
Top Physics at CMS 

● Introduction 

● Top cross section 
– ttbar, single top, ttW, ttZ, ttbb/ttjj ratio 

● Top properties 
– Top mass, top-antitop mass difference, asymmetry,  

top polarization, W helicity, other 

● Beyond the Standard Model 
– FCNC, anomalous Wtb 
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2011 − 5 𝑓𝑏−1 𝑎𝑡 𝑠 = 7 𝑇𝑒𝑉 
2012 − 20 𝑓𝑏−1 𝑎𝑡 𝑠 = 8 𝑇𝑒𝑉 

Integrated Luminocity: 

Top quark – heaviest SM particle 
172.2 ± 0.1 𝑠𝑡𝑎𝑡. ± 0.7 𝑠𝑦𝑠𝑡.  𝐺𝑒𝑉 (CMS) 

2015 − new data taking  
at 𝑠 = 13 𝑇𝑒𝑉 

Top life time (10−25 𝑠) is shorter 
than the hadronization time scale 
(10−24 𝑠), and top quark provides a 
unique possibility to study a “bare” 
quark free from hadronization effects 

Yukawa coupling to the Higgs 
field close to 1 

LHC is a top quark factory 
Top quark is unique and powerful 
instrument to study SM physics and 
search for manifestation of New Physics 

beyond SM 
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Production Processes 

90% 

10% 

~ 0.1 pb 

𝜎𝑁𝐿𝑂  (𝑝𝑏) 

Tevatron ( 𝑠 = 1.96 TeV 𝑝𝑝 ) 7.08 ± 5% 

LHC ( 𝑠 = 7 TeV 𝑝𝑝) 165 ± 6% 

LHC ( 𝑠 = 8 TeV 𝑝𝑝) 234 ± 4% 

LHC ( 𝑠 = 14 TeV 𝑝𝑝) 920 ± 5% 

o 𝑡𝑡  production (QCD) 

o single top production (electro − weak) 

o 𝑡𝑡 𝑏𝑏 

o 𝑡𝑡 𝐻, 𝑡𝑡 𝑊±, 𝑡𝑡 𝑍, 𝑡𝑡 𝛾 

o 𝑡-quark production due to new interactions 

s-channel (𝑝𝑏) t-channel (𝑝𝑏) tW (𝑝𝑏) 

Tevatron ( 𝑠 = 1.96 TeV 𝑝𝑝 ) 1.04 ± 4% 2.26 ± 5% 0.14 ± 20% 

LHC ( 𝑠 = 7 TeV 𝑝𝑝) 4.6 ± 5% 64 ± 4% 15.6 ± 8% 

LHC ( 𝑠 = 8 TeV 𝑝𝑝) 5.55 ± 4% 87.2−3
+4% 11.1 ± 7% 

LHC ( 𝑠 = 14 TeV 𝑝𝑝) 12 ± 6% 243 ± 4% 75 ± 10% 



Top Pair Analysis Channels 

 Dilepton 

 Small rate, small backgrounds 

 Main background: Drell-Yan 

 Lepton + Jets 

 Good rate and manageable 
backgrounds 

 Main background: W+jets 

 All-hadronic (alljets) 

 Large rate, large background 

 Main background: multijets 

Identification of b-quarks through secondary vertex 
is a critical point to reduce backgrounds 
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Top pair production cross section in dilepton 

channel, 𝑝𝑝 collisions at 𝑠 = 8 𝑇𝑒𝑉 

5 

JHEP 02 (2014) 024 
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𝜎 = 239 ± 2 𝑠𝑡𝑎𝑡. ± 11 𝑠𝑦𝑠𝑡. ± 6 𝑙𝑢𝑚.  𝑝𝑏 

http://dx.doi.org/10.1007/JHEP02(2014)024
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Top pair production cross section 
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Top pair production in association with a W or Z 

boson at 𝑠 = 8 𝑇𝑒𝑉 
TOP-12-036 

Igor Myagkov - Top Quark Physics at CMS, Protvino, June 2014 



9 

Cross section ratio 𝜎(𝑡𝑡 𝑏𝑏 ) 𝜎(𝑡𝑡 𝑗𝑗)  in 𝑝𝑝 collisions 

at 𝑠 = 8 𝑇𝑒𝑉 

CMS PAS 

TOP-13-010 

𝜎(𝑡𝑡 𝑏𝑏 ) 𝜎(𝑡𝑡 𝑗𝑗) = 0.023 ± 0.003 𝑠𝑡𝑎𝑡. ± 
       ± 0.005 𝑠𝑦𝑠𝑡.  𝑎𝑡 20 𝐺𝑒𝑉 

𝜎(𝑡𝑡 𝑏𝑏 ) 𝜎(𝑡𝑡 𝑗𝑗) = 0.022 ± 0.004 𝑠𝑡𝑎𝑡. ± 
       ± 0.005 𝑠𝑦𝑠𝑡.  𝑎𝑡 40 𝐺𝑒𝑉 

Igor Myagkov - Top Quark Physics at CMS, Protvino, June 2014 

http://cds.cern.ch/record/1605842?ln=en
http://cds.cern.ch/record/1605842?ln=en
http://cds.cern.ch/record/1605842?ln=en
http://cds.cern.ch/record/1605842?ln=en
http://cds.cern.ch/record/1605842?ln=en
http://cds.cern.ch/record/1605842?ln=en
http://cds.cern.ch/record/1605842?ln=en
http://cds.cern.ch/record/1605842?ln=en
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𝐄𝐱𝐩𝐞𝐜𝐭𝐞𝐝 𝐮𝐩𝐩𝐞𝐫 𝐥𝐢𝐦𝐢𝐭𝐬: 
𝟒𝟐 −𝟏𝟑

