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Top quarks are produced in abundance at the LHC

Dominant production modes:

➛  production: ~120M events @10 Hz for  TeV

➛ Single  production ~ 40M events @1 Hz for  TeV

tt̄ s = 13

t(t̄ ) s = 13

Rate = σ 𝓛

LHC - The top quark Factory

This talk focuses on a few cherry-picked results from the latest 
measurements
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√s 𝜎tt¯ (NNLO + NNLL)

13 TeV

13.6 TeV

833.9+29.4
−36.6 pb (4.4%)

Theo. unc. due to variations in  scales, PDF + 𝛼SμR & μF

Most precise inclusive  at 13 TeV (TOPQ-2018-26) measured 
in the  final state

σtt̄
eμ

Ref.

Dominant systematics: 

    ➛ Luminosity (0.93%) 

    ➛ top  reweighting (0.58%)

    ➛ tW bkg. cross-section (0.52%) 

    ➛ In situ electron isolation (0.51%)

    ➛ PDF (0.43%) 

pT

 production: inclusivett̄
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≈15% (pp,13 TeV) ≈ 85% (pp,13 TeV)

Covered in 
Joscha’s talk

     
 first results with early Run3 data (CMS-TOP-22-012)

σtt̄ = 882 ± 23 (stat + syst) ± 20 (lumi) pb @13.6 TeV
→ LHCTOPWGSummaryPlots

σtt̄ = 829 ± 1 (stat) ± 13 (syst) ± 8 (lumi) ± 2 (beam) pb (1.8%)

923.6+32.1
−40.4 pb (4.4%)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-26/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-26/
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/TtbarNNLO
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/TtbarNNLO
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-22-012/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-22-012/index.html
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots


TOPQ-2018-26

 production: differentialtt̄
Single and double differential cross section measurements in the  final state


8 leptonic kinematic variables studied : 


Data compared to various predictions 

 Good agreement observed except for the tails

eμ

pℓ
T , |ηℓ | , meμ, peμ

T , |yeμ | , Ee + Eμ, pe
T + pμ

T , Δϕeμ

→
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-26/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-26/


 productiontt̄tt̄
QCD EWK EFT four-fermion coupling SUSY

NLO (QCD + EW) + NLL prediction:  σtt̄tt̄ = 13.4+1.0
−1.8 fb

1𝓁 or 2𝓁OS SSML : 2𝓁SS or ≥ 3𝓁

Negligible non-prompt 𝓁 Significant non-prompt 𝓁

limits on EFT couplings limits on yukawa coupling

5

MVA techniques to extract signal in all final states

Dominant bkg : tt̄VDominant bkg : tt̄ + heavy flavor

arXiv:2212.03259

https://www.arxiv.org/abs/2212.03259
https://www.arxiv.org/abs/2212.03259


: all hadronictt̄tt̄
First time all had. channel used in 4-top searches!  
SR divided based on resolved / boosted top candidates and 

Data-driven estimation of QCD multijet and  bkgs.  
from CRs with different jet and b-tag multiplicities

HT
tt̄ + jets
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Combination with results from other final states

    ☞  


    ☞ Observed (Expected) significance : 4.0 (3.2) s.d.

    ☞ First evidence of 4tops production !!

σtt̄tt̄ = 17 ± 4 (stat) ± 3 (syst) fb CMS-TOP-21-005

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-005/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-005/index.html


New result with legacy reprocessing of Run2 data 

☞ MVA-based lepton Id. to reject fake lepton bkg.

☞ DeepJet over DeepCSV for b-jet identification  
    performance


Veto events with OSSF lepton pair within  window to 
reject  and multi-boson bkgs.


Several event categories based on jet and b-tag 
multiplicities and  for better bkg. estimates


Multi-classification using separate BDTs in the  and 
 channels 


☞ like, 


☞ like


☞ like

mZ
tt̄Z

HT

2ℓSS
3ℓ & 4ℓ

tt̄tt̄−
tt̄X−
tt̄−

: SSMLtt̄tt̄
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CMS-PAS-TOP-22-013
New
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https://cds.cern.ch/record/2853304
https://cds.cern.ch/record/2853304
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New

Observation !!

