transverse double-spin asymmetry
GPD E H: Phys. Lett. B 704 (2011) 15

# Longitudinal target spin asymmetry
GPD H: JHEP 06 (2010) 019

/D: Nucl. Phys. B 842 (2011) 265

# Longitudinal double spin asymmetry
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KMO09:global fit
Including data from HERA
HERMES and Jlab
K. Kumericki, D. Mller
Nucl. Phys. B 84 (2010) 1

Beam-charge asymmetry A

JHEP 07 (2012) 032, arXiv:1203.6287
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GGL11:model calculation
G. Goldstein, S. Liuti,
J. Hernandez
Phys. Rev. D 84 034007 (2010)
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=== Higher twist

¢=== Gluon leading twist

e&=== Fractions of associated

process from MC
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Longitudinal single- and double-spin asymmetries Ay
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JHEP 06 (2010) 019, arXiv:1004.0177

VGG: model calculation
M. Vanderhaeghen, P. Guichon,
M. Guidal

Phys. Rev. D60 (1999) 0940177
Prog. Nucl. Phys. 47 (2001) 401

e
oc IM [FH]

Relatively large BH
contribution to these
asymmetries
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Sensitive to GPD E

T
<
—
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DVCS: Transverse target-spin asymmetry A ;

JHEP 06 (2008) 066, arXiv:0802.2499
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Model: VGG with variation of J ,, while J =0
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DVCS: Transverse double-spin asymmetry A ;

Full set of data: e+/e- beams;
both helicities; target

Phys Lett. B704 (2011) 15, arXiv:1106.2990
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DVCS with recoil detector

TRIGGER HODOSCOPE H1

FIELD CLAMPS
m ¥ b
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— 1 L ! | .
1 - — — _ _ CALORIMETER
TARG T o
CELL  STEEL PLATE T TRD 20 mrad
T
8 9 10 m

1T SC Solenoid
Photon Detector

Scintillating-Fiber Tracker
Silicon-Strip Detector

Unpolarized H and D targets

Recoil Detector to tag exclusivity
A. Airapetian et al., JINST B (2013) P05012
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Pure elastic DVCS
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» Practically no contamination of associated process.
» Indication that leading amplitude for pure elastic process is
larger (0.054 + 0.016) than for unresolved signal (elastic+associated).
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Pure elastic DVCS

KM10:global fit
Including data from HERA

HERMES and Jlab
K. Kumericki, D. Muller

/I Nucl. Phys. B 84 (2010) 1

J VGG: model calculation
M. Vanderhaeghen, P. Guichon,
M. Guidal

JHEP 07 (2012) 032
J
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KMS: model calculation
GPDs are extracted from HEMP.
P. Kroll, H Moutarde, F. Sabatie,
Eur. Phys. J. C73 (2001) 2278

he leading amplitude for pure
elastic process is well described
by recent fits to previously
published data and by KMS model

fit to exclusive meson data.
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Beam-spin asymmetry in ,,associated” DVCS : ep—eyA*

JHEP 01 (2014) 077, arXiv:1206.5683
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> Associated DVCS/BH: (77 + 2% for nrt & 85 + 1% for prn?)
» Correction: n° SIDIS background: (23 + 3% for pn® &

11 + 1% for nmt* channel);
> Elastic: (0.2 £0.1% for nm* & 4.6 + 0.1% for pr®)
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Summary

HERMES measured “full set” of
DVCS-related asymmetries on
proton and nuclear targets.

Data with recoil-proton detection
allows clean separation of DVCS/BH
contribution in a signal.

Indication of larger amplitude for
pure sample.

Associated DVCS results consistent
with zero and also with model
prediction.
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Deeply virtual Compton scattering & GPDs

e Ji sum rule = access OAM

;'JL‘JI o [H (x, &, 1) + E*(x,£,1)]

Correlated information about longitudinal momentum xp @

and transverse spatial position r |

HY9 and E9 : quark Generalized Parton Distributions (GPDs)

e
Spin-J target: 4 chiral-even leading-twist

quark GPDs H,E,H, 6 E

Final state sensitive to different GPDs

—~—~ o~

DVCS(y) H,E,.H,E
Vector mesons (p, ®, ¢ ) H, E,

Pseudoscalar mesons ( 7,1 ) I:I, E
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Azimuthal dependences in DVCS

)

Unpolarized proton target
d’c o U 24_‘

el

2 2

n=1

- e K, cos(n +3 Isin(n
o @1<¢>q>2<¢>{2k_ (h¢)+>]s, <¢>}

n=1

Fourier coefficients are related to certain linear or bi-linear
combinations of Compton Form Factors (CFFs):

@D~ 3 farci (e 0 8 ) — @D
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Azimuthal asymmetries in DVCS off unpolarized targets

oy (9. R.8) =0y [1+elAck¢) +& RIAL (#) + PlIALDL\J/CS (#)]

Charqge-difference beam-helicity asymmetry:

gy _lo7 =0 )lo7-07) 1 x &, A
Al (@) = (U+_)+G+(_)+(G__)+G_(_)__ D) Y nZ::Sn sin(ng) /L—L{\

