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• Measurement of Inclusive Diffraction in DIS
(abstract 53)

• Diffractive Dijets and QCD Factorisation
(abstracts 50,65)

Recent H1 results on Diffraction



1 HERA: The World’s Only ep Collider
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• 1998 Ep upgrade: 820 ⇒ 920 GeV
(
√

s : 301 ⇒ 319 GeV)

• 2001 HERA-2 upgrade: L × 3, Polarised e+/e−

(〈P 〉 = 40%)

HERA-1 (1993-2000) ≃ 120 pb−1

HERA-2 (2003-2007) ≃ 380 pb−1

Final Data samples

H1+ZEUS: 2 × 0.5 fb−1



2 Diffraction at HERA

� Fundamental aim: understand high energy limit of QCD (gluodynamics; CGC ?)

� Novelty: for the first time probe partonic structure of diffractive exchange

� Practical motivations: study factorisation properties of diffraction; try to transport to
hh scattering (e.g. predict diffractive Higgs production at LHC)
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β

′

(MY )

xIP = ξ =
Q2+M2

X
Q2+W 2

(momentum fraction of colour singlet exchange)

β = Q2

Q2+M2

X
= xq/IP = x

xIP

(fraction of exchange momentum, coupling to γ∗)

t = (p − p
′
)2

(4-momentum transfer squared)

Experimental methods:

1) selecting LRG events

2) detecting p in Roman Pots
(60 − 220 m from IP) FPS, VFPS



3 Factorisation properties in diffraction
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QCD versus Regge factorisation

QCD factorisation
(rigorously proven for

DDIS by Collins et al.):

Regge factorisation
(conjecture, e.g. RPM

by Ingelman,Schlein):

σD(4)
r ∝ ∑

i σ̂γ∗i(x, Q2) ⊗ fD
i (x, Q2; xIP , t)

• σ̂γ∗i – hard scattering part, same as in inclusive DIS

• fD
i

– diffractive PDF’s, valid at fixed xIP , t which obey (NLO) DGLAP

F
D(4)
2 (xIP , t, β, Q2) = Φ(xIP , t) · F IP

2 (β, Q2)

• In this case shape of diffractive PDF’s is independent of xIP , t

while normalization is controlled by Regge flux Φ(xIP , t)



4 Inclusive DDIS: H1 LRG Data Samples
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RMS = 1.08

H1 Large Rapidity Gap data

H1

• Statistics increase: 3 to 33

Typical precision: 1%(stat) ⊕ 5%(syst) ⊕ 4%(norm)

• 597 data points averaged to 277 measurements
Iterative χ2 minimisation with full error correlations
χ2/NDF = 371/320

• Total kinematic range:

3.5 < Q2 < 1600 GeV2

0.0017 < β < 0.8

0.0003 < xIP < 0.03 No large tension between data sets



5 Inclusive DDIS: LRG vs p-tagged methods
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H1

Compare LRG and FPS cross sections

Ratio LRG/FPS:

σ(MY <1.6GeV)
σ(Y =p)

=

1.203 ± 0.019(exp) ± 0.087(norm)

(1.6%) (7.2%)

Experimental control on the

amount of proton dissociation

in LRG data

No Q2 or β dependent

differences observed



6 Theoretical Approaches to DDIS: Partons vs Dipoles

This is dummy text in order to force correct page orientation (landscape). Attempt to cure autorotation by pdf conversion



7 Inclusive DDIS: Confronting Data and Models

]2 [GeV2Q
10 210

  D
(3

)
rσ 

IP
 . 

x
l 3

-210

-110

1

10

210
 =0.017 (l=8)β

 =0.027 (l=7)β

 =0.043 (l=6)β

 =0.067 (l=5)β

 =0.11 (l=4)β

 =0.17 (l=3)β

 =0.27 (l=2)β

 =0.43 (l=1)β

 =0.67 (l=0)β

=0.003IPx
 < 1.6 GeV)

Y
H1 LRG (M

 < 1.6 GeV)
Y

ZEUS LRG (M

H1 2006 DPDF Fit B

(extrapol. fit)