Measurement is limited by stat. 
unc.


Dominant syst : 

☞  bb,  jj bkg. 

contribution, b-tagging 
calibration,  simulation 
model etc.

tt̄X + tt̄W +

tt̄tt̄

LHC Seminar from CMS on Tuesday, March 28  

CMS-PAS-TOP-22-013

Observation of : SSMLtt̄tt̄

https://indico.cern.ch/event/1231799/
https://indico.cern.ch/event/1231799/
https://cds.cern.ch/record/2853304
https://cds.cern.ch/record/2853304


Irreducible bkg. to 

➛  

➛  (  and  final states)


Multi-scale process 

➛  ~ 172 GeV (large);  ~ 4 GeV (non-negligible)

➛ challenging to model in simulation


Different modeling approaches

➛  ME@NLO (additional b-jets from matrix element)

➛  ME@NLO (additional b-jets from parton shower)

➛ 4 vs 5-flavor schemes (massive vs. massless 

    b-quarks in the initial state)


Previous measurements reported higher cross 
sections than state-of-the-art predictions

tt̄H(bb̄)
tt̄tt̄ 1ℓ 2ℓOS

mt mb

tt̄bb̄
tt̄

 productiontt̄bb̄
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 productiontt̄bb̄
New CMS measurement in  final state: 


Fiducial and differential cross sections compared with various predictions


Dominant syst. :  scale, ISR/FSR model, b-tagging, jet energy scale etc.

ℓ + jets ⩾ 5j, ⩾ 3b

μR

CMS-PAS-TOP-22-009
New

Pre-fit

Pre-fit

10

https://cds.cern.ch/record/2852880
https://cds.cern.ch/record/2852880


 productiontt̄bb̄

11

CMS-PAS-TOP-22-009
NewDifferential measurements performed using maximum likelihood based unfolding technique

https://cds.cern.ch/record/2852880
https://cds.cern.ch/record/2852880
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LHCtopWG

Single top-quark production
November 2022

t-channel

tW

s-channel

t-channel
ATLAS 086 (2017) 04 531, JHEP (2017) 77 112006, EPJC (2014) 90 PRD

CMS 135042 (2019) 800 090, PLB (2014) 06 035, JHEP (2012) 12 JHEP

LHC comb. 088 (2019) 05 JHEP

tW
ATLAS 063 (2018) 01 064, JHEP (2016) 01 142, JHEP (2012) 716 PLB

CMS 231802, arXiv:2208.00924 (2014) 112 022003, PRL (2013) 110 PRL

LHC comb. 088 (2019) 05 JHEP

s-channel
ATLAS 228, arXiv:2209.08990 (2016) 756 PLB

CMS 027 (2016) 09 JHEP

LHC comb. 088 (2019) 05 JHEP

58 (2014) PLB 736NNLO 
scale uncertainty

091503, (2011) 83 PRDNNLL  + NLO
054028 (2010) 81 054018, PRD (2010) 82 PRD

 contribution removedttW: t
 uncertaintysα ⊕ PDF ⊕scale 

74 (2015) 10, CPC191 (2010) NPPS205NLO 
,top= m

F
µ= 

R
µ

CT10nlo, MSTW2008nlo, NNPDF2.3nlo
VeG 65 =

F
µ and VeG 60 =  removalt veto for tb

T
tW: p
scale uncertainty

 uncertaintysα ⊕ PDF ⊕scale 

stat.  total

Single  production t(t̄)
t-channel (∼ 73% at LHC) tW (∼ 24% at LHC) s-channel (∼ 3% at LHC)

Golden Channel, sensitive to FCNC Observed at LHC, sensitive to BSM couplings Challenging at LHC

σ ∝ |Vtb |2

LHCTOPWGSummaryPlots

| fLVVtb | =
σmeas.

