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e DVCS as a Tool to Access GPDs
e DVCS Measurement at HERMES
e Results from Unpolarized (Longitudinally Polarized) H and D Targets

e Exclusivity at HERMES: Recoil Detector



Deeply Virtual Compton Scattering

DVCS (a) AND BETHE-HEITLER (BH) (b) PROCESSES EXPERIMENTALLY INDISTINGUISHABLE

2 2 * * 2 2
do < |Tpyesl” + 1 Tsul” + (TovesZon + TeuZoves) | Tovesl” << 7wl
T
T5y: CALCULABLE IN QED (USING ELECTROMAGNETIC FORM FACTORS)
Thvog: Compton Form Factors = CONVOLUTIONS OF GPDs
GPDs INDIRECTLY ACCESSIBLE THROUGH AZIMUTHAL ASYMMETRIES VIA |

e SPIN-1/2 TARGETS DESCRIBED BY:
F, Py H,E HLE

e SPIN-1 TARGETS DESCRIBED BY:
Gl,GQ,Gg,Hl,Hg,Hg,H4,H5,H1,Hg,Hg,H4
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Azimuthal dependences in DVCS

2 KBH 2 BH
| Tgul” = Pr(d)Pa(d) nZ:O ¢, cos(ne)
4 2 2
|TDVCS|2 — Kpvcs { Z CBVCS cos(ng) + Z sSVGS Sin(ngb)} \y(
\ n=0 n—1 X €T
[ = — er K1 <’z3: ¢, cos(ng) + 23: s, Sin(nqb)}
P1(#)P2(¢) | =0 —

LONGITUDINALLY POLARIZED TARGETS:

Cr = Cpoanp + AAC, Lp Spin — 1/2 A - BEAM HELICITY
’ ’ pin — _
Sn = ASp.unp + Asp.Lp A - TARGET SPIN

PROJECTION
3 3
Cpn = §A20n,unp + )\Acn,LP + (]- — §A2)Cn,LLP
Spin — 1
3 3
Sn = 5)\A23n,unp + ASn,LP + (1 — §A2)Sn,LLP
TRANSVERSELY POLARIZED TARGET:
Cr, = C + Ac sin(@ — : .
e ennp nUTSIN(P — Ps) Spin — 1/2, “unpolarized” beam
Sy, = Asp uTcos(¢ — @s)

—
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The HERMES Experiment
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e LONG. POLARIZED H, D

eUNPOLARIZED H,D,He, N, Ne, Kr, Xe

o ' RANSVERSELY POLARIZED H
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BEAM:

e . ONG. POLARIZED eT AND e~
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DVCS Event Selection

eEEVENTS WITH EXACTLY ONE DIS - LEPTON AND EXACTLY ONE
TRACKLESS CLUSTER IN THE CALORIMETER.

2
eNO RECOIL DETECTION = EXCLUSIVITY VIA MISSING MASS: M%=(q¢+ P — ¢')

5 < 0yxy < 45mrad MC FOR BACKGROUND AND CUTS,
—t < 0.7GeV? E,>5GeV SYSTEMATIC UNCERTAINTY
0.03 < zp < 0.35, 1< Q*< 10GeV?
W >3GeV, v <22GeV ep—>e/fyX
" - ep — e pv ; ELAsTIC BH
5 0.3 o e data PAF A
§ i o & data ep — e/ AO v ; ASSOCIATED BH
S I — MC sum ep — e m X ; SEMI-INCLUSIVE
S O L elastic BH
0.2 associated BH | CORRECTION; 7 BACKGROUND (=~ 3%)
I S e semi-inclusive
- ASSOCIATED (/= 12%); PART OF SIGNAL
0.1 ed— e v X
. ed — € d~ ; ELASTIC(COHERENT)
i ed — € pn~y ; QUASIELASTIC
Olcnatl’ e N — e N*~ ; RESONANT STATES

