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GENERALIZED PARTON DISTRIBUTIONS (GPDSs)

GENERALIZED PARTON DISTRIBUTIONS (GPDS) ACCESSIBLE IN EXCLUSIVE
REACTIONS = USE THE SIMPLEST/CLEANEST ONE ...
SIMPLEST /CLEANEST (HARD EXCLUSIVE) PROCESS: v*p — p’~

DEEPLY VIRTUAL PHOTON GENERATED BY LEPTON SCATTERING
=ep—ep'y (DVCS)

e LONGITUDINAL MOMENTUM
/ q q FRACTIONS:
/U\UL/\J{E\) r € [~1,1] (NOT ACCESSIBLE)
(~zp/(2—2B)

x+E | |xe ei=(a-4)
(v* — v MOMENTUM TRANSFER)

D
14

GPDs (x,&,1,Q) « 02—
P I

= MEASUREMENTS AS FUNCTION OF zg, t, Q°
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DVCS-BH INTERFERENCE

DVCS FINAL STATE € + p — € + p' + v 1S INDISTINGUISHABLE FROM THE
BETHE-HEITLER PROCESS (BH) — AMPLITUDES ADD COHERENTLY

e

€ e € E
M Y
yU \/ \/{ y
yU Y

S =
s S
s g
, c__3
P P P P P p
FIXED-TARGET, COLLIDER COLLIDER

PHOTON-PRODUCTION CROSS SECTION:

2 2 2
do o< |Tpyes + Terl” = |Tpves!” + msul” + (THvesTsr + TBHTDVCS),
T
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DVCS MEASUREMENTS

5 2
do o |tgy|” + (ThvesTsr + TBuTDVES) T [ THves)

I

]TBH|2 CALCULABLE IN QED WITH THE KNOWLEDGE OF THE FORM FACTORS
I x + (co +5° el cos(ng) +A>0_, st sin(ngb))

DVCS CROSS SECTION:
MEASUREMENT INTEGRATED OVER ¢
— I =0 (AT TWIST-2), SUBTRACT |75y

AZIMUTHAL ASYMMETRIES:

DVCS AMPLITUDES DIRECTLY ACCESSIBLE
VIA [

(GPDsS ENTER IN LINEAR COMBINATIONS IN
AMPLITUDES)

Frank Ellinghaus, JLab, USA, May 2005
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I <+ (CO + Zn L cos(ng) + )\Z _, sk sm(ngb))

BEAM—CHARGE ASYMMETRY (BCA) AND BEAM—SPIN ASYMMETRY (BSA)
BCA: do(eTp) —do(e p) ~cl, cos(¢)~cos(d) x Re Mt

Cl,unp

unp
— —
BSA :  do(e*p) —do(etp) ~ 51 ,,,5(0) ~ sin(¢) x Tm M,

(HIGHER TwiIST/ORDER — co0s 2¢, cos 3¢, sin 2¢)

lebnlp Fi(¢) Hi (€, 1) + Fp— (F1(t) + Fa(t)) fh(ﬁ,t) 4M2

(xB), (-t) =~ 0.1 = CFF H; = GPD H

Fy(t) B (€, 1)

LONGITUDINAL TARGET—SPIN ASYMMETRY (LTSA)
LTSA: do(e™) —do(e™ D) ~ s{,LP sin(¢) ~ sin(¢) x Im M

(HiGHER TwIST/ORDER — sin 2¢, sin 3¢)

1,1
M;p =

T ~ x x
(F1 + Fb) (H1—|-7BE1)+F1H1— & SF+ F2)E1

2—$B 2—%3(2 4M2

(xp), (—t) ~ 0.1 = CFF H; = GPD H
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HERMES EVENT SELECTION

GAS TARGETS:
H/D/NE/KR/..

BEAM:

27.6 GEV
et AND e~
(P) ~ 55%

F FIELD CLAMPS ‘\

TRIGGER HODOSCOPE H1

m
FRONT DRIFT CHAMBERS
2 MUON
HODO
PRESHOWER (H2)
RECOIL  DRIFT /
1 PROTON CHAMBERS === Hadrons
FC 1/2 —
PROE. y 27.5 GeV
LUMINOSITY : €
OF+--E=—— - - - _"""""""""""""""ERABMTE)E -------------- R
MC 1-3 e+
\
bvc — e’
TARGET | AMBDA E—
-14 CELL WHEELS
BC 1/2
HODOSCOPE HO
BC 3/4 TRD CALORIMETER
STEEL PLATE
RICH IRON WALL
. /
WIDE ANGLE MUON HODOSCOPES
~— MAGNET MUON HODOSCOPE
T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 m

CUTS ON SCATTERED LEPTON:
Q? > 1 GeV?, ...

