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Motivation. How do we know MPI exists?
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Motivation. Data can help to improve the MPI models

Different MPI models have different
assumptions, different parameter

settings for example:
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Motivation. How do we know MPI exists?

Different MPI models have different Similar predictions, for example two Herwig

assumptions, different parameter predictions below:
settings for example: blue and green <=3&lye and brown from left Eig’

Transverse Ny, density vs. p'™*’
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Monte Carlo Event Generators (all QCD faces)

Initial State Radiation

Hadronization

PDF, Proton

Beam Remnants
Multiple Interactions
FSR off the hard partons %

taken from Stefan Gieseke™

The general approach is the same in different programs but the models and
approximations used are different.



MPI models in Monte Carlo Event Generators

Inclusive hard jet cross section in pQCD:
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MPI Eikonal model basics — Overlap function

Assumptions:

» the distribution of partons in hadrons factorizes with respect to
the b and x dependence = average number of parton collisions:
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MPI model in Herwig 7 — key components

Matter distribution (1?) Extension to soft MPI Colour structure (preco, Pcp)
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Based on electromagnetic form factor

Possibility of change of color structure
(radius of the proton free parameter) (color reconnection)
[Gieseke, Rohr, AS, EPJC 72 (2012))

The least understood part of modeling
Main parameters:
» /17 - inverse hadron radius squared (parametrization of overlap function)
> pi"" - transition scale between soft and hard components = pmin — pmin (/%)°
’ 0

»  Dseco = colour reconnection



MPI model in Herwig 7 — key components

Matter distribution (z%) Extensiop to soft MPI
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- Pythia:

Based on electromagnetic form factor
(radius of the proton free parameter)

Pythia:

Regularise cross section with p™'" as

free parameter:
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Colour structure (Preco, Pcp)

Possibility of change of color structure
(color reconnection)

[Gieseke, Rohr, AS, EPJC 72 (2012))
The least understood part of
modeling (very active area research)

Pythia:

The most recent development: String

Formation Beyond Leading Colour ).

Christiansen, P Skands
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MPI model in Monte Carlo Generators

Herwig++ MPI model with independent hard and soft processes, showered
and with colour reconnection. Just few parameters.

Pythia MPI interleaved with showering. MPI ordered in pr. Many options
and parameters (Pythia has strong emphasis on NP physics) = many tune
families.

Sherpa New model - SHRiMPS with integrated diffraction based on KMR
(Khoze-Martin-Ryskin model). Model in development



MC versions

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

Similar descrintion of both MB and UE d

NSD-enhanced selection, /5 = 13 TeV
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. 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 )



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

rec — A A
Pr (k) (n) = Z |pTi|COS¢7;@(<?7—7n> <n < <77+7n)>

i=1,...n,i#k

3. The average over N events:
N rec (k) (
1)

rec _ =1 Pr
(1) (n) = : N

The total momentum conservation requirement gives, obviously:

/ dn (p°) (n) = / dn (P (n)

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



The observable and cuts

We consider realistic experimental situation suitable for ATLAS/CMS:

e Charged particles with 7 < 2.4 and pt > 250 MeV

e Two trigger objects the both within 2.0 < n*"%9 < 2.4:
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Results at 13 TeV

pp, /s = 13 TeV, single charged particle trigger
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. 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

pp, Is = 13 TeV, single charged particle trigger pp, 1s = 13 TeV, charged-particle jet trigger
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. 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
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. Stronger energy dependence in the case of CUETP8M1 (b=0.252) then CP5
(b= 0.033 — almost flat!) Jinb
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. The rest of energy dependence is govern by LO vs NNLO pdf effects



Results energy dependence 7 and 13 TeV: Herwig++
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. 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
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« No energy dependence — easy to check by a measurement!



Results multiplicity dependence at 13 TeV

pp, 18 = 13 TeV, single charged-particle trigger
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Results colour reconnection effects

pp, Is = 13 TeV, charged-particle jet trigger
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. 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.



Thank you for your attention!
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