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DIS variables:

Diffractive Dijet Production in ep

At HERA about 10% of low-x 
events are diffractive

Diffractive variables:

In diffractive events the beam proton stays intact or 
dissociates into low mass hadronic system Y

Dijet mass: 

At LO: The momentum fraction 
entering the hard subprocess 
with respect to the diffractive 
exchange

LO diagram
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Collinear QCD factorization theorem in 
hard diffraction

● For diffractive events with a hard scale (e.g Q2 or jets pT)

● Factorization of the diffractive cross section into process 
independent DPDFs and partonic cross sections

● For diffractive processes (including dijets) with Q2 high enough 
factorization proven by Collins within perturbative QCD, for 
low Q2 factorization breaking suggested
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NLO DPDFs
● DPDF sets differ mainly in gluon component which 

is weekly constrain from inclusive diffractive data
● For gluon dominated diffractive dijet production 

we have sizable DPDF uncertainty 
● DPDFs obey standard DGLAP evolution equation Combined inclusive 

+ dijets data fits

H1 2007 Fit Jets
ZEUS 2009 Fit SJ

Fits of inclusive 
data

H1 2006 Fit A
H1 2006 Fit B

70% of 
diffractive 
exchange 
momentum 
carried by 
gluons
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NNLO QCD Predictions
● NNLOJET program based on antenna 

subtraction
J. Currie, T. Gehrmann, A. Huss and J. Niehues, JHEP 07 (2017) 
018, [1703.05977]

virtual-virtual

real-virtual

real-real

The NLO 2jet and 3jet contributions verified 
against Sherpa and NLOJET++

A bit of history
● 1973 Asymptotic freedom of QCD
● 1993 NLO studies of DIS jets
● 2016 NNLO corrections for DIS jets

Cookbook
1) The matrix element tables precalculated 

by NNLOJET program (~1M CPU 
hours)

2) Then convoluted with DPDFs and    
using fastNLO (<1s)
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Katarzyna Wichmann:
Soft and hard QCD processes at 
HERA
Sunday, 24.9.
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The DIS dijets measurements
● 5times     e+p  27.6 GeV + 920 GeV

1times     e+p  27.5 GeV + 820 GeV
● 4times     Large rapidity gap selection (LRG)

2times     Proton spectrometer (FPS, VFPS)

LRG
HERA2

LRG
HERA1

FPS
HERA2

VFPS
HERA2

LRG
HERA1

LRG
HERA1
820GeV

H1 LRG HERA2
Phase Space

All HERA analyses with 
asymmetric jet pT cuts included
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Total Cross Sections - NLO vs NNLO

● For NNLO the inner bar 
represents the scale 
uncertainty, the outer 
includes DPDF 
uncertainties 

● Total cross sections well 
described by NLO

● NNLO predictions 
systematically 
overestimate the data 
with exception of ZEUS 
measurement
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Total Cross Sections - Scale dependence
Renormalization scale dependence Factorization scale dependence

● Comparable NLO and LO 
renormalization scale dependences
(characteristic for gluon-dominated 
processes)

● NNLO  has smaller renormalization 
scale dependence

● Factorization scale dependence lower 
with every order
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Total Cross Sections - Scale dependence

● Four functional form of 
scales studied, everytime 
assumed:

● Alternative 
parameterizations:

The pT is the dominant term, if removed
the cross sections substantially higher
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Total Cross Sections - DPDF dependence
● Inner bar represents 

the DPDF uncertainty, 
the outer includes 
scale uncertainties

● Combined fits of 
inclusive + dijet data
H1 Fitj Jets
ZEUS SJ
perform best

● Inclusive data fits
H1 Fit A
H1 Fit B
very different 
although for inclusive 
data had similar chi2
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Studied differential distributions
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● The same or similar distributions from 
various analyses grouped into one plot,
as shown bellow. In total 57 differential 
distributions analyzed

● For inelasticity y NNLO higher for higher y,
similar trend in data, note

Differential x-sections



15

● The scale with Q2 term only predict 
steeper Q2 distribution

● Only small difference between other scale 
prescriptions

● No systematic trend in data

Differential x-sections
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● Most sensitive variable to the partonic 
structure of the diffractive exchange (to 
DPDFs)

● NNLO predict an increase in the last bin 
for LRG analyses which is really seen in 
data

Differential x-sections

k
T
- jet algorithm (R=1)
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● NNLO predicts more jets in the forward 
(=proton) direction

● The inclusive jet variable           filled for 
each jet in the event shows the biggest 
observed difference between NLO and 
NNLO - factor 2!

Differential x-sections
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Conclusions
● Dijets in diffractive DIS calculated in NNLO QCD for 

the first time
● Differential distributions for various observables 

calculated
● The NNLO cross sections about ~40% higher than NLO
● The NNLO predictions overshoot the data for all H1 

measurements and all studied DPDFs

● Fit the inclusive and dijet diffractive DIS data at NNLO

Outlook
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Backup
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