
Chapter 16
Double Parton Scattering Measurements
at CMS

Rajat Gupta

Abstract Recent results on double parton scattering (DPS) studies using data col-
lected during Run 1 and Run 2 of the LHC with the CMS experiment are presented.
Double parton scattering is investigated in several final states including vector bosons
and multi-jets. Measurements of observables designed to highlight the DPS contri-
bution are shown and compared to MC predictions from models based on multiple
partonic interactions (MPIs) phenomenology.

16.1 Introduction

Production of particles in a hadron-hadron collision involves parton-parton scatter-
ings, initial-state radiation (ISR), final-state radiation (FSR), and beam-beam rem-
nants (BBR) interactions. The large parton densities available in the proton-proton
(pp) collisions at the CERN LHC result in a significant probability of more than one
parton-parton scattering in the same pp collision, a phenomenon known as multiple
parton interactions (MPIs) [1]. In general, MPI produces mostly low pT particles,
and there is small probability of the production of high pT particles from MPI.
Double parton scattering (DPS) corresponds to events where two hard parton-parton
interactions occur in a single proton-proton collisions.

16.2 DPS Measurements at CMS

The study of DPS processes provides valuable information on the transverse distri-
bution of partons in the proton [2] and on the parton correlations in the hadronic wave
function [3, 4]. Under the assumption of transverse and longitudinal factorization
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of the two single parton interactions, the cross section of a double parton scattering
(DPS) process can be written as

σ DPS
AB = n

2

σA × σB

σeff
(16.1)

where A and B denote the single parton scattering (SPS) processes, and σA and σB

their respective SPS cross sections. The factor ‘n’ is unity if processes A and B are
the same, and n = 2 if A �= B. The parameter σeff is related to the extent of the parton
distribution in the plane orthogonal to the direction of motion of the protons.

The production of same-sign ww production via DPS, from pp collisions of√
s = 8 [5] and 13 TeV [6] at integrated luminosity of 19.7fb−1 and 35.9fb−1 respec-

tively, is studied. A multivariate analysis has been performed in order to enhance the
signal sensitivity; a limit on the DPS yield, along with corresponding σeff , has been
estimated.

The first step is involved in selecting an inclusive region of phase space with
minimal cuts for trigger and some QCD suppression. After the event selection, the
remaining background contributions include WZ production, backgrounds in which
one of the two leptons is fake, as well as minor contributions of opposite-sign di-
lepton events in which the charge of the electron is mismeasured, and rare processes
such as tri-boson production, or ZZ production. Since the most important back-
ground is WZ production in which both bosons decay leptonically and one of the
leptons from the Z boson is subsequently out of acceptance or not reconstructed,
therefore, a multivariate discriminator is trained with a boosted decision tree (BDT)
algorithm [7] in order to optimize the discrimination between the signal process and
the WZ process.

16.2.1 Constraints on the Double Parton Scattering Cross
Section from Same-Sign W Boson Pair Production
in Proton-Proton Collisions at

√
s = 8 TeV

A first search for same-sign W boson pair production via DPS in pp collisions at a
center-of-mass energy of 8 TeV is performed. The results presented are based on the
analysis of events containing two same-sign W bosons decaying into either same-
sign muon-muon or electron-muon pairs. The analyzed data were collected by the
CMS detector at the LHC during 2012 and correspond to an integrated luminosity
of 19.7 fb−1. Table16.1 shows the list of same-sign WW selection criteria chosen to
reduce various background processes. The majority of background events originate
from processes in which one or both of the leptons, coming from leptonic decays of
heavy quarks or in-flight decays of light mesons, pass the event selection criteria.

Thirteen input variables were selected, which exhibit differences in the signal
and the WZ background. Overall, the data and simulation are found to be consistent
within the uncertainties for all input variables. The BDT discriminant after the full
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Table 16.1 Event selection criteria for same-signW boson pair production in dimuon and electron-
muon channels [5]

Dimuon channel Electron-muon channel

Pair of same-sign leptons

Leading lepton pT > 20 GeV

Subleading lepton pT > 10 GeV

No third isolated and identified lepton with pT > 10 GeV

pmiss
t > 20 GeV

mll > 20 GeV

mll /∈ [75, 105] GeV –

|pTμ1
| + |pTμ2

| > 45 GeV –

No b-tagged jet with pT > 30 GeV and
|η| < 2.1

Fig. 16.1 Distribution of the BDT discriminant, for the dimuon channel (left) and for the electron-
muon channel (right). The data are represented by the black dots and the shaded histograms represent
the pre-fit signal and post-fit background processes. The bottom panels show the ratio of data to the
sum of all signal and background contributions [5]

event selection has been applied, is used to extract the limits on the DPS cross section
and σeff using statistical analysis techniques.

