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tt+X production at CMS

LHC run 2

e CMS collected almost 140 fb™* of pp collision data at 13 TeV

Most top associated processes in precision era

e Studying new final states = extremely challenging background handling
» Going differential = exploration of new kinematic regimes

Focus of this talk: Standard model measurements
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tt+bb measurements

Large background to ttH(H—bb) and tttt

Improve modeling of tt

Strong test for QCD g 0 t
b

Final states

« All hadronic

e Semileptonic

« Dileptonic g t

Challenges
* b-jet identification — flavor tagging
« Many permutations for (b) jet assignment
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tt+bb in all hadronic final state

Target signal with 4 light jets and 4 b jets
Large branching fraction

Difficult jet assignment

» BDT trained on permutations

Large multijet background

» Data driven ABCD method
Quark gluon likelihood ratio (QGLR) VS.
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https://www.sciencedirect.com/science/article/pii/S0370269320300897?via%3Dihub

tt+bb in all hadronic final state

Binned maximum likelihood fit to 2D distribution
« Largest vs. second largest b-tagging score of “additional jets”

« Simultaneous fit in all regions (ABCD)

Leading uncertainties

* Simulated sample size, QGL modeling

%103

35.9fb " (13 TeV)

C
o) CMS ¢ Data )
P , 3 tib 3 ti2b
€ . {t)) mm tfcc
e == Multijet — Small bkgs
LU ## Total uncert
SR: CWoLa BDT > 0.5, QGLR > 0.8
Signal region (D)
ttjj ttbb
% 2 T . r
L L ]
a 0........;..... ..... ........ ...... 9..0.. ...... ...n...._
L e g © L] * .0 o
2 5 10 15 20 25 30
2DCSV bin

DESY. | CMS | Top quark production in association with additional particles | david.walter@cern.ch, 26/05/2021

PLB 803 (2020) 135285
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CMS
ttbb all-jet

tt+jets:
POWHEG +
HERWIG++

ti+jets:
MG5_aMC@NLO +
PYTHIA8 5FS [FxFx]

tibb:
MG5_aMC@NLO +
PYTHIAS8 4FS

ti+jets:
POWHEG +
PYTHIA8
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CMS-PAS-TOP-20-003 (submitted to PLB) + CMS-PAS-BTV-20-001

tt+cc in dilepton final states

First measurement of tt+cc cross section

Complementary information to tt+bb

Dileptonic final state with > 4 jets

NN for jet assighment

Use of dedicated charm taggers

C

P (ttcc)

> ™ P(ticc) + P(ttbb)’
« Calibrated in tt, W+c and DY +jets topologies via iterative fit

. P(ttcc)
L™ P(tkcc) + P(HLF)
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CMS-PAS-TOP-20-003 (submitted to PLB) + CMS-PAS-BTV-20-001
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Eur. Phys. J. C (2020) 80:75
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https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-019-7593-7

Both analysis strategies agree (Cut based & BDT)

Observed significance of 2.50 and 2.70
New CMS limit on top Yukawa coupling y, !

« By varying ttH backrgound

CMS 137 tb™! (13 TeV)
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* Limits on new particles

« m < 2m; neutral scalar (¢) and neutral vector (Z')

« m > 2m; Heavy scalar (H) and pseudoscalar (A)

» Simplified dark matter models

Eur. Phys. J. C (2020) 80:75
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Measurement of the inclusive and differential tt+y cross section and
EFT interpretation in the single lepton channel at sqrt(s) = 13 TeV

CMS-PAS-TOP-18-010

CMS Expenment at the LHC, CERMN
Data recorded; 2018-May-03 00:18:37 367872 GMT
B Run / Event / LS: 315645 / 56459556 / 52 JEt
¥ pT = 127 GeV
Jet .
pT = 211 GeV ; JEIZ
I pT = 123 GeV

» First CMS measurement of tt+y at 13TeV
» Semileptonic final state
* Probes ty coupling at tree level
» Sensitive to BSM physics
o eg. EFT,..

Photon
pT = 175 GeV

pT = 213 GeV


http://cds.cern.ch/record/2758332?ln=en

CMS-PAS-TOP-18-010

tt+y inclusive and differential measurement

* photon from ISR, top or top decay products

Electron misidentified as photon: L S, L ']b'1 (13 TeV)
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CMS-PAS-TOP-18-010

tt+y - results

Inclusive Differential
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Summary

Presented most recent CMS results on tt+X

e Excess of tt+bb measured in all channels

« First measurement of tt+cc

« Search for tttt production and study of its properties

e First CMS measurement of tt+y at 13TeV

More to come soon!
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JHEP 07 (2020) 125

tt+bb in |+jets and dilepton final states

Lepton + jets Dilepton

>6 jets, 22 b jets >4 jets, 22 b jets

Assignment of additional jets Assignment of additional jets

 Kinematic x2 fit « Jets with 3 and 4™ highest b-tagging score
Measurement of o,,,,, 0, and R, ..

Binned maximum likelihood fit on b-tagging discriminant of additional jets
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JHEP 07 (2020) 125
tt+bb in |+jets and dilepton final states

Lepton + jets Dilepton

7777777777777777777777777777777777777777777777777

CMS 359 fb' (13 TeV) CMS 35.9 fb' (13 TeV)
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Again trend towards higher tt+bb cross section measured
Dominant uncertainties
» Final state radiation, b-tagging, jet energy scale
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Eur. Phys. J. C (2020) 80:75

tttt - neutral scalar (b) and neutral vector (Z’)

CMS 137 fb~' (13 TeV)
95% CL observed exclusion regions
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Eur. Phys. J. C (2020) 80:75

tttt - Heavy scalar (H) and pseudoscalar (A)

o(pp = (t,tW,tq) + H) x BR(H - tt) (fb)
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tttt - Dark matter model

Eur. Phys. J. C (2020) 80:75
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CMS-PAS-TOP-18-010

tt+y - response matrices
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CMS Preliminary (13 TeV)

=14 102
g !
=12
1
10
0.8
0.6
0.4 1
|
0.2 I
|
|
' N S| N W N —1
% 02 04 06 08 1 12, 14 10
M (Yl
Page 19


http://cds.cern.ch/record/2758332?ln=en

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19

