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1. Introduction

The underlying event (UE) activity is a very crucial ingredient to study hadronic collisions and
for the tuning of Monte-Carlo (MC) simulations. The UE activity is represented as everything that
happens in a collision, except the hard scattering. The UE activity gets the contributions from the
beam-beam remnants and the multiple-parton interactions (MPI). The observables used to study the
UE activity also receive contributions from the initial-and final-state radiations, making it difficult
to uniquely identify the various components of the scattering. Experimental measurement of the
UE activity is performed using a process that defines the scale of the hard interaction, along with
a phase space region characterized with enhanced particle production from the UE activity. In
general, the UE activity leads to the production particles with low-transverse momenta (pr) but
there is possibility for the production of high-pt particles. Events leading to the production of
high-pr particles from two independent parton-parton interactions, within a single proton-proton
(pp) collision are classified as double parton scattering (DPS). The production cross section for a
DPS process is quantified in terms of the effective cross section (Oegr) Which reflects the amount of
transverse overlap between the spatial distributions of the colliding protons. Thus, the studies of UE
activity and DPS provide a valuable insight into the nature of particle production and correlation
among them. Recent measurements of the UE activity and DPS cross section, performed based on
the pp collisions data collected using the CMS detector [1] at a center-of-mass energy of /s = 13
TeV, are reported in this note.

2. Underlying event activity

The measurements of UE activity based on events with leading object either a Z boson or
tt pairs are presented. The decay of Z boson is considered into a pair of muons, while the tt
events lead to a muon+4jets final state. The UE activity is quantified using observables such as
charged particle multiplicity (Ncp), scalar sum of pr of the charged particles (3 pt or Zp%h), etc.
Different phase space regions are defined based on the azimuthal angular separation (A¢) between
a charged particle and the leading object of the event. The transverse regions (60° < |A¢| < 120°)
are sensitive to the MPI, radiative contributions and modelling of the UE activity, while the recoil
activity dominates in the away region (|A¢| > 120°) as compared to the rowards (|A¢| < 60°) and
transverse regions.

For the measurement of UE activity using Z boson events, the stable-particle level data distri-
bution of the particle density and energy density (N, and ) pr averaged over A¢ and pseudorapidity
separation (A7) between a charged particle and the dimuon system) are compared with different
predictions from simulation [2]. Figure 1 (left) shows the comparison of UE activity measured for
the Z boson events at different center-of-mass energies and predictions from POWHEG+PYTHIAS
and POWHEG+HERWIG++ event generators. The POWHEG+PYTHIAS predictions describe the
measurements within 5—10%, while the POWHEG+HERWIG++ describes the data at different levels
of agreement for different values of y/s. The mass of Z boson sets the scale of hard interaction and
thus leads to a maximal MPI contributions in such events. For small values of prt of the dimuon
system (p#“ ), increase in the UE activity with p#“ results in minimal radiative contributions as
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shown in Figure 1 (right). The logarithmic increase in UE activity with /s, mainly due to increase
in MPI, is well reproduced by POWHEG+PYTHIAS.

O - PR(P) - Z+X wpw+X
£ [ @ COF.pp.(s=196Tev
Z° 3 @ cuspnfs=TTev (P:rhgﬁm\na
[} [ e CMS, pp, {5 =13 Tev Y
— | —— PoWHEG + PYTHIAS, 1. {5 = 1.96 Tev.
=, POWHEG + )
2‘ 25 POWHEG +
~ C =+ POWHEG +
- POWHEG + HERWIGH+, pp, Vs =7 Tev
4‘—_ 2 e POWHEG + HERWIG++, pp f5 = 13 TeV
= [
S F
15
il
¥ PR(P) = Z+X - W +X
Sl s F
® L2 L
05 (e *® S 18f ® Data CM$ )
n I5) [ O POWHEG +PYTHIA8 Preliminary
T =) 1.6 A POWHEG +HERWIGH
-1
8 HE él [ ¥ POWHEG + PYTHIA8, MPI OFF
8 1121:: = 1.4 o <scevic
o odE q@ [ charged particles
S 08 [[]otal Uncertainity 3 1 of e <120” N
E = tef
06
S F
Q 14 = E
g B ¢
E P T I T T LCHN TN o 8: A
% 05} T L]
08— [ rotal Uncertainity 06 [
0.6k 61—
Fa
8 e e
T LS r
12 04—
o iiE r
O 09F L
=5 E  [[]Total Uncertainity 02 E .
06
0 20 40 60 80 100 o) T T EAVEN PR BRI
p:“[GeV/C] 2 4 6 8 10 12
(s [TeV]

Figure 1: Comparison of UE activity measured at different center-of-mass energies with MC predictions
for the particle density in the transverse region (left). The bottom panels of the plot report the ratios of
model predictions to the data, with error band representing the quadrature sum of statistical and systematic
uncertainties. Comparison of Y pr as a function of /s for data, and predictions from simulations (right). The
error bars represent the statistical and systematic uncertainties added in quadrature [2].

