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@ Introduction _EE

Events with leading baryons (LB) are a large fraction of the HERA cross section

e’ Lepton variables _
s {QZ,X P70 |
* Deep inelastic scattering (DIS)
Hadronic variables: e Q2~0;

1w, my E; Photoproduction ( p)

i-real ~ had
. / pIRIP | LB variables Quasi-rea adron

S AR
t=(p-py)?

\

The increasing role of rescattering in the transitio n from DIS to hadron-hadron
can be studied at HERA by comparing DIS with p:

* In diffraction, rapidity gaps may be destroyed by secondary particles generated by
rescattering processes between the hadronic final state and the proton remnant

» Leading neutron yields and distributions may be effected by rescattering
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Event selection

Diffractive events: Leading neutrons:
T
4 pxoton B72  B6T Q513558 B47 Q4 Q303438 B2 BIED Q615 [sryg
an, S S TELB = SDTDTSDTD —
o FN H1
—— L 56 sS4 §382 S1
. ) \ FPS LPS
14
13
. Lo , 12
Large rapidity gap’ method: p beam ik &)
acceptance > S~
» Exchange of colourless IP: lack window: : €
. . . . 6
of particle flow in the p direction q,< 0.75 mrad s ]
_ _ ——— | ZEUS FNC +FNT ]
* Loss of information about q=0° i A i
scattered p /
» Contribution from p dissociation

.  Measure energy and
e High statistics 9 Pr
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QCD factorization

QCD factorization theorem
proven for DIS by J.Collins, PR D57 (1998) 3051

SA P (tx, ,2zQ%)

z X(z,Q%)

s°(gp® Xp)=
Hard subprocess ME Diffracti\_/e PDFs

std proton PDFs +

pQCD calculable
diffractive requirement

Diffractive PDFs extracted via NLO DGLAP fit
from inclusive diffractive data
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D* and dijets in diffractive DIS _EE
P

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. DESY 06-164 L H1, JHEP 0710:042 (2007)
Open charm: ZEUS, NP B672 (2003) 3 Dijets: ZEUS, EPJ C52 (2007) 813
ZEUS
%‘ ';... rre H1 2UUG DPDF FItA IZSDQ 0'06; ; Err-rrrrrrrrrT T T T T T T T e T Ty 3 FT T | R T T T
O I‘ | - H12006 DPDF Fit B I Q= 35 GeV* é f@ o zEUsetpy’ ] =, 160
-g. 102; Ti “E. H1 99-00 0-055_ X;p = 0.018 :5_110 ‘"""'_ Corr. uncertainty 3 § 140;—
¢: | - 0.04 ®  H1 Displaced Track Data I'l-; vE T 1°® :zz: R
(=] R A H1D Data 5 . E
;.:" . g 0'03;7 ’ ﬁEUS D.D DF Fit A N 1§_DISENTNLO®had 3 o
T E - igﬁg DzDF F::B 10":— = ZEUS LPS.charm fit ‘""::-""::—; jzg '
3 0 H1 I e
: i 0.01- S 10%F, 7T MRW 2006t 3 AT
| F i 4 6 8 10 12 14 16 35 -3 25 - *
! ! - 0’2 ' L |-1 e T]J
10 10° 10 _ - —T T
P(D*) [ GeV ] B ET 8 o
g2 T 4ot @
H1 and ZEUS data agree with NLO g | 5
predictions within uncertainties ,
QCD factorization holds in DDIS! | ]
| | e ML i
Use D* and jet data to better constrain DPDFs ¥ R R R T
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- H1 fit-3 Ex? > 7 GeV
(Q%=75 GeV?) 0.035 < £ < 0.095
[t|<1.0 GeV®

s,
R
e A,
rrrrrrr
A
Thr,

AT —

—— H1 2006 DPDF Fit A e

— H1 2006 DPDF Fit B %

01

B

Factorization breaking at Tevatron and ﬁus
Gap survival probability =

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

Diffractive dijet measurement in ppbar by CDF

Comparison with NLO predictions with
HERA DPDFs as input

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

Factorization not expected to hold for diffractive hadron-hadron collisions

* Violation of factorization is understood in terms of (soft) rescattering
between the 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!
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Hadron-hadron and photoproduction _EE
P

