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Nucleon Spin Composition

NUCLEON SPIN:
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AY. ~ 20 — 35%: MEASURED IN DIS,
HERMES ~ 0.3
AG: FIRST MEASUREMENTS
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JI’S RELATION: TOTAL ANGULAR MOMENTUM — Ji, PRL 78 (1997) 610
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GPDs and DVCS Process

GPDS ACCESSIBLE IN HARD EXCLUSIVE PROCESSES:

DVCS: HARD PHOTOPRODUCTION OF A REAL PHOTON (7v* N — N'~),
VIRTUAL PHOTON GENERATED BY LEPTON SCATTERING = e N — e’ N'~

FACTORIZATION THEOREM:

/ t , xr £ &£: PARTON LONGITUDINAL MOMENTUM FRACTIONS,
q
£: FRACTION OF THE MOMENTUM TRANSFER, & ~ —28

- 2—£CB7

t: INVARIANT MOMENTUM TRANSFER, { = (p — p/)Q

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

GPDs — PDFs
HC]<337070) — Q(l')

H,, B,— CONSERVE NUCLEON HELICITY H,(z,0,0) = Ag(z)
E,, B, — FLIP NUCLEON HELICITY,
NOT ACCESSIBLE IN DIS GPDs — FFs

J1 de Hy(z,€,t) = FX(),
[1) de By(x.6,t) = F§(1)

§
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DVCS and BH Interference

DVCS (a) AND BETHE-HEITLER (BH) (b) PROCESSES EXPERIMENTALLY INDISTINGUISHABLE
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DVCS AMPLITUDES: ACCESSIBLE THROUGH AZIMUTHAL ASYMMETRIES VIA |
(GPDs ENTER IN LINEAR COMBINATIONS IN AMPLITUDES)

eBEAM—SPIN ASYMMETRY (BSA):
—

da(ejp) —do(etp) o< Im [F1H] X sin(¢) )
eBEAM—CHARGE ASYMMETRY (BCA): ‘(
do(etp) — do(e p) x Re[F1H] X cos(¢)
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The HERMES Experiment
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GAS TARGET: BEAM:

eLONG. POLARIZED /., D eLONG. POLARIZED et AND e~

eUNPOLARIZED H, D, Ne, Kr, Xe eENERGY 27.6 GEV
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(|Pr|) ~ 85% (|Pg|) ~ 55% (HERA 1)
PID: e. > 99%, 0P/P < 2%,00 < 1mrad, 6E./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

MC FOR BACKGROUND AND CUTS

ep— e v X
0 [ L LI B LA UL LS B
= '
——— Bl clastic BH 1 CONTRIBUTED PROCESSES:
z 031 I associated BH 1 /
5 [ o : ] ep — € pvy ; ELASTIC BH
S ; | semi-inclusive
— 02 .
: — HERMES ] ep— €7 X ; SEMI-INCLUSIVE
01 et -
S, ] CORRECTION ON BACKGROUND =>
o Lo L, e 1 MosTLY DECAY PHOTONS FROM
5 0 5 0 15 20 25 SEMI-INCLUSIVE 7° (= 6%)
M? (GeV?d)

BACKGROUND CONTRIBUTION
OVERALL =~ 15 %

= EXCLUSIVE BIN (—(1.5)? < M% < (1.7)? GeV?)
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Beam—-Spin Asymmetry on Proton

_ 1 _N(¢)—=N(8)
A y(9) = TP N (¢)+ N (¢)

ImH _:
X =5 sin ¢

508 s 0.3
< i e'p e yX (M<17GeV) =3 5+ et v X
06 I HERMES PREL. 2000 (refined) < 02 | P-ey
E - . HERMES PRELIMINARY 2000
0.4 N — Pl+P2sing+P3sinze 0.1 * (refined analysis)
0.2 0 ® [ ] ® +
0 r 01 f ¢
02 | -0.2 * + +
04 f 03 [ +
: P1 =-0.04 + 0.02 (stat) [
-06 | P2 =-0.18 + 0.03 (stat) 04
0s | P3=0.00:0.03 (stat) o5 | A7 |uye 170y = 018 £ 0.03 (stat) £ 0.03 (sy5)
. <t>=0.18 GeV?, <xg>=0.12, <Q* = 2.5 GeV? . F <t>=0.18 GeV?, <xg>=0.12, <Q?% = 2.5 GeV?
_1 o e _06 Lot b b b b b b
3 2 1 o0 1 2 3 1 0 1 2 3 4 5 6
@ (rad) M, (GeV)
Ajy IN EXCLUSIVE BIN: EXPECTED  sin(¢)-MOMENTS IN NON-EXCLUSIVE
sin(¢) DEPENDENCE ==ImH REGION IS SMALL AND POSITIVE