For the tt events, the modeling of the initial-and final-state-radiations in simulations is investi-
gated using the distributions of N, and prrh for different values of parton showering scale (Q) [3],
in phase space regions defined based on A¢ between the charged particle and the tt system. Figure 2
(left) illustrates the detector-level distribution of N, with Q increased from its default value. The
predictions from the POWHEGV2+PYTHIAS agree well with data in all regions, though a slightly
better agreement is observed for charged multiplicities < 50. The parton showering scale depen-
dence is more prominent when the UE activity is measured as a function of pr of the tt system (p%)
and is shown in Fig. 2 (right) using the } pr variable. The distributions obtained with the increased
scale, (2Q)2, matches better with the data. An increase in Y pr is observed in the away region with
increasing (p%), due to the increased jet activity.

3. Double parton scattering

The DPS cross section is measured using the same-sign W boson pair production at /s =13
TeV [4]. The leptonic decay of two W bosons is considered into a pair of muons or an electron-
muon pair, resulting in experimentally clean final states. A multivariate analysis based on boosted
decision trees (BDT) is used to discriminate the signal against the background processes. The BDTs
are trained using a set of input variables which are defined based on the topological differences
between the DPS signal and background processes. To maximize the sensitivity of the signal
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Figure 2: Detector-level distribution of N, with increased value of Q2 for the away, transverse, and to-
ward regions as well as for the overall sample (left). The points correspond to the data and the lines
represent thePOWHEGV2+PYTHIAS predictions with the CUETP8M1 tune. The CMS data at 13 TeV
on the normalized cross section in the lepton+jets channel. On the right plot, distribution of ):p%h ver-
sus p% in the away region is shown. The data distributions at the detector level are compared with the
POWHEGV2+PYTHIAS predictions with the CUETP8M 1 tune generated with different values of Q2, and
with the POWHEG+HERWIG++ sample with the EESC tune [3].

process, the statistical analysis is performed by categorizing the shape of the BDT discriminant into
different charge configurations of the final state leptons. The obtained results are also compared
with predictions from the PYTHIAS and those obtained using the factorization approach [5] with
a O of 20.7£6.6 mb as measured in W + 2jets final state at 7 TeV [6]. The measurement of
DPS cross section is found to be compatible with both the predictions at the 95% confidence level
and is used to extract o.g. Figure 3 shows the comparison of obtained value of G with previous
measurements at different center-of-mass energies. All the measurements are compatible within
large systematic uncertainties and hence it is not possible to draw conclusions on the process and
collision energy dependence of Ocgs.

4. Conclusions

This note presents the recent measurements from the CMS Collaboration on the underlying
event (UE) activity and double parton scattering (DPS), using the proton-proton collision data
at a center-of-mass energy of 13 TeV. The UE activity is measured using inclusive Z boson and
tt production, while the DPS cross section measurement is performed using the same-sign WW
events. For the Z boson events, the distributions are corrected for detector effects and compared
with various predictions and the results are also compared with previous measurements at 1.96 and
7 TeV. The increase in the UE activity with the increase in collision energy from 7 to 13 TeV is
nicely described by the simulations. But, the increase in UE activity from 1.96 to 13 TeV (by a
factor of ~2) is underestimated by the predictions, which further demands the improvements in
the UE modeling in th Monte Carlo models. For the tt events, the detector-level data distributions
are compared with the predictions from POWHEG interfaced with PYTHIA8 and HERWIG++. Both
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Figure 3: o measurements from different experiments at different center-of-mass energies. The data
points are taken from the references quoted in the figure.

the predictions describe the data well, including the UE-sensitive observables. The UE-sensitive
observables are found to be sensitive towards parton shower scale variations, when measured as a
function of pr of tt system. Such measurements of UE activity in tt events at particle-level might
lead to more precise top quark mass measurements with better understood systematic uncertainties.
For the DPS cross section measurements, the leptonic decay of same-sign W boson pair offers
a experimentally clean signature. A set of DPS-sensitive observables are used to train boosted
decision trees (BDT). The shape of the BDT discriminant is used to perform the statistical analysis
which yields the value of cross section for WW production via DPS (opps). The extracted value
of opps is used to calculate effective cross section, whose value is found to be compatible with the
already existing values at different center-of-mass energies.
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