σpred.( |Vtb | = 1)
, Assuming |Vtd | , |Vts | ≪ |Vtb |

fLV accounts for possible BSM contribution ➛ fLV = 1 for SM

σt−ch
t+t̄ (13 TeV) = 207 ± 2 (stat) ± 31 (syst) pb = 207 ± 31 pb

CMS-TOP-17-011

5FS4FS
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots
http://dx.doi.org/10.1016/j.physletb.2019.135042
http://dx.doi.org/10.1016/j.physletb.2019.135042


Data-driven QCD multijet bkg. estimation using  for  


Matrix-element-method to derive signal probability per event : P(S|X)


  


Observed (Expected) signal significance over bkg.-only hypothesis : 3.3 (3.9) s.d.


Dominant unc. sources:  norm., signal and  simulation model, jet energy scale, 
jet energy resolution etc.

mW
T (Emiss

T ) μ(e)

σs−ch. = 8.2 ± 0.6 (stat) +3.4
−2.8 (syst) pb = 8.2+3.5

−2.9 pb

tt̄ tt̄

13

σSM = 10.32+0.40
−0.32 pb

Evidence of -ch. production s
arXiv:2209.08990

SR W + jets CR tt¯ CR

2 jets 2 jets ≥ 3 jets

2 tight b 1 tight b, 1 loose b ≥ 2 tight b

Measurement in  final state 1ℓ + jets

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-04/


,  tight b-tag,  in the final state


Veto events with  close to 


SR1:  and SR2: 


NN discr. in SRs to separate signal from bkgs. 

1ℓ 1 ⩾ 1γ

mℓγ mZ

0 forw⋅ jet ⩾ 1 forw⋅ jet

Observation of  production tqγ

Meas. fid. cross section 
(fb)

SM prediction 

(fb)

Parton level

Particle level

σtqγ × ℬ(t → bℓν)

688 ± 23 (stat) +75
−71 (syst) 515+36

−42

303 ± 9 (stat) +33
−32 (syst) 217+27

−15

arXiv:2302.01283
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Observed (Expected) significance of the  signal is: 

9.3 (6.8) s.d. 


Evidence @ 4.4 s.d. with partial ( ) Run2 data 
reported earlier by CMS (CMS-TOP-17-016)

tqγ

35.9 fb−1

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-44/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-44/
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-016/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-016/index.html


u/c

g

u/c

γ

t

b

+W
+l

lν

g

g

g t
c/u

γ

t +W

b

+l

lν

,  (in barrel), &  in the final state


Veto events with 


SR1:  and SR2: 


BDTs to separate FCNC signal from SM bkgs.


Upper Limits @95% CL extracted for  and 

1ℓ ⩾ 1γ ⩾ 1j

|meγ − mZ | < 10 GeV

1j1b > 1j, 1b

κtqγ ℬ(t → q + γ)

FCNC in tγ
New

CMS-PAS-TOP-21-013

15

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-013/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-013/index.html


 with exactly  OSSF pair in the final state


OSSF lepton pair with 


SR1(  -like): j b & SR2 (Single -like): j b + j b


Kinematic event reconstruction based on the signal topology


Dominant bkgs : -dilepton and 


BDTs to separate FCNC signal from SM bkgs.  


Upper limits are extracted @95% CL for 

⩾ 3ℓ 1

|mℓℓ − mZ | < 15 GeV

tt̄ ⩾ 2 1 t 1 1 2 1

tt̄ tt̄V

ℬ(t → Zq)

FCNC in tZ

16

arXiv:2301.11605

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2019-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2019-06/


LHC ≡ Top quark factory 

⇒ precision lab for studying top quark production & properties

⇒ portal to new physics beyond SM


Most measurements agree with SM prediction within uncertainties 

⇒ several measurements out-perform predictions in precision


Differential and fiducial measurements are key inputs for better MC modeling in future


Observation or evidence of several rare top quarks processes during Run2 

⇒ waiting to be fully exploited during Run3 and High Luminosity- LHC


Stringent limits on FCNC couplings are placed with Run2 data


More information : ATLAS Top Public Results, CMS Top Public Results, LHC Top WG


More TOP results today by Michele, Sergio, and Jack

Summary

17

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots


Thank you for your 
attention !!



