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Motivation

� Vacuum – e x ch an g e  i s  co mp l i cat e d .  B ul k  o f  h ad r o n i c 
p r o ce s s e s  n o t  cal cul ab l e  f r o m f i r s t  p r i n ci p l e s .  U s i n g  h i g h  
e n e r g y  h ar d  d i f f r act i o n e v e n t s  w e  h o p e  t o  l e ar n  mo r e  ab o ut  
t h e  f un d ame n t al  p r o p e r t i e s  o f  s t r o n g  f o r ce .  

� S t ud y  p r o p e r t i e s  o f  t h e  s t r o n g  i n t e r act i o n  an d  i d e n t i f y  
k i n e mat i c ar e as  w h e r e  p Q C D  i s  ap p l i cab l e :
L o o k  f o r  s o f t - >  h ar d t r an s i t i o n s  us i n g  t h e  s cal e s  Q 2,  M V

2,  | t |      
- S t ud y  o f  e n e r g y  d e p e n d e n ce i s  an  i mp o r t an t  t o o l

� D i p o l e  s e p ar at i o n  ~  [ Q 2+ m q
2] - 1 / 2

D o  w e  o b s e r v e  s cal i n g  i n  [ Q 2+ M 2] ?

� E x cl us i v e  VM  ch an n e l  al l o w s  s t ud y  o f  h e l i ci t y  s t r uct ur e  us i n g  
d e cay  an g l e s .   D o  w e  s e e  h e l i ci t y t r an s f e r ,  un i v e r s al  s cal i n g   
b e h av i o ur ,  VM  s t r uct ur e ?

E x cl us i v e  Ve ct o r  M e s o n s

I n v e s t i g at i o n  o f  v acuum- e x ch an g e  p r o ce s s e s
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� Experimentally clean process

� w id e k inematic rang e

V M                       V ector M eson               ρ , ω, φ, J / Ψ , Ψ ’ , Υ

W 2 =  ( q + p) 2 γp C O M  energ y             2 0  <  W  <  2 9 0  G eV

Q 2 =  - q 2 =  ( k - k ’ ) 2 γ *  v irtu ality                 0  <  Q 2 <  1 0 0  G eV 2

t  =  ( p- p’ ) 2 4 - mom.  transf er           - 1  <  t <  0  G eV 2 ( exclu siv e)

at p v ertex               - 3 0  <  t <  0  G eV 2 ( p.  d iss)

Vector Meson Production at HERA

H ER A  - >  simu ltaneou s control 
of  d if f erent scales: Q 2, t, M 2
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VMD and R e g g e  T h e o r y

γ∗
VM

VMD o m i n a n c e :

� p h o t o n  f l u c t u a t e s  i n t o  VM 
b e f o r e  i n t e r a c t i o n                  
( VM r e t a i n s  γ∗ h e l i c i t y  S C H C )

� VM s c a t t e r s  o f f  p r o t o n  ( s o f t  
i n t e r a c t i o n )

R e g g e t h e o r y :  

S u c c e s s f u l  p a r a m e t e r i s a t i o n  o f  s o f t  p r o c e s s e s  b y  R e g g e t r a j e c t o r i e s    
αIP( t ) = αIP ( 0 ) + αIP’ t    s o f t  p o m e r o n  αIP ( 0 ) = 1 . 0 8 ,  αIP’ =  0 . 2 5  G e V- 2

� I n t e r c e p t  d e s c r i b e s  w e a k  e n e r g y  d e p e n d e n c e  o f  c r o s s  s e c t i o n      
σσσσ ~ Wδδδδ δδδδ ~ 0 . 2   δδδδ =  2  ( ααααIP( 0 )  – 1 )

� S m a l l  s c a t t e r i n g  a n g l e s         d σσσσ / d t ~ e b ( W ) t  

� s h r i n k a g e      b ( W)  =  b 0 +  4 αααα ’ l n ( W/ W0 )
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Dipole Picture in Proton Rest Frame

