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Diffractive ep Scattering at HERA

deep-inelastic scattering (DIS): ep → e′X
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→ colour flow

⇒ probe proton structure
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diffractive scattering (DDIS): ep → e′Xp′ ∼ 10% of DIS events
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no “forward” activity
→ rapidity gap
→ p′ → beampipe
→ X → “central”
→ no colour flow in between

⇒ probe structure of the color singlet exchange (“Pomeron” IP)
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Kinematics of DIS and Diffractive DIS

deep-inelastic scattering (DIS): ep → e′X

e

e′

γ∗

p

X

q

s
W

Q2 virtuality of the exchanged photon: Q2 = −q2

Q2 . 2 GeV2 photoproduction, Q2 > 4 GeV2 DIS

W γ∗-p system energy

x Bjorken-x: proton momentum fraction carried by the struck quark

y γ∗ inelasticity: y = Q2

s x

diffractive scattering (DDIS): ep → e′Xp′

e

e′

γ∗, y

zIP X

IP, xIP

p p′

q

t

s
W

t squared momentum transfer at the proton vertex: t = (p − p′)2

xIP proton momentum fraction of the color singlet exchange: xIP '
Q2+M2

X
Q2+W 2

zIP IP momentum fraction carried by the quark “seen” by the γ∗: zIP = x
xIP
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Factorisation in Diffractive DIS
perturbative QCD: only if “hard scale” is present
→ diffractive factorisation theorem in analogy with proton PDFs

e

e′

γ∗

X

IP

p p′

collinear factorisation: (proven for DDIS by J. Collins)

σD(γ∗p → Xp) =
partons∑

i
σ̂(zIP,Q2) ⊗ f D

i (zIP,Q2, xIP, t)

→ hard subprocess matrix element, calculable in pQCD

→ universal diffractive parton distribution functions (DPDFs)

proton-vertex factorisation assumption: (supported by H1 and ZEUS data)

f D
i (zIP,Q2, xIP, t) = fIP/IR(xIP, t) f IP/IR

i (zIP,Q2)

→ flux parametrisation, Pomeron/Reggeon PDFs

DPDFs:
→ have no firm basis in QCD, but can be extracted from inclusive DDIS data
→ test universality in semi-inclusive states
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Diffractive PDFs

[EPJ C 48, 715 (2006)]
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⇒

→ DPDFs obtained by H1 and ZEUS
in inclusive diffractive DIS
measurements and NLO QCD fits

[EPJ C 71, 1741 (2011)]

2 Radek Žlebč́ık, Karel Černý, Alice Valkárová: Factorisation breaking in diffractive dijet photoproduction at HERA?

Table 1. Kinematic cuts used in H1 [20] and ZEUS [18]
analyses

H1 ZEUS

Q2 < 0.01GeV2 Q2 < 1GeV2

0.3 < y < 0.65 0.2 < y < 0.85

Ejet1
T > 5GeV Ejet1

T > 7.5GeV

Ejet2
T > 4GeV Ejet2

T > 6.5GeV

−1 < ηjet1(2) < 2 −1.5 < ηjet1(2) < 1.5
Diffractive cuts
xIP < 0.03 xIP < 0.025
zIP < 0.8
|t| < 1GeV2 |t| < 1GeV2

MY < 1.6GeV MY = mp

is a useful tool for tests of the validity of the hard factori-
sation in diffraction. The partonic structure of the photon
is described in terms of quark and gluon densities that
obey DGLAP evolution equations [11]. There was an ear-
lier prediction of Kaidalov et al. [12] that the factorisation
breaking of the resolved part should induce a suppression
of the NLO QCD expectation by about a factor of 0.34.
This idea was widely discussed and applied to published
data in the studies of Klasen and Kramer [13,14]. However
recently [15] theoretical expectations were revised stress-
ing the fact that due to the inhomogeneous term in the
DGLAP evolution there is also point-like part of the pho-
ton structure function [16]. The hadron-like part of the
photon structure (suppressed by 0.34) occurs only at low-
est values of four-momentum fractions xγ ∼ 0.1 which
are experimentally hardly accessible. The dominant mea-
sured part of the resolved processes is therefore induced
by the point-like component of the photon structure func-
tion with a significantly weaker suppression as compared
to the 0.34, see [15] for details.

