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Structure of the Nucleon, GPDs and DVCS Process

GPDS CONTAIN A DETAILED INFORMATION ON THE STRUCTURE OF NUCLEON:

DVCS: ONE OF THE CLEANEST HARD EXCLUSIVE PROCESS TO ACCESS GPDs,
HARD PHOTOPRODUCTION OF A REAL PHOTON (v* N — N'~),
VIRTUAL PHOTON GENERATED BY LEPTON SCATTERING = e N — e’ N'~

FACTORIZATION THEOREM:

/ t q r =+ f: PARTON LONGITUDINAL MOMENTUM FRACTIONS,
q

£: FRACTION OF THE MOMENTUM TRANSFER, & ~ 2?53’

t: INVARIANT MOMENTUM TRANSFER, © = (p — p/)2

NUCLEON STRUCTURE:
GPDs: Hy,H,E,FE,

GPDs — PDF's
EIQ(x’O? 0) = q(z)

H,, Ijq— CONSERVE NUCLEON HELICITY Hq(a:, O, 0) _ Aq(az)
FE.,. E, — FLIP NUCLEON HELICITY

q q

’ ’ GPDs — FFs

NOT ACCESSIBLE IN DIS 1 q
J_dx Hy(z,€,t) = F(t),
1
f—l dx EQ(ij&t) — F2q(t)
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DVCS and BH Interference

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

A

2 2 * *
do < |Tpycsl” + [ Teul” + (TovesTeu + TeuZoves)
T
T51: CALCULABLE IN QED = PAULI & DIRAC FORM FACTORS Iy, Iy
Thves: COMPTON FORM FACTORS H,H, &, E= CONVOLUTIONS OF GPDs
GPDs INDIRECTLY ACCESSIBLE THROUGH AZIMUTHAL ASYMMETRIES VIA I

eBEAM—SPIN ASYMMETRY (BSA):
do(€,¢) —do(‘e, @) o< Im [FyH] x sin(¢)
eBEAM—CHARGE ASYMMETRY (BCA):
do(et,¢) —do(e™,¢) < Re [F1H] X cos(¢)
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The HERMES Experiment

_ y_—_FIELD CLAVPS j TRIGGER HODOSCOPE H1
| EAZJ%EIT DRIFT CHAMBERS/// - 270 mrad o
A / PRESHOWER (H2)_ _ — — _— R
DRIFT\ -7 /,,~;/”/:/,,— 140 mrad
11 Recoil ~ craveers i 1B=hadrons
Proton  / \ LA N I_-f:
el .. -~ Y
B == LUMINOSITY 21.5 Gev
0f-- oS = o —— - = - - - - - - e - T -
TARGET -~ __ ' MONITOR e+
T ot Al " t
1 HODOSCOPE HO X ] = | = e
STEEL PLATE ) Tl BC 3/4 ‘ TRD T \CALORIMTEI\EB\ B _ 140 mrad
] 270 mrad IRON v;AEL‘/fﬁo\mm &
0 1 2 3 4 5 6 7 8 9 10 m
GAS TARGET: BEAM:
e[LONG. POLARIZED H> e[LONG. POLARIZED e AND e~
eUNPOLARIZED Hy, D, eENERCGY 27.6 GEV
¢ TRANSVERSELY POLARIZED Ho eBOTH HELICITIES

COLLECTED STATISTICS 1996-2005:
H>; ~ 17M DIS, UNPOLARIZED [y ~ 10M DIS

PID: e, > 99%, dP/P < 2%,60 < 1lmrad, 6F.,/E., =~ 5%.
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DVCS Event Selection

eEEVENTS WITH EXACTLY ONE DIS - LEPTON AND EXACTLY ONE
TRACKLESS CLUSTER IN THE CALORIMETER.
¢NO RECOIL DETECTION = EXCLUSIVITY VIA MISSING MASS: M%=(q+ P — q’)2