� γ∗ ->  q q  ( w a v e  f u n c t i o n

� q q s c a t t e r i n g  o f f  p r o t o n

� V M  f o r m e d  a f t e r  i n t e r a c t i o n
r

� γ∗ ->  q q  ( w a v e  f u n c t i o n  p a r a m e t e r i s a t i o n s e x i s t  D G K P , N N P Z  e t c . )

� d i p o l e  c r o s s  s e c t i o n  f r o m  p r o t o n .   L o w e s t  o r d e r  c o l o u r  s i n g l e t  
e x c h a n g e  2  g l u o n s .  

� r :  t r a n s v e r s e  s e p a r a t i o n  o f  d i p o l e s  r  ~  [ z ( 1 -z ) Q 2+ m q
2] - 1 / 2

� L a r g e  Q 2 o r  m q
2 s m a l l  d i p o l e  r e s o l v e  s h o r t  d i s t a n c e s  ->  p Q C D

� L a r g e  d i p o l e  ( s m a l l  Q 2 a n d  m q
2)  ->  n o n -p e r t u r b a t i v e

z

1 -z
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pQCD pr e d i c t i o n s

σL | t = 0 ~  αs
2 ( Q e f f

2 ) / Q 6 |x G ( x , Q e f f
2 ) | 2

M R T :  P h y s .  R e v .  D 6 2  ( 2 0 0 0 )  1 4 0 2 2 .

F K S :  P h y s .  R e v .  D 5 7  ( 1 9 9 8 )  5 1 2 .

1 . F a s t  r i s e  w i t h  e n e r g y  f r o m  r i s e  o f  g l u o n  d e n s i t y  W ~ 0 . 8 [  W 2 ~  1 / x ]                          
Q 2 d e p e n d e n c e  s l o w e r  t h a n  1 / Q 6  d u e  t o  x G

2 . L o n g i t u d i n a l  c r o s s  s e c t i o n  a s y m p t o t i c a l l y  d o m i n a n t  ( R =  σL/ σ T = Q 2 / M 2 )

3 . Q 2 d e p e n d e n c e  l e s s  t h a n  1 / Q 6 d u e  t o  g l u o n  d e n s i t y

4 . A p p r o x i m a t e  F l a v o u r s y m m e t r y  d u e  t o  u n i v e r s a l  h a r d  2 g - d i p o l e  s c a t t e r                         
ρ :  ω :  φ :  J / Ψ =  9  ( 9 )  :  1  ( 0 . 8 )   :  2  ( 2 . 4 )  :  8  ( 2 8 )                           
m o d i f i c a t i o n  p r o p o r t i o n a l  t o  m a s s  d u e  t o  d i p o l e - V M  t r a n s i t i o n  

5 . T r a n s v e r s e  σ T ~  Q - 8 :  l a r g e  d i p o l e  s i z e s  d u e  t o  e n d p o i n t  e f f e c t s  m a k e  
p r o b l e m s  f o r  p r e d i c t i o n s  f o r  l i g h t  V M s

6 . U n i v e r s a l  t - d e p e n d e n c e  ~  e - 4 | t |  .   N o  s h r i n k a g e  ( 2 g )
C o n f r o n t  m o d e l s  w i t h  d a t a  - >
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Elastic VM in p h o to p r o d u ctio n ( Q 2 = 0 , | t| ~ 0 )

W- d e p e n d e n c e :
F i t  σel ( W)  ∼ Wδ =  2  αI P ( <  t  > )

δ =  0 . 2 2  ρ0,  ω,  φ ” s o f t ”

δ =  0 . 8  f o r  J / Ψ “ h a r d ”

V M  m a s s  - h a r d  s c a l e  
t o  a p p l y  p Q C D ?
�

MVM
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σ γp
 →

 J
/ψ

p 
[n

b]

H1:  γp → J/ψp

FMS (CTEQ4L, λ=4)

MRT (CTEQ5M)

MRT (MRST99)

E401

E516

ZEUS

H1 96-97  J/ψ → e +e - (BR corr.)

