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Aim is understand dynamics of high energy scattering
in QCD
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0 test pQCD in transition regime soft-hard0 measure non-perturbative quantities (generalised) pdfs���� � � ��� �
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Vector meson production in 2 354
HERA regime: collisions of 27.5 GeV 6 with 920 GeV 789 : ; 9 < 8 8 =?> @ ;

and
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- virtuality of exchanged D E: ;GF H I ;F H JK H K LM ;

0 B

- D E 7 centre of mass energyBF J I N 7M ;

0 4-momentum transfer squared at the 7 ver-
tex

OF JP H P L M ;

0Q - Bjorken variableQ F R STVU W F R SR SYX Z S
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QCD factorization - two approaches
QCD - Breit frame
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NLO calculation available for_ `a

( D 7, DIS) and b (DIS)cd e f ShgR i jQ k JQml : ; M j ;on

cd p f SqgR i jr JQ sl Q ;l Ol : ; M j ;

Generalised PDFs build from PDFs
with skewing effect and

O
-dependence

Colour dipole - target frame

0 D E fluctuates in I tI + I tIu + ..0Lifetime of dipole very long because of
large D boost0Transverse size p < ` J : ; N v ;W wW Mc?x y{z JQml : ; M

=

|~}?� ;}?� a ��� J� l � l : ; M c ;�� �z� ��� JQml ll0 c � �z� � � from model (2-gluons, ..)
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XY View ZR View

Zeus Run 35700 Event 46950 date:   29-03-2000   time: 05:44:56Ze
V

is

E= 29.84 GeV =  7.59 GeVtE = 54.05 GeVzE-p =  0.00 GeVfE =  3.87 GeVbE
= 25.98 GeVrE =  1.53 GeVtp =  1.09 GeVxp = -1.08 GeVyp =-24.21 GeVzp

phi= -0.78 =-100.00 nsft = -1.33 nsbt = -0.20 nsrt = -0.34 nsgt

XY View ZR View

Zeus Run 35283 Event 24343 date:   19-02-2000   time: 05:00:20Ze
V

is

E= 23.61 GeV =  4.25 GeVtE = 46.32 GeVzE-p =  0.00 GeVfE =  0.49 GeVbE
= 23.12 GeVrE =  0.50 GeVtp = -0.06 GeVxp = -0.49 GeVyp =-22.71 GeVzp

phi= -1.70 =-100.00 nsft =-100.00 nsbt = -0.91 nsrt = -0.91 nsgt

Clean experimental signature

0 scattered 6 reconstructed in CAL
or beam pipe calorimeter (DIS)
or undetected ( D 7)

0 scattered 7 undetected

0 i.e. b �� X � � ,_ `a � �X � � (BR

� �

)
2 tracks reconstructed in cen-
tral chamber associated to pions,
electrons or muons in CAL
electrons can be reconstructed
in CAL, outside tracking accep-
tance

0 nothing else in the detector

���� � � ��� �
	 �� ��
 �� � � �
� � � � � � �� � � � 
 ��� ���� �� 
 �� � � �



Clean experimental signature -

� �
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Exclusive

_ `a
production

Kinematic range

0 ZEUS: ; e < 8 � ©

Aª 9 B9 C« 8

GeVH O9 <­¬ ª GeV

;

8¬ < ª 9 : ; 9 8¬ « GeV

;

(69 7 ® � s )C 9 : ; 9 < 8 8

GeV

;

(83 7 ® � s )A 89 B9 C C 8

GeVH O9 <

GeV

;

0 H1: ; e 8¬ 8ª

,

C 9 : ; 9 « 8

GeV

;

¯ 89 B9 A 8 8

GeVH O9 <­¬ C

GeV

;
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Exclusive
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production - dependence
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¸ vs in bins of

¹

b

W [GeV]

σ γ*
 p

 →
 ρ

 p
 [n

b] Q2[GeV2]
0.

0.47

2.5
3.5

6.0
8.3

13.0

27.0

δ  (± stat.)
0.16±0.06
0.12±0.03

0.33±0.05
0.38±0.05
0.56±0.10
0.52±0.09
0.46±0.10

0.88±0.28
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ZEUS (Prel.) 96-97 ρ
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0 General transition to hard behaviour at high values of

: ; N v ;
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4

40 < Wγp < 160 GeV H1prelim.

0 } c `} O p 6 ¼½ , for

j O j 9 <

GeV

;

0 } c `} O p 6 ¼½

0 b related to transverse size of the interac-
tion ¾ t¾- 7

0 no dependence of b from

: ;

,
interaction dominated by size of 7
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0 General transition to small configuration at high values of

: ; N v ;
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Exclusive VM production - effective Pomeron
trajectory
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Exclusive VM production - effective Pomeron trajectory
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comparison with QCD models

Martin, Ryskin Teubner
Frankfurt, Koepf, Strikman
Gotsman, Levin, Lublisky, Maor, Naftali

models differ for

0 assumptions on ¾ t¾ wave function

0 corrections applied to LO calculations

0 assumptions on GPDFs

0 large uncertainty in normalisation
0 models describe qualitatively data

0 rise of c with

B

related to increase in gluon
density at lowQ
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Exclusive Î - comparison with models
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production - comparison to different
PDFs

0 strong sensitivity to generalised gluon distribution0 could the data be used to constrain gluon density?
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VM at large

Ö

: BFKL dynamics

t

x

γ

p

V 0 BFKL evolution driven by termsÊ �¢× Ø?Ù � J B ; ` j O j M

0 At high t, proton mostly dissociates

0 BFKL-based models reproduce the trend
of data (but NLO missing)
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BFKL dynamics
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VM at large

Ö

: BFKL dynamics
ZEUS

ZEUS 1996-97                  (a)
ZEUS 1995

fit with (−t) (-n)
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Decay angular distributions

Helicity anglesÝßÞl º Þ - angles of decay particle in the meson
rest frameà

- angle between scattering and production
plane

Angular distributions are related to the spin of D E and meson
Angular distr. � spin density matrix elements� á ��â � helicity amplitudesãåäçæ è äåé

���� � � ��� �
	 �� ��
 �� � � �
� � � � � � �� � � � 
 ��� ���� �� 
 �� � � 1¿



��� � �� � � � � � � � � � � �� ¦ ��§ 	 � � �� � �

DECAY ANGULAR DISTRIBUTIONS

Spin Matrix Elements

s-channel helicity conservation (SCHC):

0 the VM retains the D E helicity.

êF c d ` cë is related to the spin density
matrix elements� ì Åì ì (good approximation).

pQCD:

0 during the interaction, the orbital angular momentum of the I I can be
modified through the transfer of transverse momentum carried by
gluons;

0 the helicity of the outgoing vector meson can be different from that of
the incoming photon, helicity flip between photon and meson is
possible.
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VM at large

Ö

: BFKL dynamics

0 O

dependence well described by BFKL
models

0 but BFKL models unable to describe� ì Ås ì

0 progress expected
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Summary

0 Experimentally much progress has been achieved,

í high precision in wide kinematic region

í increased statistics at high

: ;

will help (700 pb � s expected at
HERA II)

0 Theoretically chance to investigate the QCD dynamics in the
semi-hard regime,

í the overall picture looks correct

í large uncertainties

í full NLO calculations are missing
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