5 < 0. < 45 mrad MC FOR BACKGROUND AND CUTS,
_,{Y g 0.7 GeV SYSTEMATIC UNCERTAINTY
0.03 < 25 <0.35, 1< Q?<10GeV? /
W >3GeV, v>22GeV ep— ey X

ep — € p~vy ; ELasTic BH

LI T T T ep — e/ ATy 5 ASSOCIATED BH
z ] ep— e 7°X ; SEMI-INCLUSIVE
2 0.3 - u
X L
o
S I CORRECTION; 7° BACKGROUND (= 3%)
= 02 71  ASSOCIATED (= 12%); PART OF SIGNAL
01 et Hatha, ] e d— e/’Y X
. 1 ed — €' d~y ; ELASTIC(COHERENT)
TP R B s / )
05 0 5 10 10 0 = ed — e pnvy ; QUASIELASTIC

M2(Gev) € N — € N*~ ; RESONANT STATES
X

= EXCLUSIVE BIN (—(1.5)* < M3 < (1.7)° GeV?)

1) o=
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HERMES Combined BSA and BCA Analysis

or,u(9; P el) = ovu(9)[1 + etAc(P) + etPAL (9) + PATT 5 (9)]

Beam Spin Asymmetries: | e 8
n=1
2
APVCS gy = D(1¢) . 9523757)18?732(@ Z sPVOS sin(ng)
n=1
Beam Charge Asymmetry: | e B
Ac(9) = —mms- == ¢ cos(ng)
: D(¢) vy nz:%
(R 2tP1(0)Pa(0)
D) = ey Do ol ostng) + TEEEEIO S e cos(ng
oyyu — ! ! D(¢)

Fit to data: Ac(¢) = Yo_y A" cos(ng); AL (6) = X0y A7 sin(me);
AP O3 (¢) = ATT Dy os sin(9).
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GPD Models

“VGG” MODEL: (VANDERHAEGHEN, GUICHON, GUIDAL 1999):
BASED ON DOUBLE DISTRIBUTIONS.

°
e INCLUDES A D-TERM TO RESTORE FULL POLYNOMIALITY.

e INCLUDES A REGGE INSPIRED AND A FACTORIZED t-ANSATZ.
]

°

SKEWNESS DEPENDS ON FREE PARAMETER. b4 & bgeq-
INCLUDES TWIST-3 CONTRIBUTIONS.

“Dual” MODEL: (GUZEY, TECKENTRUP 2006)

o GPDS BASED ON AN INFINITE SUM OF {-CHANNEIL RESONANCES.
e INCLUDES A REGGE INSPIRED AND A FACTORIZED t-ANSATZ.
e DOES NOT INCLUDE TWIST-3.

MC SIMULATIONS BASED ON THESE GPD MODELS ARE USED:

e FOR DATA-THEORY COMPARISON;

e TO ESTIMATE THE UNCERTAINTIES FROM THE EFFECT OF THE
ACCEPTANCE, BIN-WIDTH, SMEARING AND MISALIGNMENTS.
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Beam—Charge Asymmetry on Hydrogen
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8 o C
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S
[72]
30 1 < Re [Fl H]
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e cos¢p AMPLITUDE OF THE BCA = DISFAVOURS: FACTORIZED ANSATZ IN
DUAL MODEL; VGG PREDICTION WITH THE D-TERM.
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Beam—-Spin Asymmetry on Hydrogen
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e ASYMMETRY AMPLITUDES FOR PURE DVCS squared term = COMPATIBLE
WITH ZERO IN AGREEMENT WITH MODEL PREDICTIONS.
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Beam—-Spin Asymmetry on Hydrogen
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FRACTION

e BSA AMPLITUDES = AGREEMENT WITH DUAL MODEL PREDICTIONS;
e RESULTS: NOT CORRECTED FOR FRACTIONS OF ASSOCIATED BH PROCESS.
e VGG MODEL CLEARLY UNDERSHOOTS BSA RESULTS.