Charge-averaged beam-helicity asymmetry: beam target

pves|, .y (5 -0 )"‘ (G - G_(_) 1 XEZSt(Pl (9)P,(9)| _oves |

U (¢) — +— + < — —& — ) 2 Sl Sln(¢)
(0 +0 )-I—(G +0 ) D(¢p) Q

Beam-Charge asymmetry:

3

(G+_’ +o" )— (G__’ + G_‘_) 1 X >3

(a+_’ +a+‘_)+ (a‘_’ +a“_) B D(@p) y & Cajcos(n9)

Ac|() =

® Measurement with both beam helicity and both beam charges
mm) separate contributions from DVCS and Interference term
® This separation i1s impossible in measurements of single-charge
beam-helicity asymmetry A (¢) = (6~ - o)/(c~ + 0%)
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Asymmetries on longitudinally polarized targets

Single-charge target-spin asymmetry (Hydrogen/Deuterium):

[c~"(¢.e)+o" " (¢.e)]l-[c""(4.&)+0o" " (4.€)]
[c7(s.6)+0 " (4.e)]l+[c""(d.€)+0" " (4,8)]

Single-charge double-spin asymmetry (Hydrogen/Deuterium):

AJL(¢’eI):

[ (¢.e)+o" " (s.e)l-[o" " (4.€)+c"" (4.8)]
[~ (s.€)+0" " (d.€)]l+[c" " (4.€)+0""(4.€)]

Single-charge beam-helicity asymmetry (Deuterium):

[ (@.e)+o0""(4.€)]-[c""(4.€)+c" " (¢.8)]
[c7"(#.6)+07"(d.€)]+[c" " (4.€)+0" " (4.€)]

Single-helicity (<) beam-charge asymmetry (Deuterium):

[ (@) +o " (@)l-[o " (g +o (¥
[ (@) +o " (@)]+[o " (9)+0o (4]
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Deuterium (Hydrogen): unpolarized target
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. -0.29 + 0.18 (stat) = 0.03 (syst)
. 0.11 + 0.07 (stat) + 0.03 (syst)
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Deuterium (Hydrogen): target-spin asymmetry

Hrachya Marukyan, 24.10.2014, SPIN14, Beijing, China
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JHEP 11 (2009) 083

Deuterium (Hydrogen): double-spin asymmetry

Nucl. Phys. B 842 (2011) 265
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A (Ac.s ) on (un)polarized Deuterium
Nucl. Phys. B 842 (2011) 265

For coherent
scattering
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DVCS with recoil detector

Without Recoil Detector S0 A A B A A
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Missing mass distribution: exclusivity with RD

VvVithout Recoil Detector

INn Recoil Detector acceptance
VWWith Recoil Detector

Similar background Background-free

unresolved-reference sample

unresolved sample pure sample

® experimental data
—— simulation (sum)
----- ep—epy
ep—eA’y

semi-inclusive

0.05 |

PR T TR S T

0 5 10 15 I 0 T 5 T 10 15
M2 [GeV?] M2 [GeV?] \ M2 [GeV?]
Associated processes (e p — e'y AY) Pure ep—e'yp

Missing mass: My?=(q + P —@')* = M + 2M (v-E, +1)
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Phys. Rev. C 81 (2010) 035202
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Beam-charge /spin asymmetries on heavier nuclei
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= Separation of coherent-enriched and incoherent-enriched data samples

by t- cutoffs : similar average kinematics

= Coherent-enriched samples: = 65 %
" I[ncoherent enriched samples: = 60 %
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Leading amplitudes of asymmetries on nuclei
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S | H [ Kr - Xe _x H He N
g :C;. 0.4 B B ,,5,< 3 0.25
< 0.2 6 T ) -
St H A T __
K EEN PRI % |
0.2 B - O
04 0 I ‘D.‘Z I'3.‘4I ‘ I0.6 ‘ th I']‘.2I ‘ ‘0.4 I ‘0!6 (‘l‘ [ |
-t [GeV?| -t [GeV?| Kr Xe
0 T T } T
® Two beam charges available f }
-0.25 §% } ? { ¢
o Only one beam charge available: 0.5 l 1
single-charge asymmetry without v rarare rarars sl I e s sravsre rarl  srarers roros e
0 0.2 04 0.6 0 0.2 04 0.6 0 02 04 0.6
entanglement of squared DVCS t[GeV?] £ [GeV?] £ [GeV?]
and Interference terms

Hrachya Marukyan, 24.10.2014, SPIN14, Beijing, China

29



Nuclear-mass dependence of asymmetries

A5 ® vs. A A" vs. A
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GPD extraction

M. Guidal ICHEP Proc. (2010) 148
JLab Hall A JLab CLAS HERMES

10 — —_ —_
X=0.36 X=0.25 l x=0.09 CFFs are extracted from
experimental measurements

* VGG model:
GPD H in this model is not
consistent with experimental
results.

o x=036 x5=0.09

L M. Guidal, ICHEP Proc. (2010) 148
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Results of different fits
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