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Double-Parton Scattering
DPS studies using same-sign WW events

Outline
® e Measurement of DPS in same-sign WW @
tllne 8TeV (CMS-PAS-FSQ-16-005)
)
eusllne e Measurement of DPS in same-sign WW @
13 TeV(CMS-PAS-FSQ-16-009)
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Double-Parton Scattering

@ Simultaneous occurring of two hard partonic interactions in a single pp collision —Double-
Parton Scattering (DPS)

@ Large parton densities and small-x values @ LHC — Substantial probability for the
manifestation of DPS (hardest instance of MPI)

- % @ oRUS = %, m = 1 (2) for identical (different) processes
": @ 0.4 — Effective cross section parameter of DPS
-

p— = @ Expected to be independent of process type & collision energy

Importance of DPS processes

@ Could provide information about hadron structure in transverse plane

@ Understanding of background contributions to interesting SM & BSM processes

W-2jets (JHEP03(2014)032) 2bjet+2jet (Phys.Rev.D94(2016)112005)

v+3jets (CMS PAS FSQ-12-017) Double J /4 (JHEP09(2014)094)

4jets (Phys.Rev.D89(2014)092010) Same-sign WW production
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Same-sign WW production via DPS
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Performed Measurements

@ Measurement of double parton scattering in same-sign WW production in pp collisions
at /s = 13 TeV with the CMS experiment (CMS-PAS-FSQ-16-009)

@ Constraints on the double-parton scattering cross section from same-sign W boson
pair production in proton-proton collisions at /s = 8 TeV
(https://arxiv.org/abs/1712.02280)
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Analysis Strategy
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Constraints on the double-parton scattering cross section

from same-sign W boson pair production in
proton-proton collisions at /s = 8 TeV

First results on DPS measurements @ 8TeV with 19.7 fb—! of pp collisions data

Event Selection
@ 2 same-sign leptons (up or ep) with p(ly/2) > 10/20 GeV
() Effniss > 20 GeV; my; > 20 GeV; Veto on additional leptons

@ pu final state
© myy ¢ [75,105] GeV; [pr,,, [+ [P1,, | > 45 GeV

@ ey final state
@ No b-tagged jets with pr > 30 GeV & |n| < 2.1
v

Background Processes
@ Data driven estimate of QCD multijets, W+jets & semileptonic tt events
@ Diboson (WZ, ZZ, WW) processes estimated from MC
@ W~ (™) estimated from MC with normalization derived from data
@ DY process estimated from MC (negligible for pu final state) )
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Multivariate Analysis: Boosted Decision Trees (BDT)

Variables Used: ey final state

Variables Used: pu final state
@ pryy, ® pru,,
@ priyi, ° miss.
o p$iss bt
o An(ly,l2) ° A¢)(#1/27p$1ss)
o A¢(l2 p$iss) ° A(ZS(,UJ,,LLQ)
P A¢(l1, lg) ° mT(N1/27p$lss)
° A(ﬁ(lﬂg,p?iss) @ mr(u1, p2) )

Training & testing samples

@ Signal: DPS OS events for training & SS events from MC sample for testing
@ Background: WZ, Fake-fake & Prompt-Fake events (both OS & SS)
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Results
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@ BDT trained using
kinematic variables of
two leptons

@ Shape of the BDT
discriminant is used
to extract the limits

essaetesss,,
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BDT output

BDT
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H +
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2 Faoraton appronch @ Limits improved af-
ter combined results
el i i _ from two final states
@ Results in agreement
with MC predictions
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Measurement of double parton scattering in same-sign
WW production in pp collisions at /s = 13 TeV with the

CMS experiment

Event Selection
@ 2 same sign leptons (uu or ep) with p(ly/3) > 25/20 GeV
@ Emiss > 15 GeV
@ Njets < 2 (pT > 30 GeV)
@ Npjets = 0 (pr > 25 GeV)
@ Veto on additional leptons & hadronically decaying 7s

Background Processes
@ WZ: Estimated from MC; Shape & normalization uncertainty from 3l control region

@ Jet induced backgrounds: Estimated from data; Shape & scale uncertainties from vari-
ations in fake rate & MC closure tests

@ Wr*, ZZ, WW,& WWW — estimated from MC

@ 7 — 77 estimated by measuring charge flip probability of electrons
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Multivariate Analysis: Boosted Decision Trees (BDT)

Variables Used

PTiy 5
PTiql,
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Training & Testing Samples
@ Signal: DPS events from MC sample
@ Background: WZ events from MC sample
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Results-1
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Summa

@ DPS measurements — Important to understand partonic structure of hadrons & for
new physics searches @ LHC
@ Various channels being probed to perform DPS measurement at LHC

@ More data @ 13Tev — Possible to see first DPS signal in same-sign WW
events

G eXtractions (vector boson final states)

AR R R R RN RRRE

CDF y+3jets (1.8 TeV) ——q
PRL 79 (1997) 584

DO y+3§ets (1.96 TeV) o |

PRD 80 (2014) 072006

DO y-+b/c+2jets (1.96 TeV) ——

PRD 89 (2014) 072006

DO 2y+2jets (1.96 TeV)
PRD 93 (2016) 052008

ATLAS W+2!e1s (7 TeV) —a—
New J. P. 15 (2013) 033038
CMS W+ 2jets (7 TeV) | — —

JHEP 03 (201%) 032

ATLAS Z+Jhy (8 TeV)
EPJCT5(2015) 229

CMS W*W= (8 TeV, —_—
CERN~EP-2017(~309$2017)
CMS W*W* (13 TeV) e

PAS FSQ-18-000 (2017)

Lovn Lo b b b b b

0 5 10 15 20 25 30 35
G, (MD)

Ankita Mehta MPI@QLHC2017, Shimla, India 13 December 2017 12 / 12



	Double-Parton Scattering
	DPS studies using same-sign WW events
	Analysis Strategy

	Measurement of DPS in same-sign WW @ 8TeV (CMS-PAS-FSQ-16-005)
	Multivariate Analysis
	Results @ 8TeV

	Measurement of DPS in same-sign WW @ 13 TeV(CMS-PAS-FSQ-16-009)
	Multivariate Analysis
	Results @ 13 TeV


