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Motivation. How do we know MPI exists?  



Motivation. Data can help to improve the MPI models  

Different MPI models have different 
assumptions, different parameter 
settings for example: 

Extrapolation to non-perturbative 
region
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Similar predictions, for example two Herwig 
predictions below: 
blue and green <=> blue and brown from left Fig. 

Extrapolation to non-perturbative 
region



1.Monte Carlo Event Generators (all QCD faces)
1. QCD



1.MPI models in Monte Carlo Event Generators



MPI Eikonal model basics – Overlap function



MPI model in Herwig 7 – key components



MPI model in Herwig 7 – key components

…



MPI model in Monte Carlo Generators



MC versions

● Pytnia 8: tunes CP2, CP4, CP5 (newest CMS tunes) and CUETP8M1
(When I will show the results I will explain some differences between them)

Similar description of both MB and UE data

● Herwig++: two tunes both giving very good description of UE data over different s
● Sherpa: only one tune exists (many parameters, not so good description of MB/UE data ) 



The observable
Mini jet correlations: we suggest to measure how the transverse momenta of hadrons produced in 
association with a trigger object are balanced  as a function of rapidity. 

1. We pick a trigger object (particle, jet ) within a fixed rapidity interval and a certain small pT.

2. Calculate pT recoil as a function of rapidity on the event-by-event basis

3. The average over N events:

The total momentum conservation requirement gives, obviously:

Suggested variable (a) suppresses contribution of MPI, (b) nonperturbative correlations die out 
exponentially with Δη, pQCD correlations are much wider.



The observable and cuts

We consider realistic experimental situation suitable for ATLAS/CMS:  



Results at 13 TeV

● We see that for the both trigger objects we see quite different predictions
● Charge trigger particle: we see strong correlation of particles around the trigger due to 

parton shower (soft-collinear) radiation around the trigger.
● Jet trigger: we see a dale since we remove the trigger (jet’s particles) 



Results at 13 TeV: Pythia tunes

● Charge particle trigger: clearly divides two tunes into two groups (CP2, CUETP8M1) and 
(CP4, CP5) the main difference between them is usage of LO and NNLO PDF (low gluon 
x)

● Jet trigger: offers an additional separation power.



Results energy dependence 7 and 13 TeV: Pythia

● Stronger energy dependence in the case of CUETP8M1 (b=0.252) then CP5 
(b= 0.033 – almost flat!)

● The rest of energy dependence is govern by LO vs NNLO pdf effects



Results energy dependence 7 and 13 TeV: Herwig++

● Stronger energy dependence in the case of Var1 (ptmin~4GeV) then var2 
(ptmin~3GeV)

● Ptmin is the transition to soft MPI which is not showered, for Var1 more soft MPI 
(less particles in a jet smaller dale)



Results energy dependence 7 and 13 TeV: Sherpa

● No energy dependence – easy to check by a measurement!



Results multiplicity dependence at 13 TeV

● We use charged track since for 
high multiplicity charged jet would

● be “populated” by UE contribution 
(half of jet energy at nch=100 
would be from UE). 

● Pythia and Herwig fast increase of 
the rapidity correlation up to 
Nch=60 then saturates

● Sherpa continuous increase of the 
peak along the trigger direction

● Two Herwig predictions could be 
explain by different transverse 
proton structure. Peak along 
trigger higher for lower sigma_eff.



Results colour reconnection effects

● Some sensitivity especially in Herwig



Summary and outlook

● We have introduced a new observable which probes interplay between the soft and 
hard physics at moderate pT via probing  long and short range rapidity correlations of 
transverse momenta of charged particles/minijets.

● We show that the observable is sensitive to basic mechanisms and components used 
in the present MC models, such as a suppression of low-pT jet production, parton 
distribution functions, a transverse geometry of proton, a color reconnection 
mechanism, and their evolution with collision energy.

●

● Outlook:
● - measure it! :)
● - it would be also interesting to study such correlations in pA and AA   

● - extended the method by using as trigger particles two hadrons with a given 
azimuthal angle difference.
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