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HERA experiments

HERA-I : 1992-2000
p: 820 GeV
920 GeV

HERA-II : 2001-2007
p: 920 GeV

575 GeV

460 GeV

0.5 fb! collected by H1 and ZEUS experiments
Final analyses of HERA data are underway
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Diffraction at HERA k.

Standard DIS e | Diffractive DIS
ep > eX ep > eXp’

|% Gap (LRG)
E
v\—/ p!\
t

X} Large Rapidity

Fast proton

Real and virtual photons can fluctuate in hadronic states (qq, 9qg, ...)
q 1 v Lifetime of qq dipole (hadron!)

oC long because of large Lorentz boost
MWW v :

* (E, ~ 50 TeV at HERA)
Y > — Dipole interacts hadronically with

W the proton

v Transverse size proportional to

(as seen in the proton rest-frame)

1V(Q%+M,?)
Q? = photon virtuality —s If dipole size is small, its interaction
x = Bjorken scaling variable with the proton can be treated
perturbatively

Diffractive events contribute up to 15% of the inclusive DIS cross section
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X = Bjorken scaling variable

= virtuality of exchanged photon

y = inelasticity of virtual photon
W = invariant mass of y*-p system
My = invariant mass of y"-IP system

Xp = fraction of proton momentum
carried by IP

B = x/x; = fraction of IP momentum
carried by struck parton

t = (4-momentum exchanged at p vertex)?
typically: [t] <1 GeV?

d4o.ep —>e'Xp 2

dpdQ2dx,dt ~ pQ*

Kinematics and cross sections

(k) -
= DIS Q2 = 1 Ge\V?
e(k) /Q/ PHP Q2 ~ 0
Y ()
ST

no Cf?olwl GAP

) E NP
% N = proton
— Single Diffractive (SD) events

% N = proton dissociative system
— Double Diffr'ac‘rive (DD) events

Y[FD“”(IBQ )L FO0.Q o 1]

where Y, = 1+ (1-y)?

When t is not measured

V

_ D) 5 __» Reduced
O, (f),Q ,XIPfT) Cross section

GPD(?’)([BI QZ, XIP) - fO'r,D(4)(b, QZ, XIPI 1-) d.|.
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Theoretical framework gus

pPQCD framework as long as a hard scale is present :

QCD factorisation theorem, proven for DDIS by J.Collins [PR D57 (1998) 3051]
c®(7'pP—>Xp)=D.6® f°(X4.t,2,Q%)
YN\
Hard subprocess ME
pPQCD calculable

DPDFs = proton PDFs when a fast
proton is in the final state,
universal for diffractive DIS processes

Proton-vertex factorisation assumption, supported by H1 and ZEUS data
fiD( Xip LZ,QZ )= Ti(Xp ’t)filp( Z’QZ )+ Fir(Xp 1t)fi|R( Z,Qz )
e

Flux parametrisation

AeBt
F(Xp ) =—ro7
XIP
with o(t) = a(0) + o't

Reggeon PDFs taken

Pomeron PDFs _
from pion (GRV)

—> Use inclusive diffractive data to extract DPDFs via NLO QCD fits,

fitting z and Q? dependence at fixed xp andt  (z=momentum fraction of the diffr
exchange entering the hard scattering)
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Signatures and selection methods

Proton Spectrometer (PS) method

H1-VFPS H1-FPS
P 220 90 80 64 40 24 |m_:|l
PROS: no DD R N A
direct measurement of t, X ZEUS LPS

high x» accessible
CONS: low statistics

Large Rapidity Gap (LRG) method

PROS: near perfect acceptance < : ]
at |OW XIP ' | | . | -__."' :;: e | |'|'| ]
p ——[HILl L =

CONS: DD included S —

f
L] L
+ e 1 ...
’ -.-
e
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) t dependence

ZEUS, NP B816 (2009) 1 H1, EPJ C71 (2011) 1578

ZEUS do/dt ~ et
2M,<5 GeV 5<M,<10 GeV 10<M, <40 GeV * H1FPS HERAII — Regge fit IP+IR
°.4> o ZEUSLPS33pb |-~ b=6.95 Gev? :\T; [ £=0.0018 | p=0.0056 | p=0.018 | p=0.056 | p=0.18 '.|5= 0.56
7] 3 s w| [ Ty [T [ “—
e 1 LI $ S *| 51 cev? =5 ,
o bt =
SRS N O SRR [ §-Lgd 9 | L | | |
5 ;7 $-g-t ng m 0——
o 5[ Pl BE [ Ty (TR [T -
0 ¢ ¢ : : : : 0 7 - - 7 7 7
y | 15.3 GeV .
10} 1 3 5 5 as | st T T
K0 TN SR B oy ie)§ -
5| C& I 26.5 GeV 3 i i [
& 5 ; S 1——-—-?E —
0 0 46 GeV? | I |
o i e ! ! i |
> H
o ;18 ’| | TR YT
N | L |
5 """" E } """"""""" { }i """"""""" { """ H@«é 0 | Q%= 80 GeV? i i i
< 5 _ E{ _ Tﬁ’{f% _ %ﬁ
0 ] l;-a ] [;-2 “;-3 “;-z 1(;-3 “;-2 0 102 107 102 10" 102 10 I10'2 10" 102 10" 102 10
Xip

+ t-slope does not change with Q2 or M,/B at fixed x,p
— data consistent with proton-vertex factorization

+ H1 results exibit an x,, dependence of the t-slope in (Q?,8) bins
— IR contribution at high x
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X, dependence of o P® [E

® It=0.2 GeV? H1 FPS

(‘3 ::::g:g gzzz — Regge fit IP+IR
‘?;: 0.1 j[;?:)gg:’!:.! | $=0.0056 [ (=0.018 | p=0.056 | (=018 | (=0.56 H1 HERA-II PS data
G 00| ol N e feeey | || (156 pb-1) improve
g o_f‘aa'GeV:i e | eemfloedt e 2 stats by a factor of 20,
o | 5 : | 5 5 . allowing to :
><&0.05 g ;? 000023 .\._.‘._o o, . g .
op | | ek jeeea® je—ep |2 — measure three t bins
0.1} 15.3 GeV? - h higher Q2
0.05 * | - et | o — reach hig
0 7 | ‘ 2‘0\ 7 \wg 7 gm 7 O_‘;ﬁo
0.1 26.5 GeV? i § i 3 )
0.05F 7 ;"'{ SNl -~ syst uncertainty ~ 8%
ol | 3‘ AR A= norm uncertainty ~ 4.3%
01 s6Gev? [ - Lt i + o
00s| : ! % : rx% : .
oL | = = [ ﬁgg [ & ;m
0.1} Q%= 80GeV? | - -~ -~ —
0.05| : : : k{ : éﬁ :
0L | = - | - | ﬁi - \ - ﬁ
i i i i i ) i i 1 1072

