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ExcLusivE REAcCTIONS, JLAB, USA, MAy 2007

THE GPD H VIA:

— BEAM-SPIN ASYMMETRY (BSA)
— BEAM-CHARGE ASYMMETRY (BCA)

THE GPD E VIA TRANSVERSE TARGET-SPIN ASYMMETRY (TTSA)

DVCS oN NUCLEI



PARAMETERIZATION OF THE NUCLEON STRUCTURE

piby) Fix)

FF PDF GPD

e FORM FACTORS — TRANSVERSE POSITION <« ELASTIC SCATTERING
e PDIFs — LONGITUDINAL MOMENTUM DISTRIBUTION <« DIS

o GPDs — ACCESS TO TRANSVERSE POSITION AND LONGITUDINAL MOMEN-
TUM DISTR. AT THE SAME TIME, 3-D PICTURE «— EXCLUSIVE REACTIONS

Frank Ellinghaus, JLab, May 2007
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GENERALIZED PARTON DISTRIBUTIONS (GPDs)

SIMPLEST /CLEANEST HARD EXCLUSIVE PROCESS:
DEEPLY-VIRTUAL ELECTROPRODUCTION OF REAL PHOTONS: ep — €' p'~
DEEPLY-VIRTUAL COMPTON SCATTERING (DVCS):

e LONGITUDINAL MOMENTUM
/ q q FRACTIONS:
/ul\*%/\j{f\) r € [~1,1] (NOT ACCESSIBLE)
{rrp/(2—1xpB)
X+ | |x¢ et=(a—d)
(v* — v MOMENTUM TRANSFER)

D
14

GPDs (x,&,t, Q) « 02—
P P

= MEASUREMENTS AS FUNCTION OF x5, t, ()°

DVCS: ACCESS TO ALL FOUR GPDs H, f[LE, E
MESONS: ACCEss To H, F (VM) AND H, FE (PS)

Frank Ellinghaus, JLab, May 2007

‘%M 3



OVERVIEW GPDs

PDFs: GPDS IN THE LIMIT t — 0

Vg:;a:ie | fom | 5 H%(z,0,0) = q(z),
scattsring o Hq(ac, O, O) = AQ(CE), “e s

deeply virtual
Compton

scattering

FFs: FIRST MOMENTS OF GPDs
f_ll dx H(z,&,t) = Fi(t),. ..

timelike
Compton
scattering

pp annihilation | s
VY2, ’

orbital angular
s momentum

transverse localisation ONLY KNOWN (QUANTITATIVE)
ACCESS TO (TOTAL)
ORBITAL ANGULAR MOMENTUM:

eisie dep eestc |
T mme ) e —tim [ el g0+ E g )
‘ - (X. J1, 97)
ORIGINAL (HERMES) MOTIVATION: . ) )
NUCLEON (LONG.) SPIN STRUCTURE: 1/2 = }/2(rAu + Ad + As) + /q\jrff]g\

V?
Jq:.

Frank Ellinghaus, JLab, May 2007

i 4



HowTo Access GPDs via DVCS?

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

| R -

FIXED-TARGET, COLLIDER COLLIDER

600001

0t
1000009

PHOTON-PRODUCTION CROSS SECTION:

2 2 2
do < |Toyes + Teul” = [Toves!” + Tsual” + (TOvesTsu + TBuToves),
I

Frank Ellinghaus, JLab, May 2007
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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 secTioON (H1, ZEUS):
MEASUREMENT INTEGRATED OVER ¢

— I =0 (AT TWIST-2), SUBTRACT |75
(GPDS ENTER IN QUADRATIC COMBINATIONS)

AZIMUTHAL ASYMMETRIES

(HERMES, JLAB):

DVCS AMPLITUDES DIRECTLY ACCESSIBLE
VIA I = MAGNITUDE + PHASE!!!