| —

i

S

Hrachya Marukyan, Charlottesville, Virginia, USA, October 10, 2008

10



Beam—-Charge Asymmetry on Deuterium
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e BCA AMPLITUDES = AGREE WITH PREDICTIONS BASED ON DUAL MODEL
(qelas SCATTERING ON PROTON AND NEUTRON) PLUS coherent SCATTERING
ON DEUTERON (A. Kirchner and D. Miller hep — ph/0202279).
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Beam—Spin Asymmetry on Deuterium
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e THE sin¢ AMPLITUDE OF BSA = SIGNIFICANTLY NEGATIVE;
e RESULTS = AGREE WITH DUAL MODEL PREDICTIONS OVER THE WHOLE
KINEMATIC RANGE.
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Beam—Charge Asymmetry: Hydrogen vs. Deuterium

r . . . 1
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overall
¢ PROTON AND DEUTERON RESULTS = COMPATIBLE IN LOW (-t < 0.06 GeV?;

40 % COHERENT) AND “INTERMEDIATE” -t REGIONS;
e DIFFERENCE IN LAST BIN = NEUTRON, RESONANCES 7
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Beam—-Spin Asymmetry: Hydrogen vs. Deuterium
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e BSA sin¢ AMPLITUDE OF THE |DV(CS|? term FOR THE PROTON AND
DEUTERON = COMPATIBLE WITH ZERO.
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Beam—-Spin Asymmetry: Hydrogen vs. Deuterium

B L LA N

4L -+ HERMESPRELIMINARY -
r 34% scaler Accep & smear - syserror f ®m €

2 [uncertaintyy 1

0

S5 M Rau T

S AT I VIV I LI

P e Pt | o) - smmessey
Cop T H T ' 1L
53 0;""*"‘;5‘“ """"""""" ;;‘"\“*'#"""'1 """" ‘;z"# """""""" ?

0 02 04 06 0 01 02 03 0 2 4 6 &8 10

overall -t (GeVZ) X Q2 (GeVZ)
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Summary and Outlook

AZIMUTHAL ASYMMETRIES = DVCS-AMPLITUDES = GPDs

THE AZIMUTHAL ASYMMETRIES ARE MEASURED AT HERMES WITH RE-
SPECT TO BEAM SPIN (BSA) AND CHARGE (BCA) IN COMBINED ANALYSIS
ON PROTON AND DEUTERON TARGETS.

THE STATISTICAL PRECISION ALLOWS FOR STRONG CONSTRAINTS ON GPD
MODELS.

THE EXTRACTED BCA AMPLITUDES ON BOTH PROTON AND DEUTERON
TARGETS CLEARLY DISFAVOUR all model PREDICTIONS WITH FACTORIZED
t-ANSATZ AND VGG MODEL WITH INCLUSION OF THE D-TERM.

THE RESULTS ON DIFFERENT TARGETS AGREE VERY WELL FOR ALL LEA-
DING TWIST AMPLITUDES. THE ASSOCIATED PRODUCTION NEEDS TO BE
ACCOUNTED FOR IN BSA FOR BOTH TARGETS.

HIGH-STATISTIC DATA COLLECTED IN 2006/2007 WITH THE RECOIL DE-
TECTOR AT HERMES = ASSOCIATED PROCESS WITH THE UNKNOWN
ASYMMETRY CAN BE SEPARATED FROM THE SIGNAL.

i —
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Backup slides!

BACKUP SLIDES!

Hrachya Marukyan, Charlottesville, Virginia, USA, October 10, 2008

17



Acceptance, bin-width, smearing and misalignment effects

HERMES ACCEPTANCE RECONSTRUCTED MC AMPLITUDES IS TAKEN AS

cos 0@
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C
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THE DIFFERENCE BETWEEN “MODEL-GENERATED”
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Beam charge asymmetries
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CHANGES IN THE NEW ANALYSIS

e 2.5 TIMES HIGHER STATISTICS THAN IN THE PREVIOUS PUBLICATIONS.
e O BINS IN ALL KINEMATICS.

e THE SYSTEMATIC ERRORS INCLUDE NEW MODEL-DEPENDENT STUDIES.

e RESULTS: = AGREE WITH FORMER PUBLICATIONS.
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