10"
Xip

7/7/2011 LISHEP2011 - Diffractive processes at HERA - A. Solano 8



) X,p dependence of o'rD(3)

e H1 FPS HERAII, M“(=mp
¢ ZEUS LPS (interpol.), M,=m

—_ P
% ; ﬁ2=0-0013 , | p=000s6 | p=0018 | p=0.056 | p=0.18 [ (=056 .
o 0.05| 0°=51GeV* |- | | - - All available PS data
e | | R sebels see e e F by both Collaborat
& ot 0 AL A . y both Collaborations
T .. o : 3 (integrated over t)
: SR B el S o LT
00:15.36ev2 i A i i i Fair agreement in normalization
' ; | . B SRS 13 P LA between H1 and ZEUS
escev | | — T 1 H1/ZEUS = 0.85 + 0.01 (stat) +
| : SR B 701 S 0.03(syst) + 0.09 — 0.12 (norm)
00:; 46 GeV® | | i il | 5 ] | H1FPSnormunc  ~*6%
1 : i R B2 LAY ZEUS LPS norm unc ~ + 11% - 7%
°f 80|GeV2 i i — T — ]
005t ] 3 - w8 | Reasonable agreement in
o o7E5 ®e
e ST _** | shape between H1 and ZEUS
0.05| - - - - - l
i i i E} i EEEEE i .,.EI
0 ] | I l ] i ] L1 | i | ]

102 10" 102 10" 10?2 10" 102 10" 102 10" 102 10
Xp
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LRG vs PS

~1.5
ZEUS i | H1
L
—_ e ZEUSLPS/LRG --- Average fit . ?6 1.3 %
g (=0.020 p=0.065 p=0.217 N < 1 1
=] 3B * ¥ i
=~ 1} 1 1 1 |6 &
s ' e Bt e e e F I
o) K
= 0 < 0.9| ™ H1LRG/FPSHERAIN
) p=0.031 }=0.098 p=0.302 o 5 ® H1LRG/FPS HERA |
o >
= 1 3
e Y P i..5._8 3 0.7
s - LA Al 10 10°
- Q? (GeV?)
2 0 ; — 15
p=0.019 p=0.055 p=0.165 p=0.441 N n s
> £ H1
1 | >
] I I s-a ] Eow g e n.8 |C = 13
] G E {#
0 \ = $ *I
$=0.037 [=0.104 p=0.280 $=0.609 & 141
""""""" E { RREREEEEY Thbs £ .5 5.5 ¥ s 2 S EV>-0_9 B H1LRG/FPS HERAII
- ‘6’ ® H1LRG/FPS HERA |
0 $=0.100 =0.248 (=0.526 p=0.816 o 0.7 2 3
; 3 10 10 ; 1
______________________________________ 3 I )
0 3 2 3 -2 -3 2 3 2 ° ﬁ>‘ H1
10 10 10 10 10 10 10 10 =13 i {
=]
Xip = 1 % } * *ii
S
. . . . . 3 11
Estimation of DD contribution in LRG method e
. . T B H1LRG/FPS HERA Il
— ratio flat both in ZEUS and H1 = 09| @ wiLRGFPS HERA!
"6’ LRG/FPS HERA Il Norm. uncert.
— fraction of DD ~ 20% 07— _
10 10
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) Q2 dependence of g,PC

Hiprelim 10-011 ZEUS, NP B816 (2009) 1
° X,,=0.003 ‘ H1 preliminary _ x,5=0.01 H1 preliminary
T | miomisce mompemny | Sor0ff ESEemcsewen | All available LRG data by
_“x_102 -+ Dipole model (C. Marquet) x& .- Dipole model (C. Marquet) both Collaboratlons
S =
o-f'q p=0.027 (I=7) @ 103 w0 p=0.008 (1=10) Vel’y precise
o ¥ (20043 (1=6) ..--b"!'" p=0.013 (=)
00 E measurements of the
10 2. 8- p=0.02(=8) . . . .
o peocer(es) 102 g o8 scaling violation in
9,@.09 .”&bu.!- =0.032 (1=7) . X
o rore o 0098° 005 0 diffractive DIS
o .l-cp"q”.- " roert ™~ -..-.5..69“”.“. . .
: o 10187 () Bl gonose 100809 Reduced cross sections
e PERROTE e XA . .
o g R " S oemowob mmes | CONStrain quark densities
Ouone  =0267(=2) o ccce®
PRI L 1 bg. [=020=3)
B e conpes®™™ Y~ | INQ* dependence
10 X TR 00.0. 8 R MRORID d0 02 constrains gluon density
. (3=0.667 (1=0) 10 K 0.0.1mm0%m b dog.;.:o's =0
' a.olold.aoﬂqc o OG.W¢ g 0. o .
° et e 480D = QCD fits to data
000 & :
o o PLM2A0 008 provide sets of
10 10 10 10° diffractive PDFs
Q’ (GeV?) Q% (GeV?)

ZEUS corrected to My < 1.6 GeV with PYTHIA MC
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Diffractive PDFs from NLO fits

Inclusive data : LRG + LPS ZEUS, NP B831 (2010) 1
NLO QCD fits: =
- assume proton-vertex factorization, fit Noosp | Go60eV | Fogp  @-20GeV
z and Q? dependence at fixed x,, and t ool - FROROFC o0t o
- parametrize IP PDFs at Q%, = 1.8 GeV? ocel y \\\ ozl / N ]
% \'u .
7 flpu,d,s (Z,on) — Aq 7Bq (1-2) Cq 0.01 ?{\E‘ﬁ_—“ 0.01- \E - :
Y4 fIPg (Z,QOZ) = Ag zB9 (1'2) Cg % "5z 04 h'_'n..rar;;u_'im; % oz 04 06 o8 K
- evolve with NLO DGLAP W J' T iseer ] W _;5 RN PAPSH RRS
Different parametrizations: OSl - Sisororc 1% *\ ;
- “Standard”: fit S with B, and C, free w4 4\ :
g g gluon gluon
- “Constant”: fit C with B,=Cy=0 02f \*‘--“--*—L.h—_:—_----"'/-' 02| \““t:—:———-ﬁ
(as for H1 2006 fit B - H1, EPJ C48 (2006) 715) | RS el )
nﬂl I IIJ'.IZI I ID.III I Il.'l.lﬂ-l I IIJ.I!I I 21 nﬂl N .IZI I IIEI'.I4I I II.'I.IBI I Il.'l.lil I Z1

