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Exclusive diffractive processes

Diffraction - no quantum numbers are exchanged in the interaction
btw yand p — no colour flux - large rapidity gap

v - Vector Meson (p, o, ¢, 3/ v v, Y') photon ()
Q? - photon virtuality Q?=-q?=-(k-k’)?
(Q3~ 0 - photoproduction , Q2> 0 - electroproduction)
w - c.m. energy of )p system wW32=(q+p)?
t - (4-mom. transfer)? at p-vertex t=(P-P)?

The proton can stay intact p(P’) or dissociate Y(P’)



VDM & Regge theory (Soft physics)
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Predictions:

Vector Dominace Model (VDM):

 The photon fluctuates into a vector meson,
V, which carries the same quantum
numbers as the photon (yp—>Vp)

 The vector meson scatters elastically off
the incoming proton (Vp-Vp)

2(alt)—1
do(yp > Vp) o (W2
dt Wy

Experimental observations:
* a(t) = a(0)+ a't , a(0) =1.08, a’' = 0.25 ; (Donnachie-Landschof)
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» Shrinkage of the diffractive peak b(W) = b, + 4d'ln (W)
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®* Weak energy dependence of cross section
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pQCD models (Hard ph ys:cs)

- the photon fluctuates into a qq state
- the qq pair scatters off the proton target

. - the scattered qq pair turns into a vector meson
Predictions: <l

° X 2\12 h 2 — f 2 M 2 2
G o [Xg(X,n?)]? where p? =f(Q?M,21) xﬁ‘?_zatmwx
 Increasing W corresponds to going to small x w
 fast increase of the y*p —» Vp cross section with energy W
* universal exponential t dependence

. b~4—-5GeV—2 = a' =0




Transition from soft to hard physics
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b ~ 10GeV-?

a'~0.25GeV-? a(t), b(W)
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Vector mesons mass dis
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W dependence of the photoproduction of VM

The parameterisation of the cross section: o o W9

9 ) I 0.16]
‘3102.— <
o F by

= Co hfw_ _*3 - W22
8 10 ¢ E Gl R ‘ﬂ‘—ﬁﬁ _fr 3
A -;-f'%*%i% o(yp —> pp)
S | % o U(TD —>wp) Wo%
G 1E 2 b40 0 —— — o — .zz__
o 1cE 2

W o o 5(7p — p)

0 ] o(yp = J/ﬂl»p) M W

0 ¢ s el
- Eﬁus =
m]
sf = HERMES a(yp = ¥(2S)p)
10 © fixed target 1.2
: oyp = (1)) ils
10_4_ ! L .".E- . L
1 10 10° W(GeV)

Process becomes hard

(steeper W dependence) :> Apply pQCD models
as mass of VM becomes larger



W dependence of the photoproduction of VM

The parameterisation of the cross section:
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W dependence of the photoproduction of VM

The

parametrisation of the cross section:

cross section (ub)
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VM electroproduction (W dependence)
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|t| dependence (p)

do/d|t] ~ exp(-b|t]|) in bins of Q2
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Transverse size of dipole decreases with Q2
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do"P > ™ /dt (nb/GeV?)
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|t| dependence (Upsilon) photoproducion
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|t| dependence
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J/p photoproduct:on at high|t|
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effective Pomeron trajectory
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Summary

New measurements of p,¢and Y at HERA.

The measurements allow us to study the transition from
the soft to hard regime.

Effective Pomeron trajectory has smaller slope than
that extracted from soft hadron-hadron scattering.

DVCS asymmetries and |t| slope measurements provide
access to GPDs.

Measurement of p 0, p" production shows anomalous
behaviour of p’/p cross section ratio

PQCD expectations are in general compatible with the
data, but still a lot to be understood.
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HERA experiments

2V electrons/




O, , O; cross sections

* Unique opportunity to extract R =6 / o7
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effective Pomeron traJectory
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DVCS - Beam Charge Asymmetry

DVCS and Bethe-Heitler have the same initial and final states and they are indistinguishable.
The QCD-QED interference term is sensitive to the real part of the QCD amplitude.

It changes sign with lepton beam charge:
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p, =0.16 £ 0.04 + 0.06

¢ is the angle between two
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between two partons(x,,x,) which differ by
longitudinal (x; #x,) and transverse (t) momentum
at given Q2

GPD’s based model compatible with data