BSA resurTs: HERMES-PRL 87, 182001 (2001)

% s Hrachya Marukyan, Montpellier, France, July 2006



Beam—Charge Asymmetry on Proton

__ N (¢)-N"(¢) _ ReM

A0l9) = Fiorv=(0)

0 05 1 15 2 25

|9l (rad)

'SYMMETRIZED BCA IN EXCLUSIVE BIN
(¢ — |p|)= CANCEL SINUSOIDAL TERMS

(DUE TO POLARIZED BEAM)

THE SOLID CURVE — 4-PARAMETER FIT:
Py + Picos ¢ + Pscos2¢ + Pscos 3¢
THE DASHED CURVE — PURE coOs ¢
EXPECTED cos ¢ DEPENDENCE

X

7, COS )

| k

A B

' -1 0 1 2 3 4
M, (GeV)

cos(¢)-MOMENTS ZERO
AT HIGHER MISSING MASS

Ac0s(@)

C,Proton —
0.063 £ 0.029(sTAT.) 4+ 0.026(SYS.)

A. AIRAPETIAN et al., HEP-EX/0605108 , SUBMITTED TO PRL
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Comparison to model calculations

8— :"|'"'|""|""|""|""| """" IR
S O 06 e'p - eyX (M<17GeV) .
< (in HERMES acceptance) GPD MODELS: M. VANDERHAEGHEN et al.,
051 ]
[ PHys. REV. D60 (1999) 094017; K. GOEKE et al.,
0.4 ® ] PROG. PART. NUCL. PHYS. 47 (2001) 401.
03l __.--1 Regge, D-term E
: Regge,noD-tem | © GPD H DOMINATES, E SUPPRESSED
0.2F b
01k ’ fac., D-term ] e CURVES: 4 DIFFERENT PARAMETER SETS
3 fac., noD-teem ]
O; e MODEL CALCULATIONS AT AVERAGE
_0_2:1.|....|....| ........................ ]

O 01 02 03 04 05 06 07 08
-t (GeV )
IN LAST t-BIN: LARGE CONTRIBUTION FROM THE ASSOCIATED PRODUCTION

(NOT INCLUDED IN MODEL CALCULATION) =
DATA DISFAVOR REGGE-INSPIRED t-DEPENDENCE WITH D-TERM

SMALL e~ p SAMPLE (L ~ 10 pB™ 1)
= {—DEPENDENCE OF BCA — POSSIBLE TOOL TO CONSTRAIN GPD H

| —
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Projection for GPD H (HERA 11)

LEFT PANEL: A (HEP-EX/0605108) RiGHT PANEL: A HERMES (PRL 2001) A HER-
MES (PRELIMINARY HEP-EX/0212019) ACLAS (PRL 2001)

e BCA: 1 fb=! et AND 0.25 b1 e~
e BSA: 1 fb~! e, BEAM POL. ~ 35%

BCA: HIGH SENSITIVITY TO t-DEPENDENCE

BSA: HIGHEST SENSITIVITY TO bgeq, PARAMETER IN PROFILE FUNCTION
POSSIBILITY TO CONSTRAIN GPD H,

| —
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Longitudinal Target—Spin Asymmetry

A _ 1 NE(@)+N=($)=N=(¢)=N= ($) Imﬁ
UL(¢) <|PT|>N<:(¢)+N<:(¢)+N:>(¢)+N:>(¢) —=Es5in ¢

0.4 T T T T T T T T T

L L L B L L S
<3 I HERMES PRELIMINARY = HERMESPRELIMINARY
j e'p - €yX (M,<17GeV) | < ’ e'pld - €'y X (M <17 GeV)
04 | (in HERMES acceptance) i o2 |- (in HERM ES acceptance) |
. . 1 ' ® proton
+ A= +s Snets,sin2g | e deuteron
0.2 *
: proton (WW tw-3, bv=1):
- | | -- fac., bs=1
0 I — fac, bs=w
e~ 1'% Vv 1 /w02 | W . Regge, bs=c B
: - Regge, bs=1

-0.2 X%/ ndf: 85/ 7 h
— % -0.009+0,024 (stat.) 1 04
s, -0.071+0.034 (stat.)

0.4 | . !

