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Motivation

confinement of color: the most important open problem in QCD

- still not possible to calculate bulk of hadronic processes by first
principle if the reactions are soft, i.e. distances and strong
coupling are large: 0., O,.stic AN Oics,

- at large distances confinement changes radically the pQCD
radiation pattern

- in high energy hadronic scattering hard diffraction deliver class
of events where an initial hadron may stay confined = hope to
learn about fundamental properties of binding forces

strategy

- study the structure of hadronic interactions and identify here
kinematic ranges where pQCD dominates: transition soft=>hard

- explore asymptotic behavior of high energy interactions
- measure new non-perturbative structure of hadrons (GPDs)
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HERA Experiments @ DESY

Hl, ZEUS:

- = <= p
27.5 GeV 920 GeV

== Eliiroee 0 oo

= high parton densities!
HERMES:

long. pol et on internal gas
target: H, D, He, N, Ne, Kr

Js =7.56eV
- spin and A dep. quantities

== Droyrs

= powerful probes of QCD
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Diffractive Vector Meson Production at HERA

elastic (or exclusive) proton dissociative
2 ' '
C Q C C C
y*
VM VM
p V= p' P Y
t
Experimentally: very clean processes in wide kinematic range
Q? v* virtuality 0 < Q?< 100 (20) GeV?
W,, c.m.energy of y*p system 20 (4) < Wyp < 300 (7) GeV
t 4-mom. transfer squared at p-vertex 0 < [t| <20 (1) GeV?
VM Vector Meson PP, w, o, J/yp, ¢', Y

—>simultaneous control of different scales: Q2, |t|, M2,
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Models for Diffractive VM Produc'riozn
VDM: YA Jz VM
1. photon (y*) fluctuates into VM })/M

= VM retains y* helicity (SCHC) (P, W, @)

2. VM scatters off the incoming proton
- elastic photoproduction (Q2 ~ 0) of light — U
Vector Mesons (VM) is a soft process P p

+

—
N
A

Regge model (soft diffraction): O -

analytic theory of hadronic

scattering described by the

exchange of collective states: linear

trajectories in the spin-energy (o-t)

plane,

o;(t)=0;(0) +a;*t (j= mw, P, R)

t = M2 [GeV?]
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Regge Theory and Experimental Observations

in diffractive scattering (soft process):
J weak energy dependence of cross sect.: o [1 5702
O very small scattering angles = exponential dep. : do/d|t| 00 e-bW)- Il

d b slope increases with W = shrinkage: b(W) = by+4a'.- In(W)

6 1 s2@pO-D

> successfully parameterized by Regge trajectories, O;(t) = 0 (0)+0';t
- soft Pomeron exchange: op(t) = 1.08 + 0.25:1 (Donnachie-Landshoff)
0p(0) = 1 + &= "intercept”, determines the energy dependence
Of gtot (D o-(xp(O) -1= s) anhd O'el, o-diffr' (D 525)

o'p = “slope”, determines the growth with energy of the transverse
size of the interaction (= color radiation cloud)
and reflects the s’rreng’rh of binding forces

— characterizes the confinement forces in QCD :

b ~ Rir\’r2
access to O'p only in diffraction

Xth Blois Workshop Uta Stésslein - Review of Vector Mesons and DVCS 7



Models for Hard VM Production

In the presence of a hard scale = perturbative QCD applicable
In the target frame, VM production is a 3-step process:

1. Y* - qq oscillation \/\/\/\/\/@ 5?’ C

2. qq scatters off the proton by two-gluon "
exchange (at lowest order) in colour singlet state

3. VM is formed after the interaction

[E

p p
— U
If dipole size r = 1,[z(1-2)Q? + m, ] is small
(large mq or y* at high chs = qq pair resolves gluons
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Elastic VM at Hard Scale: pQCD Predictions

Gluon from F
1. fast rise with energy, W2(®p(<1>)-1) ; . scaling violations

o, 0 02 Q) /Q°" [xg(X, Que)IP= [x 02 = WO
(use x= Q2/W?2 at small x)
- fast increase of g with W2
> Q2 dependence slower than 1/Q°

2. universality of t-dependence: ~ e-bzltl
> b,, ~4 -5 6GeV-2independent of W = a'p = 0 in 2 gluon approx.
> BFKL LLA: a'p<0.1 GeV-2 = weak dep. of b on W only