At HERA we have something similar to a hadron:
guasi-real photons (Q2~ 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 Jet
€

Jet / } M12 )
. ; z Jet
X = fraction of photon’s ery
momentum in hard subprocess
Remnant Remnant

IP Xip -
p ? Y

> O—> Y
QCD factorization is expected
to break like in hadron-hadron:

Remnant

QCD factorization is expected
to hold like in DIS

Secondary interactions
) between spectators

PP

Expected suppression ~ 0.34 for
resolved [KKMR, PL B567 (2003) 61
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Dijets In diffractive photoproduction _E_m
==

H1 Diffractive Dijet Photoproduction H1, EPJ C51 (2007) 549
§ H1 Data H1 2006 Fit B DPDF
[ | correlated FR NLOx(1+9, ,4) 0.5
uncertainty — FR NLO x0.5
5 500 T T T T 5 600 H1 T T b)
Q o . .
.:.:’:_ a0 Y ° ETJetl > 5 GeV, E_I_jet2 > 4 GeV
3 _§> 400 = . . .
g % 3 T~ 7“1‘—?}— » Cross section include p dissoc.
200 ol /;/’/j+_ 1 with MY <1.6 GeV
b /  Cross section corrected at
NLOx0.5
0 002 04 06 08 1 hadron level
x%(ets
g £ "TH1 |
e > d) :
= & 9 |  NLO overestimates the measured
f’? ;é cross section by a factor ~ 2, both
5 3 in the direct and resolved region
3 o
i | Suppressionin pis much smaller
. NLOx0.5 than in ppbar

2.3 2.1 -1.9 -1.7 -1.5 180 200 220 240
log,,(X,p) W (GeV)

NLO predictions assuming factorization with
Frixione et al. program [NP B467 (1996) 399; B507 (1997) 2p5
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Dijets in diffractive photoproduction _E_m
—=

ZEUS ZEUS, EPJ C55 (2008) 177
ftf 800" ® ZEUS77pb’ (a) | . .
§> | — zeustes.oRV ] * ETJetl > 7.5 Gev’ ETJe'[2 > 6.5 GeV
_é 6007 .. H1 2006 A, AFG (x 0.87) — C . led d f
B e 12008 A,V 087 J » Cross section scaled down for
B00] —— H1 20058, GRY (057 - p-dissoc. contribution: (16+4)%
| » Cross section corrected at
i hadron level
; 2:_ (b) | Suppression factor 0.34 applied to
s - resolved component only
8 L
o —— Within uncertainties data show a weak
s U Zr (if any) suppression: 0.6-0.9
5 2 ; ZEUS as H1 do not see any difference
g 1 | | : between the resolved and direct
04 06 08 10 regions, in contrast to theory!
Y

NLO predictions assuming factorization with
Klasen & Kramer program [EPJ C38 (2004) $
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E. dependence of suppression? _E_m
:._T

Difference between H1 and ZEUS possibly due to different E; regions?

S T T ~ ' ' -
. zeUs =L
8 10 ey 7 Datahave a harder g ) 11 2008 it DPDF
T PN 1 E;slopethanNLO 2 e — NGO
'E‘m" 10 | = -
= », ] 5
5 . €10 | \
o ® ZEus 77 pb! ] °
b , . S—
P ﬁfL:stuoLePi SE: fx 0.87) ] NLOx0.5
'_ H1 2006 B, GRY {x 0.87) E 5 ?', EII 11
. *jet1
s 1 Better seen with Er=(GeV)
G E — H1 Diffractive Dijet Production
g 1 | : Doubl ' (Data/ NLO )g) g ** 1 2006 Fit B DPDF
£ a . . . ] ouble ratio = ) i
8 10 12 g 1?Gev) (Data/ NLO )ys 2 | it Sisieam
; T 1)
H1-2006-B, GRV to cancel DPDFs uncertainty %
)
] probab”ity m|ght Increase o | | HT
L . ! . ! . ! . . 5 T 9 11
8 10 12 14 with E ; E, *!(GeV)

E, [GeV]
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@ New H1 analysis of dijetsin  p _EE

P

H1 prel-08-012

» 99/00 data: higher luminosity (x3) compared to previous results
» Two E; cut scenarios:

Low E ; scenario High E ; scenario
(cross check with previous H1 results) (similar to ZEUS kinematic region)