PHOTON SELECTION:

0., < 45 mrad, E, > 5 GEV, ...

EVENTS WITH EXACTLY ONE DIS-POSITRON/DIS-ELECTRON AND ONE
TRACKLESS CLUSTER IN THE CALORIMETER

NO RECOIL DETECTION (YET) = EXCLUSIVITY VIA MISSING MASS = MC

147
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MC STATUS

RESOLUTION = MC FOR BACKGROUND AND CUTS!

04 |

N/(1000*N, )

03|

0.1

05 0 5 10

15

20 25
M. > (GeV?)

PROCESSES TAKEN INTO ACCOUNT:
e ELASTIC BH/DVCS (ep — €' p'7)

e ASSOCIATED BH/DVCS
(MAINLY ep — €’ AT ~)

e SEMI-INCLUSIVE
(MAINLY ep — €' ¥ X))

= “EXCLUSIVE” BIN
(-1.5 < M, < 1.7 GeV)

— OQVERALL BACKGROUND CONTRIBUTION =~ 15%

NO RADIATIVE CORRECTIONS TO BH/DVCS IN MC GENERATOR,
NO SOLID ESTIMATES AVAILABLE ...

147
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BEAM—SPIN ASYMMETRY (BSA)

-0.2

0.4

-0.6

-0.8

A; ; IN EXCLUSIVE BIN: EXPECTED
DEPENDENCE = Im M}

ALu(Qb) —

1 N(¢)-N($)

PRI R

e'p-e’yxX (M<17GeV)
HERMES PREL. 2000 (refined)
— P1+P2sin @+ P3sin 2¢

P1=-0.04 £ 0.02 (stat)
P2 =-0.18 + 0.03 (stat)
P3 = 0.00 £ 0.03 (stat)

L <t>=0.18 GeVZ, <xg>=0.12, <Q2> = 2.5 GeV?
L TR B B

Lo b |

-3

sin(¢)

-2 -1 0 1 2 3

@ (rad)

<IBI> N (¢)+N ()

)
—

sin®

A

unp

0.3

0.2

0.1

. i
-0.1
-0.2
-0.3 |
-0.4
-05

-0.6

(RESuLTs FROM 1996/97 — PRL 87, 182001 (2001))

e'p-eyX
HERMES PRELIMINARY 2000

(refined analysis)
® [ ] ® +
FASD? | <17 ey = -0.18 £ 0.03 (stat) + 0.03 (sys)

[ <-t>=0.18 GeV?, <xg>= 0.12, <Q% = 2.5 GeV?

M, (GeV)

sin(¢)-MOMENT IN NON—EXCLUSIVE
REGION: SMALL AND SLIGHTLY

POSITIVE (— 7¥)

147
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BEAM—CHARGE ASYMMETRY (BCA)

+ () =N~ |
Aq(9) = %QZL%_EZ;; o I oc £(cd + Zizl clcos(ng) + )‘272@:1 s!sin(ng))

- 0.6 o 0.25
< [ HERMES PRELIMINARY (<-t.> = 0.12 GeV?) 8o , HERMES PRELIMINARY
oa | e'p - e"yX (M<1.7GeV) < 0.2 (refined analysis, <-t.> = 0.12 GeV?)
' — cO+clcos@+slsing e'p - e"yX

t 4

005 | ¢

02 , - +
I X/ ndf: 11.47/8 0 +
! c0 = 0.009 + 0.020 (stat) : +
04 c1=0.059 + 0.028 (stat) 005 [
s1=0.094 + 0.028 (stat) '