Both fits give a comparably good
of inclusive data for Q2 > 5 GeV?,

scription

but... Gluon density weakly constrained

Quark densities well constrained in the high z,; region (only
by reduced cross sections indirectly by scaling violations)
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D

ZEUS, EPJ C52 (2007) 813

ZEUS
< <
3 3
g B
2 g 27
4] 4]
% ® ZEUSdfidjetDISos00 - %, | E
3 ed a
N _ fergyscaleuncenainty ¢ P - L !
L L
b b T T T T
N i
1 B renom. scale dependence ) A T T
0 02 064 06 08 1 0 0.2 0.4 06 0.8 1
szl zﬂhl
IP IP
NFQ "FQ M T T T T
3 3 50<Q<100 GeV’
o o) !
e 8
I 802
] ]
R
S —  ZEUSDPDFS ] O
ﬂE -- ZEUSDPDFC NE
u R ST T TR N A S R T | 1 1 u 1
T LI
=} =]
T T
o I I I I

— QCD factorisation holds in DDIS!

7/7/2011

Comparison with DDIS dijet data

Use dijet data (photon-
gluon fusion at LO)
for a combined fit S
Inclusive+dijets (SJ) :

@\ ,
: p(P)
ZEUS
~— ]~ [ , , ,
- 5-Q%<12 GeV? = f 12<Q%<25 GeV?
O 10} (v I
r-] r-] r
2 2 3
G 75 T [
] s [
o o
' N2
I 5 z [
=} =}
= = F
1
251 o ZEUS diff dijet DIS 9800 ¥
Enery scale uncertainty * L
0 . . . . 0 . . . .
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
obs ohs
z z
P P
o T o T T
2 25-Q°<50 GeV? - 50<Q°<100 GeV?
5] ]
8 &
s 1 ¢ e
o (3]
=] e
= =
o o
3 3
= =
S os 3
— ZEUS DPDF SJ []
DPDOF exp, uncerainty [
u 1 1 1 1 I] 1 1 1 1
0 02 04 06 08 1 0 02 04 06 08 1
obs ohs
z z
12 (13
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DPDFs from fit SJ

Inclusive + dijet data

ZEUS
T | areecevt 1% | at-o0gev? Ll " Q?-6GeV? % [ a’-20Gev?
LW Q’=6Gev’ 1 W | Q?=20GeV? ] -y 1 =
A ] _ﬁ.ﬁﬂmm i " B ﬂﬁj‘ exp, uncartainty | 05] ]
- - ZEUS DPDFC ] ] T ZEUS DPDF C 1 -*{
0.03 —— 1 o03f i ] g ] R ]
P = ] ___ light o] . Y ]
gnt ¢ N N 04y 1 ear\ .
0.02 [~ L u'.ﬂz: ] L J L \ 4
/ \'-‘l: :1‘. / \ : [ \\_q‘q-’-#gluon i I - gluon ]
Ly 4 - \ 0.2- S - 0.2 S .
o.01f, Ill 0,01~ e \.; L M L S i
N} ! S~ \ [ "3y [ T ]
u' T R S 1 un._b L |--_"'|"'-1-.-_|._._._! e 1 e
0 02 04 06 08 1 0 02 04 06 08 1 0 02 04 06 08 1t 0 02 04 06 08 A
o TT T T T T T T T T T T T T T o AL L NI B B LN L o """"z"""'z"" = l"""'é"""'é"'
W Q?=60Gev? | W Q?=200 GeV? ] N :} Q* =60 GeV 1 & 0 Q* = 200 GeV
0.04 § ] 0.04 J 7 I i L i
] 1 0.6 _tn . 06| .
0.03 , . um% . [ \
sm light ] \ light ] A i L ]'\ i
___.-"" ] .‘1'||\"-“"-F ) ] 04~ - 04 \ -
.02\~ . 0.02f; \ . I ] [ |
\ ] i\ ] [ gluon ] [ \ gluon ]
] Y N 0.2+ . 0.2 7
0.01ff N_c R L AN \ ol ] ! ~
r\ ] C b N [ o S ] [ e
_\_EJ_ \\h""--.- \] 5 \‘:\‘-ll"ll-.r '\_ i “':.-—._:___:____ ] [ ""-:-t_k___ ]
u'. P i e e el o R R ﬂ-' LT Ty 2 0 1 L 1 L S 0 1 ] ] O
0 02 o4 06 08 I 0 02 o4 06 08 1 0 02 04 06 08 z1 0 02 04 06 08 11
2 T T T
ol
o L —— ZEUS DPDF SJ -
0.65 - exp, uncertainty -

Fit SJ and fit C give very similar results

Diffractive PDFs are gluon dominated: ~ 60% o8 \

0.55-""" ———
2
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) Direct measurement of F P

H1lprelim 09-011
: b Hlprelim 10-017
F° ~asx g(x)

Challenging measurexment, requires good understanding of the detector
Measurement is perforiped with data taken at 3 proton beam energies:

920, 460 and 575 GeV
= At fixed Q? and X, high y corresponds to low B (Q? = sxy, X = BX;p)

A . . N - - D
005 H1 Preliminary H1 Preliminary H1 Preliminary FL
— 005 ; 5 o 0.03( — :
(&] 0_045;_ Q° =13.5 GeV X,, = 0.003 e | E QZ = 4 GeV? E, = 820 GeV No 0.03 _ Q? =4 GeV? Q? = 13.5 GeV?
< o0sk EP = 233 gex o5 0.025F X, =0.003 E, = 575 GeV o X,=0.003  x,=0.003
= F e T e - - B =0.033 E, = 460 GeV - o025
= 0.035F Ep =575 GeV ] r o Sl
o E X o002 x :
g 003F g g W oooE [ =
x& 0.025F x& 0.015 a -
0.02f - X of |
0.01 -
0.015F . -
E ] ] 4 Data = 0.01F t
0.01F X;» 6° H1 2006 DPDF Fit B 0.005F X
0.005 i— X Fg H1 2006 DPDF Fit B E 0.02 :_ Pii?PﬂgEDPDF Fit A H_1it::0gEDPDF FitB
0:..\.\.I L L Laa gl L 0- L 1 L 1 L 1 L 1 L [ 1 L1l 1 L1 11311
10" ] 0 02 04 06 03 1 102 107 ’
§ y2IY, B

