
Dynamical approach to MPI 4 

jet, W+dijet and Z+dijet 

production in Pythia 8  

B.Blok and P.Gunnellini 

•Based on 

 .  Dynamical approach to MPI four-jet production in Pythia  

B. Blok (Technion), P. Gunnellini (DESY). Published in Eur.Phys.J. C75 

(2015) 6, 282 

e-Print: arXiv:1503.08246 [hep-ph] |  

Dynamical approach to MPI in W+dijet and Z+dijet production within the PYTHIA 

event generator  

B. Blok, P. Gunnellini. Oct 26, 2015.  

e-Print: arXiv:1510.07436 [hep-ph] |  

https://inspirehep.net/record/1357009
https://inspirehep.net/record/1357009
https://inspirehep.net/record/1357009
https://inspirehep.net/author/profile/Blok, B.?recid=1357009&ln=en
https://inspirehep.net/search?cc=Institutions&p=institution:"Technion"&ln=en
https://inspirehep.net/author/profile/Gunnellini, P.?recid=1357009&ln=en
https://inspirehep.net/author/profile/Gunnellini, P.?recid=1357009&ln=en
https://inspirehep.net/search?cc=Institutions&p=institution:"DESY"&ln=en
http://arxiv.org/abs/arXiv:1503.08246
https://inspirehep.net/record/1400802
https://inspirehep.net/record/1400802
https://inspirehep.net/author/profile/Blok%2C B.?recid=1400802&ln=en
https://inspirehep.net/author/profile/Gunnellini%2C P.?recid=1400802&ln=en
http://arxiv.org/abs/arXiv:1510.07436
http://arxiv.org/abs/arXiv:1510.07436


 



Basic ideas for calculating MPI cross sections in recent years 

1. They are expressed via GPD -                              BDFS 2010, Diel  2010 

2. In addition to conventional  4 to 4 mechanism there is also 3 to 4 mechanism  

          –Fig.1 b  Blok,Dokshitzer,Frankfurt,S trikman  (BDFS)  2011,2012,,2013    Ryskin and 

Snigirev, 2012   Gaunt and Stirling 2011,2012 Manohar and Waalewijn 2012 

3. The 4 to 4 contribution is calculated in a model independent way in mean field 

approximation. BDFS 2011 

4.Major progress towards factorisation theorem Diehl, Gaunt,Ostermeier,Polessi,Schafer 

2015, Diehl,Ostermeier,Schafer  2011 

Practically we have to calculate 





 

Summing double collinearly enhanced terms 





2G2 and 1G2 are two parts of GPD ,calculated in two different ways. 2G2-in mean field 

approach, using GPD1 from charmonium photoproduction at HERA 

We use parametrisation  due to Frankfurt,Strikman,Weiss (2011)  

1G2 is calculated solving evolution equation for GPD 

The final answer for effective cross section is convenient to represent as  

Here              is the 4 to 4 cross section in mean field approximationwhile the function R  

corresponds to contribution due to 3 to 4 mechanism, and is calculated analytically. 

Note: only one unknown paramter-Q0, separating soft and hard scales, so approach is  

practically model independent. 



Dipole parametrisation-same results numerically 
BDFS 2013, Gaunt,Maciula,Szczurek 2014, Golec-Biernat-Liewandowsky 

 

 





 



Basic Pythia approach: fit the MPI cross section (and other observables) by using only 4 to 

4 contribution in mean field approach and fitting the parameters of the corresponding 

objects-essentially GPD1. For these GPD1-several  ansats, 

Simplest-gaussian, more complicated-sum of two gaussians (may be x –dependent).The 

parameters however are fixed and do not depend on transverse scale. Their optimal 

values-by combining Pythia and Professor. Problem (P. Gunnellini, Ph.D. thesis): can not 

have reasonable choice of parameters, valid both for DPS and Underlying event. 

The way to solve this problem: include 3 to 4 mechanism, i.e. R not equal to zero, while 4 to 

4 contribution will be determined in a model independent way from HERA parametrisation, 

and not from fit of pp experimental data as in Pythia 

Algorithm: take pythia tune, then rescale it on event to event basis, so 

that effective cross section is given by a theoretical number calculated 

above. 

Several comments:  

1. for UE the rescaling coefficients are very small and there is no change (less than 4 

percent) for all observables  

2.We do not renormalise SPS events. 

3.If there are 3 and more dijets in an event, we renormalise as if there are 2 dijets, and take 

hardest scales. 

4.We assume that there is no difference if we use differential cross sections and global 

ones. 

      More precisely, one will need  



Pythia 4 jet simulation. We first did conventional 

pythia 8 simulation 

UE observables: 

DPS observables 



Several simulations for 4 jets: 



 





 



 



Now consider Zjj and Wjj MPI 

DPS observables: 

UE observables 



 



 



 





 



 

14 TeV predictions forWjj and Zjj DPS 



 

Conclusions 

• We can calculate DPS in a model independent way (upto 

Q0 dependence) 

• The inclusion of 3 to 4 mechanism improves te agreemnt 

between experiment and MC simulations in all 

observables. The contribution is negligible for UE but 

large for DPS 

• Further improvement is possible, in particular moving 

from global rescaling to differential one, using differential 

    distributions                      written in BDFS 2011,2013   

 

    The approach can be extended to other processes including charm and 

bottom states   