(GPDS ENTER IN LINEAR COMBINATIONS)

Frank Ellinghaus, JLab, May 2007
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AZIMUTHAL ASYMMETRIES

I oc+(ch+ ) _lepcos(ng) + Aspsin(ng)))

BEAM—SPIN ASYMMETRY (BSA) AND BEAM—CHARGE ASYMMETRY (BCA)
ON UNPOLARIZED TARGET:

— —
BSA:  do(e"p) —do(eTp) ~ s ,,,5i0(0) ~ sin(¢) x Im M),
BCA:  do(e"p) —do(e™p) ~ ¢, c08(¢) ~ cos(d) x Re M,

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

LONGITUDINAL TARGET-SPIN ASYMMETRY (LTSA)
LTSA : do(etp) —do(e™ D) ~ SiLP sin(¢) ~ sin(¢) x Im M, 5

(HIGHER TwIST/ORDER — sin 2¢, sin 3¢)

Frank Ellinghaus, JLab, May 2007
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FroM AMPLITUDES TO GPDs

ML = Fy(t) Hy (€, 1)

unp

+ 322 (Fi(t) + Fa() Hi(€,1) — i Fa(t) Bi(€,1)
(xB), (—t) = 0.1 = CoMPTON FORM-FACTOR H;

IHIHl ~ —7'('2 Hq f € t q(_€7€7t))

, | |
Re H; ~ ;eq _P/lHq(:C,f,t) (x—§+x—|—§> dx

BSA: Im M;!, MAINLY ACCESSES THE GPD HY(x,{,t) AT x = £ = MEASURES
H(E, &, 1)

BCA: Re M}l CONTAINS FULL 2~ DEPENDENCE OF THE GPD HY(x, £, 1),

unp

Z IS NOT ACCESSIBLE =
GPD MODEL — OBSERVABLES «— MEASUREMENT

Frank Ellinghaus, JLab, May 2007
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HERMES EVENT SELECTION

HERA BeAM: 27.6 GEV, eT AND e, (P) =~ 35 — 55%
POL. + UNPOL. GAS TARGETS: H/D/NE/KR/..

[~ FIELD CLAMPS —\ TRIGGER HODOSCOPE H1
m
FRONT | DRIFT CHAMBERS
2 MUON
HODO
PRESHOWER (H2)
RECOIL  DRIFT /
14 PROTON CHAMBERS g”—Wadrons
/ \ ﬁ . s -
FC1/2 - |
PROP. y 75 Gev
LUMINOSITY =€
OF--FE=m=——e - = -~ - A - - - = - - - ----------=====------- "E"ONTTEJ_R —————————————— R
\ MC 1-3 e+
_ \
DVC = —_— e’
TARGET |LAMBDA
-14 CELL WHEELS
BC 1/2
HODOSCOPE HO
BC 3/4 TRD CALORIMETER
STEEL PLATE
5 RICH IRON WALL/
i 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

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

DATA SHOWN TAKEN BEFORE INSTALLATION OF RECOIL DETCTOR =

Frank Ellinghaus, JLab, May 2007
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ExcLusiviTy FOR DVCS VIA MISSING MASS

— HERMES

2
Mz =

2 [ L DAL BN B R I R B RN BN RN
z |

S o3l B clastic BH ;
5| I associated BH
S ; | semi-inclusive ;
‘_'0.2_— -

(g +p —py)? = MC FOR BACKGROUND AND CUTS (— RESOLUTION)!

ELASTIC BH (ep — €' p’7)

ASSOCIATED BH
(MAINLY ep — €' AT ~)

SEMI-INCLUSIVE
(MAINLY ep — €' 7 X)

EXCLUSIVE ¥ (ep — e’ 7¥)
NOT SHOWN (SMALL)

NoT sSIMULATED: DVCS PrROCESs (DVCS c.s. “UNKNOWN”, DVCS << BH)
+RADIATIVE CORRECTIONS TO BH (— EXCL. PEAK OVERESTIMATED, BG

UNDERESTIMATED )

= “EXCLUSIVE” BIN (-1.5 < M, < 1.7 GeV)
= OVERALL BACKGROUND CONTRIBUTION =~ 15%

W

Frank Ellinghaus, JLab, May 2007
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BEAM—SPIN ASYMMETRY (BSA)

N(¢)-N(¢)
A =_ -
Lul®) = 2B o) v o
508 25 0.3 i
<{'06 i e'p-e'yxX (M<17Gev) Z’{'OZ g e p - eyX
2ot HERMES PREL. 2000 (ofined) i HERMES PRELIMINARY 2000
0.4 % — P1+P2sin @+ P3sin 2¢ 0.1 * (refined analysis)
02 | 0 o« 4
o | o1 | '
02 | -0.2 * + t
-0.4 % 03 | +
; P1=-0.04 + 0.02 (stat) ﬁ
06 P2 =-0.18 % 0.03 (stat) 04 F
i P3 = 0.00 + 0.03 (stat) o5 | A <17 Gey = -0.18 £ 0.03 (stat) + 0.03 (sys)
-0.8 -05 x==
[ <-t>=0.18 GeV?, <xg>=0.12, <Q*> = 2.5 GeV? [ <t>=0.18 GeV’, <x>=0.12,<Q">= 2.5 GeV’
) A T T e '06 T B R BT R B B B R
! -3 ) -1 0 1 2 3 -1 0 1 2 3 4 5 6
@ (rad) M, (GeV)
A; ¢y IN EXCLUSIVE BIN: EXPECTED  sin(¢)-MOMENT IN NON-EXCLUSIVE
Sin(gb) DEPENDENCE = Im M&hlp REGION: SMALL AND SLIGHTLY