— Data consistent with NLO predictions based on H1 2006 fit B
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D* and dijets in diffractive DIS @

5 . HLEPJCS0 (2007) 1 Diiats: HL JHEP0710:042 (2007)
pen charm: zeys, NP B672 (2003) 3 J€1S- ZEUs, EPJ C52 (2007) 813

Universality of DPDFs has been successfully tested comparing with
semi-inclusive final states like open charm and dijets in DIS where
hard scales in the process ensure use of pQCD

DDIS dijets with a tagged proton DDIS dijets with a tagged proton
In FPS - Hilprelim-10-013 in VFPS - Hiprelim-10-013
1 central jet + 1 forward jet 1 central jet + 1 forward jet
= f = | VFPS DIS Dijets
3 sl H1 Preliminary o H1 Preliminary S —
a 10 = . S H1 Preliminary
S " - § 10% —3 (V] o H1 Data (Prel.)
g 10,?—|; o ﬁ g 105 = NLO DPDF Jets 2007 (x 0.83)
g : 8 | } 2 i
| — H1FPS Data (Prel) 1°?+H1 FPS Data (Prel.) A‘._, i
10§—RapGapl1-2_3 [ — RapGap/1.23 k3 3
E ~—— NLODPDFFitB/1.23 r ~—— NLODPDFFItB/1.23 L
| | L1 R B B R o
o 2 R e T M o 3 $
! ! . . 1 ‘ ‘ r— \b T B R S l
%0 02 04 08 08 1 0 1 2 3 © 6 8 10
Zp An*] <Pt*jet> (GeV)

— NLO DGLAP with H1 DPDFs gives a good description of the data
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Factorization breaking at Tevatron and L&EUS(
gap survival probability =

CDF, PRL 84 (2000) 5043 + P.Newman/H1

=t
oz [ HbfiE2 ~+ CDF data
e - H1 fit-3 Ey'?> 7 GeV . _ . _
100F (@2_75GeV?]  0.085<&<0.095 Diffractive dijet measurement in ppbar by CDF
It] <1.0 GeV®

Comparison with NLO predictions with
HERA DPDFs as input:

0L e

Significant overestimation (~ factor 10) of the
data by NLO calculations and different shape

4| — H12006 DPDF Fit A '

1 F — Hi 2006 DPDF Fit B \k
f PR R R | ' ' f f f

01 1

B
Factorisation not expected to hold for diffractive hadron-hadron collisions

* Violation of factorisation is understood in terms of (soft) rescattering
between spectator partons, in initial and final states, suppressing the
large rapidity gap: suppression «— ‘rapidity gap survival probability’

» Models including rescattering corrections via multi-pomeron exchanges
are able to describe the suppression observed [KKMR, EPJ C21 (2001) 521]

» Of great interest for LHC!

7/7/2011 LISHEP2011 - Diffractive processes at HERA - A. Solano 17



Hadron-hadron and photoproduction @Ei

At HERA we have something similar to a hadron:
quasi-real photons (Q?~ 0) can develop a hadronic structure

Direct photon (x,~ 1) (at LO) Resolved photon (x,< 1)

e High E; of the jets
e provides the hard scale
Jet Xy
Jet /

X, = fraction of photon’s (v)

momentum in hard subprocess
P Remnant X Remnant
p_> Y

QCD factorisation is expected
to break like in hadron-hadron:

Remnant

Jet
M X
Jet } 12

p

> (O—> Y

QCD factorisation is expected
to hold like in DIS

Secondary interactions
] between spectators

PP

Expected suppression ~ 0.34 for
resolved y [KKMR, PL B567 (2003) 61]
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Dijets in diffractive photoproduction

ZEUS, NP B831 (2010) 1

ZEUS
E - ‘ ZEUS d;ﬁ dijet ‘99-00 | | i
. et yp
~ 500 O energy scale uncertainty @ ]
-3 L ZEUS DPDF 5 ]
_’é - DPDF exp. uncertainty -
3 F ommmas H1 Fit 2007 Jets x 0.81 i
) 400 — .
300 -
200 | -
100 -
0.4 0.6 0.8 1
x;‘vbs
a [ T T
[~ e ZzEUSdiffdijet yp 99-00 -
w 141 ZEUS DPDF SJ (b) -
o L DPDF exp. uncertainty ]
a [ = === H1Fit2007 Jets x 0.81 ]
1.2
g 1 4 A
w L
N } ¥
e ' RSN :
2 . :""': .
‘é 08 fF==g=== ]
0.6 0.4 0.6 0.8 1
xobs

ZEUS: no evidence for a gap suppression

data / theory

data / theory

02 04 06 08 1

0.2 04 0.6 0.8
jots
2

H1, EPJ C70 (2010) 15

data / theory

10 12 14
Er' [GeV]

H1 data / theory

em NLO H1 2006 Fit B x (1+8mr)
[ ] data correlated uncertainty
------ NLO H1 2007 Fit Jets x (1+5ma)
----------- NLO ZEUS SJx 1.23 x (145ma)

Dependence
on jet E; ?

H1: data/NLO =0.58 0.12(exp) £ 0.14(scale) = 0.09(DPDF)

Both H1 and ZEUS see no difference
between direct and resolved regions
and prefer a global suppression factor

ZEUS has higher jet-E; cuts than H1: E{¥? >7.5(6.5) GeV?