= EXCLUSIVE BIN (—(1.5)* < M3 < (1.7)° GeV?)
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Azimuthal asymmetries in DVCS off unpolarized targets

o1u(95 Py er) = ouu (@)1 + etAc(d) + et DAL (9) + PIAT 7 (9)]
Charge-difference beam-helicity asymmetry:

7 (ot =™ (07T —07) . 1 TH < I
Al = e T T o=t o) . D@ v 2_ sy sin(ng)
Charge-averaged beam-helicity asymmetry:

n=1

Ay “(¢) =

(0" 0" )+ (@ T =07 T) 1 @t Pu@)PaS) S~ pves
(o= + o0t )+ (c-—4+0-) D(9) | Q? nz_:l o sin(ng)
Beam-charge asymmetry:

3

(T H o) —(07T+07T) 1 =p A cos(n
Ac(d) = T o T o= T o)~ D@ g 2 o eos(ne)

n=0

e Measurements with BOTH BEAM HELICITY AND BOTH BEAM CHARGES
= separate CONTRIBUTIONS FROM DVCS AND INTERFERENCE TERM

e This separation is impossible IN MEASUREMENTS OF SINGLE-CHARGE
BEAM-HELICITY ASYMMETRY Ay (¢)= (67 —c7) /(67 +07)

| —
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Beam—-Charge and Beam-Helicity Asymmetries on Hydrogen

JHEP 11 (2009) 083
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<= HIGHER TWIST

e GPD MODEL, (MC CODE VANDERHAEGEN, GUICHON, (GUIDAL)
Phys. Rev. D60 (1999) 094017, Prog. Part. Nucl. Phys. 47 (2001) 401

e Resonance fraction: OVERALL =~ 12%, HIGHEST —t BIN ~ 40%
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Beam—Helicity Asymmetries: Hydrogen, 2D binning

sin @
LU,

sin @
LU,DVCS
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JHEP 11 (2009) 083

0.03<x,<0.08

0.08<xB<O.12

0.12<x,<0.35
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Beam—Charge Asymmetry: Hydrogen, 2D binning

JHEP 11 (2009) 083
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Beam—Charge Asymmetry A-: Hydrogen vs. Deuterium

= efd-eyX § A ep-oeyX ]

Nucl. Phys. B 829 (2010) 1

e PROTON AND DEUTERON
RESULTS = COMPATIBLE IN
LOwW (-t < 0.06 GeV?; ~ 40
% COHERENT) AND “INTER-
MEDIATE” -t REGIONS;

e Possible difference IN LAST
TWO —t BINS = NEUTRON,
RESONANCES 7

overall -t [GeVY] Xy Q?[GeV?

| —
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Beam—Helicity Asymmetry A’ : Hydrogen vs. Deuterium

Nucl. Phys. B 829 (2010) 1
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e PROTON AND DEUTERON DATA: COMPATIBLE FOR LEADING AMPLITUDES;
o ASLl?fi AMPLITUDE (FROM THE Interference term) = SIGNIFICANTLY
NEGATIVE FOR BOTH TARGETS.
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Beam—Helicity Asymmetry: Longitudinally polarized Deuteron
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Beam—Charge Asymmetry: Longitudinally polarized Deuteron
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Double—Spin Asymmetry A; ;: Hydrogen vs. Deuterium
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e ASYMMETRY AMPLITUDES ON PROTON AND DEUTERON ARE COMPATIBLE;
e NO OBVIOUS SIGNATURE OF COHERENT SCATTERING IN DATA
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DVCS measurement at HERMES

e e'data
o € data

o
w

— MC sum

..... elastic BH

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

1000N/Np,

o
[N

0.1

e Recoil data (2006-2007)
- Recoil proton detection
- Background suppression
to < 1% level

see talk by:
Alberto de la Ossa

e Pre-Recoil data (1996-2005)

e/ and v = in forward spectrometer
Recoil proton = not detected
Exclusivity = missing mass technique
Associated processes = not resolved