3. approximate restoration of flavor independence at large Q?
P w o  Jpy= 9 : 1(08) : 2(1.2) : 8 (3.4

= confront models with data
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Experimental Signatures
H1 DETECTOR: vp — J/9Y event

ZEUS DETECTOR: ~*p — p'p event

B lilii=—

|| . ' Hﬂﬂi_—:= |
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Elastic VM in photoproduction (Q2 = 0, |t| ~ 0)

3 Fr
= 1
—~ A
e ey [TV
<05 L |I ' gw
(. n
E 107 F —
Mym
102 |
-
10 | -5
F o ] Q.
[ ® H1 Preliminary ] W v
- ® HI1 qp(qg) 1
1 LA ZEUS -
fixed target H ]
10_1 l 1 1 1 11 1 lll 1 1 1 1 l’l"lll
1 10 10°
W,, [GeV]

"
o

— change of regime with mass of VM at Q?
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Elastic p° Mesons in yp

p measured in forward proton spectrometer

i I vertical, horizontal FPS stations

Beammagnets

o' 80H S4H l—
I %I
Izl::n_I 100 a0 [ 70 an ] 40 a0 20 [ “ﬁ

o 50
N [ [ ]
g 45 - e H1 FPS Preliminary fl"' dO’/dT |:| eb*
4\ . -
o 40 - o fixed target o r
5 * ’ > 14 -
3B - o H1 é’ 12 £ |
I u a F ‘ F ~$
30 o o 10 ; ﬁ) + 407 —O— <_<<<>77_ hd
’ 8 1852 N
25 - 6 ‘ ® H1 Preliminary
I s 0 H195
2T 4 b A ZEUS 97
15 , 2 O fixed target ¢ ZEUS 96
L 0 E L ! |
) 10 100
S W/GeV

T e L b, 0 In W
fit o 0 WO-22 = according to Regge model
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Elastic J/y Mesons in yp

'~ 225
fast rise with W? o
ZEUS : 8 = 0.69 + 0.02(stat) 3
+ 0.03(sys) 175
H1: 3=0.70+0.08

L50

1Z5

pQCD based models reproduce the

data with My, as hard scale i

75

determination of
gluon density

50

H1: vp — Jyp

e H199-00 J/y — p*i (prelim.) 5
o H196-97 J/y — e*e (BRcorr.) I
& ZEUS ’

= E401

o E516

— FMS (CTEQ4L, A=4)
- MRT (CTEQSM)

g, [ [xG(x, Q) - MRT (MRST99)
alternatively to DGLAP W= am gm om g [,;g,]
= but deconvolution of xg from data still not possible
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b(W) (GeV™?)

Elastic J/y Mesons in yp

b slopes
ZEUS

P trajectory

™ —=Myp
= ZEUS 96-97 Jhy — u'w
« ZEUS99-00 Jiy —e'e

35

1.6

ﬂlp[t}

14

1
A7 - 0.8
35
3
30 100 00
W iGeV)

=> pointlike interaction

=> “soft” Pomeron alone excluded

ZEUS

06 -

b — Jyp -
= ZEUS 96-97 Jiy — 'y

» ZEUS 99-00 Jiy — e'e

o H1

- DL soft

m(0) =1.200:+ 0.009 57

. +HL0E 2
o), =0.115+ 0.018"77° Gey i

-15 -1 0.5 0,
t (GeV™)
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W

Diffractive ¢(2S) Mesons in yp

Iy
ratio R = 0,55 /o\ﬂﬁj/wf sensitive to radial o
wave function of charmonium s
QCD predicts R ~ 0.17 do/dt(yp—¢p)  do/dt(yp — YY)
- Untagoed _ Tagoed
g ! ' T E ay Jjd — £ + H1 Iljata E t::'-f.-"“-' I.!'!' I ¢H1IData
8 0.25 e H1 Data ] o = = i
§ —  Fit W " —pdiss. ] "OE — elastic ]
o) A nen-res. -res,
e |t1||Ge‘.f’| ‘ 1 : ’ 4|t|IGe‘.f7ia
1 E cjlt'lZ:Z.H'Zl i £ E L‘;Zn'iz
0.1 -~ Hfneretal. . e EN AR
I - Nemchik et al. | 10 F 10" b
40 60 80 100 120 140
W, [GeV] 0’
T — w'z\
L IR T B - R |t1||Ge 2 1 ? ¥ :1|t|IGE‘."2|

