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Introduction

| Präsentationstitel | Vorname Name, Datum (Eingabe über "Einfügen > Kopf- und Fußzeile")| tt+X (bb, cc, jj)  | Andrej Saibel, 14. Sep 2021 

● tt+jets as background
● Dominant background for ttH and ttV processes
● σ(tt+jets) >> σ(ttH, ttV)
● High jet multiplicity in final state

● Simple reconstruction often not possible (combinatorics)
● Multivariate methods highly dependent on modeling

● tt+heavy flavor as signal
● Four massive quarks in final state
● Scale uncertainty: > 30% at next-to-leading order
● Discrepancies in ttt  + b-jets modeling observed

● e.g. Yellow Report 4

CMS-PAS-HIG-18-030
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tt+bb and tt+cc Measurements at 13 TeV

| Präsentationstitel | Vorname Name, Datum (Eingabe über "Einfügen > Kopf- und Fußzeile")| tt+X (bb, cc, jj)  | Andrej Saibel, 14. Sep 2021 

● Motivation
● Test of QCD
● Understanding of multi-scale processes
● Background modeling for SM and BSM processes

● Important systematic uncertainties
● Jet flavor identification, Jet Energy Scale, ME scale,

ME-PS matching, statistical uncertainty

ATLAS Measurement

● tt+bb 2l and l+jets (36.1 fb-1) JHEP 04 (2019) 046
● Inclusive and differential fiducial cross sections

CMS Measurements

● tt+bb 2l and l+jets 35.9 fb-1 JHEP 07 (2020) 125
● tt+bb all-jet 35.9 fb-1 PLB 803 (2020) 135285
● First tt+cc measurement PLB. 820 (2021) 136565

● 41.5 fb-1
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ATLAS Measurement of σ(tt+bb)

| Präsentationstitel | Vorname Name, Datum (Eingabe über "Einfügen > Kopf- und Fußzeile")| tt+X (bb, cc, jj)  | Andrej Saibel, 14. Sep 2021 

● Inclusive and differential σ(tt+bb) measurement in fiducial phase space
● eμ and l+jets channels
● Inclusive σ(tt+bb)

● Non-tt backgrounds estimated from MC
● Template fit to b tag distribution →tt+bb,tt+cc,tt+lf
● ttH(bb) and ttV(bb) treated as signal and subtracted after fit 

● Normalized differential σ(tt+bb)
● Particle level measurements of b tagged jet distributions 
● No jet origin assignment
● Overall agreement of shapes between measurement and predictions

JHEP 04 (2019) 046

L = 36.1 pb-1

Precision:
13-17%



S
e
i
t
e
 
5

| Präsentationstitel | Vorname Name, Datum (Eingabe über "Einfügen > Kopf- und Fußzeile")

Measurement of σ(tt+bb) 2l and l+jets
JHEP 07 (2020) 125

L = 35.9 fb-1

| tt+X (bb, cc, jj)  | Andrej Saibel, 14. Sep 2021 

● Fiducial and full phase spaces 
● σ(tt+bb) extracted from R(tt+bb/tt+jj)

● Ratio reduces systematic uncertainties
● Jet origin assignment (jets from top/additional jets)

● 2l channel: 3rd and 4th highest jet b tag value
● l+jets channel: kinematic fit

● Likelihood fit to highest vs 2nd highest b tag scores of 
additional jets

Precision:
12-13%

Deviation:
1-2σ
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Measurement of σ(tt+bb) All-Jets
PLB 803 (2020) 135285

L = 35.9 fb-1

| tt+X (bb, cc, jj)  | Andrej Saibel, 14. Sep 2021 

● Challenging due to
● High jet mutiplicity, large QCD multi-jet background

● Advantages of all-jets channel
● Large branching ratio, reconstructable final state

● Multivariate Analysis Techniques 
● Quark-Gluon-Likelihood, tt and QCD multi-jet separation 
● Jet origin assignment with BDT

● Likelihood fit to 2D CSV (enrolled)
● Highest and 2nd highest b tag score of additional jets
● QCD background estimation from control region (CR 1-3)

Precision:
23-28%

Deviation:
1-2σ

Parton Independent Parton Based
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Inclusive σ(tt+cc) Measurement (2l) 

| tt+X (bb, cc, jj)  | Andrej Saibel, 14. Sep 2021 

PLB. 820 (2021) 136565

L = 41.5 fb-1

● Measurement of σ(tt+bb),  σ(tt+cc), σ(tt+ll)
● First measurement of σ(tt+cc)

● Challenging c-jet identification → DeepCSV

● Using Neural Network for jet origin assignment
● Multi-class NN for tt+bb, tt+cc, tt+lf separation
● Likelihood fit to enrolled NN response
● All results compatible with prediction in 1-2σ

● Powheg+Pythia8 normalized to NNLO+NNLL

CMS-PAS-BTV-20-
001
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Status of tt+bb measurements

● σ(tt+bb) measured in all decay channels
● Fiducial and full phase spaces
● Measured cross sections in agreement across decay channels
● Simulations consistently underpredict data

● Simulation scaled to NNLO+NNLL tt cross section
● 2l, l+jets measurements are more precise than the predictions

| tt+X (bb, cc, jj)  | Andrej Saibel, 14. Sep 2021 
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Summary

| Präsentationstitel | Vorname Name, Datum (Eingabe über "Einfügen > Kopf- und Fußzeile")

• Presented tt+X (bb, cc, jj) measurements from the ATLAS and CMS collaboration

– Analyses show consistent results across all channels and phase spaces

– Underprediction of 1-2σ by all MC simulations

– First measurement of σ(tt+cc) in agreement with prediction

• Prospects for full Run II (137 fb-1):

– More precise total and differential cross section measurements

| tt+X (bb, cc, jj)  | Andrej Saibel, 14. Sep 2021 

Thank you for your attention!
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BACKUP
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ATLAS Measurement of σ(tt+bb)

| tt+X (bb, cc, jj)  | Andrej Saibel, 14. Sep 2021 
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Measurement of σ(tt+bb) 2l and l+jets

| tt+X (bb, cc, jj)  | Andrej Saibel, 14. Sep 2021 
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Measurement of σ(tt+bb) All-Jets

| tt+X (bb, cc, jj)  | Andrej Saibel, 14. Sep 2021 
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Inclusive σ(tt+cc) Measurement (2l) 

| tt+X (bb, cc, jj)  | Andrej Saibel, 14. Sep 2021 
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