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Introduction

v*p total cross section in p restframe :
. _ X
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¥ ]

B sl e

qq colour dipole formed at large distance

zort~1/myx

well outside p

transverse size of Q? fluctuation
<1 >~ 4/Q°

hard, early gluon radiation :

pQCD explains rise of o, F with energy

however :
photoproduction (Q* — 0)
and diffractive processes
(formation of particles similar to initial state)
are related to large distances and/or to confinement,

l.e. to the later soft emissions

HERA explores transition from short distance phenomena to the
confinement problem

8 ee discussion J. Bartels, H. Kowalski, hep-ph/0010345




this talk

e rise of F, at low z
e inclusive diffractive scattering
e Vector Meson production

e DVCS Deep Virtual Compton Scattering

results available on many more non perturbative phenomena :

e ep — enX(m exchange)

e Instanton search |

e Odderon search (— J. Stiewe)
e fragmentation

e photon structure




Inclusive ep —» eX, v*p —+ X

Regge phenomenology
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Energy dependence Q% Z 3 GeV?, DIS
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consider A = dIn F; /dInz|g2 as function

of
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Very simple parametrization, < 0.01

P =c-272@) | A\(Q?) = a-In[Q?/A?]
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Transition to small Q?

Utof = 4ma’ /Q Fy ~zx )\/Q2
s=W?~Q?/x

Hadronic interactions at high energy:

Regge theory: o, ~ s*rp(0)—1
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what shows dF,/dIn Q? ?
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Models and Transition Q? — 0

Different models are used to deduce the structure of the interaction
by comparison with the data

2IP models (Donnachie, Landshoff)

Fy = fo(@*)z= + f (Q*)x—e Mg
€ ~ 0.44 € ~ 0.08 /{ m b
hard IP soft IP J—

fluxes fp and f; by fit to F5 data

— Fgha™™ described by hard IP only

2IP + dipoles (Donnachie, Dosch)
proton as q di-g system
small (large) dipoles couple to hard (soft) IP

parameter from Fy and pp interactions
— (F), Fr,0%%, F§"™ yp — J/ybp, v*p — vp (DVCS) - - -

Vector Dominance + colour dipoles (Schildknecht)

=3 O_tm‘ i F2

Yp

colour dipole models
v LN q9,q9q9 X<  dipole-p cross section
e.g. ’semi\—\glassical model” (Buchmiiller, Gehrmann, Hebecker)
non-per’gurbative interaction with proton colour field
e.g. 'saturation model’ (Golec-Biernat, WiisthofT)
saturation at large radii, i.e. small Q?, p?
at smaller xp;, saturation is reached at smaller radii,

i.e. already at larger Q?, p?. Ay x = o

— F5, inclusive diffraction Lot 5 ~
Rx=fe
A T (fw)
A
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Diffraction at HERA

diffractive ' *)p interactions

eI

X (My)

s (%)

Yy (My)




Diffraction of Virtual Photons, v*p — X p

Two complementary measurement techniques :
1. Require large rapidity gap separating p from X
reconstruct kinematics from X

2. Direct measurement of Leading Protons
results support the gap selection method

Data presented as a Diffractive Structure Function

Selected by demanding

D(3) / g _ 3. 3 Q4 do’ep-—»eX o
B 8.Q%2r) = rar (g 38407 da
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I : D(3
Factorisation Properties of F, ()

QCD Hard Scattering Factorisation for Diffractive DIS:-

(Trentadue, Veneziano, Berera, Soper, Collins .. .)
Diffractive parton densities f(z . ,t, z, Q?) express proton
parton probability distributions with intact final state proton at
particular x , , ¢ ...

o(v'p — Xp) ~ Z Firpt® ot 0, Q%) ® Gy | B, er
3

Atfixed z ., t, f(zp,t z,Q?) evolve with z, Q2 according to
DGLAP equations.