H1 96-97  J/ψ → µ +µ -

H1 99-00  J/ψ → µ+µ- (prelim.)

Elastic J/ΨΨΨΨ M e so n s in  P h o to p r o d u ctio n

Fast rise with W:

Wδ     δ ∼ 0.7

pQCD m o d e l s  w i t h  M J/Ψ 
a s  h a r d  s c a l e  g i v e  
q u a l i t a t i v e  d e s c r i pt i o n  o f  
d a t a

E x t r a c t i o n  o f  g l u o n  d e n s i t y ?

σL ~  [  x G ( x , Qe f f
2 ) ] 2

Ch o i c e  o f  Q e f f
2 ?

N L O  e f f e c t s ?
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Pomeron T ra j ec t ory  f or J / Ψ Ψ Ψ Ψ i n γγγγp
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1.4

1.6

0 0.25 0.5 0.75 1 1.25 1.5

|t| [GeV2]

α P
(t

)
H1:  γp → J/ψp

Fit: α0+α′⋅t
α0 = 1.20±0.02

α′ = (0.15±0.06) GeV -2

ZEUS

H1 99-00  J/ψ → µ+µ- (prelim.)

“soft” P om e r on  
a l on e  e x c l u d e d

- S h r i n k a g e  ob se r v e d

�

Measure W-d ep en d en c e 
i n  b i n s o f  t  
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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

ZEUS 94
ZEUS 95
ZEUS (Prel.) 96-97 ρ

ZEUS
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W- d e p e n d e n c e  o f  e l a s t i c  ρρρρ0000 i n  b i n s  o f  Q 2

-> W -d e p e n d e n c e  s t e e p e n s  v s  Q 2

-S m o o t h  t r a n s i t i o n  s o f t ->  h a r d

Q 2 h a r d  s c a l e  f o r  p Q C D ?
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H1 J/ψ

Q 2

�
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pQCD m o d e l s  u s i n g  x G g i v e  
q u a l i t a t i v e  d e s c r i pt i o n

� δ f l a t  i n  Q2 f o r  J / Ψ (δ ∼ 0.7)

� J / Ψ “ h a r d ”  pr o c e s s

W- d e p e n d e n c e  o f  e l a s t i c  J / ΨΨΨΨ i n  b i n s  o f  Q 2
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ZEUS

0.6

0.8

1

1.2

1.4

1.6

1.8

2

-2 -1.75 -1.5 -1.25 -1 -0.75 -0.5 -0.25 0
t (GeV2)

α IP
(t

)

ZEUS PHP 96-00

αIP(t) = (1.200 ± 0.009) + (0.115 ± 0.018 GeV -2)×t

ZEUS (prel.) 98-00 (< Q2 > = 6.8 GeV2)

αIP(t)=(1.22±0.03)+(0.12±0.05 GeV -2)×t

DL soft

ZEUS
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1
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0.3 < | t | < 0.9 GeV2

ZEUS (prel.) 98-00

< Q2 > = 6.8 GeV2
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Pomeron t ra j ec t ory  f or J / ΨΨΨΨ i n E l ec t rop rod u c t i on

� increasing precision at high Q2

� traj ectory  consistent w ith γp
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Q2+MV
2  [GeV2]

δ

soft pomeron

H1 ρ prel.
H1 ρ 96
ZEUS ρ prel.
H1 J/ψ prel.
H1 J/ψ 97
H1 ψ(2S)

Is Q2 + M 2 a  u n i v e r sa l  sc a l e  f o r  W -d e p e n d e n c e ?