2 Recent results from HERA

The H1 and ZEUS collaborations analysed the diffractive
dijet photoproduction data in [17,18,19]. The advantage
of using the diffractive photoproduction of dijets is that
two jets in the final state enable us to reconstruct the xγ

variable. The H1 collaboration observed a global suppres-
sion of the dijet cross sections with respect to NLO QCD
calculations by a factor of about 0.5 [17]. On the contrary
the ZEUS data published in [18,19] were compatible with
no suppression. A new study of H1 collaboration [20] with
a three times larger data sample and a similar kinematic
region as the previous study [17] fully confirms the previ-
ous H1 observation. In contradiction with expectations of
only the resolved processes being suppressed [12,15] nei-
ther experiment did observe a difference in suppression
for the resolved enriched part (xγ < 0.75) and the direct
enriched part of the cross section (xγ > 0.75).

In H1 and ZEUS analyses the diffractive events were
selected with a large rapidity gap method and jets were
identified using the inclusive kT cluster algorithm [21] in
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Fig. 1. The diffractive quark singlet and gluon densities for
the squared factorisation scale µ2 = 25 GeV2 in the region
MY < 1.6 GeV and |t| < 1 GeV2 for two values of xIP , xIP =
0.01 (left) and xIP = 0.02 (right). Uncertainties of the H1 fit B
are depicted as a band.

the laboratory frame. The phase space of both analyses
was different (see Table 1), the main difference being at

somewhat larger transverse momenta of the jets, Ejet
T , of

ZEUS measurement. H1 collaboration collected data with
a tagged electron that allowed to restrict the Q2 to very
low values (Q2 < 0.01 GeV2), the ZEUS analysis was
done with an untagged electron sample of events (Q2 <
1 GeV2). In H1 analysis the additional cut zIP < 0.8 was
applied since the DPDF sets are not valid at the largest
values of zIP .

2

The NLO QCD calculations were performed by means
of using the program of Frixione et al. [22] (H1) and Klasen
and Kramer [23] (ZEUS). Both calculations provide a con-
sistent results as it was demonstrated in [24].

For the NLO QCD calculations, the H1 collaboration
used three DPDF sets, H1 2006 DPDF fit B, measured
in the analysis of the inclusive DIS data [25], the inclu-
sive and dijets combined fit H1 2007 DPDF fit Jets [9]
and inclusive and dijets combined ZEUS fit SJ [19]. H1
and ZEUS collaborations compared their results with the
calculations using the same DPDF fits.

In Fig. 1. the comparison of the three DPDF sets is
shown as a function of the partonic longitudinal four-
momentum fraction with respect to the pomeron, z, for
two values of xIP . As expected a good agreement of all
three fits is seen for the quark singlet density. The dif-
ferences in the fits are much larger for gluon densities
which are more important for dijet measurements. Note
that the values of ZEUS fit SJ in the Fig. 1 are multi-
plied by a factor of 1.2. This is connected with the differ-
ence in methods which were used to measure diffractive
inclusive cross section by H1 and ZEUS collaborations.
The selection of diffractive events relying on the rapid-
ity gap method yields a sample which is dominated by
elastically scattered protons, but which also contains an

2 zIP is the longitudinal four-momentum fraction of the par-
ton entering the hard subprocess with respect to pomeron.
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Dijets in Diffractive DIS (LRG) [JHEP 1503, 092 (2015)]
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inclusive dijet production in diffractive DIS:
→ HERA-II data: L = 290 pb−1

→ 6 times more data than previous analysis
→ diffractive events identified by “large rapidity gap” (LRG)

(ηmax < 3.2)
→ using R = 1 kT -jets
→ hadron level cross sections via regularised unfolding in extended