Dipole Model

H1

Compare H1 and ZEUS LRG data to

H1 DPDF Fit B and Dipole model

Normalisation difference of ∼ 10% between

H1 and ZEUS – within norm. uncertainties

of each experiment

Dipole model describes better low Q2 trend

DPDF is better at higher Q2

New precise data challenge models



8 Inclusive DDIS: Extracting Pomeron trajectory
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• Regge fit to LRG cross section:

F
D(3)
2 (Q2, β, xIP ) = fIP/p(xIP )F IP

2 (Q2, β) + nIRfIR/p(xIP )F IR
2 (Q2, β)

fIP/p,IR/p(xIP ) =
∫ tmin

tcut

e
BIP,IRt

x
2αIP,IR(t)−1

IP

dt αIP,IR(t) = αIP,IR(0) + α′
IP,IRt

• Mean value of the Pomeron intercept:

αIP (0) = 1.113 ± 0.002(exp)+0.029
−0.015(model)

• No Q2 dependence observed

• Consistent with other determinations

• Supports proton-vertex factorisation hypothesis

αIP (0) – consistent with ‘soft IP ’

α′
IP ≤ 0.1 is typical for ‘hard IP ’

Complicated interplay of hard and soft phenomena



9 20 years of Diffraction in DIS

ZEUS-1993

First observation

of diffraction in DIS

1992 data, 24.7 nb−1



9 20 years of Diffraction in DIS

ZEUS-1993

First observation

of diffraction in DIS

1992 data, 24.7 nb−1

Current H1 status H1 VFPS Preliminary
H1 FPS Preliminary
H1 LRG Preliminary x 0.81

H1 LRG Published x 0.81
H1 2006 DPDF Fit B x 0.81
H1 2006 DPDF Fit B x 0.81 (extrapol.)
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• Compelling confirmation of the NLO QCD picture of diffraction
over a wide kinematic range. Clear candidate for the textbook!

• Diffractive PDFs can be determined from these data. Are they universal?



10 QCD Factorisation Tests in Diffraction at HERA

QCD Factorisation holds in DIS regime (EPJ, C72, 2012)
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11 VFPS Dijets: Data Sample

z = 222 m

• 2006/07 e+p data, L ≈ 30 pb−1

• Leading proton measured by VFPS

• Untagged photoproduction

(e+ escapes in the beampipe)

Statistics: 4800 dijet events after all cuts

Data unfolded to the level of stable hadrons
using TUnfold program (Singular Value Decomposition
of the responce matrix)

Results are compared to LO Monte Carlo (Rapgap)
and to NLO QCD calculations (Frixione-Ridolfi)

• Scales: µr = µf = Ejet1
T

• DPDF H1 2006 Fit B and GRV-HO γ-PDF used



12 VFPS Dijets: Differential cross section in xγ and zIP
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Suppression factor is independent of xγ contrary to theoretical expectation



13 VFPS Dijets: Differential cross section in E
jet1
T and 〈ηjet〉
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• ET dependence of the suppression cannot be excluded within large uncertainties

• Rapgap MC predictions are too low as compared to the measurement



14 Summary

� Precision measurement representing a final H1 word on inclusive LRG
cross sections in DIS is publised based on full HERA I+II data

� These data provide new constraints to QCD models and support proton-
vertex factorisation hypothesis

� Dijet diffractive photoproduction cross sections with proton tagged in VFPS
are measured, and found consistent with previous (LRG) measurement.

� Gap survival probability = 0.67 ± 0.10(exp) ± 0.24(th) with no evidence
for the difference between resolved and direct processes

� Some features of these new measurements reveal a complicated interpay
of soft and hard phenomena which still represent a challenge for theoretical
models of ep diffraction.
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15 Selection of Diffractive Events



16 Ratio of Diffractive to Inclusive cross sections
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17 Diffractive PDFs as determined by H1 and ZEUS

Diffractive PDFs extracted from NLO DGLAP fit, using Regge factorisation

Combine H1 and ZEUS measurements to improve precision

Determine DPDF (eventually without Regge factorisation assumption)



17 Interplay of soft and hard contributions
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