E o> 5 GeV Ejet!> 7.5 GeV

Eje2> 4 GeV E 62> 6.5 GeV

1< jetl,jet2« 2 -15< jetl,jet2« 1.5

Xp<0.03 Xp < 0.025 ZEUS:
0.3<y,<0.65 0.3<y,<0.65 0.3<y,5 < 0.85
Q2<0.01 GeV? Q2<0.01 GeV? Q%2 <1 GeV?
It] <1 GeV? It] < 1 GeV?
M, < 1.6 GeV M, < 1.6 GeV No p dissoc.
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Low E ; scenario

H1 PRELIMINARY

_+_ g&;-glongData H1 2006 F-it BSP?F
o, MoKkt
° L L L B I .
s % - Measurements compared to two NLO calculations:
1\’5 A = S ' Frixione-Ridolfi and Klasen-Kramer
- 400
Three sets of DPDFs: H1-2006 Fit A, Fit B, Fit Jets
200E= EX" > 5 GeV
Er?>4Gev |
NLO x0.53 |
-E_ 2__ | | | T T T RN T T
002 1-i.’ ]
+ : .
A S T T R No sign of x dependence of the
0.2 0.4 0.6 0.8 1 ] - )
“ gap survival probability, as in
H1 PRELIMINARY .
H1 HERA 99-00 e+ Data / NLO-FR x (143, __ ) preVIOUS Hl and ZEUS analyses
—+— . - % - H1 2006 Fit A
g 12006 FtE H1 2007 Fit Jets
’5 [ T T —r 1T rrrr
§ LLR:] 1
|—
E 0.6
©
Q 04
0.2 04 06 0.8 1
X
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Low E ; scenario _EE
P

H1 PRELIMINARY

| H1 HERA H1 2006 Fit B DPDF

ggr-g?a:;i Data NLO-FRx (1 +8hadr)

uncertainty NLO-KK x (1 +5hadr'.)
> 10 Another hint of an E; spectrum harder
2 in data than in NLO calculations
= 10}
._I..u|— E
'E L
O [ jet1
T 1L E; >5GeV N

E°? > 4 Gev Survival probabilities in range 0.43 — 0.65,
NLO x 0.53 ]

] depending on DPDFs
] (always compatible within uncertainties):

I6lll8lll1olll1_2lll1-4
EX" (GeV)
H1 PRELIMINARY

H1 HERA 99-00 e+ Data / NLO-FRx (1+5__ )

- x = H1 2006 Fit A S:tlé =0.51+ 001( Sta.t) + Olq SySt)

1 +8hadr‘

© a

A 0N
1

S:i =0.54+0.01( stat)+ 0.1Q( syst)'s,s( scale)

. B emawrues
e S =0.43+0.01( stat) + 0.1Q( syst)
g Sih.. =0.65+0.01( stat)+0.11( syst)
)
ST 0 2w
EF" (GeV)
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High E ; scenario _EE
P

H1 PRELIMINARY

_+_ gg-gloE;AData H1 2006 F-it B;)I:E)F
e MoKk <
S N I. LA DL AL DL L L . . . . )
e EY > 7.5 GeV ' Higher E; cut selects more ‘direct-like’ events:
S 150 E?>6.5Gev - . .
5 NLG  0.61 appearance of a peak at high x as in ZEUS data
©
100
Confirmation that no x  dependence of
50 ZZ_ the gap survival probability is observed
.‘é 2__ | PR [T T T N TR TR TR N T T 1 —
ff 0:;:_ 3 Survival probabilities in range 0.44 — 0.79,
2 o4 0608 slightly higher than in low E | scenario:
H1 PRELIMINARY H1 closer to ZEUS!
H1 HERA 99-00 e+ Data / NLO-FR x (1+6hadr_)
cotraere L e SiE =0.61+0.03 stat) + 0.13 syst)'2'%( scale)
’; [ —r rr 1 rrrrrrrrrorr ] ’
g ;’: St =0.62+0.03 stat) + 0.14( syst)
=~ FR _—
§ 04§ _ o — 0.44+ 0.0 stat) + 0.09( syst)
= 0.2:=—-4:---- ; FR _
P | B BT I SR SfitJets - 0-791 0.04( Stat.) i O'ld SySt)
0.2 04 0.6 0.8 1
XY
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High E ; scenario

