Measurement of the Minimum Bias, Underlying
Events and Double-Parton Scatterings




Overview

Hadron-Hadron Collision — Hard scattering b/w partons @ UE activity
Important to study soft & semi-hard interactions @ LHC

o Recent Measurements from CMS @
13 TeV — Different Aspects of
Particle Production

e Minimum Bias Data (MB) Analysis

e UE Activity using Z Boson Events
(arXiv:1711.04299)

e DPS Studies using same-sign WW
events (CDS Record 2257583)

e Summary

_ Beam-Beam Remnants (BBR)

Multiple-Parton Interactions (MPI) Initial State & Final State Radiations (ISR & FSR)
Correct description of the data — Requires tuning of MC event generators — Precise
physics predictions
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Bose-Einstein Correlations (BEC) of Charged Hadrons

(CDS Record 2318575)

@ BEC : Probes the size and shape of the particle emitting region in high-energy collisions

@ Correlation functions extracted using double ratios & two data-driven (cluster subtrac-
tions & hybrid cluster subtraction) methods

@ Homogeneity lengths (Riny) studied as a function of particle multiplicity (Niracks) at
the particle level, average pair transverse momentum (kr) & mass (mT)
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@ Rinv increases with (Niracks) & saturates at higher values

@ Rinv decreases with increasing kT — Emitting source was expanding prior to
decoupling
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https://cds.cern.ch/record/2318575?ln=en

Results: mt Dependence

Hydrodynamic Models

@ Intercept connected with the geometrical size of the source (at freeze-out)

@ Slope connected to the flow component, bigger slope (bigger flow) for lower

multiplicities
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@ Expansion in the low multiplicity region is faster than in the high multiplicity region

@ Collective flow decreases with increasing multiplicity & saturates ~ 80
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Charged Particle Spectra in MB events

cMs pp (13 TeV)
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@ SD-One-Side enhanced sample — PYTHIA8 MBRAC described the measurements within
uncertainties
@ Room for improvement in high multiplicity regions (dominated by MPT)
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Results

@ Integrated pr spectrum of charged particles — Sensitive to the transition b/w the
non-perturbative & perturbative QCD regions
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@ NSD-enhanced events: EPOS LHC gives the best description, with small fluctuations
@ SD-enhanced events: Low pr region difficult to describe

@ Transition b/w the region dominated by particle production from MPI & hard
scattering evident from fast change of slope
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UE activity using Z — pu events (arXiv:1711.04299)

@ Experimentally clean signature & absence of QCD FSR (Accepted by JHEP)

@ Observables: Charged-particle density & ZpT density

Ankita Mehta

Phase-space Regions
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https://arxiv.org/abs/1711.04299

Energy Dependence of UE Activity
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Double-Parton Scattering (DPS) (CDS Record 2257583)

@ Two hard parton-parton interactions in a single pp collision—DPS

) agss = % = Assumed factorization of DPDFs
Oeff

—
§
- X
v @ o.g = Predicted to be independent of process type &
/ - collision energy
—
—~

Importance of DPS Processes
@ Provide information about hadron structure in transverse plane

@ Estimation of background contributions for interesting SM & BSM processes

(W+2jets (JHEP03(2014)032)) (4jets (Phys.Rev.D89(2014)092010) |
(7+3jets(CDS Record 2007815)) 2bjet-+2jet (Phys.Rev.D94(2016)112005)
(Double I/ (JHEP09(2014)094)) (Same-sign WW (JHEP02(2018)032), (CDS Record 2257583))

(More Channels Waiting To Be Explored !!)

Why DPS using Same-Sign WW

() U\]:;)vl::’kswi = Us\fﬁwi & a clean final state with leptonically decaying W bosons J
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https://cds.cern.ch/record/2257583?ln=en

DPS in Same-Sign WW Production

Event Selection

@ 2 same-sign leptons (up or ep): pr(lj2) >
25/20 GeV

pRiss > 15 GeV

Njets < 2 (pT > 30 GeV)

Npjets = 0 (p > 25 GeV)

Veto on additional leptons & Tyaq

Signal & Background Processes

@ PYTHIA8 (CUETP8MI1 TUNE) Signal sample
@ Backgrounds: WZ, Jet induced backgrounds, Diboson, Triboson & Z — 77

BDTs trained against the WZ background process using 11 input variables
@ pryy L, PR, M X 2, m1 + 12|
miss

° M’lll"Qv mT(llva )7 mT(11112)
0 Ap(h,I2), Ad(lz, piiss), Ag(lila, Ip)
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Results

@ Shapes of BDT — Fitted using a likelihood fit for etet e e, uTput, u—p~

expected  observed
pythia
IDPsww 164pb +0.50 o1
CMS Preliminary 35.9 bl (13 TeV) factorized 1095573 P
factorizey
g 100?;:‘ m‘ ‘1 T LM TSI 0.87 pb
ost-fit, i1 = i
3 [ Lo pythia
significance for o 327¢c
w gol_ $Paa Hors [rare Mc en Drsww 223¢
Bz Bwz Dw significance for ofssigrized 181¢
ol [Fakes UL in the absence of signal < 097pb < 1.94pb
O, extractions (vector boson final states)
[ T T
CDF y+3jets (1.8 TeV) —r—
PRL 79 (1997) 584
DO y+3jets (1.96 TeV) =
i PRD 89 (2014) 072006
3 18F B DO y+b/c+2jets (1.96 TeV) —r—
g —# + + + * PRD 89 (2014) 072006
S roftge $ =l DO 2y+2jets (1.96 TeV) ——o—i
2 -+ $+ + - + PRD 93 (2016) 052008
O sk + g ATLAS W+2jets (7 TeV) —a—
8 New J. P. 15 (2013) 033038
0102 03 04 05 06 0.7 08 09 1 CMS Wi 2jets (7 TeV)
e
BDT (u*p*) e o aoesy 022
ATLAS Z+J/y (8 TeV)
EPJC 75 (2015) 229
CMS WW DPS (8 TeV) >
JHEP 02 (2018) 032
(20 sensitivity — I5% time in WW DPS) CMS W*W* (13 TeV) ———
PAS £SQ-16.000 (2017)
Lovwnbovn b b bewnn bevn bews
35
Oy (Mb)

nkita Mehta

ICHEP 2018, Coex, Seoul

07 July 2018

11 / 12



Summary

@ Unique measurements of charged-particle spectra in different event categories — Im-
portant input for MC tuning

@ Consistent results from three different correlations functions (with different dependence
on MC simulations) used to study BEC

@ Homogeneity lengths increase with increasing track multiplicities — Consistent with
hydrodynamical calculations

@ Observed change in UE activity in Z boson events from 7 — 13 TeV — Best described
by POWHEG + PYTHIA8 & POWHEG + HERWIG++

@ Overall good description of UE activity by simulations — Universality of UE tunes
@ 20 sensitivity observed in DPS with same-sign WW analysis

A
P
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