‘Regge’ Factorisation:-

Soft hadron phenomenology suggests a universal pomeron

(IP) exchange can be introduced, with flux dependent only on

r,,t (Donnachie, Landshoff, Ingelman, Schlein . ..)
P
P p
Nt
o(y*p — Xp) ~ fIP/"'p(\-fjj7 1) X Plgp (3, QZ )

~ fIP/p(a?pat) ® szz/IP(/B*Q2>
0% OA"y*z(B-QQ)




‘Regge’ Fits to H1 1997 F.,” Data

Test ‘Regge’ fac’'n by fitting = ,, dependence at fixed 3, Q=.
Data well described by exchange of two universal trajectories
IP and IR (x?/ndf = 0.95).

No evidence for variation of a, (0) with 3, Q2.
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Variation of Energy Dependence with Q*

ap (0) = 1.173 £+ 0.018 (stat.) £ 0.017 (syst.) T9-992 (model)

Compatible results if data divided into two Q2 ranges

Compare effective a, (0) from FP and F

wp FQD ~ A(,B, QQ) $2—2<a]P (t)) F2 ~ C(Qz) 331—0113(‘()\'
=
(@) x
Effective o,(0)
Inclusive
= H1 DIS 96-97 ap (0) grows with Q<.
Diffractive
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1.2 . ¥
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2 2 N
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Energy Dependence of Diffractive to
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Colour Dipole Models

Non-perturbative Saturation model
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both models (constrained by F> data) describe general

features,
both high at low Q2 , low f5.

Saturation models describe data better at high 3 (higher twist),

but Q2 evolution does not help.




3, Q? dependence of F;®

Example results at =, = 0.003

X,p=0.003 H1 preliminary Q°
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3 dependence relatively flat.
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Rising scaling violations with In Q2 up to large 3.

Large gluon component required by DGLAP QCD fit (for pdf’s

of IP) extending to large fractional momenta 3 .
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Final State in inclusive diffraction,

example of thrust

ZEUS, H1
A 1
=t
" I ® ZEUS 97, ep — eXp - (,
, O HI1 94, ep — eXY 79 U"‘]
0.95 -
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----- RG qq part only
09 - - SATRAP-CDM T
0.85
0.8
0.75
.7 ;_L 1 1 1 1 [ 1 1 1 1 l 1 1 | 1 ‘ 1 1 1 1 | 1 /| 1 1 l 1 1 1 1
0.7 5 10 15 20 25 30 35
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Events more collimated with increasing M,

Monte Carlo models based on
resolved IP (RAPGAP, H. Jung)
or photon dissociation models
(2 gluon exchange, RIDI, Ryskin)
(SATRAP, H. Kowalski, H. Jung, incorporating
colour dipole model, Golec-Biernat, Wiisthoff)

describe main features of final state.
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Elastic production of Vector particles

in simple picture of 2 gluon exchange :

e

J v,0, /Y

Final state 1s similar to initial state

— (optical theorem)

reaction in close relation to o' (i.e. to F»)

‘v’,,l

possible to change transverse interaction radius

by change of Q° and particle mass
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Vector Mesons, Q% = 0
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Energy dependence of p production for
different Q?
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Dependence on Q* + M}

Cross sections scaled by SU(4) factors:
pliw:®:J/¥ =9:1:2:8
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More data on scaling with Q* + M}
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b slopes of vector mesons
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Trajectories

study W dependence for different ¢
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DVCS, Deep Virtual Compton Scattering

DVCS Bethe Heitler

interest :
e light scattering off quarks, clean diffractive process

e proton vertex similar as in VM production, but no complication
by quark wave functions of VM state

e experimental access to SPDs (Skewed or generalized Parton
Distributions) of proton
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DVCS results (m1)

Y*p — yp cross sections (Bethe-Heitler process subtracted)
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DVCS results (zeus)

Comparison with Monte Carlo based on FFS.

Data include proton dissociation estimated to ~ 20%
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Interference of DVCS with Bethe-Heitler

(HERMES)
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