phase space

Diffractive events are identified with the LRG method which requires an empty interval in
rapidity between the systemsX andY. The low-mass systemY is produced at very large pseu-
dorapidities and escapes detection. The diffractive signature is thus defined by the systemsX
(in the main detector) andY (undetected). The energy of any cluster in the forward region of
the LAr calorimeter is required to be below the noise level of800 MeV, which is ensured by de-
mandingηmax< 3.2. The variableηmax corresponds to the LAr cluster above the noise threshold
which has the largest pseudorapidity. Information provided by the forward detectors FMD, FTS
and the Plug calorimeter is used in order to extend the gap to rapidities beyond the LAr accep-
tance and in order to suppress the proton dissociation contribution. These detectors are required
to show no signal above noise level [46]. At high momentum fractionsxIP, the systemX tends
to extend into the direction of the outgoing systemY and the experimental separation of the sys-
temsX andY is not possible. The LRG selection method is thus applicableonly in the region of
xIP . 0.03. The sample of DIS events satisfying the LRG criteria is dominated by the diffractive
exchange, as the systemX is isolated in the main part of the H1 detector, while the systemY
escapes undetected down the beam pipe. The signal is dominated by proton-elastic processes,
ep→ eXp, however, a small fraction of proton dissociation events isalso accepted by the LRG
selection. The LRG requirements impose restrictions on themass and scattering angle of the
hadronic systemY. These correspond approximately to the requirementsMY < 1.6 GeV and
|t| < 1 GeV2. Migrations in these variables are modelled using MC simulations.

Extended Analysis Phase Space Measurement Cross Section Phase Space

DIS
3 < Q2 < 100 GeV2 4 < Q2 < 100 GeV2

y < 0.7 0.1 < y < 0.7

Diffraction

xIP < 0.04 xIP < 0.03

LRG requirements |t| < 1 GeV2

MY < 1.6 GeV

Dijets

p∗T,1 > 3.0 GeV p∗T,1 > 5.5 GeV

p∗T,2 > 3.0 GeV p∗T,2 > 4.0 GeV

−2 < ηlab
1,2 < 2 −1 < ηlab

1,2 < 2

Table 1: Summary of the extended analysis phase space and thephase space for the dijet cross
sections measurements.

Events are selected in a phase space which is extended compared to the measurement phase
space in order to improve the precision of the measurement byaccounting for migrations at the
phase space boundaries. Events within the DIS phase space ofy < 0.7 and 3< Q2 < 100 GeV2

are selected. The events are required to have at least two jets in the pseudorapidity range−2 <
ηlab

1,2 < 2 and transverse momenta greater than 3 GeV in theγ∗-p centre-of-mass frame.

The measurement phase is defined by the DIS requirements of 0.1 < y < 0.7 and 4< Q2 <
100 GeV2. The pseudorapidity of jets is restricted in the laboratoryframe to−1 < ηlab

1,2 < 2 to
ensure the jets to be contained well within the central detector. The transverse momenta of the
leading and sub-leading jets are required to be larger than 5.5 GeV and 4.0 GeV, respectively.
The extended phase space and the measurement phase space definitions are summarised in

9
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Dijets in Diffractive DIS (LRG) [JHEP 1503, 092 (2015)]

measurement of single differential cross sections:
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Figure 6: Diffractive dijet differential cross section as a function of〈p∗T〉 and∆η∗. The inner
error bars on the data points represent the statistical uncertainties, while the outer error bars
include the systematic uncertainties added in quadrature.Further details are given in figure 3.
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Figure 4: Diffractive dijet differential cross section as a function of logxIP andzIP. The inner
error bars on the data points represent the statistical uncertainties, while the outer error bars
include the systematic uncertainties added in quadrature.Further details are given in figure 3.
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Figure 4: Diffractive dijet differential cross section as a function of logxIP andzIP. The inner
error bars on the data points represent the statistical uncertainties, while the outer error bars
include the systematic uncertainties added in quadrature.Further details are given in figure 3.
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NLO predictions
→ using NLOJet++ (adapted to DDIS) and H1 2006 Fit-B DPDFs
→ data well described
→ large uncertainty from PDF and theory

data precision
→ better than theory
→ mostly limited by systematic effects
→ 7% normalisation uncertainty (LRG selection)
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Dijets in Diffractive DIS (LRG) [JHEP 1503, 092 (2015)]

measurement of double differential cross sections: e.g. dσ/d(Q2, p∗T ,1)
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Figure 9: Double-differential cross section as a function ofp∗T,1 andQ2. The inner error bars
on the data points represent the statistical uncertainties, while the outer error bars include the
systematic uncertainties added in quadrature. Further details are given in figure 3.
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Figure 10: Ratio of the double-differential cross section to the NLO prediction as a function of
p∗T,1 andQ2. The inner error bars on the data points represent the statistical uncertainties, while
the outer error bars include the systematic uncertainties added in quadrature. Further details are
given in figure 3.
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first measurement of αs in hard diffraction at HERA:
αs (MZ ) = 0.119± 0.004(exp)± 0.012(DPDF , theo)