= production of y(2S) suppressed

=> energy dependence similar to J/y: wave function + QCD o.k.
= t-dependence of @(2S) similar to J/y
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H 3

a(y p—=J/yp) (nb)

Elastic J/y Electroproduction

[—
=]
(]

[
—

10

10

= J/y production “hard” process
2 pQCD models using xg ~ o.k.
. but new level of prec. of datal
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Elastic p° Electroproduction

W dependence : fit o(W) O W?

o 1.6

0(Q%)

1.4

12 |

1

0.8

06 |

04 |

0.2

0

H1 p production

e H1preliminary

- o H19% no saturatjon yet
~ ZEUS 96-97 prel.T 1

-« H1JY -

1 % ]

.

i 1Ty .

e

I % I B

e ot poreron

0 5 10 15 20 25 30 35 40

= J increases with Q?

= for p: high Q> possible hard scale!
.. but also for ¢?

Q° [GeV?]

Crotan D

Gy s pp MO

2 wrdy [ L gtat )
Ujuwey | U L St )
a0 _ 1L N
107 ¥ - U, LUV U
047 35+1—"—7 0.1210.03
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0 0.3320.05
25 P P LLAGH un | K | ]
S = T e
3.2 pp— _ NS L 1
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0" 60 i"’_:_-.-r 0.5210.09
* _._._—f__.—_.-—-— 0.4610.10
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m ZEUS Y94
v ZEUS 95
-1 & 7FEI1K (Pral 0607 n
10 S AR RS AT
o 25 50 5 100 125 150 ir5 200 225
W [GeV]
FRELIMINARY
'Y
107 O HERMES __E__‘EI;&,__*.----WO.ZZ
- f—i.""‘g-%hm*{" W 5
102 . 25 - O 55
13 g l.l,lj—"i{_,.a—*" W .
L B
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Elastic p° Electroproduction
Q? dependence : fit o(Q?) O (Q% + M2)™

Hl p electroproduction

i
o

o

o (yp—pp) [nb]

—
o
1

10

10

PQCD: o, O a2 /Q¢- [xg]?

ia

® Hl preliminary
o HIl 96

ZELIS 95

10

Q" [GeV]

o<

o

LZEUS

®® ZLEUSPrel)%697p
A ZEUS9]
BN YEUS95

G e V(1+Q7/MY)"

4
;
]
%

Q=2 GeV?
e o ® o
h=1.89+0.03 h=2.72H).03
5 o s 20 ) EIIJ

QO (GeV™h)

- steep rise of gluon density expected to weaken 1/Q° dependence
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b(Q?) in Elastic Electroproduction: p vs J/y

H1 p production ZEUS
o 14 i T ] i i0
2 e Hlpreliminay | > v zevsene o Y P I
) i | = 8 H1DIS <W> = 90 GeV
= 10 | o H196 1 < ‘ H1PHP
- i ]
[ P s H194 = 6 _
i ¥ 3 - L4
10 | ZEUS - 4 * ¢
i * HlJ/l.IJ 1 ]
. % ] J/yp
L % $ N ﬂ
: : 0 5 10 15 20
. | : % % ] Q* (GeV?)
- ! f
J/y 4<D } 1 ZEUS: <b> Ty~ 4.3 +0.2 GeV-?
'soft — hard
T T T RO A SO N O RO EN N N S
2 0 10 20 30 40
Q" [Gev?]

= slope b, decreases with Q> : b, & by,, at high Q?
= universal |t|-dependence if scale (Q? or M?) is large
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Universality of VM Production?
VM cross-sections scaled by SU(4) factors:

PP w:@:J/ P =9:1:2:8 .. more precise look
E 10 4 Py g K pprel.  ZEUS data | |
e H1 ZEUS c B x9/2, prel. a KKk
— M 2102 % J/Y(uu)+9/8 ; 5
S A, P . o A T T e |
1 \‘ s | ¥ ’ Q+M*=9.6 GeV? |
- % O (prel) . & — ‘
. 5 “.\% Jhy s o ) W (Gev)
— 10 T 5102F ———— \ =
e ﬁ_‘*i S te pprel ZEUS dota
o . ® S | & J/ys9/8, prel. 4 ‘1:
+ ?%1; § 7 f ° + * f T T |
B L ‘ 8 t QP +M?=12.7 GeV?|
N “_E’_L-‘ . O L
g 3 107
] =5 Sk |' | . W(cev)
:..—lo.s LR Al * ‘ 2 ZEUS dato
Sos .61 O Fe p,prel
0" "o 8 [ 9/yr9/8 prel . $ m
: o | ' |
‘ (M) [GeVT] W =75 GeV g } t P Q=256 eVt
2 2 2 | | AR |
1 10 (Q*M,?) [GeM?| 10 W (Gev)