7/7/2011
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Exclusive vector meson production @:

Soft - Regge VM (JPC=17):p, ¢, I, Y, ... Hard - pQCD
\% DVCS: real vy
IP >
P_—m"—P
2-gluon exchange
IP exchange (LO realisation of vacuum
(Regge trajectory) quantum numbers in QCD)

Cross section proportional to probability ——, O oC [X g]2

of finding 2 gluons in the proton ,
0 C [H (xl,x2 1,0 )]

™~

With increasing scale (Q?, My, 1) : GPDs

5
G(W) oc W * Expect d to increase from soft (~0.2, ‘soft Pomeron’ value)
to hard (~0.8, reflecting large gluon density at low x)
do-

s 4t
e ¢ Expect b to decrease from soft (~10 GeV-?) to hard (~4-5 GeV-?)

dt
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@) GPDs and DVCS
V=y ‘G}H(XLXZ’LQZ)

Generalised PDFs (GPDs):
* sensitive to parton-parton momenta correlation

P in the proton

U * t-dependence gives 2dim distribution of partons
in the transverse plane
 important ingredient for estimating central exclusive

production at LHC

Deeply Virtual Compton Scattering (DVCS): _ _
Asimmetry amplidutes related to GPDs

2 ) : ~ 06
N 175  ® HIHERAI ZEUS 61pb” | < [ H1 Bl ity
15 [ @ HIHERA ZEUS 96-00 | <o4fr D OPDs model
1.25
1
0.75 : L : E %
05 }
0.25 ,
ol .1  1saaalasaslavpatuany P A I T T DU T L A T
0 5 10 15 20 25 30 0 20 40 60 80 100 120 140 160 180
Qz (G EVE) o] [degrees]
— hard regime — Evidence of GPDs in DVCS
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W dependence in photoproduction

Q e 7wl | Q2=0
3 2- M ) ]
Z10%p cmmmamanss—— g (YP) 1 ” N
Sl & —jr 1 transverse size of dipole
M e A T WP ep) 1 ¢ i
VM| o | ’*%*{: | 520 ~ size of proton
S | oo olypwp) W™
B T T e B o
- b 0P = ee) we] ) 1arge My small dipole size
-1 | :
10 | : 4
g - W smaller (color screening)
_2- d_,;\-"”.'f"’ H_j_,.-""f 1 > i
1 F L ons e E — dipole resolves partons
T erues o(yp —> ¥(25)p) E in the proton
1D_3§- o fixed target w4 / o~ (xg)2 = Iarge S
f o(yp —> T(1S)p) fj&“’
—4[ 1 Ll . L ...../.f- L L
Lo > - Wicev) = VM data can help

determine the gluon
M is the scale density!
— same observed when varying Q2 for a given VM
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Soft to hard — o(W)

m T 171

[|1|1II|I|[]r|I|'1|'I||]r]r|1[1|’|||lf'|f|'||"|I||||flf||f'|I|

2.4 — 11l p ZEUS 94 * DVCS ZEUS 96-00 —
- @ pZEUS95 * DVCS ZEUS LPS .
2.2~ ® pZEUS96-00 ¥ DVCS H1 HERAII .
- O pH196-00 #r DVCS H1 96-00 i
2 A 0ZEUS ¥ T ZEUS .
- A ©H196-00 .
1.8~ m JiwyZEUS B
- O Jiy H1 .
1.6 — B -
1.4 -
1.2 x* —
10 t .
0.8 *% - [& -
0.6 |- l =
0.4 1 -
0.2 ?F B
0 ||||||||//|||:
0 5 10 15 20 25 30 35 90 95 100
Q%+M?(GeV?)

= Process becomes hard as the scale (Q? + M?) becomes larger
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2

Soft to hard —t-slope

T~ 14 [ [ T T T T [ T T T _]I T T T T T | —
".1;} ® pZEUS 96-00(120pb”") A 0ZEUS 94
B ® pZEUS9%4 A ¢ ZEUS98-00 i
do- s 4t é‘ 12 ® pZEUSY5 A ¢ HI196-00
s + O pHI196-00 B Jiy ZEUS 98-00
dt .. 2.l W J/y ZEUS 96-97 -
y 10 O Jhy H196-00
¥ 1T ZEUS (prel)
Slope b smaller g E
as scale increases bwm %
6 _ ]
A A—— . {
/ Sl T § ........................................... _
Size of diffractive 4
cone related to size b, i i
of interacting objects 2 : DYCS HI 9600
(as in optical diffraction) i I % DVCS ZEUSLPS (31 ph™h :
------- - L ! L L L I | L
b ~ byy + b, 0 20 40 60 80 100
) )
Q' +M (GeV")

<r2> = b(hc)?

Piuons ~ 0.6 fm - radius of gluon density in proton
Poroton ~ 0.8 fm - charge density in the proton
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Summary

v" Unique diffractive data continue to arrive from H1 and ZEUS

v’ Consistency reached between different experiments, methods and data sets
= Ready to combine inclusive cross sections between experiments

v Well constrained DPDFs can be obtained from a combined fit to inclusive
and dijet data and used to predict other processes in diffractive DIS,

proving QCD factorisation
= DPDFs are gluon dominated

v" Direct measurement of F P
= Independent test of the diffractive gluon density

v Diffractive dijet photoproduction has been studied to test possible
factorisation breaking as in proton-antiproton collisions at Tevatron
= Progress in understanding rapidity gap survival probability

v’ Lot of inputs from exclusive vector meson production and DVCS

= Transition from soft to hard regime is visible
= Precision measurements can constrain the gluon density
= Sensitivity to the GPDs
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Backup slides
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Diffraction in hadron scattering )EUS\

S
—

Diffraction is a feature of hadron-hadron interactions (30% of oy.;)

A

A A X A X
vacuum
+«—| quantum =
IP q — g P LRG
B numbers | g B
B B Y

Elastic Single Dissociation Double Dissociation

= Beam particles emerge intact or dissociated into low-mass states
— Very small fractional momentum losses (within a few %)

= Final-state systems separated by large polar angle
(or pseudorapidity n = - In[tan(6/2)] )
— Large Rapidity Gap (LRG)

= Interaction mediated by t-channel exchange of an object with vacuum
quantum numbers (no colour)
— Pomeron (IP)
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D(SIG)/UT IN MB/GEV*+2

-

A

Why diffraction? )E”S\

m:]:g (8 k =2m/L
1(9) I <
Forward peak for q=0 (diffractive peak)

AI2R,
/ Diffraction pattern related to size
of target and wavelength of beam

Particle Physics:
Propagation/interaction of a a hadron = absorption of its wave function

proton proton

; P =5GeV t

e bear 1t] & (p )2 4-momentum transfer

T PR T (scattering angle

s o - pa o .P=.1J.2Gev b - R2/4

? It P = 24 GeV

_ R transverse distance projectile-target

§ SORT(S) = 53 GeV * T
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) Proton vertex factorisation

ZEUS
P 1-3 T T T T L I T T T T T L L I
o -1
= e ZEUS LRG 62 pb —_
d - -
O ZEUS FPC | © 1oF o
12517 zeusFPCHI 1 } - e Fitwith o (1=0,0°) [ & Fitwith o,,(1=0,8)
A ZEUS LPS 33 pb” 1.175F -

1.2 --- Regge fit LPS+LRG .