06 PRI SNSRI NS ST SN SNT SN AN NS S ST N

01 o s b b b b

| I

-3 -2 -1 0 1 2 3 -1 0 1 2 3 4 5 6
@ (rad) M. (GeV)
A IN EXCLUSIVE BIN: EXPECTED cos(¢)-MOMENTS ZERO AT HIGHER
cos(¢)) DEPENDENCE = Re M\ MISSING MASS

sin @ DUE TO POLARIZED BEAM

Frank Ellinghaus, JLab, USA, May 2005
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BEAM—CHARGE ASYMMETRY (BCA) ON DEUTERIUM

HERMES PRELIMINARY

e*d - e"y X (al d)
A=c0 +clcos@+slsing (Mi<1.7 GeV)
X’/ndf = 2.26

c0=0.003 +/- 0.013 (stat.)
c1=0.061 +/- 0.018 (stat.)
s1=0.010 +/- 0.018 (stat.)

-0.2 -

| | |

-2 0 2
@ (rad)

o AL(d) ~ AT (D)

e SPIN-1 PARTICLE — 9 GPDs, BUT
COHERENT PRODUCTION ONLY = 20%

e 409 COHERENT IN FIRST T-BIN
— NO TENSOR EFFECT SEEN
= DATA CAN (INDEED) BE COMBINED

A COS @

fraction

0.4

0.2

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

HERMES PRELIMINARY
e'd - e"yX
(in HERMES acceptance, M, <1.7 GeV)
e unpolarized d

O polarized d

l__,—| ]
0 0.2 0.4 0.6

-t (GeV?)

eastic BH/DVCS (p)

elastic BH/DVCS (n)

Resonances

Frank Ellinghaus, JLab, USA, May 2005
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BEAM—CHARGE ASYMMETRY (BCA) VERSUS t

HERMES PRELIMINARY ]
e'pd—e’yX (M<1.7GeV)
(in HERMES acceptance) 7

* proton i
= deuteron 1

Regge, D-term |
Regge, no D-term;
fac., D-term

fac., no D-term

0 01 02 03 04 05 06 07 08 09

-t, (GeV )

TINY e~ p SAMPLE (L ~ 10 PB™ 1)

IF  MULTIDIMENSIONAL BINNING POSSIBLE

GENERATOR/LOOKUP—TABLE AVAILABLE
— t—-DEPENDENCE OF BCA HAS HIGH SENSITIVITY TO GPD MODELS!

COHERENT PRODUCTION ON D ONLY
IN FIRST t-BIN (=~ 40%)
= NO EFFECT SEEN

— =X P-TARGET

POSSIBLE DIFFERENCE IN LAST BIN
(— NEUTRON)

GPD MODEL (VANDERHAEGHEN ET AL.)
CALC. AT AVERAGE KINEMATIC VA-
LUES PER BIN

DATA AVERAGED OVER zpg, (Q? RAN-
GE — MODEL CURVES CAN CHANGE
up TO 20% (MODEL DEP.) WHEN
CALC. AT REAL EVENTS KINEMATICS
)

(STATISTICS OR  FAST

147
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MORE ON H TO COME

RECOIL DETECTOR AND UNPOL. TARGETS (2006/2007)

e ENSURES EXCLUSIVITY OF EVENTS

— SEMI-INCLUSIVE BACKGROUND 5% = < 1%
— ASSOCIATED BACKGROUND 10% = ~ 1%

q_'— l F T T T ] q—_ 1 F T ] q—_ 1 F T T ' ]
& 09 & 18 090 16 09 © ]
"3 08 E O{}{} 16 08 b O—o— EIR ] 08 E O 3 E
@ - r i @© ) r O i1 @© . r i ]
— F - O——d ~ F 1 = F O 1 E
L 0.7 - ] L. 0.7 - ] L. 0.7 - ]
0.6 | i o06F 1 06 T

05 ] 05 | ] 05 N

r ] r ] r R —

0.4 : 04 | : 04 N

03 ¢ i 03¢f i 03¢f DN R

0.2 F i 02¢f i 02F - I

E N N——o E AN—DN— b E : 3

A B oy = 01 ¢F /A — 01F = Hﬁl[bi

O; : ﬂi}x{ﬁ{h L L E O : ‘El{;}{‘% L L L L L L ] O E DEA}{AFA L L L i L L ]

0 0.2 0 5 10 0 0.5 1

Xg Q? (GeV?d) -t (GeV?)