= no simple universality for VM if Q? + M? is used as scale
= naive SU(4) may be altered by VM wave function effects
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Universality of VM Production : Ratio oyy/0;+

_ a(yxp —>J/Y¥p)/0(y*p)

(-

ZEUS preliminary

U /l.lJ Q2+M?2
':02+sz,”4 4 GeV2
’|L
) } =
0.3040.11 i#ﬁ'+ I + 2.4 E‘E
0.27+0.13% b1 i 5
p 3
k ! a
|'0.2s|:t0.25. l # 3.18 )
M NN o
-3 | | Ko
'm.;lln 24 4 1 ©
0.2040.2 | .
.
|
|
0.71+0.26 * } T 5.4 v
7
10
W(GeV)

-1
1M
[ ¥)

ZEUS preliminary
(o)
X' /ndf(constant rotio)
FaY N Sa S
Q7M7) /4 (Gev
naoa S —— M 16
0.9 ——a .10
e > 0.27
0.3
05’ > g 1.02
e 1 o2
. 1
' T o oLor 277
04 y¥—v T —7F e L
= I ] 1
-— r A M~
0.2 = AU
%ﬁr 6.90
0.5

2
10
W(GeV)

= clear W dependence of o;,,/0;,;
= W independence of o,/0,,, cannot be explained by pQCD or Regge
.. but pattern similar to inclusive diffraction ..?

pQCD:
oy [ ¢/Q8 |xG(x,Q?))?

O\/ Oy 0 Wb

Regge:
o, 0 W4@O-1)

O\/C O W20 -1 /p
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Proton-Dissociative VM Production in yp : High |t|

high-|t| domain: little explored so far
at high-|t|, proton dissociative production dominates :

do
Vip - J/APY at Q2 ~0 d|t|
10°

elastic:

/ ~ 4l

102_

proton dissoc.:

1L
10 / ~ o061t

10

| | | [
»

3 4
t| [GeV?]

= study proton dissociation to investigate high-|t| dynamics
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do/dt|(nb/GeV ?)

VMs at High t

ZEUS
4
10 :
3 fitwith (™ o zEUS
0°F & ZEUS 1
2 .
10 p e . n=3.21 40
10 e o .
N
1_1 'p —pY §
0 1 2 3 4 5 6
1N 3 - T O 4 ane ne Fiy
iU = Lous 1556-57 (D)
10 £ :_Eua 1930
-y n=2.7 +IJ1{¢;TRT'I+[] dl‘;\r";rl
10 "
1 ¢ " s —
- o
10 P — oY
o 1 2 3 4 5 8
5 s ZEUS 1996-97 (c)
10714 \ ZEUS 1995
. Ay n=1.7 +0.2(stat.) +0.3(syst.
0 || fan70sial) 03
1 J/(p A
1 yp = JPY
10 = :
0 1 2 3 4 5 6

-t (GeV?)
= power-like behavior

o
10 e Data H1
]
8 —  PBFKLLL (fixed o)
= - = BFKLLL + NL (fixed o)
1006.97 (a) E 1 BFKLLL + NL (running o)
995 :‘;_l DGLAP LL
.04(stat.) +0.15(syst.) Ei—
=
- ;m =
7 9 10 ©
t(Gev? ©
-2
10
P v
2 10 20 2
H1 : n=3.00+0.08(stat)+0.05(sys) t| [GeV?]

dependence at large |t|

- ao/d|t] ~ ()" (not exponential)

- described by BFKL-type behavior
- large |t| may provide a hard
scale to apply pQCD
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VMs at High t : o,/0, and SU(4)