POSITIVE (— 7¥)
(RESuLTs FROM 1996/97 — PRL 87, 182001 (2001))

Frank Ellinghaus, JLab, May 2007
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KINEMATIC DEPENDENCES OF BEAM—SPIN ASYMMETRY (BSA)

KINEMATIC DEPENDENCE OF COMBINED 96 /97 (PUBLISHED, PRL) AND 2000
(PRELIMINARY, HEP-EX/0212019) DATA, REANALYZED WITH COMMON CUTS

06""""""'lllll I||||||| B 1 ]—V}(gb)—(]V((b)
T 1 i I A = T v e
of €Pp-e’yX +F HERMES PRELIMINARY

AP < 0.2

A%""*? GCONSISTENT WITH ZERO

sin(2®)

LU

o o

= N
R

— —

'0"{) 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04 041 15 2 25 3 35 4

-t.(GeV?) Q*(GeV?) X

= WEAK KINEMATIC DEPENDENCE (KINEMATICS CORRELATED!)

COMPARE TO CALCULATIONS AT AVERAGE z, (%, ¢ PER BIN —

Frank Ellinghaus, JLab, May 2007
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KINEMATIC DEPENDENCES OF BEAM—SPIN ASYMMETRY (BSA)

ino

ASI

ing

ASI

0.3
0.2
0.1

0.1
-0.2
-0.3
-0.4
-0.5)

0 01 02 03 04 05 06 07
-t (GeV?)

~70.05 01 015 02 025 03 035
X

5 03 T T T T .
% 02} :
0.1F 3
of
-0.1F 3
0.2F } % % } :
03F b
B
R BT B

e MODEL CALCULATIONS USING VGG

CODE GIVE TOO LARGE ASYMME-
TRIES COMPARED TO PERLIMINARY
HERMES (BLUE) AND PUBLISHED
CLAS (GREEN , PRL) DATA
SIMILAR ~ MAGNITUDE SEEN IN
OTHER MODEL CALCULATIONS
FLAT KINEMATIC DEPENDENCE
WELL DESCRIBED BY MODELS

Frank Ellinghaus, JLab, May 2007
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KINEMATIC DEPENDENCES OF BEAM—SPIN ASYMMETRY (BSA)

THE MODELS (GuzEY/TECKENTRUP, PRD 74, 2006) ARE IN AGREEMENT WITH
“ALL” OTHER DVCS DATA SO FAR:

— CROSS SECTION AT H1/ZEUS

— BCA AT HERMES (— LATER...)

— PUBLISHED AVERAGE BSA VvALUES FROM HERMES+CLAS (PRL, 2001)

0 T T T T T T 0 T T T T T 0
-]
-

=)
|

Asin(p

Asincp
sin@

Alu

0.1 F 1 01 0.1 F

-0.2 | -0.2 | -0.2 |

-03 | 1 -03 -03 |

-04 | -0.4 -04 |

Regge

Regge
exponential ======= exponential ======= exponential =======
HERMES preliminary = HERMES preliminary = HERMES preliminary =
1 1 1 1 1

Regge

0.5 -0.5 L ! . ! ! o5

1 1 1 1 1 1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 0.05 0.1 0.15 0.2 0.25 0.3 0 1 2 3 4 5 6 7 8
2 2 2.

-t [GeV?] Xg Q" [GeVT]

THE SIZE AND KINEMATIC DEPENDENCE OF THE ASYMMETRY IS REPRODUCED
(EXCEPT MAYBE AT SMALL Q2).

MORE DATA WITH IMPROVED SYSTEMATICS TO COME, BUT BSA LESS SENSI-
TIVE TO MODELS WHEN COMPARED TO BCA.