Back - up



a_@k` *_@k`@98jkb *_@k`@kjjRb a_@j` *_@j`@kjRb *_@j`@w a_@9` *_@9`@w

�ej Q` �jb Iej- Ijb �jj- �kb Ijj Q` Ikb
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CMS-PAS-TOP-22-013

New
Observation of : SSMLtt̄tt̄



L

M

T

JINST 15 (2020) P12012

JINST 13 (2018) P05011

Typical features of heavy flavor jets: 

Contain SVs due to b(c)-hadron 
decays  

High track multiplicity 

Tracks with high impact parameter 
(IP) relative to PV

Presence of soft leptons inside jets 
ℬ(b → μX) ≈ 20 %

Tagging typically relies on: 


Track info. : IP2D, IP3D, track 
multiplicity etc.

SV info. :  , SV flight distance etc.

Charged and neutral hadron and soft 
lepton candidate info.

Some combination of the above : NN

mSV

JINST 15 (2020) P12012DeepJet

-tagging in CMSb

21

https://doi.org/10.1088/1748-0221/15/12/P12012
https://doi.org/10.1088/1748-0221/15/12/P12012
https://iopscience.iop.org/article/10.1088/1748-0221/13/05/P05011
https://iopscience.iop.org/article/10.1088/1748-0221/13/05/P05011
https://doi.org/10.1088/1748-0221/15/12/P12012
https://doi.org/10.1088/1748-0221/15/12/P12012


: SSMLtt̄tt̄

22

CMS-PAS-TOP-22-013 JHEP 07 (2020) 125

https://cds.cern.ch/record/2853304
https://cds.cern.ch/record/2853304
https://arxiv.org/abs/2003.06467
https://arxiv.org/abs/2003.06467


CMS-TOP-21-005
 combinationtt̄tt̄

23

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-005/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-005/index.html


LHCtopWG
ATLAS+CMS Preliminary  = 13 TeV, November 2022sRun 2, 

*Preliminary

 (scale) fb2.5−
2.2+ = 12.0 

tttt
σ

JHEP 02 (2018) 031
NLO QCD+EW

tot.   stat.

)syst. ± (stat. tot. ± 
tttt

σ Obs. (Exp.) Sig.
-1ATLAS, 2LSS/3L, 139 fb

EPJC 80 (2020) 1085  ) fb
 4−
 5+ (5  6−

 7+ 24 σ4.3 (2.4) 

-1ATLAS, 1L/2LOS, 139 fb
JHEP 11 (2021) 118  ) fb

13−

15+ (8 15−
17+ 26 σ1.9 (1.0) 

-1ATLAS, comb., 139 fb
JHEP 11 (2021) 118  ) fb

 4−
 5+ (4  6−

 7+ 24 σ4.7 (2.6) 

-1CMS, 2LSS/3L, 137 fb
EPJC 80 (2020) 75  fb5.2−

5.8+12.6 σ2.6 (2.7) 

-1CMS, 1L/2LOS, 35.8 fb
JHEP 11 (2019) 082  fb+20  0 σ0.0 (0.4) 

-1CMS, 1L/2LOS/all-had, 138 fb
CMS-PAS-TOP-21-005 *  fb11−

13+ 38 σ3.7 (1.5) 

-1CMS, comb., 138 fb
CMS-PAS-TOP-21-005 *  fb5−

5+ 17 σ3.9 (3.2) 

0 20 40 60 80 100 120
 [fb]ttttσ

LHCTOPWGSummaryPlots

Summary of  productiontt̄tt̄

24

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots


 productiontt̄bb̄

Response Matrix Uncertainties in diff. measurements

CMS-PAS-TOP-22-009

25

New

https://cds.cern.ch/record/2852880
https://cds.cern.ch/record/2852880


 production tt̄W

Additional CRs defined with  or  events to control  and  bkgs.