LA cﬁ"% % ] 1'152_ __

ALy datinns " —

1.075}

1.05 —

105 412006 DPDF FitA |

1.025] & (exp. error) i

0.95 |- — ' ' ' 3
10 10° 10° 10 10

Q° [GeV?] B

L 1 L Ll l 1 1 1 1 | ] I
0.9 >
10 10

Q? (GeV?)
Measure the x,, dependence of the data as a function of 3 and Q?
The proton vertex factorisation approximation holds within the experimental
precision — allow NLO QCD analysis of the B and Q? dependences
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@ Q2 dependence of o,°® from PS data ) Zul

X4p0, D)
=]
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0.025
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Reasonable agreement
between H1-FPS and
ZEUS-LPS

Positive scaling
violation for 3 < 0.2
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H1 o,P®) summary plot gz

T ——
o H1 VFPS Preliminary o H1 LRG Published x 0.81
H 1 PRE L| M | NARY O H1FPS Preliminary ——— H1 2006 DPDF Fit B x 0.81
o H1 LRG Preliminary x0.81 - ---- H1 2006 DPDF Fit B x 0.81 (extrapol.}
pogk F=0.017 f=0.027 [i=0.043 [f=0.087 f=0.110 B=0.170 f=0.270 fi=0.430 =0.670
0.p4lxe=0.0002 @F@a
0.0z o & %
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E 0.06F [=0.002 P=0.004 p=0.007 BE=0.011 f=0.022] f=0.045 BE=0.089 B=0.178 p=0.355 p=0.708
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% .0zl o o® o SuR et aoRER T | L nopen®h | _ | g-eem0d® — e,
X gosl  xee0.013
004
0.0z Y lan e Ll _ e T I e i T
gmgk  xe=0.017
0.04f
n.ozf _m-- _a o mT ;mmﬂi‘“'u_‘ _aeet™ | L ameie | _aeee | - —— Sy
opek  xe=0.022
0.04f
002 9%0 | omefd” | g ’W | JM. . ame® | oneaief | _eeed®| - - —fp
D06k p=0.002 p=0.008 f=0.018 p=0.058 [=0.178 fi=0.562
004 %,.=0.035
oozl " '_d_I:IL'JII __m__l:u--"mﬂ_r_‘_ __F__E_,_Ag—-m—"ﬂ"_'_q]_ _____.___B_u;_.ﬂl e ——— &
0.osf X,.=0.050 I
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Fitting procedure and data sets

‘ZEUS

Pomeron PDFs parametrised at initial Q.2 = 1.8 GeV?, Q? evolution with DGLAP :
2£.7(2,Q°)=Az%(1-2)*  withk=g,S

» for all flavours q = gbar

cassumed=u=s

 heavy quarks dynamically generated above thresholds: m_ = 1.35 GeV, m, = 4.3 GeV
using the General-Mass Variable-Flavour-Number-Scheme of Thorne and Roberts

— 6 parameters + a,5(0), 0,5(0), Az (b and o' fixed by Regge fits to ep and pp data)

Gluons expected to be poorly constrained by inclusive data (InQ? dependence of F,P)

—— two cases: “Standard”: fit S with Bg and Cg free
“Constant”: fit C with B, = C, =0 (as for H1 2006 fit B)

Latest inclusive ZEUS data: - LRG and LPS (229 + 36 points)
ZEUS, NP B816 (2009) 1 - only data with Q% > 5 GeV? used
- overlapping LPS data not used
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Fit vs data A ZEUS

ZEUS, NP B831 (2010) 1
ZEUS LRG ZEUS LPS

. ¢ ZEUSLRG99-00 =—ZEUSDPDFS *  7EUS LPS 99-00 - ZEUS DPDF S = = =« ZEUS DPDF § (extrapolated)

2 o0ef 50070 p=otst  Fe-osio T Fpcosis -0 ] 2(gev) g 006f g=0002 8=0007 | p=0020 | p=ooes | p=0217 = {q2 (GeV?)
g 0.04 . - i VR B N —— S om ) -8 1—
X 0,02 ten 30 x_ 0,02 }.g i_!'.!g § P '-";i\ f Egl | ~ & . ] ] 25

0.06} = 0,091 p=0191 1 p=0385 | p=0615 | (=086 006} §=0004 | p=0011 = | p-0031 | p=0098 | p=0302
0.04 i = = I 40 0,04 - & 138
0.02 s 1‘“‘ 0,02 !g }I'ﬁ Faakd LY -, 1
0.06f fi=0.111 p=0228 | p=0439  } p=0667 | (=0847 006} 5=0007 _, t p=0019 | B=0055 | p=0165 | [=0441
0.04 & . E. i 50 0.04 i i{,\l 7.1
0,02 The " Toon 0.02 1;1 S PO B
006} fi=0.140 p=0278 | p=0504  F p=0722 | p=0878 0.06F (=0013 ﬁf = 0,037 f=0104 [t =0.280 - =0609 1
0.04 I 65 0.04 | {1 14
s N
0.02 - e . 00 o | e 'L'a.q- i ]
0.06f 5= 0.175 §=0335 | p=0570  F 8=0773 | 5=0904 006 003 3 |5;n.1{:)0 B Ny ﬁiglsz:ﬁ =T ui.n.ai:s =
0.04 = o v, - 85 0.04 ig {19 | 1 2
0.02 a1 s, 0.02 i i | h«}{, ]
0.06f p=o0216 f=0398 | p=0632 = § p=0815 = | p=0924 T T T T T T T P P
0.04 . 110 X;p
0.02 * b TR . .
0.06[ | =0.259 p=0453 | p=o686 | p=0848 | $=0940 BOth fltS glVe a ComparabW
0.04 ! 140 N . .
Y% - tae w o good description of inclusive
0.06[ = 0316 uéo.sz‘ls : $=0743 ¥ B=0881 | p=0954 2 2
o] | [ . data for Q%> 5 GeV
0,02 *r L we [ 3
0.06f §=0.389 5=0601  § p=0799 | p=0911 | B-0.966 Values of aIP(O)’ aIR(O)’ AIR are
0.04 I
255 . . .
i'
L R R R~ T T consistent with Regge fits
10° 107 107 10® 102 10" 10° 10% 10" 16° 10 107 10® 107 10
Xip
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) Fit parameters and y2/ndf Eus

Table 3
Parameters obtained with the different fits and their experimental uncertainties.