Iron Shielding

Cryostat

SC Coils

SciFi
Connector Plate

Photon
C3 Collimator Detector
SciFi

Si Detector Detector
Cooling
Silicon
Si Detector Detector
Connectors
Target Cell
Hybrid
Flange

—
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Beam—Helicity Asymmetry: Hydrogen, New (2006-2007)
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Beam—Charge Asymmetry: Hydrogen, New (2006-2007)
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Summary and Outlook

HERMES DVCS

® Hydrogen
A Deuterium
O A Preliminary

e JHEP 06 (2008) 066, JHEP 11 (2009) 083
A Nucl. Phys. B 829 (2010
o Arxiv:1004.0177(hep-ex)
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A R
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sin(¢-9) ot | .
UT,DVCS ; < Transverse Target—spm asymmetry:
sin((p—(ps) cos @ .
T, | sin(¢ — ¢s) cos(ng) o< SM(H — &)
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UT,l i
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ASN2O e < longitudinal Target-spin asymmetry: sin ¢
uL i ~ ~
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Amplitude Value . . .
DVCS with Recoil: coming soon
| —
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Beam—Helicity Asymmetry A”"“°: Hydrogen vs. Deuterium

JHEP 11 (2009) 083
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e sin¢ AMPLITUDE OF THE |DV(CS|? term FOR THE PROTON AND
DEUTERON =- compatible with zero.
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Transverse Target—Spin Asymmetry: Hydrogen

JHEP 06 (2008) 066

[ 519 Stanty,. T ]
0.2 8.1% scale uncertainty
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overall

e THE sin(¢ — ¢s) cos(ng) AMPLITUDES ARE SENSITIVE TO GPD E
e MODEL: ‘VGG’ WITH VARIATION OF .J, (Jg=0)
e Possibility TO EXTRACT model dependent constraint ON J, + kJy

i —
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Longitudinal Target—Spin Asymmetry on Hydrogen

(see also talk of David Mahon)
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e GPD MODEL (‘VGG’): VARIATION OF INPUT PARAMETERS, b,,; AND by,
o Ai}riw — MODEL DOES NOT DESCRIBED THE HYDROGEN DATA
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DVCS: Nuclear Mass Dependence

Xe

Monte Carlo sum

— — coherent BH

o©
N
o

------- incoherent BH

1000 N, N,

associated BH

o
=

0.05

o T T g et '
0 0.02 0.04 0.06 0.08 0.1 0.12
[ GeV ?]

TARGETS
H,He, N,Ne, Kr, Xe

COHERENT ENRICHED
~ 65% coherent

INCOHERENT ENRICHED
~ 60% incoherent

FIND UPPER (LOWER) —¢ CUT FOR EACH TARGET;
ASYMMETRIES FOR COHERENT(INCOHERENT)
PRODUCTION AT SIMILAR AVERAGE KINEMATICS

= COHERENT: < —t >= 0.018GeV?
= INCOHERENT: < —t >= (0.20GeV?

Phys. Rev. C 81 (2010) 035202

0.05

—e—

Il ‘ Il Il Il Il Il Il Il Il ‘ Il Il Il Il Il Il Il Il ‘
0 2
1 10 10
nuclear mass number A
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Beam—Helicity Asymmetry Amplitude Asgrlquzl 1) A-dependence

Phys. Rev. C 81 (2010) 035202
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A sing
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2
1 10 10
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LU,(I,+
o
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A sing

o ASLH(}’(’?LH amplitude: no dependence ON A
e Not supported models WITH enhancement of nuclear asymmetries

1) o=
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DVCS: Event Selection with Recoil Detector

140
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e Missing mass distribution (MC)
- No requirement for Recoil
- Positively charged track in Recoil
- Kinematic fit probability > 1%
- Kinematic fit probability < 1%

e Kinematic parameters fit (MC)
- x? cut rejects the background

e Optimization of measured errors
- Preliminary optimization done
- Systematic studies are in progress
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