FEUS
ol 0.4
2| na3s
(p ::HH — 12x2/9
| D25 + * -
ole= 0.2
2| ois +¢_t*+++
0.1 # ZELIS 199597
nns - o FELS 1995 I
0 1 23 4 5 2 7
-'-E_ S5+89
Ll 10 fE}
e 35%8'9
L i . 84
— | . * .
e L ] i ° ° °
Jle 3", i , 2 indication of
2210 F 3 N ; flavor independence
) 3 - } ¥ .
° 1 g e of VM production
'ID 'd' I 13 2 Z3 3 315 4 4% 3 53 Iﬂ a* high T?
0 1 2 3 4 5 g 7
-t (GeV )
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VMs at High t : t-Dependence of W and «’p

FEUS
— 107 —
o= K O yp—p'p ZEUS [D=—t<0.5GeV2
< » H1 - p—p°p . )
- B 2<|tf <5Ge & U Op—p'p ZEUS+H1+OMEGA (0 <—t<0.95 GaV 3
;‘“ ® S5<|t|<10 GEVEE a Orp—¢ p ZEUS+ow anargy exp. (0 <—t<1.4 GaVv %)
2 ¥ 10<|t| <30 GeV D4 Ap— Jyp ZEUS [0<—t<1.34GaV 3
- ®yp—p°Y ZEUS(1.3<4<62GaV")
’I‘ 10 0.3 Byp—¢ ¥ ZEUS[1.3=<-t= E.EGEVEJ
% A o =0.25 GaV ™"
© 0.2
0.1 :ill'"
1
D_ +
n
— BFKLLL (flxed o) -0.1
3 = - BFKLLL + NL(flxed o)
10 iy
DGLAP LL Dok
| |
50 100 200 i) 1 2 3 4 5 B
Ww [GeV] —t (GeV )

= W-dependence doesn't change with |t|, described by pQCD
= t provides a hard scale

> wp(t) ?
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Pomeron Trajectory in Dependence of |t|

ZEUS : Pomeron trajectory in y*p > J/yp same as in yp 2> J/yp

s [ 7P — J/¢¥p:
5 T« Hlyp — J/¥ p (prelim.) ) ! -
[ fal Hl -\n} _}J}II_IJY ([}I"E]illl.) rr:’: (].’.Hl — 0.1:)—1 :I: 0.0:)—1 :I: 0.(_]2-3
14 & ZEUSyp - J/¥p 1 ahpus = 0.115£0.018 5 0s

““r! : ." _ ' Y
f},* aH_}ft = 0.25

= moderate shrinkage seen

0.8 —ay=120-015Gev iy | TP J/YY:
- - o= 117+ 0.01 GeV ] ! N B -
0.6_— w0 (=120 - 0.12 GeV -E_M 1 a1 = —0.013+=0.007 = 0.007

Lol 1 Lol 1 Lol
10 1

10 = shrinkage consistent with zero
" 5 g
t| [GeV 7|

= change of production mechanism? BFKL?
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Proton-Dissociative p° Electroproduction

b(GevV?)

12

10

LEUS

Q°=0 LEUS 94
0°=0.5 GeV> ZEUS 95
Q% 2 Gev® LEUS 9697 (prel)

e ep—epp (ltl <1 GeV?)
* A ep—eYp (Itl <2 GeV)

ﬂi#i#

i

IE*’(GE\F}W

1

(do®=YPdt) /7 (do™P T FPidt)

0.4

0.3

02|

0.1

0.4

0.3

0.z

0.1
0

ZELUS
¢ FJEUS 9697 (prel.)
i 4 | l
1 | + |

t=-0.06 { GeV’)

N

¢
t=-0.22 (GeV")

2 4 6 8 10 12 14

16

18 20

Q" (GeVY)

- factorization holds at proton vertex at low |t]| :
probability of proton disscociation is independent of projectile
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Exclusive p° in y*p : Helicity Studies

angular distribution of p > nm decay gives information about helicity

amplitudes Ty 5, via spin-density matrix elements : test SCHC

~T01 H1 p electroproduction

wn DE
= . . 2
ol e H1 diffractive Q®> 2.5 GeV®
+ oH1 elastic Q*> 2.5 GeV?
it AZEUSM, <4 GeV Q%> 3.0 GeV’
D.4
N
D
ILo.2
7
o
Y, —— pQCD based model
e P SCHC
D ................................................................... —
a)
D 0.5 1 1.5 2
t' (GeV?)