Parameter Fit value DPDF 5 Fit value DPDF C Fit value DPDF 51
Ag L1354+ 0.025 0.161 + 0.030 0151 £ 0.020
By .34 £ 0.05 1.25 £0.03 1.23 £ 0.4
Cyg (0.340 £ 0.043 0.358 £ 0.043 0.332 £ 0.049
Ag L1311 £ 0.035 0.434 £ 0074 0.301 £ 0.025
By —.422 4 0.066 0 —0.161 £ 0.051
Ca —(0.725 & 0.082 0 —(.232 £ 0.058
ol ) [.12 002 1.11 £ 0.02 1.11 £ 0.02
ag(0) (L7324 0.031 0.668 + 0.040 0.699 £ 0.043
Ap 2.50+£0.52 341+£1.27 270+ 0.66
xz,.-"mit' 315/265=1.19 312/265 =1.18 336/293=1.15
ZEUS
g [T Table 1
% [\ —— ZEUSDPOFS(LAG) The values of the parameters fixed in the fits and the measurements providing this input.
ir 7] Parameter Fixed to [Gc\"zl h-[easuremem(Gc\"zl Ref.
: ap 0 —0.01 40,06 (stat 19 08 (syst.) 40,04 (model) [10]
2 : oy 0.9 0.9040.10 32]
_ _ Bp 70 T1£07 (stat) T4 (syst) [10]
N — ] By 20 20420 [32]

2 3 4 5 68 7 8 9 10
Q® (Gev?)
man
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Comparison with H1 2006 fit B

H1, EPJ C48 (2006) 715

R ,=0.003 ZEUS ,=0.01 ZEUS H1, JHEP 0710:042 (2007)
) ) ' ] m I LI I L BN —_
S [Cmme @)% O] ¥ TR ] s
& a|-- ZEUSDPDF 2J {extrapolated) 2403 &, B=0.008 (k=10) i 1 1 = H1
X 107°F ki posn 1.% ' 08 — ZEUSDPDFSJ 4 5
"o - H1 Fit B (x0.81) fextrapolated) o 8 [=0.013 (k=8) :'J, exp. uncertainty | ~ 0.6
o*® p=0027 (k=T) . [\ —— ZEUSDPDFC
e , [=0,02 (k=8) 041 ] 0.4
# o’ [ | '
o Pe0043 (ke8] w2 ** 1 \\
Lt - p=0.032 (k=7) [ e luon ]
10 F °- ] (s 021 ~3 0.2
o [=0,087 {k=5) '“‘ 50,05 (k=6} : T -
1',".;#. ’ ,,4‘. u-"'-"""' L, o PN EFRFRRTN RS Rt
7 10 | o7 ] 0 02 04 06 08 1 0==02"02 056 0B
“ ,_! [=0,107 (k=4 t i ”:. [i=0.08 (k=5 z .
uee®” ' o —— H12007 Jets DPDF
1 o o (e ol . 520,13 et B exp. uncertainty
-p!a";'--" .w!-g:!’-? ’ |:| exp. + theo. uncertainty
. " [=0.267 (k=2) 1F “.i|5=”-2i*=3?- - H1 2006 DPDF fit A
- et - = 1
oveg® ™ 05 (et -'-f"f.‘ B 32 (ka2 H1 2006 DPDF fit B
107} _.ﬁ.rﬂ‘-" . Tt
»! gt ) - 0.5 (kmi)
L [=0.667 (k=0) 10 atas .‘5',“" 1
cewetoty e Plan to extract
e i, (k]
eeearey HERA DPDFs from
-2 -2 H
10 ' — 10 ' 5 H1+ZEUS final
" ” vy combined data
Q? (GeV?) Q? (GeV?)
H1 predictions corrected to M, = Mg
as for ZEUS via the scaling factor 0.81
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.) D* and dijets in diffractive DIS

Use DPDFs extracted from inclusive DDIS for calculating NLO predictions to
semi-inclusive final states: test universality of DPDFs

— Open charm and dijets in DIS: hard scales in the process ensure use of pQCD

HL DESY 06-164 H1, JHEP 0710:042 (2007)

Open charm: ZEUS, NP B672 (2003) 3 Dijets: ZEUS, EPJ C52 (2007) 813
- or "B F us
% ':mm_ H1 2006 DPDF Fit A X 0.06- S - I B B B ILELL S T SLALARNRARES RAREN RARRE RARENRAREE RARRY
Q I 1.. L - we H1 2006 DPDF Fit B x& E Q%= 35 GeV? 5 ZE (a) ® ZEUS 61 pb’ ] &ﬂ 160;
.g. 102 Ti “; H1 99-00 0-05? %p = 0.018 :5_110 ‘“"“‘_ Corr. uncertainty 3 :;f ::2
el | [ *P— L Teemon B
— 0.04- ®  H1 Displaced Track Data b 10 A
(] . A HI1D Data s F
~ 0.03 ¥ ZEUSD L 3 80
% — H12006 DPDF Fit A F DISENTNLO®had. =74 . ] 60
% o 0.02- e H1 2006 DPDF Fit B 10'E = fl'fl:f ,";OF;%"_"R‘““‘ fit e 402

F r [ === H1fit 2006 - B ] E

H1 I 0.01- 1075, " MIHVIV 2006t 4 20

I E 4”‘6”‘8“‘10”‘12‘II14”I16 0-‘.””—‘”-‘.””-'

| o]

N 10 - -
P(D) [ GeV] g B Z..
H1 and ZEUS data agree with NLO g | & = _
predictions within uncertainties y ]
— QCD factorization holds in DDIS! |
Use D* and jet data to better constrain DPDFs e B e
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.) D* and dijets in diffractive DIS

Use DPDFs extracted from inclusive DDIS for calculating NLO predictions to
semi-inclusive final states: test universality of DPDFs

— Open charm and dijets in DIS: hard scales in the process ensure use of pQCD

H1, EPJ C50 (2007) 1 H1, JHEP 0710:042 (2007)

Open charm:  Zeys NP B672 (2003) 3 Dijets:  zEus, EPJ C52 (2007) 813
N o First measurement of dijets in DDIS with a
o aucer (G vl tagged proton (H1 FPS) - Hiprelim-10-013
- - " ) 0.01 . 2 central jets . 2 central jets