= HKSSENTIAIL AT LARGER —t VALUES
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THE GPD H, SUMMARY AND OUTLOOK

/\: HERMES PRELIM. /PUBLISHED
/\: CLAS, PRL, 2001 (x —1)

® HYDROGEN DATA (1996-2000),
ANALYSIS ALMOST COMPLETED

® BCA: 1fb=tet AND 1fbte™
® BSA: 1fb~te™, PoL. = 40%
(ExP. 2006/2007 RECOIL DATA)

BCA: HIGH SENSITIVITY TO t-
DEPENDENCE (FACT./REGGE) AND
D-TERM

BSA: HIGHEST SENSITIVITY TO by,
PARAMETER IN PROFILE FUNCTION

PossiBILITY TO “MAP ouT” GPD HY
IN THE FINAL TWO HERA YEARS.

Frank Ellinghaus, JLab, USA, May 2005
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THE GPD H, LoNG. TARGET-SPIN ASYMMETRY (LTSA)

«— —
Ay (¢) = 1 N(¢)—N(¢)
vk <IPrl>N(¢)+N(9)
3% [ ERMESPRELIMINARY 0.6
- . 1 U. I L B B L BN
< | e - ey X (M.<L7Gev) | > | HERMESPRELIMINARY 99,00 |
f | S — < e'd - e'yX (M.<1.7GeV)
B (in HERM ES acceptance) i L _ X ]
0.4 i 1 04| (in HERM ES acceptance) |
+ A=s,+s Sn@+s,sn2¢ | s A= +s 80 g+s,sn 20 ,
0.2 N

| m Ve OMﬁJJf#

0.2 | X’/ ndf: 85/7 a | )
i S: -0.009 +0.024 (stat.) 1 -0.2 X/ ndf: 6.2/7 N
s;: -0.071+0.034 (stat.) ] i s 0.030+0.017 (stat.) ]
f s, -0.113+0.034 (stat.) ] i s; -0.036+0.024 (stat.)
04 + ) ) ) N " s,; -0.039+0.023 (stat.)
<-t>=0.12 GeV", <xz>=0.10, <Q">=2.5 GeV , -0.4

R T L <'t>:0-13GeV21<XB>:0-1O,<Q2>:2-5GGV2

-3 -2 -1 0 1 2 3 [ R R S R BN
-3 -2 -1 0 1 2 3

B @ [rad o [rad]
. —

Aun(p) IN EXCLUSIVE BIN: Ayr(d) IN EXCLUSIVE BIN:

EXPECTED sin(¢) DEP. = ImMp, = CONSISTENT WITH ZERO

UNEXPECTED sin(2¢) DEPENDENCE

Frank Ellinghaus, JLab, USA, May 2005
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THE GPD H, LoNG. TARGET-SPIN ASYMMETRY (LTSA)

o 04 T ‘ T ‘ T ‘ T o 04 T ‘ T ‘ T ‘ T
% > HERMES PRELIMINARY < 3 HERMES PRELIMINARY
< e'p/d - 'y X (M <1.7 GeV) ‘< e'p/d - 'y X (M <1.7 GeV)
0.2 (in HERMES acceptance) 0.2 (in HERMES acceptance)
H proton

® deuteron

proton (WW tw-3, bv=1):
- fac., bs=1
— fac., bs=oo
....... Regge, bs=oo _
- Regge, bs=1

02 04 06 038
-t [GeV?]

e DIFFERENCE AT HIGHER —t

H proton
® deuteron *

proton (bv=1, bs=1):

------- Regge, no tw-3
- fac., WW tw-3
— fac., no tw-3

- Regge, WWtw-3 A

. . . . |
0 0.2 0.4 0.6 0.8

-t [GeV?]
e NO EFFECT SEEN FROM 40% COHERENT CONTRIBUTION IN FIRST BIN

= DIFFERENT ASYMMETRY ON THE NEUTRON WHEN COMP. TO PROTON

e A3"?? — DIFFERENCE DUE TO MISSING QGQ TWIST-3 IN THE MODELS?

147
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WHAT ABOUT THE GDP E ?