The expected and observed upper limits at 95% confidence level (CL) on the
cross section for inclusive same-sign WW production via DPS have been extracted.
Figure16.1 shows the distributions of the BDT discriminant having post-fit contribu-
tions for the backgrounds and pre-fit ones for the signal, for the dimuon and electron-
muonfinal stateswith the corresponding uncertainty bands (shown as hatched bands).
The expected and observed 95% CL limits on the cross section for same-sign WW
production via DPS (σDPS

W±W± ) are summarized in Table16.2.
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Table 16.2 Expected and observed 95%CL limits on the cross section for inclusive same-signWW
production via DPS for the dimuon and electron-muon channels along with their combination [5]

95% CL Dimuon Electron-muon Combined

Expected 0.67pb 0.78pb 0.48pb

Expected ±1σ [0.46, 1.00]pb [0.52, 1.16]pb [0.33, 0.72]pb

Expected ±2σ [0.34, 1.45]pb [0.37, 1.71]pb [0.24, 1.04]pb

Observed 0.72pb 0.64pb 0.32pb

Assuming the two scatterings to be independent, a limit can be placed on σeff. A
lower 95% CL limit on σeff can be calculated as

σeff >
σ 2
W+ + σ 2

W−

2 σDPS
W±W±

= 12.2mb.

The obtained lower limit on σeff is compatible with the values of σeff ≈ 10–20mb
obtained from measurements at different center-of-mass energies using a variety of
processes [8].

16.2.2 Measurement of Double Parton Scattering
in Same-Sign WW Production in p-p Collisions at√
s = 13 TeV with the CMS Experiment

Same-sign W±W± production in which the bosons originate from two distinct
parton-parton interactions within the same proton-proton collision is studied in the
μ±μ± and e±μ± final states. A data set of 35.9 fb−1 of proton-proton collisions
at

√
s = 13 TeV, recorded with the CMS detector at the LHC in 2016, is used. The

summary of all kinematic selection imposed at 13 TeV is given in Table16.3.
As compared to 8 TeV DPS analysis, three new variables were included at 13

TeV measurement, namely the product of the two lepton-η’s, the absolute sum of
two lepton-η’s, as well as the Mll

T2 of the two-lepton system and the Emiss
T .

Table 16.3 Event selection
criteria for same-sign W
boson pair production in
dimuon and electron-muon
channels [6]

Two leptons e±μ± or μ±μ±

pT 1 2 > 25 20 GeV

|ηe| < 2.5, |ημ| < 2.4

MET > 15 GeV

nj < 2

nb == 0

Veto on additional leptons

Veto on hadronic τ leptons



16 Double Parton Scattering Measurements at CMS 113

Fig. 16.2 Final BDT classifier output with all background estimations in place for μ+μ− and
e−μ− channel. Observed data are shown in black markers with the signal pre-fit expectation as a
red histogram and separately imposed as a red line to show the behavior of the signal in the BDT
classifier [6]

Table 16.4 Results obtained from a constrained fit to the BDT classifier [6]

Expected Observed

σ
pythia
DPSWW 1.64 pb 1.09+0.50

−0.49 pb

σ factorized
DPSWW 0.87 pb

Significance for σ
pythia
DPSWW 3.27 σ 2.23 σ

Significance for σ factorized
DPSWW 1.81 σ

UL in the absence of signal <0.97 pb <1.94 pb

Figure16.2 shows the distribution of the BDT classifier in one of the μ+μ+
and e−μ− channel. Overall good agreement between the background predictions
is observed in the low-BDT classifier region. Indicative from Fig. 16.2, and evident
from Table16.4, the observed yield of the DPS WW signal process is lower than
the expectation. Therefore, although from the PYTHIA8 cross section of 1.64 pb a
significance of 3.27 is expected, the measured cross section is below that value at
1.09+0.50

−0.49 pb with a significance of 2.23 σ . Conversely, applying the factorization
approach with an expected cross section of 0.87 pb, and an expected significance
of 1.81 σ results in a larger than expected cross section. The upper limit on the
cross section in the absence of signal is expected to be <0.97 pb and measured to
be <1.94 pb.
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Fig. 16.3 The effective cross section of DPS measured at various energies and final states by
different experiments

16.3 Summary

DPS measurements using same-sign WW process at 8 and 13 TeV are presented.
DPS studies are important for better understanding of new physics searches and
partonic structure of hadrons. In Fig. 16.3, the CMS results for effective sigma at 8
and 13 TeV are compared to measurements done at different energies and final states
by various experiments. Generally, all measurements of σeff are consistent between
each other.
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