Frank Ellinghaus, JLab, May 2007
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BCA: BEAM—CHARGE ASYMMETRY (hep-ez/0605108, PRD 2007)

() =N~ |
An(9) = %Qih%_gii oc I o< &=(ch + 22:1 clcos(ng) + A 22:1 slsin(ng))

= CALCULATE “SYMMETRIZED” BCA (¢ — |¢|) TO GET RID OF ALL sin(¢)—

DEPENDENCES DUE TO POLARIZED BEAM.

<920 LERMES e*p - €'y X (<17 Gen) ]
o1] ]
of ]
N ]
-0.2:— — P, + P, cos@+ P, cos2¢+ P, cos 3¢ —
L ]

005 1 15 2z 25 3
|9l (rad)

A~ IN EXCLUSIVE BIN: EXPECTED

cos(¢) DEPENDENCE = Re M };!

unp

0-3_"'|""|""|""|""|""|"
X | HERMES

0sp

C

e'p - e’y X
02| -

) T R R RPN R A A
0.1 -1 0 1 2 3 4

M, (GeV)

cos(¢)-MOMENTS ZERO AT HIGHER
MISSING MASS

Frank Ellinghaus, JLab, May 2007

W

15



BEAM-CHARGE ASYMMETRY VERSUS —t (PRD 2007)

go [ e*p/d - e"yX (M<17GeV) . 0O Regge ! - -
< 061 (in HERMES acceptance) i 8<,§) 05 L exﬁggﬁ\?g%‘ Tneee ~ |
e proton _
= deuteron (prelimjnary) ] 04 F | i
0.4 -
- Regge, D-term ] 03 F .
0.2'_ Regge, no D-term ] oo L .
: i fac., D-term o1 | — .
I ! fac., no D-term
o oom .|..... fe,obtem o | ] _—F
I 0 b [ e e .
-0.2F s 0 0.1 0.2 03 0.4 05
L ] -t[GeV?]
0 01 02 03 04 05 06 07 0.8
t (Gev?) GUZEY/TECKENTRUP, PRD 74, 2006
VGG — BOTH IN AGREEMENT

= REGGE4+D-TERM DISFAVORED

TINY e~ p SAMPLE (ONLY = 700 EVENTS) = NOW ~ 20 TIMES MORE ON DISK!

= {—DEPENDENCE OF BCA HAS HIGH SENSITIVITY TO GPD MODELS!

Frank Ellinghaus, JLab, May 2007
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UTILIZE BOTH CHARGES FOR BSA: A CLOSER LOOK ...

2 2
do |Tpyesl” o< + [Teul” + (THvesTsu + TBHTDVCS)
T

FOURIER EXPANSION (UNPOLARIZED P TARGET):

2
ITeH|" o cfH + Z cfjH cos(ne)
n=1

2
ITpves|? o cé)VCS + Z cfvcs cos(ng) + A S?VCS sin(¢)

n=1

3 2
I o< -+ (cé + Z cfl cos(ng) + A Z Si Sin(n¢))
n=1 n=1

1 N(¢)-N(¢) , +sisin¢
<IPo|>N(¢)+N(¢) — |mBHI?

THE APPROXIMATION: Ai{/ “T(p) =

IS TOO SIMPLE ...

e—/e+ N) (ﬁ +sfsin qb—l—sDVCSsingb
A (¢) = 1 N(¢)—=N(P) 15 1
LU <|Py|> N (¢)+N(9) |7'BH|2—|—CODVCS—|—01DVCS cos gb:l:c(I):l:c{ cos ¢

Frank Ellinghaus, JLab, May 2007
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USING BOTH BEAM CHARGES FOR THE BSA:

Ae_/e—i_(Qb) _ 1 ﬁ((b)—ﬁ(gb) j:slsln gb—l—sDVCSsmqﬁ
LU <| Py|> ]_\[>(¢)_|_<ﬁ(¢) |TBH|2—|—C VCS—I—CDVCS CcoS (/ﬁzlzcozlzc{ cos ¢

sin @ AMPLITUDE OF THE “USUAL” BSA IS NOT ONLY SENSITIVE TO THE
INTERFERENCE TERM, BUT GETS CONTRIBUTIONS FROM THE DVCS TERM

THE “USUAL” BSA 1S COMPLICATED, IT DEPENDS ON THE BEAM-CHARGE
AND ON THE SIZE OF THE BCA

= DISENTANGLE CONTRIBUTIONS FROM THE INTERFERENCE TERM AND THE
DVCS TERM BY MEASURING TWO NEW ASYMMETRIES:

THE “INTERFERENCE” BSA:

AT (f) = — L NN @)-N(@)-N"(9) ] sin ¢
" S NF @+ NT (@ NT(@)+N(9)  [Terl e e cos g
TuE “DVCS” BSA:
APYOS(g) = — 1 _N-@-N_ (0N 4N (9) sPVS sin g
<|Pp|> N+(qb)—|—N (¢)+N+(¢)—{—N (&) |’7‘BH|2-|-CO VCS+CDVCS cos ¢

= NEW ASYMMETRIES CAN DISENTANGLE (BOTH CHARGES NEEDED) THE
CONTRIBUTIONS FROM INTERFERENCE AND DVCS? TERM

Frank Ellinghaus, JLab, May 2007
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MORE ON H TO COME

RECoI1L, DETECTOR AND UNPOL.
TARGETS (2006/2007)
e ENSURES EXCLUSIVITY OF EVENTS

Si Detector
Cooling
— SEMI-INCLUSIVE BACKGROUND 5 Dotstor
5% :> << 1% Hybrid
— ASSOCIATED BACKGROUND 10%
=~ 1%
N B N T Lo
& 09 18 09F 185 09 © ]
B osf oo 18 oggf o 18 ogb © I
S T " 313 —o— 8 T o ]
L 07F S 07 4 o7 A
0.6 | i o06F 1  06F I
05 i 05F i  05¢
0.4 F i o04rf 1 04
03 i 03F 1 03¢
0.2 | i o02f 1 o2 g
F . fA,*A_@—E Fo A A E A
01 f I e e T
oL oL—— ot
0 0.2 0 5 10
Xg Q2 (GeVZ)

C3 Collimator

Iron Shielding

Cryostat

SciFi
Connector Plate

SC Coils —

Photon
Detector

SciFi
Detector

Silicon
Detector

Target Cell

Flange

= HKESSENTIAL AT
LARGER —t VALUES

= TALK BY
R. PEREZ-BENITO

Frank Ellinghaus, JLab, May 2007
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WHAT ABOUT THE GDP E ?

REMEMBER: ,
1
Jo=lim > [ dex[H(x,& 1)+ Bz, 6,1)]

t—0 2 —1

GPD F (ON P TARGET) IS AL-

WAYS KINEMATICALLY SUPPRESSED,

EXCEPT IN:

Ayr: UNPOLARIZED BEAM,
TRANSVERSELY POL. TARGET

1 doM(,p5)—dot(9,9L)
Avr(d, ¢s) = [Pr| ~ dof(¢,¢s)+dot(h,¢)

x Im|[FoH — F1&] - sin (¢ — ¢g) cos ¢ + Im[Fgﬁ — Flfg] - cos (¢ — ¢g) sin ¢

Frank Ellinghaus, JLab, May 2007
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DVCS TTSA COMPARED TO THE MODEL CALCULATIONS!

DATA TAKING WITH TRANSVERSE HYDROGEN TARGET FINISHED
~ 10 MILLION ON TAPE, HALF THE DATA (2002-2004) ANALYZED

S : HERMES T + .0 + T ]
bt 0.2 FPRELIMINARY I ep -eyxXx T 3
8 E (in HERMES acceptance) EE (M, <1.7 GeV) :E E
e 0 T +} """"" _+J. """" E
& -02F + ,,,,,,,,,,, + + -------------- + + ';‘*“.”.".".'.|.'.".".'::; E
S k= C '~f:~ .................... T "..:.'_"' .- T -9 - ]
0.6F 1 + :

[ peeeiEE—— ] e ] e

. [ I T T T T I T T 1 T T T T T T 1 T T T T I T T T T I_
S r T T ]
p= 0.2 _—+ * I + + I + + 7
/‘Q C T e "-" T R ]
9(_,, 0 F- _>+|. TR AR T T T T +-+‘-’-""...-u.--'_' ________ _____++.-.u1-.-.--uvu-=--_ ----
S 2 T T 3
g 0.2t + I I .. 3,50 ]
o r T T . J,=0.2 7
< 04¢f T I J,50.4 ]
0.6 - + (hep-ph/0506264) ]
|—_ ] e ] S S—

0 025 O.5I 0 01 O.2I 03 0 I2:5I 5I 7I.5I 10

-t (GeV?) Xg Q? (GeV?)
sin(¢—ds) cos ¢

A LARGELY INDEPENDENT ON ALL MODEL PARAMETERS BUT .J,

(F.E., Nowak, VINNIKOV, YE, EPJ C46 (2006), HEP-PH/0506264 )

— FIRST MODEL DEPENDENT EXTRACTION OF .J,, POSSIBLE!

g

Frank Ellinghaus, JLab, May 2007
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FIRST CONSTRAINT ON ANGULAR MOMENTUM !