H1 PRELIMINARY

I H1 HERA H1 2006 Fit B DPDF

gg;ge?a?:dData NLO-FRx (1 +§hadr)
I:l uncertainty NLO-KK x (1 +5hadr'.)
E ] Also in high E ; scenario hint of
8 an E; spectrum harder in data
imh than in NLO calculations
°
@] 1E jet1 3
° F E; >7.5GeV ys
EF?>6.5Gev 1Tt
NLO x 0.61
é 2__ 1 1 N N 1 N N N 1 " 1 N 1
& 15F
8 — 10 — 12 I _I I 14
EX" (GeV)
H1 PRELIMINARY
H1 HERA 99-00 e+ Data / NLO-FR x (1 +8hadr.)
— i
Dot Re L e H1-2006-B. GRV
’; 1 ' ' v 1 v v ' 1 N v v 1 i
0 LSS i
rdf data 12} ZEUS l
- & 10 12 14
E*" (GeV) E; [GeV)
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@ Global or resolved-only suppression?

H1 PRELIMINARY 4+ 50.00 12 Data H1 2006 Fit B DPDF
—+ SJ-F?E?Q Data " 20:?5 ;: f g?; ) maadmaty — NLOFRx(143_ )
uncertainty _____ NLO-KK><(1+8::.) ’:—u 102 —T T T
-~ L B S R N B ~ -
S 10 E : G
S : Global suppression a5 |
. o
Ke 4 ~— 3
e — by 0.53 = F 3
- 10: 3 E.— r ]
3 - 3 w L
L ] 21
"\; E L Ef'>5GeV i
§ o] E jeta E
1E F Er >4 GeV E
E [ NLOres=x0.3
Resolved-only /
- . . = ar -
5 o suppression by 0.3 Iasp E
R | ¥ nal 3
+ osF ] b TS TN T T S
— h L AN B 6 8 10 12 14
6 8 10 12 14 EX' (GeV)

EX" (GeV)
H1 PRELIMINARY

H1 HERA 99-00 e+ Data / NLO-FRx (1+5__ )

. —+
- * - H1 2006 Fit A -H1 2006 Fit B .. res » 0.3
% H1 2007 Fit Jets

Data / Theory
H1 HERA 99-00 e+ Data / NLO-FRx (143, )

H1 2006 Fit B
[}
=

= > 12
g No E; dependence g 1
E with resolved-only g osf
© . - .
5 suppression a %
~ — 04f h
I L I T
Er" (GeV) Er (GeV)
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@ Global or resolved-only suppression?

H1 PRELIMINARY

—4— H1 HERA H1 2006 Fit B DPDF H1 HERA _
99-00 e+ Data NLO-FR x (145 ) —+ 99.00 e+ Data H1 2006 Ft B DPOF
- uncertainty NLO-KK e . correlated
""" RAR X (1+8hadr.) uncerfainty . NLO-FR % "“"run-.l
_~ T T T T T T
< 600 = o — T
g : _ a | .
>‘ R
% Global suppression & 600[ :
..... o B 1
S~ D ]
S 400 I

/ by 0.53 I
m-

Resolved-only ——

200

EF' > 5 GeV

Ef>5GeV

. L . 200
E*%.4Gev | suppression by 0.3 - E% . 4Gev
NLOx 0.53 | NLO res x 0.3
§;1§:I 1 N S S T iz_-l m..l...m..._
g With resolved-only = - e
02 a0 os 'x1 suppression much - T Y R Y ST R—
Y worse agreement in ""
H1 PRELIMINARY . Data / Theory
H1 HERA 99-00 e+ Data / NLO-FR x (1+3_) X distribution H1 HERA 99-00 e+ Data / NLO-FR x (143,_, )
e | = =S "
s T Experiments s , | : :
L — ] seem to prefer S
L . =
= ool global suppression E
I 8
See also Klasen & Kramer
Y Xy
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Leading neutron data: p vs DIS

ZEUS, NP B776 (2007) 1

DIS (3 Q2 bins) and p

_l 7| T | T 7T | T T | T 1 | T T | T T | T T | T |7

x - ZEUS 6 pb”' 2 £ 0.476 X2 GeV2 ]

Qz 0.2 C o (@)=4x10" GeV? P t o

=l C ZEUS 40 pb™ ]

-8 0.175 - . (@ = 2.7 GeV? LI 1' L 3

= C (@) =8.9GeV> = o ]

£ 015 = @=a0Gev , i ! .