{ 8 H1 Preliminary 8 10 H1 Preliminary
0.005 { ] wocs| \\._\ 1 ‘—;_ 800 | 1 FPS Oate ety gl
\ 4 Y ol e 12 g |
. . | | \ g™ 5 '
?u“’ 10* 107 1 ?u" 107 10" 1 400 i ‘
’ " 200 ol +nrrsomary
" | e zeusano oeco o " o o 1-51 %1;;. 4 : o 1-51 :?"—';t;t—?ﬁ
| — ZEUSDPDES) 0.5 ! 0.5 ) .
001F " Goot e unceamy ] ° 0 ! ° ! 2 3
L oo - ' Zpp A
: $$ \{\ Deviations might be related to missing pomeron
30',, - "1“0"_;--~ b w\‘ 1 remnant in NLO predictions (NLOJET++)
p p Deviations at high An® — interesting to look at

— QCD factorisation holds in DDIS!  forward jets
7/7/2011 LISHEP2011 - Diffractive processes at HERA - A. Solano 37



) Forward jets in DDIS with proton tag

Dijet system: Forward jet: p; > 4.5 GeV, 1<ng,4<2.8

Central jet: p; >3.5GeV, -1<Ngp < Niug

(previous 2 central jets: p; > 5 GeV, p, >4 GeV, -1<n<2.5)

Predictions scaled by 1.23 due to proton dissociation not present in FPS data

1 central jet + 1 forward jet

do/dz, (pb )

1 central jet + 1 forward jet

i H1 Preliminary
10°F
E : :
10%F —]
g 3
|~ H1FPS Data (Prel.)
10 — RapGap/1.23
F == NLODPDFFitB/1.23
i L L L ‘ L L L ‘ L L L ‘ L ‘ L
2f
1 S S (3
o E M- L L M- | M- L L M- | L L
0 0.2 04 0.6 0.8 1
Z

do/d|An*| (pb )

1 central jet + 1 forward jet

H1 Preliminary
10%F E—
’ f
1°?+H1 FPS Data (Prel.)
I —  RapGap/1.23
|l = NLODPDF FitB/1.23
L L L L ‘ L L L L ‘ L L L L ‘ L L
2f
1 P e T
00””1””2””3”
An*|

NLO DGLAP with H1 fit B DPDFs gives a good description of the data

—
%, H1 Preliminary
O 10%
~
8 '
- | s
A 10F
* F
it
o 1
-\é | - H1FPS Data (Prel.) i
S= 1E — RapGap/1.23
-8 E ~— NLODPDF FitB/1.23
2 - L L L ‘ L L L ‘ L ‘ L
x “} .
] S S N N }
L L L | L L L | L | L L L
04 6 8 10 12
<p*T>
7/7/2011

LISHEP2011 - Diffractive processes at HERA - A. Solano

=

38



.) Dijets in diffractive photoproduction

H1 Diffractive Dijet Photoproduction H1, EPJ C51 (2007) 549
i H1 Data H1 2006 Fit B DPDF
[ | correlated FR NLOx(1+9, ,4) X0.5
uncertainty — FR NLO x0. 5

—~ 500 T T T T —~ 600 T T T
2 2 b) . .
2 | 2 H1 . E°1> 5 GeV, E*2> 4 GeV
E) _15 400 1 . i .
g * 3 B~ 7{—1}_ » Cross section include p dissoc.

200} ool //;;%_ 1 with MY <1.6 GeV

104 1 : » Cross section corrected at

NLOx0.5 NLOx0.5
062 02 06 08 1 002 02 o6 os 1 hadron level
zigts x{(ets

S | H1 ~9] T TH1 D |
2 con 1 S 9 1 NLO overestimates the measured
% 0 —— ;é cross section by a factor ~ 2, both
3 400 - ] = in the direct and resolved region
B 300 1 3
T

200} ] | | Suppressionin yp is much smaller

100 NLOx0.5 | NLOx0.5 than in ppbar

-02.3 21 -1.9 -1‘.7 -1.5 0 180 200 220 240
log,,(Xp) W (GeV)

NLO predictions assuming factorization with
Frixione et al. program [NP B467 (1996) 399; B507 (1997) 295]
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Dijets Iin diffractive photoproduction Ei

ZEUS ZEUS, EPJ C55 (2008) 177

% 8001 @® ZEUS77pb’ (a) | . iat2
_E 6007 .. H1 2006 A, AFG (x 0.87) = .C f led d f
B [ waeacav o J ross section scaled down for

800 - H1 2006 B, GRY (x 0.57) - p-dissoc. contribution: (16 4)%

200 i  Cross section corrected at

i hadron level

; 2:_ (b) | Suppression factor 0.34 applied to
s i / resolved component only
T L _
o — . Within uncertainties data show a weak
= ;{f;;;};,;:#.%f!,:»f%"f’;,%f*; (if any) suppression: 0.6-0.9
52 ; ZEUS as H1 do not see any difference
g 1 between the resolved and direct

0405 08 10 regions, in contrast to theory!
Y

NLO predictions assuming factorization with
Klasen & Kramer program [EPJ C38 (2004) 9]
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E- dependence of suppression?
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Difference between H1 and ZEUS possibly due to different E; regions?
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Data have a harder
E; slope than NLO
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) Dijets in diffractive photoproduction

H1 data / theory

= NLO H1 2006 Fit B, KKMR suppressed X (1+3ne)
[ | data correlated uncertainty

------ NLO H1 2006 Fit B, resolved x 0.34 X (1 +8nexr)

ry

(b)

data/ theory
[
data/ theory

data / theo
-

data/ theory
data / theory
data/ theory

data / theory
L]
)
data / theory
[
£
data / theory

Refined gap survival model
(KKMR, hep-ph/0911.3716)
predicts a significantly weaker
suppression:

* direct y unsuppressed

« hadron-like part of resolved y
suppressed by ~0.34 (only x,<0.1)

* point-like part of resolved y
less suppressed, ~0.7-0.8

E; dependence: lower E- cuts on
the jets increase hadronisation
corrections and absorptive effects,
producing a higher suppression

Both H1 and ZEUS data prefer
a global suppression factor
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Diffractive/inclusive dijet yp cross sections )L ZEUS(
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Influence of multiple interactions in inclusive data is large in the kinematic range
of the analysis, which preclude strong conclusions about rapidity gap survival
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