Deep 1nelastic ditfractive scattering
at HERA

Pierre Van Mechelen

University of Antwerpen
Pierre.VanMechelen@ua.ac.be

(on behalf of the HI and ZEUS Collaborations)

QCD 03

10" International QCD Conference
2-9" July 2003 Montpellier (France)

Outline

Introduction

Measurement of the cross section
for deep inelastic diffraction
Regge-QCD analysis

Model comparisons

Ratio of diffractive to inclusive DIS




HERA, HI and ZEUS

Halle NORD (H1)
Hall NORTH (H1)
Hall nord (H1)

Halle OST (HERMES) {
Hall EAST (HERMES)
Hall est (HERMES)

p (920 GeV)

Halle WEST (HERA-B)
Hall WEST (HERA-B)

Hall ouest (HERA-B) Elektronen / Positronen
Electrons / Positrons
Electrons / Positons

—

Protonen
--4— Protons
-

e* (27.6 GeV)
ZEUS

Protons
Synchrotronstrahlung
Synchrotron Radiation
Rayonnement Synchrotron

HASYLAB

Halle SUD (ZEUS)

Hall SOUTH (ZEUS)
Hall sud (ZEUS) /

Deep inelastic diffractive scattering at HERA Pierre Van Mechelen




The process ep — eXY

f
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Kinematics: Cross section:
e longitudinal momentum fraction of the * reduced cross section defined through:
proton carried by the colourless exchange: d’o? _
. _aP-py Q*+ M} dx,dxdQ’ 2
P~ T N2 2 41T
q-P 0 +W 4 (l—y+y7)0'?(3)(xlp,x,Q2)
* longitudinal momentum fraction of the xQ
colourless exchange carried by the struck e relation to F,”® and F,”®:
quark: 2 2
="~ 2Q _ gL pPeI_ Y FP03)
Xp Q+M r Lol (1-y)
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QCD and Regge factorization

QCD hard scattering factorization: N
o'’ =0""® [P

. /'
i o? '—m X
. .
e "7 the universal partonic cross section (same i
as in inclusive DIS) ,
o f” the parton distribution function for a parton i p £P Py

under the constraint that the proton survives the
diffractive scattering (f;” should obey the
DGLAP evolution equations)

I
Regge factorization: /

D 2 P 2 P —P
fi &, O, xp, 1) :flP/p Xps 1) - f7 (B=xlxpp, Q) /i ~r g
* fr, ‘pomeron flux factor” (can be P |
parameterized according to Regge theory) p p'>
e £ “pomeron parton distribution” F iy
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Diffractive cross section at medium Q°
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the phase space

o,y (0)=1.173 +0.018 (stat.) +0.017 (syst.) "0 oo

(model)

* o, from different x, regions overlap
nicely
* positive scaling violations in most of
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NLO DGLAP QCD fit

H1 2002 c,° NLO QCD Fit e quark and gluon densities are

H1 preliminary .
- : - 2 parameterized as Chebychev
N Singlet o Gluon Q ) ]
S E S [GeV']  polynomials at starting scale
N 0.2 [ N 1 5 5
T N\ ®  0/=3Gev
: e fit also includes high Q* data

(200 < O°< 800 GeV?)

15 * subleading reggeon exchange
1s included using the pion
structure function

oo X’/mdf=308.7/306

i * propagation of statistical,
02 04 06 08 1 902 04 06 08 1 systematic experimental and
z z theoretical errors

H1 2002 5.0 NLO QCD Fit
[ (exp. error)

1 (exp.+theor. error) momentum fraction carried by gluons: 75 + 15%
—— H12002 6,0 LO QCD Fit

Deep inelastic diffractive scattering at HERA Pierre Van Mechelen



Diffractive cross section at high Q*

H1 preliminary

= H1 99-00 (Vs=319 GeV, prel.) — H1 2002 c,° NLO QCD fit (prel.) 02

v H1 94-97 (Vs=301 GeV, prel.) - IPonly ] ..
D (Gev?] ® 1mproved statistics
B, ol }/ s i S e and kinematic range
b& i 44'3/ ”h;jj/ 200 compared to previous
> ) \i\;tj;.—— measurement

* good agreement

Teugli
0.05
5 /i/ \?ii/ \F.-!.}/ +00 between data sets

g W
0.05 * extrapolation of NLO
5 _i/ 800 fit to medium Q° data
. - works fine
el * subleading trajectory
- 7 1800 peeded at high x, and
' i P low 3
102 10?2 10° 10?% 102 10?% 10° 10?% 10° 10?
Xip
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Diffractive cross section at low Q°

—— Regge fit (IP+IR) + H1 99 (prel.)
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0 " e at low Q% 0,»(0) is consistent with the
e \_../ st/ P \M | soft pomeron intercept of 1.08
TN T R R R T e e HI data suggest a rise of o,,(0) with Q2
X
P

o, (0)=1.110+0.020 (stat.) +0.024 (syst.) " oss (model) - uncertainties still very large
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Extrapolation of QCD fit
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scaling violations - large gluon content extrapolation works fine in large Q° range

low and high Q° data provide additional constraints on the singlet and gluon distributions
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Differential cross section do/dM,,
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New Forward Plug Calorimeter :

* covers pseudorapidities
4<n<S

* increases measurable range in
M, (M < 35 GeV)

¢ reduces the mass of the
dissociation system Y (M, < 2.3

GeV)

Observations:

e for M, <2 GeV (resonance

production) there is little
dependence on W

e at higher M,, a strong rise with
W is observed at all O,
compatible with the energy
dependence of inclusive data
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Comparison of SCI model to high Q° data

Soft Colour Interaction model:
(Edin, Ingelman, Rathsmann)

H1 preliminary
- SCI (orig.) Q2
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Saturation model vs. low O° data

(Golec-Biernat, Wiisthoff)

->
->

at low x, the prgton fluctuates in gq/qqg dipoles
long before the interaction with the proton

the Saturation model proposes a parameterization
for the dipole-proton cross section:

7 (. r')=oa[1=exp(~ )
1 X Al2
Ro(%)= G (1)

colour transparency for small dipole sizes

saturation of the cross section towards low x/low Q°
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model consistently
undershoots the data !
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2-gluon exchange model

BEKW model: BEKW, :=— Toll »o= (gl = (qgic 8 (ame
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* elastic scattering of gg/qqg off the proton 4
through the exchange of two gluons in a )
net colour-singlet configuration E
* full pQCD calculation that requires large z
transverse momentum for all outgoing :
partons x, < 0.01 to avoid valence quark 3
region N RN :
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Ratio of diffractive to inclusive G,
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ratio i1s reasonably flat as
function of O°

J
same scaling violations are

observed in diffractive and
inclusive DIS
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W dependence of 6*?/c"
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Summary

* High precision measurements of the diffractive reduced cross section in DIS have been
performed by H1 and ZEUS in an increased region of phase space

* The data supports Regge factorisation (provided subleading trajectories can contribute)
with a value for the pomeron intercept which is larger than for the soft pomeron

* New NLO QCD fits are available of the diffractive parton densities and can be used to
test QCD hard scattering factorisation

* Models describe the data in general, but some new discrepancies are uncovered with
the increased accessible phase space

e The ratio of diffractive to inclusive cross sections sugggest similar (W, 0%) dynamics in
both processes
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