2 - Wi ARy .

T 0.125 - e o o .

- L o ]

01 o ° A =

- e, . ]

0075 " » ,° =

., ° s ]

0-05 ;8 | | 7:

. ; Systematic uncertainty é
0.025 - O

0 :I L1 | L1 | | L1 1 | L1 | | L1 1 | L1 1 | L1 1 | 1 IiI:

0.2 0.3 04 05 06 0.7 0.8 09 1

XL

* Yield increases from p to DIS

« Small but significant increase
from mid to high Q2

b (GeV?)

£

p;2 distributions fitted exponentially:

ZEUS 40 pb™
A (@Y =27GeV?

8 o= (@% = 40 GeV?

2 — [] Systematic uncertainty

T ‘ T T T | T T 1 I T T T | T T T ‘ 1T T T

ZEUS 6 pb™ p2 < 0.476 X2 GeV? |
10 - o ©@»=4x10%GeV? T ) B

AP |
(@) =8.9 GeV? i | R %

O_I\\\‘\I\\lllllllllll\\\\‘\\\I

04 05 06 07 08 09

 DIS slopes almost equal

* p slopes higher at

intermediate 0.6 < x, < 0.9
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Absorption models: LN via

photoproduction

il

large v,

DIS small v,
no rescattering

rescattering
> X

Absorption from additional pomeron exchange
(Nikolaev, Speth, Zakharov hep-ph970829(

a _'O_ a a _'~_ a
16
/ : 1
¢ 1P 1 \p
[} 1 P 1
Pe 1
: ’/‘\‘ ‘o‘.\‘ :
| G N, A >,
' T TN, ST T KN |
p —\ PP et
nn nn
a—e—a a—e¢—a
R '
A N
P / : y2 P : ‘|P
LAY ) S 1
Q" l
T n\ ]

l. "’ \\ 0/
'0"7[ n\\ 0" Q‘
p —\ /—p p— —D
nn nn
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* include effects of

exchange _E_"-’S
===

D’Alesio and Pirner, EPJ A7 (2000) 109

the larger the photon, the fewer the n’s
detected (more absorption in gp than DIS)

the smaller the n- system (r,, ), the fewer
the n’'s detected (more absorption at
high p+, low x;)

(Kaidalov), Khoze, Martin, Ryskin
EPJ CA7 (2006) 385; EPJ C48 (2006) 797

evaluate correction due to enhanced
absorptive diagrams B (small, ~15%)

show importance of distortion of energy
spectra (migration) due to rescattering
for x,< 0.8

, 8, exchange

estimate the gap survival factor S?
(important for LHC!) which takes into
account that rescattering may populate
the rapidity gap with secondary particles
carrying away energy from the leading
neutron

MPI@LHC'08 - Gap survival probability and rescattering at HERA - A. Solano 19



@ Comparison with  exch. + absorption

o 14 ., 'Z'E'U;L;,b' R Ratio p/DIS rises with increasing X,
19 [ p2 < 0.476 x? GeV? +_'
"= L [] Systematic uncertainty <A ) ) )
[ 7 D' Alesioand Pimer S Consistent with  exchange + geometrical
1+ — D’ Alesio and Pirner x (1-x,) ™ - . : i i .
- -~ NSz absorption model (D’Alesio and Pirner):
: ..... NSZ x (1'xL) S e : ) ]
08¢ o mgEt T - * more absorptionin  p than DIS
C O T : :
i e e ] e average n- separation r, increases
0.6 - 7 with x,_ (from pion flux):
0.4 - ] bigger r, less absorption at high x |
; - (1/55,) do /dx, (Q°<0.02 GeV?)
0.2 - (1/s,.)) do,/dx (@>>2 GeV®) 1  Consistent with Regge-based model
B o with multi-pomeron exchanges (NSZ)

0 [ B
0.2 0.3 04 05 0.6 0.7 0.8 09 1
X,

Note on energy dependence:

Assuming same power-law dependence of gp
:> and gpcross-sections, at fixed W

§'=(1-% W2 ST - (1x, ) 013

absorption ratio scaled by (1-x,)0%3
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Comparison with enhanced absorption ﬁm
model + secondary exch.: b slopes S

_ ......ZlEU.S.. I All DIS bins combined together
U 12 o zEus4opb” (a)-
8 i Q?> 2 GeV? /
< 10 = p2 < 0.476 x2 GeV” ] ; ; :
S 10 B oTe L O iy | Model by_Kalda_Iov, Khose, Martin, Ryskin
g [ KMRmewh =~ . = (KKMR), including rescattering
Fo— n+p+a, exch. .-° ] . . . . .
6L 1 corrections with migration and absorption,
g ) b IS not enough to describe the data
4 L + s p . .
5t ] including secondary ( , a,) exchanges
I ;1 (KMR) allows a good description of b
AN T T T T N T T A T AT A A S . . .
c:T>‘ 0 e zEusept' | (b) slopes of LN pT2 distributions
) o p2 < 0.476 x2 GeV? B
91'5 - [] Systematic uncertainty
Q C ] ; .
<1 - + 7 Size of (n- ) system proportional to 1/pheutron
05 ! ; rescattering removes n’s with highp -
0’ the bigger absorption for small (n- ) systems
05 - ] casues a depletion of high-p; neutrons, more
- Ab = b(Q2<0.02 GeV?) -b(@>2Gev) | N pthanin DIS
T O T A AV A
03 04 05 06 07 08 09 1
X,
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Comparison with enhanced absorption
model + secondary exch.: x

ZEU P

Jdo, /dx

(1/c

| 0.1 8 B T | 1T ] T T T | T | T | T ] T | 1T ]
- e ZEUSG6pb” / E
0.16 - Q°<0.02GeV’ -
- p2 < 0.476 x2 GeV?
0-1 4 __ l:’ ST = . = ]
i ystematic uncertainty
c - --- KKMR & exch. b
Y 0'1 2 - — KMR n+p+a,exch. e,
L ‘ A
0-1 __ ¢ "' ]
B o
0.08 - . -
- ® K
— ‘ L4
0.06F . ° =
_ . '0' ‘|‘ -
0'04 __ '¢" ‘\ __
0-02 :_‘x‘¢" _:
Lt ' —
i 11| I 11| l I 11 I 11| | 11| I 11| l I 11 I 11| ]

0
0.2 0.3 04 05 0.6 0.7 0.8 09 1
X,

_ Spectrum

Model by Kaidalov, Khose, Matrtin,

L
Ryskin (KKMR):

* rescattering causes migration of LN to
lower x, values

» thus at large X, rescattering acts as
absorption

* enhanced abs. corrections small ~15%

 absorptive effects may be described
In terms of gap survival probability

* including exchanges of secondary
reggeons ( , a,) to better describe the p;
distribution (KMR) leads to the prediction
of a gap survival probability ~ 0.4 ,in
agreement with LN yield in p

Validity of the model tested on HERA data allows reliable predictions for LHC!

29/10/2008

MPI@LHC'08 - Gap survival probability and rescattering at HERA - A. Solano 22



Leading neutrons + dijets in P _EE

H1, EPJ C41 (2005) 273

H1
E el > 7 GeV, E[*2 > 6 GeV

NLO by Klasen and Kramer
reproduces well the data if
corrections to hadron level
are introduced

no suppression seen

But see also more recent KK

calculation (DESY 06-124) where NLO

Is first normalized to DIS data:
suppression ~ 0.48 for resolved-only

and ~ 0.64 for global
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@ Conclusions

B Diffractive dijet photoproduction has been studied to test possible factorization
breaking as in proton-antiproton collisions at Tevatron

Gap survival probabilities ~ 0.4 — 0.9, higher than in ppbar, have been measured

Both H1 and ZEUS data prefer a global suppression for both the direct and
resolved components of the photon, with a possible E; dependence of the
suppression factors

B Leading neutron production data  indicate a suppression in p @ low x, high p;

exchange models with absorptive corrections, including migration and secondary
exchanges, describe the data, with a gap survival probability ~ 0.4

No absorption is seen in presence of high E; jets

HERA data offer the opportunity of testing and tuni ng models for LHC !
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