DATA TAKING WITH TRANSVERSE

Ayr: UNPOLARIZED BEAM,
TRANSVERSELY POL. TARGET

~ 0 MILLION ON TAPE

Integrated DIS HERA Run Il (polarized)

x 10 °F
3000 - ® 2002/03
L e 2003
o 2004
| [ d
13

1500

N
o
o
o

Number of pol. DIS events

1000

al
o
o

sin(¢—¢s) cos ¢ —t H 7
AUT Y M(FZ 1 — FlEl) 0% 50 100 150 " 200 250 300
Day of Running

FyH, — §F1E1) ~ 8 MIO EXPECTED IN TOTAL
(NOVEMBER 2005)

cos($p—s)sing 4
Ay - 4—Mp(

HYDROGEN TARGET IN PROGRESS ...

Frank Ellinghaus, JLab, USA, May 2005
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PROJECTION FOR TRANSVERSE TARGET

4<sin(P-dg)cosd> 4<sin(P-d)cos P>

4<sin(P-dg)cos P>

0.2 T

02 |

04

0.2 T

02 b

04 |

0.2 T

02 b
04

06

sin(¢—¢s) cos ¢

T T T T T T T T T T
RV
— J=0.2 L. E=0

_0.6 L L L L ‘ L L L ‘ L L L ‘ L L L ‘ L
2 4 62 8 2
Q*(GeV?)
e 3204 L 3
_ 0702 .., E=0
_06 7\ L ‘ Ll ‘ Ll ‘ Ll ‘ Ll
0 0.1 0.2 0.3
Xg
L3=04 320 1
3202 e E=0
‘ L L L L L ‘ L
0 0.2 0.4 0.6 2
-1(GeV?)

4<cos(P-Pg)sind> 4<cos(P-Pg)sind>

4<cos(P-Pg)sind>

-0.2
-0.4

-0.6

-0.2

-0.4

0.2 T

-0.2
-0.4

06

Acos(qb—qbs) sin ¢

02 UL ‘ 1 1 ‘ 1 1 ‘ 1 1 ‘ T
- "J
LR == 1 —
I o I S J,=0
M — 1,702 ..., E=0
L L L L ‘ L L ‘ ‘ L L L ‘
0
0.2 T 1 L L L T L T 1
L . 3,504 L J,=0
—_JF02 ... E=0
_06 7\ | ‘ I —— ‘ I ‘ I ‘ Ll
0 0.1 0.2 0.3
Xg
‘ T T T ‘ T T T ‘ T T T ‘ T ]
B L 3,504 J,=0 |
—_J,02 L. E=0
‘ L L ‘ L ‘ L L L ‘ L
0 0.2 0.4 0.6 5
-1(GeV?)

BASED ON 8 MILLION DIS,
TARGET PoL. = 75 %

CHANGE MODEL

ONLY FOR F (— J,)

sin(¢p—¢s) cos ¢
— ONLY Ajp

PARAMETERS

SENSITIVE

AFTER GPD H" WELL KNOWN =
o =0 “BASELINE” KNOWN

° SOME/MANY MODEL PARAME-
TERS ARE THE SAME FOR H
AND E 717

MODELS SHOW SAME KINEMATIC
DEPENDENCES
= INTEGRATE OVER KINEMATICS

40 DIFFERENCE (TOTAL EXP
UNC.) BETWEEN J, = 0.4 AND 0.0

Frank Ellinghaus, JLab,

USA, May 2005
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SUMMARY

NoT sHOwN: BSA oN D, NE (HEP-EX/0212019) AND KR AVERAGED
OVER KINEMATICS, T-DEPENDENCES (I.E COHERENT/INCOHERENT SEPA-
RATION) TO COME...

RESULTS SHOWN MOSTLY IN AGREEMENT WITH BASIC MODELS AND AS-
SUMPTIONS.

NEEDED: FAST DVCS/BH GENERATORS INCLUDING RADIATIVE CORREC-
TIONS AND MAYBE 'REAL’ TWIST—3

AZIMUTHAL ASYMMETRIES AT HERMES:

— GPD H: “map our” GPD H" IN THE FINAL TWO HERA YEARS,
BCA ESPECIALLY SENSITIVE TO MODEL PARAMETERS

— GPD H: DIFFERENT ASYMMETRY ON THE NEUTRON AND PROTON,
ASP2? HINT ON TWIST-37

— GPD E: FIRST GLIMPSE ON GPD E“ AND THUS ON .J, POSSIBLE

Frank Ellinghaus, JLab, USA, May 2005
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