= 1L HERMES 2002-04 Preliminary e'p” - ety X (M<1.7 GeV)
- A (PRS2 6 149 4 0.058(stat) + 0.033(syst)
- <t>=0.12 GeV?, <x>=0.095, <Q°> = 2.5 GeV?
0.8 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/ u¥J, 12 g 66
L ~ 0
21
0.4 i X tor) +
A= ot/ ¥
L . 06 (bl/G(5
- S
i (o))
02 N . val 2 2
- [l Lattice QCDSF J ™ (u"=4GeV )
i stat. uncertainty only [PRL92(2004),042002]
O | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |

-1 -08 -06 -04 -0.2 -0 0.2 0.4 0.6 0.8 3 1
d

= FIRST MODEL DEPENDENT CONSTRAINT ON TOTAL QUARK ANGULAR
MOMENTUM J,, J4.

Frank Ellinghaus, JLab, May 2007
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SECOND COMPARISON TO MODEL CALCULATIONS ...

0.3 T T 1 I

=0
s J'=0 ======-
§ 0.2 Regge JU=0.2 e T
u— -------
e J"=0.
-]
<

0.1F HERMES prelim. = .

e¢ ON THE OTHER HAND, THE MO-
DELS (GuzeYy/TECKENTRUP, PRD 74,
2006) SUGGEST A SMALL VALUE FOR
J, UNDER THE ASSUMPTION THAT .
J; = 0. 04l l
-0.5 1 1 '“
e THE WAY TO GO: CONSTRAIN MO- t[Gev]
DELS FOR GPD H BY BSA/BCA
(FIRST). SOME MODEL PARAMETERS
MIGHT BE THE SAME FOR THE GPD
= (COMPARE THE REMAINING MO-
DELS TO THE TTSA AND LEARN o
ABOUT THE GPD E (J,, Jaq) ol |

©

N
T
]

sing cos
AUT

o
[N

1
m
x
o
o
=]
9]
S
=
=R

1

0 01 02 03 04 05
-1 [GeV]

Frank Ellinghaus, JLab, May 2007
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INVESTIGATE THE INTERNAL STRUCTURE OF NUCLEI

-0.2

-0.4

-0.6

08 |
[ <-t>=0.13 GeV?, <x>
PRI I AR

-2 -1 0 1 2

e"Ne - e"'yX (M,<1.7GeV)
HERMES PRELIMINARY
— P1+P2sin ¢+ P3sin 2¢

P1 = 0.00 £ 0.02 (stat)
P2 =-0.22 + 0.03 (stat)
P3 = 0.04 + 0.03 (stat)
= 0.09,

sin®
ALU

<Q%=2.2GeV?

o
w

o
N

01 |
02 |
-0.3
-0.4 2
-05 |

-0.6 *-

é+ Ne - e+yX
HERMES PRELIMINARY

>=0.

M, <17 Gev = -0.22 + 0.03 (stat) £ 0.03 (sys)

13 GeV?, <xg> = 0.09, <Q*> = 2.2 GeV*

0O 1 2 3 4 5 6
M, (GeV)

DVCS oN NEON (HEP-EX/0212019) TRIGGERED FIRST CALCULATIONS FOR
DVCS oN NUCLEI

= POSSIBILITY (7) TO EXPLORE NUCLEAR STRUCTURE IN TERMS OF QUARKS
AND GLUONS, EMC EFFECT, (ANTI-)SHADOWING, COLOR TRANSPARENCY, ...

W

Frank Ellinghaus, JLab, May 2007
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CONTRIBUTIONS FROM DIFFERENT PROCESSES FROM MC

Process Fraction : *°Ne

1.2

O.6j

L

0.05

0.1
-t (GeV?)

0.15

0.2

e COHERENT BETHER-HEITLER CONTRIBUTION

INCOHERENT BETHE-HEITLER CONTRIBUTION
SEMI-INCLUSIVE 7"
RESONANCES

DVCS NOT SIMULATED

TAsk: FIND UPPER (LOWER) —t' CUT FOR
EACH TARGET IN ORDER TO COMPARE THE
BSA FOR THE COHERENT (INCOHERENT) PRO-
DUCTION AT SIMILAR AVERAGE VALUES OF —t/,
rp, AND Q?