� SU(4) scaling works for ρ,ϕ,ω
not  for J / Ψ 

� b u t  W  d e p e nd e nce s sim ilar
Scale by SU(4) factors              
ρ :  ω :  φ :  J / Ψ =  9  :  1   :  2  : 8  
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Fit:
σ ( Q 2 )  ~  ( Q 2 + M 2 )  – n

H 1 : n  =  2 . 6   0 . 0 4  

10
-1

1

10

10 2

10 3

1 10

W = 95 GeV

H1 ρ  electroproduction

Q2  [GeV2]

σ 
(γ

* p 
→

 ρ
p)

  [
nb

]

H1 preliminary
H1 96
ZEUS 95

σ ~ (Q2+m2
ρ)-n ; n = 2.60 ± 0.04

� P a r a m e te r is a tio n f a il s  a t 
l o w e r  Q 2   

� V M  w a v e  f u n c tio n  e f f e c ts ?

Q2 D e p e n d e n c e  o f  ρρρρ0000 P r o d u c t i o n

σσσσ T + σσσσ L ±
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Measurement of R=σσσσL/σσσσ T v s Q 2  for ρρρρ0000

0

2

4

6

8

10

12

0 10 20 30 40

Q2  [GeV2]

R
 =

 σ
L
 / 

σ T

SCHC approximation

H1 ρ production

H1 preliminary

H1

ZEUS

Martin, Ryskin, Teubner

σσσσL

σσσσ T

pQCD:  σσσσL ~ a S
2 / Q 6 .  [ x G ] 2   

G l u o n  d e n s i t y  e x pe c t e d  t o  w e a k e n  1 / Q 6 d e pe n d e n c e
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Q2 D e p e n d e n c e  o f  J / ΨΨΨΨ E l e c t r o p r o d u c t i o n

2

3

4

0 5 10 15

n

0

1

2

3

0 5 10 15

Q2 min(GeV2)

χ2 /n
.d

.f
.

ZEUS (prel.) DIS 98-00

� Fit describes data, although χ2 im p rov es w ith in creasin g Q 2
m i n

� p Q C D  giv es reason able descrip tion  
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Ratio of J/ΨΨΨΨ an d  ρρρρ0000 v s  Q2 – S U ( 4 )  s c al in g ?

ZEUS

0

0.5

1

1.5

0 10 20 30 40 50 60

Q2 (GeV2)

σ(
γ* p→

J/
ψ

p)
/σ

(γ
* p→

ρp
)

ZEUS (prel.) DIS 98-00
ZEUS (prel.) BPC 99-00
ZEUS PHP
H1 DIS
ZEUS DIS 95

8/9

� Ratio increases with Q2

� A p p roaching  S U ( 4 )  v al u e

� F ar f rom  enhancem ent ( ~ 3 )  
d u e to m ass p red icted  b y  
p QC D
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2

4
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10
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14

0 10 20 30 40

H1 ρ production

Q2  [GeV2]

b 
 [

G
eV

-2
]

H1 preliminary

H1 96

H1 94

ZEUS

H1 J/ψ

t- s l o p e  i s  th e  f o u r i e r
tr a n s f o r m  o f  th e  s p a ti a l  

e x te n s i o n  o f  th e  V M

S i z e  o f  ρ0 s h r i n k s  w i th  Q 2

w h i l e  J / Ψ i s  a l r e a d y  p o i n t- l i k e  
a t Q 2  ~  0

“ u n i v e r s a l ”  t d e p e n d e n c e  i f  
Q 2 o r  M 2  i s  l a r g e ?

b(Q2 )  i n  e l a s t i c  e l e c t r o p r o d u c t i o n f o r  ρρρρ0000 a n d  J / ΨΨΨΨ

Proton 

s i z e

“ b = b p + b V M ”
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Helicity

s- c h a n n e l  h e l i c i t y  c o n v e r sa t i o n  ( S C H C )  - h e l i c i t y  o f  p h o t o n  t r a n sf e r r e d  t o  V M .

