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TH EXP

WG2+WG4

! 37 talks in WG2: 24 TH + 13 

EXP

! 5 talks in WG2+WG7: 5 TH 

(here 4 covered)

! 4 talks in WG2+WG4: 2 TH 

+ 2 EXP (here 2 covered)



12/4/19 Summary of WG2: Low-x and diffraction 5

! With this 

substitution

G. Beuf

R. Paatelainen

! Full result for the cross section for 

longitudinally polarised photons with 

massive quarks!



12/4/19 Summary of WG2: Low-x and diffraction 6

A. Watanabe

! 3 fitting parameters to describe both observables.

C. Ewerz

! Regge model: hard+soft tensor pomerons + a 

Reggeon, to describe DIS σred: 25 parameters.
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! Instability of NLO BK 

(large ln2) motivated 

resummation: evolution 

from projectile to target 

then corrected for 

lifetime ordering, 

requires fine tuning.

M. Matas

D. Triantafyllopoulos
! Inverted evolution, corrected 

for k+-ordering, gives stable 

and phenomenologically 

acceptable results.

! Step towards solving the 

problem of the ‘right’ 

evolution variable unifying 

BK/BFKL with DGLAP.

! Problem in BK 

evolution for large 

impact parameters: ill-

behaved, Coulomb 

tails to be tamed by 

confinement.

! Collinear resummations

imply a regulation of the BK 

kernel that seems to cure the 

problem (without any 

additional parameter!?): 

description of inclusive, 

charm and EVM HERA data.
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G. Chirilli

! DLA previously used for g1, applied here for F1.

! Leads to asymptotic scaling in Q2/x2, and a Pomeron-

like behaviour with intercept smaller than BFKL.

! Non-eikonal corrections considered in Balitsky’s HE OPE, 

fundamental for spin physics.

! Evolution equations for flavour non-singlet and flavour 

singlet polarised structure functions presented, 

coinciding with Bartels-Ermolaev-Ryskin: DLA.

B. Ermolaev
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! Rapidity separated 

QQ in γγ collisions:

A. Papa

! Rapidity separated 

h-jet in pp collisions:

F. Celiberto
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! Helicity structure of 

the lepton pair 

angular dependence 

in DY+jet: stronger 

decorrelation than in 

MN.K. Golec-Biernat

A. Ramnath

! Small-x evolution of a qg system separated in 

rapidity, valid in pA (JIMWLK) sent to the dilute limit: 

BFKL in pp, first step towards generalising Mueller-

Navelet-like observables to dense systems.
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K. Tu
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! Azimuthal asymmetries may 

have final or initial state origin.

! Initial state: microscopic 

picture based on classical 

calculations, may the hadron 

have a non-trivial structure?

! This depends on a hierarchy of 

scales.

D. Wertepny

T. Altinoluk! Basic failure for the description 

of small systems: absence of 

odd harmonics.

! Several ideas: domains in the 

hadron, higher order density or 

non-eikonal corrections? Effects 

on single and double inclusive.
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R. Maciula

! Calculation in LCPT ongoing of dijet production 

in the forward direction at NLO: essential for 

comparison to data and to verify the relation 

with TMD factorisation at small x beyond LO.

! J/ψ production in the improved CEM in 

kT-factorisation.

Y. Mulian

! Good description of data using several uPDFs.
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J. Gaunt
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J.-P. Lansberg

! Quarkonium-based extractions 

of σeff give a lower value: flavour 

or rapidity dependence?

L. Motyka

! Quarkonium production in 

the CSM considering double 

Pomeron (DPS) 

contribution: loops, BKP 

states.

! Seems to have a small 

effect.
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M. Strikman

! Definite predictions on nuclear targets: Aeff

decreases with W and increases with t.
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S. Munier

! From analysing the BK 

equation for diffraction, 

predictions and 

equation for the 

distribution of the gap.

! Analogy with time 

distribution of splittings

in random walks.