— COHERENT: (—t/) =0.018 GEV?
— INCOHERENT: (—t') = 0.2 GEV?

Frank Ellinghaus, JLab, May 2007
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AVERAGE KINEMATIC VALUES FOR COHERENT PRODUCTION

TARGET (—t"y = 0.018 | ACOHERENT | (Q?) | (zp)
PrROTON —t' < 0.030 0 1.68 | 0.068
DEUTERIUM | —t' < 0.030 56% 1.70 | 0.066
HELIUM-4 —t’ < 0.030 68% 1.74 | 0.066
NITROGEN —t' < 0.043 2% 1.77 | 0.064
NEON —t' < 0.050 82% 1.73 | 0.064
KRYPTON —t' < 0.081 2% 1.63 | 0.060
XENON —t' < 0.085 2% 1.60 | 0.059

e (Q°) AND (xp) VERY SIMILAR.

e FRACTION OF COHERENT PRODUCTION IS ~ 82% FOR ALL BUT LIGHT TAR-

GETS

Frank Ellinghaus, JLab, May 2007
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A-DEPENDENCE OF THE BSA

HERMES PRELIMINARY

Coherent enriched Incoherent enriched
o
-5{3 . [+’ [O= 0.018 GeV? [+’ O= 0.2 GeV? {
g { by ¢ i ! b { t {
0.5
0.4F
0.2F } [
) L
ER S I {—i ¢ 1—1—} t } !
< 7 1t |
0.2r
_0.4_.| i i Ll . v . i
1 10 102 1 10 102

e NO OBVIOUS A-DEPENDENCE SEEN.
CONSISTENT WITH GUZEY/SIDDIKOV (J.PHYS.G:NUCL.PART.PHYS.32(2006))

° A%r[l]2¢ IS CONSISTENT WITH ZERO FOR ALL TARGETS

Frank Ellinghaus, JLab, May 2007
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RATIO A%, /AL

¢ COHERENT ENRICHED: MEAN RATIO DEVIATES FROM UNITY BY 20.

/ AS ASN® [/ AS

R .

sin@
LU, H

sin @
LU, A

sing
LU, H

sing
LU, A

4+ HERMES PRELIMINARY
- Coherent enriched

Fit to a constant : 1.75 + 0.39

Ot [=0.2 (z.lev2

10 A

— CONSISTENT WITH PREDICTION OF R = 5/3 FOR SPIN-O0 AND SPIN-1/2
TARGETS (KIRCHNER/MUELLER, EUR.PHYS.J. 2003)
— CALCULATION OF R=1-1.1 FOR *He (LTI, TANEJA, PHYS.REV.C 2005)
CONSISTENT WITH MEASUREMENT (LARGE STAT. ERROR, CALCULATIONS
FOR HEAVIER TARGETS UNDERWAY )

e [NCOHERENT ENRICHED: CONSISTENT WITH UNITY AS NAIVELY EXPECTED

W

Frank Ellinghaus, JLab, May 2007
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g
—
d:.q
A "MA e 1=-0.02 GeV, x =0.064 B o
LU LU Bj §
. z, x=0.1, Q=1.58 GeV
¢ HERMESpreliminary =
—
- o Without mesons - 22

¢ With mesons, Model B

s '//.Nl““~—~.§ﬁ‘\§§‘~ [ ] 1.8
i

Ne coh.

S LALLE
L Lo
1)

N
I I
-1
e\
b
T 1 | T 1 | LI | 1 1 ‘ T 1 | T T \‘ 1 1 | T 1 \l T
a
o
Q
=y

1.4
L
B 1.2 Ne total
! 10 100 A Kr total
o Lo Lvv b by
CONSISTENT WITH TWO PREDICTI- 1 ® 00z 002 006 008 0a

-t, GeV¥

CONSISTENT WITH PREDICTIONS BY
GUZEY/STRIKMAN (PHYS.REV.C, 2003)

ONS BY GUZEY/SIDDIKOV, ONE DIS-
FAVORED (J.PHYS.G, 2006)

= PROMISING, MORE DATA NEEDED ...