I n f o r m a t i o n  a b o u t  p o l a r i sa t i o n  o f  V M  o b t a i n e d  i n  h e l i c i t y  f r a m e

A n g l e s Φ , φ, ϑ se n si t i v e  t o     
p r o d u c t s o f  h e l i c i t y  

a m p l i t u d e s:

γλλVMT
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What have we learned so far?

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.6 0.7 0.8

ZEUS 95

H1

 r04 r00

 Re(r04) Re(r10)

 r04 r1-1

 r1 r11

 r1 r00

 Re(r1 Re(r10)

 r1 r1-1

 Im(r2 Im(r10)

 Im(r2 Im(r1-1)

 r5 r11

 r5 r00

 Re(r5 Re(r10)

 r5 r1-1

 Im(r6 Im(r10)

 Im(r6 Im(r1-1)

Dominance of T00 ov er T 1 1

for non- fl ip  amp l it u d e

S mal l  v iol at ion of S C H C  
r 5

00 ind icat ing  d ominant  
s ing l e fl ip  amp l it u d e is  T01

S C H C  comp at ib l e for 
mat rix  el ement s  d es crib ing  
s ing l e( T1 0)  or d ou b l e 
h el icit y  fl ip  ( T 1 - 1 )

� Des crib ed  b y  p Q C D ( I v anov  and  K irs ch ner)  b as ed  on 2 g  ex ch ang e

� S C H C  v iol at ion req u ires  l ong it u d inal  moment u m of p h ot on t o b e s h ared  
as y mmet rical l y b y  q q  

R es u l t s  for ρ, φ
el ect rop rod u ct ion
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Proton Dissociation ρρρρ0000 E l e trop rod u ction ( l ow - | t| )  
ZEUS

ep→epρ (|t| < 1 GeV2)

ep→eYρ (|t| < 2 GeV2)

Q2=0          ZEUS 94

Q2=0.5 GeV2 ZEUS 95

Q2> 2 GeV2   ZEUS 96-97 (prel.)
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10
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2
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0.2

0.3

0.4

0 2 4 6 8 10 12 14 16 18 20

ZEUS

t=-0.06 (GeV2)

ZEUS 96-97 (prel.)

 (
dσ

ep
→

eY
ρ /d

t)
   

 / 
  (

dσ
ep

→
ep

ρ /d
t)

t=-0.22 (GeV2)

Q2  (GeV2)

0.1

0.2

0.3

0.4

0.5

0 2 4 6 8 10 12 14 16 18 20

Consistent with v er tex  f a ctor isa tion

i. e.  p r ob a b il ity  f or  p - dissocia tion is                                
indep endent of  p r oj ectil e 

�
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SCHC for ρρρρ0000 p rot on  d i s s oc i a t i on

0

0.2

0.4

0.6

0 0.5 1 1.5 2

H1 ρ electroproduction

t' (GeV2)

r5 00
 +

 2
 r

5 11

a)

H1 diffractive Q2 > 2.5 GeV2

H1 elastic Q2 > 2.5 GeV2

ZEUS MY < 4 GeV Q2 > 3.0 GeV2

pQCD based model
SCHC

-0.4

-0.2

0

0.2

0 0.5 1 1.5 2

H1 ρ electroproduction

t' (GeV2)

r1 00
 +

 2
 r

1 11

b)

H1 diffractive Q2 > 2.5 GeV2

H1 elastic Q2 > 2.5 GeV2

ZEUS MY < 4 GeV Q2 > 3.0 GeV2

pQCD based model

SCHC

� SCHC– b r e a k i n g  o b s e r v e d  f o r  d i s s o c i a t i o n  p r o c e s s

� d e s c r i b e d  b y  p Q CD  b a s e d  o n  2 g  e x c h a n g e  w h e r e  p h o t o n  
l o n g i t u d i n a l   m o m e n t u m  s h a r e d  a s y m m e t r i c a l l y  b y  q q

t ’ = | t | - | t | min

'
00

01 t
T

T
∝

1101 −>> TT
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R for ρρρρ0000 p rot on  d i s s oc i a t i on