- single-flip amplitude significant at high t

~T01/T1-1 H1 p electroproduction

1 1
o+ 2 K1
[ e |
[}

e H1 diffractive Q%> 2.5 GeV?
21 oH1 elastic Q’- 2.5 GeV?
AZEUSM, <4 GeV Q°>3.0 GeV’

~ 0w
N
I
N
A
172
8-0.2
o
©
— pQCD based model
....... ECHC b}
0.4 0.5 1 1.5 2
t' (GeV?)

- single-flip » double flip amplitude

< measurements well described by pQCD model of 2-gluon exchange
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Exclusive p° and ¢ in y*p : R = o, /0y

IL

assuming SCHC + knowledge of ~* polarisation: R = — =

O'T_

L o
el—r83

15 H 1 and ZEUS Diffractive pn Electroproduction (1H)
b|— n:';m E L R R R T T T T !C_ ¢ Dixns
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= rise of R with Q2 af
*
= same W-dependence for 1 1S 9597 (et
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Exclusive p° and ¢ in y*p : o

HERMES PRELIMINARY

< 10 F <% =23GeV? “0%==4.0 GeV? o T & Q! = 3.8 CeV
e F i . + 0 [
= - . £ W
:; i ] T 3|
_ p - NI
T 1 3
-1 L
10 E r
o, 8
:}‘ B r
- $ HERMES 40
@] ¢ E66S 3
!!.I LAl IIII [ | [ | L1 1 sl 1 1

10 168 10 10°

W [Gav]

10!
W [GeV]

[Cuichon, Guidal, Varderhaegen, Phys, Rev. D 60 (1999), 004017; private communication 2001]
GPD calculations: o quark exchange mechanism dominates or,(y"p — pﬂp)
o 2-gluon exchange mechanism dominates o (v*p — ¢ p)

Xth Blois Workshop Uta Stésslein - Review of Vector Mesons and DVCS



DVCS : Introduction

DVCS : | Bethe—Heitler

elastic production of real photon
do O |t pyesl? + It aul?2+ |t*sves tanl + |toves Ten®|

DVCS : QCD process - sensitive to underlying dynamics
Bethe-Heitler : QED process > background and interference

H1,ZEUS : high Q?, small x & DVCS > BH =» DVCS cross section
HERMES : low Q?, medium x = BH > DVCS = DVCS asymmetries
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DVCS : Models

GPD based models | Color Dipole based models
e T W
dominant at low x a v !
1~ [ Llerxo)o(xe.0) A~ [w ow
X

«Donnachie and Dosch

« Forshaw, Kerley and Shaw

o WMeDermott, Frankfurt,
Guzey and Strikman

« Frankfurt, Freund
and Strikman
e Freund and MeDermott
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DVCS : Experimental Signatures

BH

Dﬂﬂ;ag.

il

control sample

signal sample

Events
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DVCS : Cross Section vs W

ZEUS
— T T T T T T T ‘ T L
2 ® ZEUS 96-00 ¢"p (95.0 pb)
= [ — wfit
a
a )
2 2
2_10 P @(GeV) 049025
"> — 20
' e - H1 ”
6.2 0.83 + 0.24 =" . [ DVCS (FFS)
& 45 | O Dvcs(DD)
I_ F Q% =4.5 GeV® e
9.9 e E [t < 1GeV? T
o - .
0.77+0.28 10 E .
(s ; 5 F
18.0
| 1 0 :IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII--IIIII
] I I 1 Co | 2 L L L 25 50’ ?5 100 125
10 10 W GeV
W (GeV) [ :

=> W dependence matches W°-7 behavior of hard VM production
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DVCS : Cross Section vs Q?

alyp — 7p) (nb)

-k
=]

— L | L | L | LI
2 L, ® ZEUS96-00e'p ]
~ 10 Q O H197e'p -
Q. - 00 DD .
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iy S
10 T 3
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10 -2 I | I I | | I T | | | I |
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Q? (6eV?)

-
=

—

ZEUS

® ZEUS 95-00 e"p (95.0 pb!
P f,  ZEUS 95-99 e‘E E1 BT En“g
— a7 fit toe*p data

e*p: n=1.54 £ 0.07(stat.) + 0.06 (syst.)

‘! FMS MRSTM) biQ)

i) == FFS [ALLM) b=4.9 Gev"
----- FMS (MRSTL) b=4.9 GeV ™
FMS (MRSTM) b=4.9 GeV™"

W =89 GaV

10 20 30 40 50 &0 70 80 90 100
Q? (GeV?)