Final  normalization extracted by profile likelihood fit in  +  + CRs

3ℓ 4ℓ WZ tt̄Z

tt̄W 2ℓSS 3ℓ

SR consists of   and  final state2ℓSS 3ℓ
 2𝓁SS 3𝓁

Event categories based on 𝓁 flavor & charge
12 event categories based on jet and b-tag 
multiplicities & charge of the 3𝓁 system


DNN discr. for signal vs bkg. separation Signal extraction using m(3𝓁) observable

26

CMS-TOP-21-011

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/


Factor of 2 improvement on systematic uncertainty w.r.t 
earlier measurement @ 13 TeV with only 2016 data !!! 

 production tt̄W
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 [fb]+Wtt�
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 [f
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–

Wtt
�

 (13 TeV)-1138 fbCMS
Best fit

JHEP 11 (2021) 029

68% CL

95% CL

Dominant systematics: 

  ➛  normalization (2.6%)
  ➛ Luminosity(1.9%) 
  ➛  ME scale (1.8 %) 
  ➛ b tagging efficiency (1.6 %)

tt̄H

tt̄W

CMS-TOP-21-011
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/


NLO prediction: σtt̄γ = 155 ± 27 fb [pT(γ) > 20 GeV & |η(γ) | < 1.442]
Exactly , exactly 1 OS  pair,  b-tagged jet in the final state

➛ Bkgs.: Non-prompt  (data-driven), Z  (from Z peak), others from simulation  

1γ ℓ ⩾ 1
γ γ

Measured: 

➛ Dominant sources: Luminosity, signal model, bkg. normalization

σtt̄γ = 175.2 ± 2.5(stat) ± 6.3(syst) fb (4%)

Differential measurements used to extract combined (2𝓁 & 𝓁 + jets ) limits on coupling CtZ  

Inclusive and differential 𝛾 : 2𝓁tt̄
JHEP 05 (2022) 091

28

https://doi.org/10.1007/JHEP05(2022)091
https://doi.org/10.1007/JHEP05(2022)091


NLO Prediction: 

 Final state consists of exactly 1 𝛾, exactly 1 𝓁, ≥ 3 jets, ≥ 1 b-tagged jet

σtt̄γ = 773 ± 135 fb [pT(γ) > 20 GeV & |η(γ) | < 1.442]
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σtt̄γ = 798 ± 7 (stat) ± 48 (syst) fbMeasured inclusive cross section: 

Differential measurements used to extract limits on EFT coupling CtZ  

Inclusive and differential 𝛾 : 𝓁 + jetstt̄
JHEP 12 (2021) 180
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https://doi.org/10.1007/JHEP12(2021)180
https://doi.org/10.1007/JHEP12(2021)180