<-t>=0.12 GeV?, <x;>=0.10, <Q*>=2.5 GeV

[ R E N R SRR SRR 06 ‘ ‘ ‘ ‘
-3 -2 -1 0 1 2 3 ~0 0.2 0.4 0.6 0.8

@ [rad] -t [GeVY]

Ay IN EXCLUSIVE BIN: EXPECTED sin(¢) DEPENDENCE =—=ImH

ePD MODEL: TWIST-3 IS A SIMPLE W.W. TWIST-3

o AP"?? — (gGg) TWIST-3 IS MISSING ?
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Transverse Target—Spin Asymmetry from HERMES

d0(6+pT) — dO’(e‘i'pl) x Im [FQH — Flg] X Sin(gb — Cbg) COS(¢> + .-

1 1
Jo=tms |

dCIfZE‘ [HQ(xagvt) + Eq(l’,f,t)]

B 1 NU¢(¢—95) =N (s, (6—9¢3))
Aur(9 (0 = 95)) = 1B N (6 (662 TN (6.(0—ba))

T T T T T

5 " HERMES s o . ] ]

%  0.2EPRELIMINARY I e'p-e'yXx I =
o [ (in HERMES acceptance) (M, < 1.7 GeV) h
[&] o i

ST e 1 s -

" ®¢e 1 I Tl T 19 @ J3,50.4

g_ 02p * ............... £ + O T el + 3,502

PRV R e Py 103

-06F + + (hep-ph/0506264) ]

:m:: # :: 1 1 1 1 1 1 1 1 :

0 0.25 0.5 O 01 02 03 0O 25 5 7510

-t (GeV?) Xg Q° (GeV?)

eRESULTS FROM HERMES 2002-2004 DATA ONLY; ~ 60pb—*
e\ ODEL FROM GOEKE et al.: THE GPD E IS UNKNOWN IN THE FORWARD
LIMIT; PARAMETRIZED ACCORDING TO Y(Q)SM MODEL

o Ai}f}w_%)cos(qﬁ) SENSITIVE TO J, (J4=0)
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First Model-Dependent Constraint on J, vs J;

- 92
2 A%rrlr@—qﬁs)cos(‘b)|emp_AE%(¢_¢S)COS(¢)|VGG(Ju,Jd)
X (Ju, Jg) =+ SA2, +6A2 _

stat syYs
e CALCULATED IN STEP OF 0.2 IN J,, AND .J;, INTERPOLATED BY A
S5TH ORDER POLYNOMIAL.

eTHE 1-0 CONSTRAINT ON .J, VS J; DETERMINED BY x2(Ju, Jq) < x?m-n + 1.

>

= 1L HERMES 2002-04 Preliminary e p” - e yX (My<1.7 GeV)
— "n(eRIC0S 9 0,149 + 0.058(stat) + 0.033(syst)
- <t>=0.12 GeV?, <x>=0.095, <Q°> = 2.5 GeV?>
08 GPD Model: LO/Regge/D-term=0
L [Goeke et al., Prog.Part.Nucl.Phys.47(2001),401]
- Code: VGG [vanderhaeghen et al., priv. comm.]
0.6 4N 12,900
L <0
1
~ (e)(
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0.4 tor)+ ¢
i 06 VG%
L Vs
B [1,00])
02 B . val 2 2
- [l Lattice QCDSF J  (u°= 4GeV )
i stat. uncertainty only [PRL92(2004),042002]
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Summary and Outlook

AZIMUTHAL ASYMMETRIES = DVCS-AMPLITUDES = GPDs
= STRUCTURE OF NUCLEONS (L)

ExisTING HERA 1 DATA ON H:

e BEAM—SPIN ASYMMETRY = ImH
e BEAM—CHARGE ASYMMETRY = ReH
e ['IRST CONSTRAINTS ON GPD MODELS

LONGITUDINALLY POLARIZED H = LTSA = ImH

TRANSVERSE POLARIZED H = TTSA = FE

e FIRST MODEL-DEPENDENT CONSTRAINT ON J, VS Jy

Integrated DIS HERA Run Il (polarized)

OUTLOOK

6000

® 2002/03
® 2003

e INCLUDING THE 2005 DATA WILL

® 2005

DOUBLE THE STATISTICS FOR TTSA

events
B
S
IS]
)

3000

e HERA II(2002-2007) DATA ON H
PROBABLY MAP OUT THE GPD H,

Number of pol. DIS

2000

1000

e IMPROVEMENT OF {-RESOLUTION WITH

RECOIL DETECTOR "7 " oayotruming

350
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