2 fit Q2" : n = 1.54 + 0.07(stat) + 0.06(sys)

2 Q? dependence well described by GPD or color dipole based
models (integrated over experimental t range)
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DVCS : Beam Charge and Spin Asymmetry |
=> explore BH-DVCS interference term

=> BH suppressed in asymmetry measurements
=> BCA and BSA : access to full amplitude

beam charge asymmetry > e*-e-
Ac ~ Re (BH-DVCS*) cos &
1.1? 0.6 I

0.2

04 |

0.6

e’ T ¢/
\/\M /
e /’

®: azimuth between yy*
and e scattering planes

beam spin asymmetry - pol. e beams
ALy ~ sign(e) - Im (BH-DVCS*) sin &

e'p—efyX  (M<17 GeV) <
& HERMES PRELIMINARY

— P1+P2cos

P1 = -0.05 £ 0.03 (stat)
P2 = 0.11 + 0.04 (stat)

e*p—e’yX (M<17GeV)
G g HERMES PREL. 2000 (refinen)

— P14+P2sinj +P3 sin2g

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

-3 -2 -1 0 1 2 3
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DVCS : Kinematic Dependencies of BSA

Q2

= = Zo
=2 3 £33 - - I
Ef' 06 Ep—e'yX M < 1.7 GeV o 06 - Ep—eyX M <1.7 GeV 'ﬂ:" 06 - &'pse'yX M, < 1.7 GeV
0.4 ! HERMES 96/97 PRELIMINARY 04 | HERMES 96/97 PRELIMINARY 04| HERMES 96/97 PRELIMINARY
: (Xg) =0.11 (1) =0.25 GeV* - (Xg)=0.11 (@%) =2.46 GeV’
0.2 0.2 |
u -

- ()=0.25GeV’ (Q°)=2.46 GeV
0.2 |
L | . |
0.2 + + + '
04| {

: NI R

0.4 -
—— — ~T W Eem—m——— 06 |
1 2 3 4 5 7 B g i 0.2 0 0.2 0.4 0.6 0.8 1 P BRI S - -
Q?[GeV 1 [GeV]] 005 ©01 015 02 025 03
Xg
= no significant dependencies on kinematic variables
= HERMES results limited by t-resolution :
recoil detector upgrade (2005-6)
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DVCS : Beam Spin Asymmetry for d and Neon

deuteron Neon

508 - =08
o i e*d—e*yX (Mx<17GeV) < i g*Ne—e' yX (Mx<17 GeV)
L HERMES PRELIMINARY 06 HERMES PRELIMINARY
04 | —— P1+P2sin¢+P3sin2) o - — P1+P2sing +P3sin2¢
0.2 0.2
0 0
0.2 | 0.2 |
04 | 04 |
: P1=-0.04 +0.02 (stat) : P1= 0.00 +0.02 (stat)
06 | P2 = -0.15 +0.03 (stat) 0.6 | P2 =-0.22 +0.03 (stat)
i P3 = 0.03 +0.03 (stat) i P3 = 0.04+0.03 (staf)
08 08 |
<t == 0.20 GeV?, <xg> = 0.10, <Q@”> = 2.5 GeV’ <t > = 0.13 GeV?, <x,> = 0.09, <Q°> = 2.2 GeV’®
-1 PP BN ENETET B AP E A B | EPETETET A -1 P P B B le v o vl v vy )y
3 2 A 0 1 2 3 a0 2 - 0 1 2 3
¢ (rad) ¢ (rad)

= sizeable BSA for d and Ne
2 ratio A 9/A, P = 0.74 + 0.24
=> needed : disentangle coherent and incoherent contributions
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Conclusions

o Experimentally much progress has been achieved with high precision
data in large kinematic region

¢ Theoretically the overall picture looks o.k., but
- uncertainties still large
- full NLO calculation are missing

e Scattering subprocess at hard scales understood in ferms of pQCD
=> explore 6PDs = map of the proton wave function
Can we achieve the same level of understanding here as with FF?
.. more precise data (polarized and unpolarized) needed...
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... and Outlook

For the near future:
- increased statistics of VMs at high Q2 will help (HERA II)
- H1 and ZEUS with e-beam spin rotators and e*
= study DVCS interference effects at the highest scale
- DVCS studies at COMPASS (commissioned in 2001) and HERMES

For the near+X future:
- improve detectors for diffractive measurements
(Hermes recoil detector; EIC, HERA III..)
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