� R = 1/ε r04/( 1-r04)

� r04 ~  ( |T 00| 2 + |T 1 1 | 2 )

0.5

0.6

0.7

0.8

0.9

1

0 0.5 1 1.5 2

H1 ρ electroproduction

t' (GeV2)

r04 00

c)

H1 diffractive Q2 > 2.5 GeV2

H1 elastic Q2 > 2.5 GeV2

ZEUS MY < 4 GeV Q2 > 3.0 GeV2

pQCD based model

� N o  d e p e n d e n c e  o f  r04 (  R ) o n  t

b-s l o p e s  f o r σ L a n d  σT

S C H C  a m p l i t u d e s  a re  s i m i l a r

� n o n -p e rt u rba t i v e  c o n t ri bu t i o n s  
t o  σT s m a l l ?  

->  d e s c ri be d  by  p Q C D
ba s e d  o n  2 g  e x c h a n g e

�

→

rR

R

ε/1

/1

=

=
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High- | t |  V e c t o r  M e s o n  P r o d u c t io n

� calculations for `hard’ BFKL p om e ron 
� g luon ladde r coup le s to a sing le  p arton w ithin p roton
� BFKL LLA :  W 1.2 ste e p  rise α’ I P <  0 .1  G e V -2 little   shrink ag e
� t-de p e nde nce dσ/dt ~  | t| -n ,  n ~  3  ( n incre ase s w ith t)

-I n re g ion | t|  <  M 2 D G LA P  e v olution 
p ossib le  throug h K

T
orde ring  in 

ladde r

-| t|  > >  M 2 ,  no p hase  sp ace  for 
D G LA P  e v olution. U norde re d K

T

from  BFKL e v olution

e

e′

p
Y

q

q

V M

γ
∗

D o w e  ap p roach the  BFKL re g ion at H E R A ?   

Bartels, F o rsh aw  et al.

G o tsm an , M ao r et al.
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ZEUS

ZEUS 1996-97                  (a)

ZEUS 1995

fit with (−t) (-n)

 γ p → ρY

 n=3.21 ±0.04(stat.) ±0.15(syst.)

−t (GeV 2)ZEUS 1996-97                (b)
ZEUS 1995

 γ p → φY

 n=2.7 ±0.1(stat.) ±0.2(syst.)

ZEUS 1996-97                (c)
ZEUS 1995

 γ p → J/Ψ Y

 n=1.7 ±0.2(stat.) ±0.3(syst.)

−t (GeV 2)

dσ
/d

|t|
(n

b/
G

eV
 2

)

10
-1

1

10

10 2
10 3
10 4

0 1 2 3 4 5 6 7 8 9 10

10
-1

1

10

10 2
10 3

0 1 2 3 4 5 6

10
-1

1

10

10 2

0 1 2 3 4 5 6
- d σ / d t  =  A  t  –n g o o d  f i t  ( n  i n c r e a s e s  w i t h  | t | m i n )

- D G L A P  g o o d  d e s c r i p t i o n  ( v a l i d  f o r  | t |  <  M 2 )

- B F K L  d e s c r i b e s  d a t a  o n l y  w i t h  f i x e d  αs ( w h y ? )

Proton- d i s s oc i a ti on i n γγγγ p .  a t h i g h  | t|

10
-2

10
-1

1

10

10 20 302
|t| [GeV2]

d
σ(

γp
 →

 J
/ψ

Y
)/

d
t 

[n
b

/G
eV

2 ]

  Data

BFKL LL          (fixed αs)
BFKL LL + NL (fixed αs)
BFKL LL + NL (running αs)

H1

DGLAP LL

09.000.3 ±=n
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Indication of 
fl av or  

inde p e nde nce  of 
V M  p r odu ction 

at h ig h  | t| ?