C. Flett

! Work ongoing to reduce the large 

uncertainty due to the scale 

dependence, in calculations of 

exclusive J/ψ electroproduction, to 

use for constraining PDFs.
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H. Mantysaari

! Monte Carlo code to compute dijet

production in the correlation limit, including 

JIMWLK evolution and hadronization.

! Acceptance effects important in background 

subtraction.

V. Skokov

! Charm dijet azimuthal harmonics 

studied, including the effect of 

JIMWLK evolution.

! Relation with the Wigner 

distribution: possibility of 

extracting it.
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S. Bondarenko

! Lipatov effective action formulated as a Reggeon

Field theory: connection with other formalisms 

like CGC/Balitsky.

! Vertices of the effective action get QCD 

corrections.

! Besides, there are RFT corrections.

! Both corrections compete, one loop corrections 

to reggeized gluon propagator computed.

M. Nefedov

! One loop effective vertives

in the RFT coming from 

Lipatov effective action 

computed: check with QCD 

in γ*γ→X using the effective 

γ*Rq vertex. 
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First difractive PDFs at NNLO from HERA (H1)

Radek Zlebcik
● Last difracive (NLO) it with HERA-I data from 2006/2007. Since then:
● NNLO calculaions available for inclusive and jet difracive producion
● 400 imes higher luminosity in the new incusive data, 6 imes higher in jet data
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Difractive (NLO) PDFs at the future LHeC and FCC-eh

Anna Stasto (@joint WG2+WG7 session)
Reduced cross secitons, simulated data (extapolated HERA DPFs)

LHeC FCC-eh

Accuracy of extracted DPDFs

● Lowering iniial Q2 increases accuracy, 

(region to higher twists, saturaion etc)

● Possibility of producing difrfacive top quark!

● Analysis of difracion in ePb ongoing
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Elastic and total pp xsecs from TOTEM
Frigyes Nemes
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Elastic and total pp xsecs from TOTEM

TOTEM data compared to variaions of COMPETE model.

None of the models is able to simultaneously describe the total cross secion and the ρ parameter 
→ indicaion of the existence of a colorless three-gluon bound state (Odderon at t=0)?

The Odderon is a C=-1 partner of the Pomeron (C=1).   



4/11/19 Summary of WG2: Low-x and difracion 6

Odderon conirmation in other measurements

      A. Szczurek

Odderon could be visible for M(φφ) > 6 GeV or |Y
dif

|>3

Proposed search for odderon in central exclusive producion at the LHC:

pp → ppM   M = φφ, φ, ppbar 

Most pronounced in φφ producion → 

Ongoing joint TOTEM + D0 analysis:

pp → pp at 2.76 TeV vs ppbar → ppbar at 1.96 TeV

Frigyes Nemes
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Inclusive SD with proton tag  from ATLAS Marek Tasevsky

Rapidity gap selecion:                             Proton tagging:

SD + DD                                                       SD only 

EPJ C72 (2012) 1926
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SD dijets with proton tag from CMS-TOTEM
Ekaterina Kusnetsova

Proton tagging: SD only 

|S|²

ξ
x

 Comparison to theory:
● Raio of data to POMWIG (H1 DPDFs):   9 ± 2 %

a measure of gap survival probability
● PYTHIA8 DG – gap survival with Dynamic Gap model 

based on MPI,  good agreement with the data

t

Comparison to Tevatron data @2 TeV:

A factor of ~3 suppression.  Larger 

contribuion from rescatering processes 

 

Exponenial it:

CDF: 5-6 GeV-2

Cross secion as a funcion of t:

Inclusive selecion

SD + DD + ND   

PRD 87 (2013) 012006
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Jet-gap-jet events from CMS
Ekaterina Kusnetsova

arXiv:1703.