Frank Ellinghaus, JLab, May 2007
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SUMMARY AND OUTLOOK

HERA/HERMES: END OF DATA TAKING 7/2/2007:
GoAL: “MAP ouT” GPD H" viaA DVCS BEAM-SPIN AND BEAM-CHARGE
ASYMMETRIES

CONTRIBUTIONS FORM THE INTERFERENCE TERM AND THE DV(CS? TERM
CAN BE DISENTANGELED BY NEW ASYMMETRIES INVOLVING BOTH BEAM
CHARGES

FIRST MODEL DEPENDENT CONSTRAINT ON THE TOTAL ANGULAR MOMEN-
TUM OF U-QUARKS (J,) AND D-QUARKS (Jy) IN THE NUCLEON.

DVCS oN NUCLEI LOOKS PROMISING

FINAL REMARK: ORBITAL ANGULAR MOMENTUM SUM RULE NEEDS t — O
HERMES MEASUREMENTS ON GPD E AT “SMALL” t WILL NOT BE PRECISE
JLAB@Q12 WILL YIELD PRECISION MEASUREMENTS AT “LARGE” t = EIC

Frank Ellinghaus, JLab, May 2007
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THE GPD H, LoNG. TARGET-SPIN ASYMMETRY (LTSA)

— —
N(¢)—N(9) - 7
A = _2 x sino X ImH
2067
) * HERMESPRELIMINARY 1 206 T
< &p — EyX (M. <17 GeV) | & | HERMESPRELIMINARY 900 |
; (in HERM ES acceptance) 7 ed - eyX (Mx<1'7GeV) i
0.4 | | 0.4 - (in HERMES acceptance) i
A= ] in 2¢ | ! ]
7 + S,*+S, Sin@+s,sin (Pi A=s +s sino+s,sn 20
0.2 |

Ol
. + i Omﬁyﬁ

0.2 | X%/ ndf: 85/7 ] I )
f S -0.009 % 0.024 (stat.) 1 -0.2 X7/ ndf: 6.2/ 7 =
s -0.071+0.034 (stat.) ] * s, 0.030+0.017 (stat.) 1
f s, -0.113+0.034 (stat.) 1 * s, -0.036 + 0.024 (stat.)
04 | , , , i s, -0.039 £ 0.023 (dtat.)
<-t>=0.12 GeV", <xz>=0.10, <Q">=2.5 GeV | 04 |

Lo e e ] L <-t>:O.lSGeV2,<xB>:0.lO,<Q2>:2.SGeV2
-3 -2 -1 0 1 2 3

3 2 1 o 1 2 3

(p[rad (p[rad]

Aur(p)) IN EXCLUSIVE BIN: 7
UL( D . - _ Ayr(d) IN EXCLUSIVE BIN:
EXPECTED sin(¢) DEP. = GPD H, — CONSISTENT WITH ZERO

UNEXPECTED sin(2¢) DEPENDENCE

Frank Ellinghaus, JLab, May 2007
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THE GPD H, LoNG. TARGET-SPIN ASYMMETRY (LTSA)

= 0-4 T T T T T T T T = 0-4 T T T T T T T T
= HERMES PRELIMINARY % = HERMES PRELIMINARY
< e'p/d - e'yX (M, <1.7 GeV) <C e'p/d —» e'yX (M <1.7 GeV)
0.2 | (in HERMES acceptance) | 0.2 (in HERMES acceptance) |
) ® proton ) ® proton
® deuteron ® deuteron *
0
proton (WW tw-3, bv=1): proton (bv=1, bs=1):
- fac., bs=1 - Regge, WWitw-3 1
—  fac., bs=e A 1| e Regge, no tw-3
....... Regge, bs=co n -0.2 - fac., WWtw-3 .
- Regge, bs=1 — fac., no tw-3
-0.4 |- . -04 | i
= e e s |
_ \ ‘ \ ‘ \ ‘ \ . \ _ \ ‘ \ ‘ \ ‘ \ . \
0.6 0.2 04 0.6 0.8 5 0.6 0.2 04 0.6 0.8 5
-t [GeVT] -t [GeVT]

e NO EFFECT SEEN FROM 40% COHERENT CONTRIBUTION IN FIRST BIN

e DIFFERENCE AT HIGHER —t
— DIFFERENT ASYMMETRY ON THE NEUTRON WHEN COMP. TO PROTON

° A?}%M — DIFFERENCE DUE TO MISSING QGQ TWIST-3 IN THE MODELS?

A?}rz% — DIFFERENCE DUE TO LARGE sin 2¢ (WHILE sin ¢ IS SMALL) IN 7°
BACKGROUND (CLAS, nEP-EX/0605012)7

Frank Ellinghaus, JLab, May 2007
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