→ agreement with world average
→ not competitive with other αs measurements
→ but supports concept of DDIS dijet calculations in pQCD
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Factorisation Breaking

factorisation properties of diffractive dijets:
→ factorisation holds for dijets in DDIS
→ factorisation is broken in hadron-hadron scattering:

σ(data)/σ(NLO) ∼ 0.1
at Tevatron and LHC with HERA DPDFs

CDF: dijets in diffractive pp̄
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real photon has hadronic structure
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Figure 6: Differential cross sections for the diffractive production of two jets in photoproduc-
tion in the kinematic region specified in Table 1 as a functionof a) zjetsIP and b)xjets

γ . The inner
error bars represent the statistical errors, the outer error bars include the uncorrelated system-
atic errors added in quadrature. The shaded band around the data points indicates an additional
systematic uncertainty which is correlated between the data points. The NLO QCD predictions
based on the Frixione et al. program (FR) and using the ‘H1 2006 Fit B’ diffractive parton den-
sities are shown with hadronisation corrections (white line) and at the parton level (black line).
The inner band around the NLO prediction indicates the uncertainty resulting from simultane-
ous variations of the renormalisation and factorisation scales by factors0.5 and2 and the full
band includes the uncertainty due to the hadronisation corrections added linearly.
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Figure 2: Diffractive dijet photoproduction cross sections differential in (a)xjets
γ , (b) Ejet1

T , (c)
log xIP , (d) zjetsIP , (e)

〈
ηjets

〉
, (f)

∣∣∆ηjets
∣∣, (g)W , (h)M12 and (i)MX . The data points are shown

with inner error bars corresponding to statistical uncertainties and outer error bars representing
statistical and uncorrelated systematic uncertainties added in quadrature. The correlated sys-
tematic errors are indicated by the open bands between the two solid black lines. The white
lines show NLO QCD calculations obtained using the FR framework [26, 32, 33] and the H1
2006 Fit B DPDFs, corrected for hadronisation effects. The dark bands around the theoretical
predictions indicate the result of propagating the uncertainties on the Fit B DPDFs to the NLO
calculation. The light bands show this DPDF uncertainty added in quadrature with the effect on
the calculation of varyingµR andµF by factors of 0.5 and 2.0. In all figures, the predictions of
the RAPGAP MC model are also shown.
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Diffractive Dijets with a Leading Proton (VFPS) [JHEP 1505, 056 (2015)]

⇒ could p-dissociative contribution be the reason?

H1 Very Forward Proton Spectrometer (VFPS):
→ VFPS is 220m from interaction point:

⇒ 2 stations at 218 and 220m
⇒ high acceptance (90%) and efficiency (95%)
⇒ low background (< 1%)

→ directly measure scattered proton:
⇒ exclude p dissociation
⇒ directly reconstruct xIP and t

ep

H1

VFPSFPS

beam transport system

new cross section measurement:
→ tag scattered proton in VFPS
→ simultaneously performed in

⇒ photoproduction and
⇒ DIS

→ regularised unfolding to hadron level in
extended phasespace

J
H
E
P
0
5
(
2
0
1
5
)
0
5
6

Photoproduction DIS

Q2 < 2GeV2 4GeV2 < Q2 < 80GeV2

Event kinematics
0.2 < y < 0.7

0.010 < xP < 0.024

Diffractive phase space |t| < 0.6GeV2

zP < 0.8

E∗jet1
T > 5.5GeV

Jet phase space E∗jet2
T > 4.0GeV

−1 < ηjet1,2 < 2.5

Table 1. Phase space of the diffractive dijet VFPS measurement for photoproduction and deep-

inelastic scattering.

Diffractive dijet photoproduction and DDIS events were generated using the RAP-

GAP MC generator [57]. This generator is based on leading order (LO) parton level

QCD matrix elements with a minimum transverse momentum of the outgoing partons of

p̂min
T = 1.7GeV. Higher orders are mimicked by initial and final state leading logarithm

parton showers. Fragmentation is accounted for using Lund string model [58] as imple-

mented in Pythia MC generator [59]. The H12006 Fit-B DPDF set [4] is used in RAPGAP

to describe the density of partons in the diffractively scattered proton. In photoproduc-

tion a resolved photon contribution is simulated using the GRV-LO photon distribution

function [25]. In addition to a pomeron exchange contribution also a sub-leading reggeon

contribution is included, corresponding to about ∼2% of the total cross section. In order

to describe the data sufficiently well reweighting functions are applied in zobs
P

, xP and t.