10919 

           
Charged muliplicity in the gap region |η|<1:

● Excess of gap events over PYTHIA6 predicion (LO DGLAP)
● Described by HERWIG  (LL-BFKL, Mueller-Tang model)
● Experimental indicaion of BFKL dynamics at the LHC.

gap region,|η|<1

Jets separated by a large rapidity gap (color singlet exchange, CSE)

Sensiive to BFKL dynamics, sot rescatering processes

CSE fracion := raio of dijets with a rapidity gap to all dijets

Comparison to Tevatron data:

A factor of ~2 suppression w.r.t. to 1.8 TeV data, 

larger contribuion from rescatering processes  

0.63 TeV 

1.8 TeV 

7 TeV 

Comparison to theory:

NLL BFKL by Ekstedt, Enberg and Ingelman, with

3 approaches for gap survival probability (S). 

Further improvements in modeling of S needed.

 jet pT

rapidity 
separaion 
between 
the jets
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Transverse spin asymmetries in SD p↑p → pπ0X from STAR

Christopher Dilks

E(scattered p) + E(pion) = E(iniial proton) = 100 GeV

Rate: ~1% of tagged proton events

104/11/19
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Exclusive processes

                 Photoproducion                           QED                                        Double Pomeron             

                                                                                                                            Exchange (DPE)

ep at HERA 

pp + ultra-peripheral collisions (UPC) in pA, AA at STAR, LHC
                                           

e/p/ e/p/

A=Au/Pb rich source of photons (γ flux~Z2)

4/11/19 11
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Exclusive processes in ep from HERA
Alessia BruniArthur Bolz

4/11/19
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Exclusive processes in pPb from CMS 
Alexander Bylinkin

Fit with W
γp

 δ

Good agreement with HERA data and Regge theory (sot Pomeron)

  γp → ρ0p
  γp → ϒp

● LHC data extend HERA energy range towards high W (very low x) 
● CMS data ill the gap between the HERA and LHCb measurements
● Data has potenial to constrain theorerical models
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Exclusive (forward) J/ψ and ψ(2S) in pp from LHCb 
Marcin Kucharczyk
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Coherent J/ψ production in AuAu from STAR and PbPb from ALICE  

Evgeny Kryshen
Jaroslav Adam

UPC events selected by requiring neutrons in Zero Degree Calorimeters (ZDC)
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Light-by-light scattering in PbPb UPC from CMS and ATLAS  

Samira Hassani
Alexander Bylinkin

Elastc үү→ үү scatering
● fundamental QED/QCD process 
● diicult to observe due to very small O(α4) cross secion
● sensiive to BSM physics, (loop contribuions, axions,...)

acoplanarityFor A
ϕ
< 0.01:

Observed: 14 events
Expected: 11.1 ± 1.1 (th) signal 
                     4.0 ± 1.2 (stat) background events,
Signiicance: 4.1 σ (expected 4.4 σ)

Compeiive limits on BSM physics,  
Axion-like paricles (talk by Ruchi Chudasama in WG3)

2015 data
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Exclusive γγ → l+l- from ATLAS and CT-PPS  

Samira Hassani Antonio Vilela Pereira

First CT-PPS measurement with tagged protons from high-lumi data.

Observed: 12 μ+μ- and  8 e+e- events with matching kinemaics (20 in total)

Background esimate: 
1.49 ± 0.07 (stat.) ± 0.53 (syst.)  μ+μ- events                                        
2.36 ± 0.09 (stat.) ± 0.47 (syst.)  e+e- events
 
Combined signiicance: 5.1σ

Proton-tagged γγ collisions 
at the EW scale!

About ~100/b data with tagged 
protons collected so far. 
Future analyses:

Marek Tasevsky

Feasibility studies of searches for Dark Matter with 

ATLAS Forward Proton (AFP) and CT-PPS detectors
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●Many new theory developements

●Many new experimental results

●We thank all the speakers for their contribuions!

●The WG2 audience for simulaing discussions! 

●And the organizers for this very interesing conference 
and their hospitality! 
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