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Introduction 
 

 The subject of this talk: the two dijet production 

In ultraperipheral collisions at LHC and photon-proton collisions at 
HERA/LHeC-how to use UPC and γp to uncover properties of MPI. 

The conventional jet production at colliders is two to two production  

 

 

 

 

 

 

Here the cross sections are not sensitive to nucleon structure-it comes 
through D(x,Q  )-the nucleon structure functions. 

. 

 

 

Next source of jets -double parton interactions, i.e. more than  

one participating partons from one of participating nucleons or from 

both leading to multiple jet production 

2 



 Questions:1) can they be seen/distinguished? Can they be calculated? (parton model,  

     pQCD?), can reliable predictions for experimentalists be made? 

Problem: the cross sections observed in pp collisions in Tevatron and now at LHC where 

2-3.5 times larger than predicted in  parton model calculations 

(such calculations where first done by Treleani and Paver (1985)  and Mufti (1985)) 

 Recently-new pQCD formalism for MPI was developed: 

  B.Blok,  Yu.Dokshitzer, L. Frankfurt ,M. Strikman,       Phys.Rev. D83 (2011) 071501                                                         
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See also related recent work by Ryskin and Snigirev, Gaunt and Stirling, Manohar and 

Wierwadjana, Gaunt.Numerical results recently confirmed  

by  J. Gaunt, R. Maciula and A. Szczurek, 

Alternative attempt to develop pQCD approach to MPI based on TMD has been 

developed by M. Diehl and his collaborators. There was also extensive work on MPI 

In pA collisions-see Strikman and Treleani, Blok,Strikman and Wiedemann, d’Enterria 

and Snigirev, Treleani, Salvini, Calucci,… 

There are also experimental measurements by CMS and D0 at Tevatron 

.and new experimental measurements by 

LHCb, CMS, ATLAS-in pp collisions (i.e. CMS, JHEP  1403(2014) 032; 1312(2013)030, 

New basic ideas:1) new universal objects 2 parton GPD 

2) DGLAP/parton ladder splitting mechanism-3 to 4, numerically gives 

the same order contribution as parton model 4 to 4 mechanism.  
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•Concequently, in the differential distributions we have 3 

terms, corresponding to 4 to 4 and 3 to 4 (long and 

short): 

 

 

 

 

 

 

 

We see that 4 to 4 and long split 3 to 4 are expressed through 

convolution of 2GPD of two colliding hadrons 



The total cross sections 



D0 physics 

 



So:there are encouraging achievements, but also problems. 

One: we really do not really know double GPD in a model 

independent way. Usual assumption: factorisation 

at some low scale: 



Next we have nonlinear pQCD =usual evolution+ladder splitting,i.e. 3 to 

4 mechanism. Then we make convolutions of above and below and get 

cross section-very different from conventional 2 to 2 calculations. There 

we know PDF from other sources, say from HERA , and then use these 

model indepedent  PDFs to calculate dijet cross section. Can we    

measure GPD independently? The answer is yes. 

 

One way –photon+p, photon –nuclei collisions. 



UPC photon proton-give possibility of clean-free of soft QCD study of MPI. 

Kinematics: x1,x2 for charmed jets are large, i.e. we consider processes 

With direct photons, and large pseudorapidity gaps in each pair of dijets, 

with pt  5-15 GeV (can be done due to photons). 

This is very different  kinematics from the processes with resolved 
photons MPI considered at HERA/LHC by Butterworth,Forshaw,Seymour  

(JIMMY) which are very similar  to pp and contain all the related 

uncertainties. 











Note: there are two different GPD we can measure. One is of a 

nucleon, another is of nuclei. GPD of nuclei is not a sum of 

GPD of nucleons.  

Geometrically,contributions of  contributions of two 

partons  from 1 nucleon and from two nucleons 

are related as 



Photon nuclei collision 

Photon flux 



Here we can measure double GPD of nuclei 



In this reaction  we measure double GPD of nucleon. 





Conclusions. 

Photon proton and photon nuclei collisions at LHC and 

possibly at new LHeC collider may open anew way to 

alternative  way of determination of double parton GPD in 

different kinematic ranges. 