The reweighting is different for γp and DIS.

5.5.2 Correction to theoretical models

For comparison of QCD calculations with the diffractive measurements, it is necessary to

convert the calculated NLO parton level cross sections to the level of stable hadrons by

evaluating effects due to hadronisation, fragmentation and the influence of pomeron or

photon remnants. The RAPGAP MC generator is used to compute the required hadroni-

sation correction factors for the diffractive dijet calculations. These factors are defined for

each measured data point by

1 + δihadr =
σhadr
i

σpart
i

, (5.10)

where the σhadr
i (σpart

i ) are the bin-integrated MC cross sections at hadron level (parton

level) in a given bin i. They reduce the predicted NLO parton level cross sections by

typically ∼ 9% in photoproduction and enhance the cross sections by typically ∼ 2% in

DIS. In photoproduction the hadronisation correction factor is particularly large at the

second highest xobsγ bin, where contributions with xobsγ ∼ 1 at parton level migrate to

– 10 –
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Diffractive Dijets with a Leading Proton (VFPS) [JHEP 1505, 056 (2015)]

dijets in DDIS:
⇒ shape and normalisation well described by NLO
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→ luminosity: L ∼ 50 pb−1

→ NLO by NLOJet++
→ H1 2006 Fit-B DPDFs

dijets in diffractive γp:
⇒ shape well described by NLO
⇒ normalisation overestimated ∼ ×2
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→ luminosity: L ∼ 30 pb−1

→ NLO by FKS (Frixione et al.)
→ H1 2006 Fit-B DPDFs
→ GRV and AFG γ-PDFs
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Diffractive Dijets with a Leading Proton (VFPS) [JHEP 1505, 056 (2015)]

double ratios of cross section γp/DIS : → much reduced theory uncertainties

ratio to NLO
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→ suppression factor:
0.511± 0.085(data)± 0.022(theo)

→ confirms previous results
w/ complimentary experimental method

→ no hint for suppression dependence on zIP, E∗jet1
T , . . .

Arthur Bolz ICHEP2016 - August 6 12 / 17

https://arxiv.org/abs/1502.01683


Prompt Photons in Diffractive Photoproduction (LRG) [ZEUS-PREL-15-001]
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→ HERA I+II data: luminosity L = 374 pb−1

→ LRG selection
→ measure prompt photon with and without accompanying jet

→ photon must couple to charged particle
⇒ explore quark structure of the Pomeron

→ channel sensitive to factorisation breaking

analysis phasespace:
Q2[GeV2] < 1

xIP < 0.03
5 < ET ,γ [GeV]

-0.7 < ηγ < 0.9
4 < ET ,jet [GeV]

-1.5 < ηjet < 1.8

→ bin by bin detector corrections
→ data compared to RAPGAP with H1 2006 Fit-B DPDFs
→ normalized to data
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Prompt Photons in Diffractive Photoproduction (LRG) [ZEUS-PREL-15-001]

(a)

(b)

Figure 7: Differential cross sections as functions of (a) Eγ
T and (b) ηγ, for events

containing an isolated photon, compared to normalised prediction from Rapgap.. The

kinematic region of the measurement is described in the text. The inner and outer error

bars respectively denote statistical uncertainties and statistical with systematic uncertain-

ties combined in quadrature..

17

inclusive

(a)

(b)

Figure 9: Differential cross sections as functions of (a) Ejet
T and (b) ηjet, for events

containing an isolated photon accompanied by a jet, compared to normlised prediction

from Rapgap. The kinematic region of the measurement is described in the text. The

inner and outer error bars respectively denote statistical uncertainties and statistical un-

certainties with systematic uncertainties combined in quadrature.

19

γ + jet

→ RAPGAP normalized to data gives reasonable description of most variables
within uncertainties

→ not at zIP ∼ 1, where H1 2006 Fit-B was not fitted
→ most photons are accompanied by a hard jet
→ further studies ongoing

Figure 10: Differential cross section as a function of xmeas
γ , for events containing

an isolated photon and a jet, compared to normlised prediction from Rapgap. The

kinematic region of the measurement is described in the text. The inner and outer error

bars respectively denote statistical uncertainties and statistical uncertainties combined

with systematic uncertainties in quadrature. hatched and dotted bands.