ZEUS
σ φ 

/ σ
ρ

σ J/
ψ 

/ σ
ρ

2/9
1.2  2/9     ×

2.1  2/9     ×

Proton dissoc. vs. −t Elastic vs. Q2

H1
ZEUS

ZEUS 1996-97
ZEUS 1995

8/9

3.5  8/9     ×

56  8/9    ×

−t  or  Q 2  (GeV 2)

(b)

(a)

0

0.1

0.2

0.3

0.4

0.5

0 5 10 15

10
-3

10
-2

10
-1

1

10

0 10 20 30

VMs a t  H i g h  t :  σσσσV/ σσσσρρρρ a n d  S U ( 4 )
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High |t| J/ΨΨΨΨ :  W - d e p e n d e n c e   

10
-1

1

10

10 2

60 70 80 90 100 200

50 100 200
Wγp [GeV]

σ(
γp

 →
 J

/ψ
Y

) 
[n

b
]

2 < |t| < 5 GeV2

5 < |t| < 10 GeV2

10 < |t| < 30 GeV2

BFKL LL          (fixed αs)
BFKL LL + NL (fixed αs)
DGLAP LL

H1

W- d e p e n d e n c e  d o e s n ’ t  c h a n g e  w i t h  t

L L  B F K L  p r e d i c t s  s t r o n g e r  r i s e  w i t h  W

D G L A P  W r i s e  f l a t t e n s  w i t h  t
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SCHC at high |t| in γγγγp pr o to n d is s o c iatio n

-0.5

0

0.5

0 10 20

|t|  [GeV2]

r0 
4 

1 
-1

H1 (γp → J/ψY)

-0.5

0

0.5

0 10 20

|t|  [GeV2]

r0 
4 

0 
0

SCHC

-0.2

0

0.2

0 10 20

|t|  [GeV2]

R
e 

{r
0 

4 
1 

0 
}

ZEUS (γp → J/ψY)
ZEUS (γp → ρ0Y)

� ρ0 shows small SCHC 
b r e ak i n g  – d u e  t o asy mme t r i c  
shar i n g  of  γ mome n t u m b y  q q

� J / Ψ c on si st e n t  wi t h SCHC 
wi t hi n  st at s.  f or   all t

N on - r e lat i v i st i c  ap p r ox i mat i on  
f or  J / Ψ wav e  f u n c t i on  z = 1 / 2 ,  r = 0  
sat i sf ac t or y  f or  p r e se n t  d at a 
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Pomeron t ra j ec t ory  D ep end enc e on | t |

0.6

0.8

1

1.2

1.4

1.6

10
-1

1 10
|t|  [GeV 2]

α IP
(t

)

H1 γp → J/Ψ Y
H1 γp → J/Ψ p (prelim.)

ZEUS γp → J/Ψ p

αIP(t)= 1.20 - 0.15 GeV -2⋅|t|
αIP(t)= 1.17 + 0.01 GeV -2⋅|t|
αIP(t)= 1.20 - 0.12 GeV -2⋅|t|

J/Ψ e l a s t i c :
m o d e r a t e  s h r i n k a g e

J/Ψ p - d i s s o c i a t i o n :
s h r i n k a g e  c o n s i s t e n t  
w i t h  z e r o .  

?

D i f f e r e n t  “ P o m e r o n ”  f o r  
p - d i s s  a n d  e l a s t i c ?

I s  t h i s  t h e  B F K L  
P o m e r o n ?
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Summary 
� Diffractive VM production at HERA allows to study the 

dynam ics of vacuum - ex chang e processes

�T ransition from  soft to hard b ehaviour ob served in Q 2

and/ or M2

�Analysis of helicity structure allows detailed investig ations 
of scaling  and VM structure

� VM production at hig h | t|  shows hard b ehaviour in t and 
W  dependence ( B F K L ? )  

Q C D has had m any successes b ut 

Recent results raise difficult q uestions

HERA I I  will continue to do so 

L ook ing  forward to the challeng e!              


