Access to GPDs through DVCS Asymmetries

Handbag diagram separates

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

non-pertubative structure of
the nucleon: GPD(x,¢,t,Q2)

A quark carries a momentum fraction x of the proton. Afer an interaction with the stronghly interacting proton it
emits a real photon and falls back into the proton. The theoretical description is possible with the Generalised Parton
Distributions (GPDs). These objects parametrise all features of the proton that are necessary to describe exclusive
processes as DVCS. o

For each quark tlavour there are 4 GPDs: HY, E9, H9, E4. The GPDs can be accessed by measurements of cross section
asymmetries.

The Recoil Detector The Silicon Strip Detector (SSD)
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The SSD consisted of 8 modules of 2 double-
sided silicon strip detectors (TIGRE) arranged
in two layers around the target cell. It was used
for position and energy measurement and
1dentification of low momentum protons (125-
450 MeV/e).

It covered nearly the complete range 1n polar
angle and 76% in azimuthal angle.

The Recoil Detector can detect recoiling protons (125-400MeV/c),
improves (Mandelstam) t-resolution and suppress the background.
It consists of a Silicon Strip Detector (SSD), a Scintillating Fibre
Tracker (SFT) and a Photon Detector (PD). A solenoid magnet
provides a 1T longitudinal magnetic field for the measurement in
the SFT and allowes to reduce the background trom Mpoller
electrons in the SSD.

Beam Helicity Asymmetry Beam Helicity Asymmetry

S 3000

-IIIII.I.|III| II|I|I| II|III| |||II |I|| -III|.III|III|III|III||II|I|.I“I\|III|III|III 150[ S‘ 2:|||||IIIIIIIII|IIII B[Iﬂ .
" Silicon Detector wooe ©  FFibre Detector ® . Photon Detector 'HERMES 3.4% scale uncertainty | m with Recoil Det. *n— at
X X L =N s A A
- r = L ) —_ r 000
0 000, sa0L- N L 1 'PRELIMINARY} ' 4 in Recoil Det. accept
@ 3 AN 3 f -~ 12006/07 data
o - (NN ™ 1 L O
L - AR b ] I
< 600} 1500F I NANE | i E r - - —
I C TU A BN T g (I 3 ©
I : lr.l::I -'-'I 'II ]‘}.\\: 7] EDD[ : 3 I. I ::.'ll\l . 1E : M
L [ /r.i;_:_- ;]L\ | . | :\: 8:_ .II il I| i .' | 47 3000 o B B
4001 1000 7 BN s | (- < -0.2 B + - +
Sy | B A s E - 'Y |::' :'?I_\.‘ L
A V77, & N\ JI8100( r A B A0 i + +
200~ /i 500 7/ J ZHR ar A BN I + I I I
- oo WA N s N [ sz 4 W s = ) 000
e < ) == ¢ @ R ~
Tn.uﬁn L ||-|||| T T R T ST RETE ST N TU T SRS TR PO i :|||||lll|||||||||||i||_r||||||| - | | |
0 087504020 02040 0 08060402 0 02040608 1 ° 555 0 05 1 150 -0.4 +

Reconstructed Momentum [GeVic] Reconstructed Momentum [GeV/c]

Reconstructed Momentum [GeV/c]

I m—— ——S— S — . =t : e —
T L LR LB R BRI BN BLELEL B 0.1 '. - + :
3000 — = | ,
- . : - 8 &
- ~No Recoil requirement - £3 T oo [ +*+++++++4IH++ ----- %#'Hﬂ """"
2500__ ] 4 0.1t 5 . s
B o . . ] 0.2} EE— | — — e L
2000:— ositive track in Recoil E 0 1%
- 5 o * + . ¢ * ¢ . + + + +
100 Fit probability > 1% - g lastlc  Assos, ‘
" ] “~ o5} |7 v with Recoil Det.
1000__ J < 1 D/n ] E ¢ ¢ in Recoil Det. accept.
B _ Q ’
- - o 0 o ! 0 o 0 0 o 0 0 ¢
500: :F . Q. Op-—-—----- ¥-------r .7|“‘:‘7"?'.¢‘.‘.‘..".‘7IL“*?"‘.‘?r.‘."".?‘.‘r‘.?rr“?““"”_'.'““‘."l‘?‘ iialalel e/ il
Uzl.ﬁ....l... .é...|...J.L.|...J.' 10° 10° 107 1 10
4 2 0 2 4 g§ 10 12 14 overall ! ? [GeV?
HERMES 2007 data M2 [GeVZ/c’] t[GeV’] e @ [GeV]
To select a clean sample of pure elastic events Auo(¢) = do™(¢) —do (9)
(ep->epy) it is necessary to suppress the do=(¢) + do—(¢)
background of associated processes like

The beam helicity asymmetry is calculated from the measured
cross sections with ditferent spins. It can beexpanded in Fourier
series in ¢, the angle between the lepton-nucleon scattering
plane and the real photon production plane.

In this plot values that include recoil information are compared
with values that are analysed without it.

The lowest row shows how the recoil detector helps to
distinguish between pure elastic BH/DVCS (with proton
remaining in the ground stat) and associated processes(with the
proton being excited to a resonant state).

ep->eAty with A+->pn®. For this purpose the
precise measurement of the recoiling particles is
essential. The particle identification from the
recoil data makes it possible to distinguish
between pions and protons.

The upper plots show the energy deposition and
the reconstructed particle momentum attributed
to protons and pions.

The lower plot shows the separation of the pure
elastic sample (red) from the background (green).
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The HERMES Spectrometer
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The HER

inclusive

ES spectrometer is a fixed target experiment and
collected data on

and semi-inclusive deep

inelastic scattering of polarised positrons and electrons

(beam momentum of 27.6 GeV/c and up

to 65% beam

polarisation) with polarised or unpolarised targets of H, D,
and heavier targets. These data provide information on the
spin structure of the nucleon.
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The Scintillating Fibre Tracker (SFT)

The SFT consisted of 2 barrels each with 4 layers of
scintillating fibres. Each barrel had 2 parallel and 2 stereo
layers for space point reconstruction.

The tracker measured from 250 to 1400 MeV/c in tull
azimuthal angle range and reconstructed particle tracks
by bending in 1T magnetic field. Energy deposition was
used for particle identification.

From Asymmetry to GPDs
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measured at the F

“RMES experiment.

Conclusion and Outlook

HERMES performed pioneering DVCS measurements.

DVCS provides access to GPDs.

The recoil detector allows to select a pure DVCS sample.
The beam-helicity asymmetry is measured with the recoil
information.
The sin(p) asymmetry amplitude is found to be only slightly
larger in magnitude compared with those measured without

recoil detector information.

The beam-charge asymmetry with recoil information is
under study.