Figure 11: Differential cross section as a function of zmeas
IP , for events containing

an isolated photon and a jet, compared to normlised prediction from Rapgap. The

kinematic region of the measurement is described in the text. The inner and outer error

bars respectively denote statistical uncertainties and statistical uncertainties combined

with systematic uncertainties in quadrature. hatched and dotted bands.
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γ , for events containing

an isolated photon and a jet, compared to normlised prediction from Rapgap. The

kinematic region of the measurement is described in the text. The inner and outer error

bars respectively denote statistical uncertainties and statistical uncertainties combined

with systematic uncertainties in quadrature. hatched and dotted bands.

Figure 11: Differential cross section as a function of zmeas
IP , for events containing

an isolated photon and a jet, compared to normlised prediction from Rapgap. The

kinematic region of the measurement is described in the text. The inner and outer error

bars respectively denote statistical uncertainties and statistical uncertainties combined

with systematic uncertainties in quadrature. hatched and dotted bands.
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Open Charm Production in DDIS (LRG) [H1-PREL-16-011]
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→ charm mass → “natural” hard scale
→ NLO by HVQDIS in FFNS
→ H1 2006 Fit-B DPDFs

→ HERA II data: luminosity: L ∼ 280 pb−1

→ LRG selection
→ open charm tagged with D∗ in

D∗+ → D0π+
slow → (K−π+)π+

slow + c.c.

→ signal extraction via mass fit
→ binwise efficiency/acceptance correction

analysis phasespace:
5 < Q2[GeV2] < 100

1.5 < pt,D∗ [GeV]
xIP < 0.03

0.02 < y < 0.65
|ηD∗, lab| < 1.5
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Open Charm Production in DDIS (LRG) [H1-PREL-16-011]
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⇒ shape and normalisation well described by NLO + DPDFs
→ exp. uncertainties dominated by gap selection and proton dissociative contribution
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Summary

inclusive dijets in diffractive DIS: data well described by NLO+H1 DPDFs,
data precision overshoots theory precision,
first αs extraction in diffraction,

inclusive dijets in γp (and DIS): measurement using VFPS proton spectrometer
DIS: VFPS data well described by NLO + H1 DPDFs
γp: cross sections overestimated by NLO + H1 DPDFs
confirms previous H1 observations of factorisation breaking
ZEUS: no suppression observed

prompt photons in diffractive γp: another hard process sensitive to factorisation breaking,
data compared to RAPGAP,
agreement in most cross section shapes,

open charm production in diffractive DIS: well suited for factorisation tests due to hard charm mass scale,
data well described by NLO in normalisation and shape,
may be used to further constrain DPDFs,
H1 analysis ongoing

see also talk on exclusive production at HERA by Mariusz Przybycien
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The H1 and ZEUS Multi Purpose Experiments

→ recorded integrated luminosity: ∼ 0.5 fb−1 per experiment
→ excellent control over experimental uncertainties:

⇒ over-constrained system in deep inelastic scattering
⇒ electron measurement scale uncertainty: 0.5 - 1%
⇒ jet energy scale uncertainty: 1%
⇒ trigger and normalisation uncertainty: 1-2%
⇒ luminosity uncertainty: 1.8 - 2.5%
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Diffractive ep Scattering at HERA

e

e′

γ∗

p

X

q

s
W

ep scattering mainly via γ∗ exchange:
→ γ∗ virtual photon: Deep Inelastic Scattering (DIS)

⇒ reconstruct e′: Q2 = −q2 & 4 GeV2

→ γ real photon: photoproduction
⇒ don’t reconstruct e′: Q2 . 2 GeV2

diffractive scattering:
→ a kind of strong interaction with “vacuum quantum number” exchange
→ outside the reach of perturbative QCD
→ phenomenological model: Regge theory
→ illustration: Pomeron IP exchange
→ also affects γp interactions

e

e′

γ∗

ρ∗, φ∗, . . .

IP

p p′

i) hadronic structure of the γ:
→ quantum fluctuations:

γ → qq̄: vector mesons ρ, φ, ...
→ effective h + h scattering
→ “whole” IP participates
→ mostly in photoproduction

e

e′

γ∗

X

IP

p p′

ii) hard diffraction:
→ IP is composite object
→ hard scattering with IP “parton”
→ only “part” of IP participates
→ this talk: recent HERA results
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