Summary of  measurementstt̄V

LHCTOPWGSummaryPlots

ATLAS+CMS
LHCtopWG

Preliminary  = 13 TeV, November 2022s
 0.01(PDF) pb±(scale)  0.08− 

 0.07+  = 0.72Wttσ

JHEP 11 (2021) 29

EW
sub+NLOEW

leadFxFx@2J+NLO

 0.02(PDF) pb±(scale)  0.08− 
 0.07+  = 0.86Zttσ

Eur. Phys. J. C 80 (2020) 428
NLO(QCD+EW)+NNLL

 20×(tot.)pb  0.002− 
 0.001+  20 = 0.038× µdilepton e 

γ+tWγttσ

JHEP 10 (2018) 158
NLO QCD

 5× 0.03(tot.)pb ± 5 = 0.15 × dilepton
γttσ

Madgraph5 + aMC@NLO
NLO QCD

 0.14(tot.) pb± = 0.77 l+jets
γttσ

Madgraph5 + aMC@NLO
NLO QCD

-1= 36.1 fbintATLAS, L
Phys. Rev. D 99 (2019) 072009

-1= 139 fbintATLAS, L
Eur. Phys. J. C 81 (2021) 737

,   Vis 1-1= 139 fbintATLAS, L
JHEP 09 (2020) 049

-1= 138.0 fbintCMS, L
arXiv:2208.06485

-1= 77.5 fbintCMS, L
JHEP 03 (2020) 056

,   Vis 2-1= 138 fbintCMS, L
JHEP05 (2022) 091

,   Vis 3-1= 137 fbintCMS, L
JHEP 12 (2021) 180

 (syst.)± (stat.) ± meas.σ

 0.14 pb± 0.13 ±0.87 

 0.08 pb± 0.05 ±0.99 

 20× pb  0.002−
 0.003+ 0.001  ±0.040 

 0.05 pb± 0.04 ±0.87 

 0.06 pb± 0.05 ±0.95 

 5× 0.006 pb ± 0.003 ±0.175 

 0.048 pb± 0.007 ±0.798 

Wtt

Ztt

γtt dilepton

γtt l+jets

γ+tWγtt µdilepton e 

total          stat.
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 [pb]Xttσ
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arXiv:2209.08990
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arXiv:2302.01283 Parton-level Particle-level
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Observation of  production tqγ

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-44/
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Evidence for  (CMS-TOP-17-016)tqγ

where 

    ➛ Removes overlap b/w single top + “soft” 𝛾 (PS) & 

         single top + “hard” 𝛾 (ME)

ΔR(X, γ) > 0.5, X = μ or jets

 in the final state1μ,1γ, & 2j1b

Maximum likelihood fit to BDT discriminant to extract signal

Observed (Expected) significance of 4.4 (3.0) s.d

Dominant Uncertainties:

   ➛ Jet energy scale ~ 12% 

   ➛ Signal modeling ~ 9%

   ➛ Estimation of Z𝛾+jets Bkg. ~ 8%

   ➛ b-tag/mistag ~ 7%

σFid.
SM = 81 ± 4 fb

Fake  bkg. estimated from SB data  ➛ loose Id. and 
inversion of Iso. / shower shape criteria 

γ

σFid.(pp → tγj)ℬ(t → μνb) = 115 ± 17(stat) ± 30(syst) fb
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 @NLO  has large interference with 


Two schemes to tackle this in MC

  

   ☞ Remove  diagrams from ME Diagram Removal (DR)

   ☞ Local subtraction term added to ME to cancel resonant 

        contribution Diagram Subtraction (DS)


Diff. b/w DR (nominal) and DS (alternative) schemes as 
signal modeling uncertainty

tW tt̄

tt̄ →

tt̄ →

σN3LO
tW = 79.5 ± 1.9 (scale) ± 1.7 (PDF) pb

σtt̄ ≈ 834 pb

 production tW

CMS-TOP-21-010

BDTs to separate  signal from  

    ML fit to BDTs in 1j1b and 2j1b to extract signal





Dominant sources: JES, non-W/Z bkg. rate, µR & µF 
scales of tW signal


Diff. cross section measured against various 
kinematic variables  Good agreement b/w data 
and various predictions

tW tt̄
→

σmeas.
tW = 79.2 ± 0.8 (stat) ± 7.1 (syst) ± 1.1 (lumi) pb

→
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SR
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arXiv:2301.11605
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CMS-PAS-TOP-21-013
New

FCNC in tγ

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-013/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-013/index.html


Summary of  measurementstX

LHCTOPWGSummaryPlots
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Summary of FCNC measurements
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LHCTOPWGSummaryPlots
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CMS-SUSY-Summary-Plots

Limits @ 95% CL from  productiong̃g̃
ATL-PHYS-PUB-2023-005
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