+𝟏𝟖 𝒇𝒃 𝒂𝒕 𝟗𝟓% 𝑪𝑳 

𝐎𝐛𝐬𝐞𝐫𝐯𝐞𝐝: 
𝝈 < 𝟔𝟑 𝒇𝒃 𝒂𝒕 𝟗𝟓% 𝑪𝑳 

Standard model four top quark production  

at 𝑠 = 8 𝑇𝑒𝑉 in the lepton + jets channel 

CMS PAS 

TOP-13-012 
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𝜇-ch. 𝑒-ch. 

http://cds.cern.ch/record/1644574?ln=en
http://cds.cern.ch/record/1644574?ln=en
http://cds.cern.ch/record/1644574?ln=en
http://cds.cern.ch/record/1644574?ln=en
http://cds.cern.ch/record/1644574?ln=en
http://cds.cern.ch/record/1644574?ln=en
http://cds.cern.ch/record/1644574?ln=en
http://cds.cern.ch/record/1644574?ln=en


Single Top 

11 Igor Myagkov - Top Quark Physics at CMS, Protvino, June 2014 



12 

Measured: 
𝝈 = 𝟐𝟑. 𝟒 ± 𝟓. 𝟒 𝒑𝒃 

Observation of the associated production  

of a single top quark and a 𝑊 boson in 𝑝𝑝 

collisions at 𝑠 = 8 𝑇𝑒𝑉 

Phys. Rev. Lett. 112 

(2014) 231802 
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𝑉𝑡𝑏 = 𝜎𝑡𝑊 𝜎𝑡𝑊
𝑡ℎ. = 

1.03 ± 0.12 𝑒𝑥𝑝. ± 0.04(𝑡ℎ. ) 

http://dx.doi.org/10.1103/PhysRevLett.112.231802
http://dx.doi.org/10.1103/PhysRevLett.112.231802
http://dx.doi.org/10.1103/PhysRevLett.112.231802
http://dx.doi.org/10.1103/PhysRevLett.112.231802
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𝝈 t−channel, top, 𝟖 𝑻𝒆𝑽 = 𝟒𝟗. 𝟗 ± 𝟏. 𝟗 𝒔𝒕𝒂𝒕. ± 𝟖. 𝟗 𝒔𝒚𝒔𝒕.  𝒑𝒃 

𝝈 t−channel, anti−top, 𝟖 𝑻𝒆𝑽 = 𝟐𝟖. 𝟖 ± 𝟐. 𝟒 𝒔𝒕𝒂𝒕. ± 𝟒. 𝟗 𝒔𝒚𝒔𝒕.  𝒑𝒃 

𝑅𝑡−𝑐ℎ𝑎𝑛𝑛𝑒𝑙 = 1.76 ± 0.15(𝑠𝑡𝑎𝑡. ) ± 0.22(𝑠𝑦𝑠𝑡. ) 

t-channel single-top production cross section and 

|𝑉𝑡𝑏| CKM matrix element in 𝑝𝑝 collisions at 

𝑠 = 8 𝑇𝑒𝑉 

arXiv:1403.7366 

Accepted by JHEP 
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http://arxiv.org/abs/1403.7366
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Search for single-top production in the s channel  

at 𝑠 = 8 𝑇𝑒𝑉 

CMS PAS 

TOP-13-009 
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0.7σ 

𝑎𝑡 95% 𝐶. 𝐿. 

https://cds.cern.ch/record/1633190?ln=en
https://cds.cern.ch/record/1633190?ln=en
https://cds.cern.ch/record/1633190?ln=en
https://cds.cern.ch/record/1633190?ln=en
https://cds.cern.ch/record/1633190?ln=en
https://cds.cern.ch/record/1633190?ln=en
https://cds.cern.ch/record/1633190?ln=en
https://cds.cern.ch/record/1633190?ln=en


Top mass 
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𝐌𝐞𝐚𝐬𝐮𝐫𝐞𝐝:  𝟏𝟕𝟑. 𝟒𝟗 ± 𝟎. 𝟔𝟗 𝒔𝒕𝒂𝒕. ± 𝟏. 𝟐𝟏 𝒔𝒚𝒔𝒕.  𝑮𝒆𝑽 

𝐂𝐨𝐦𝐛𝐢𝐧𝐚𝐭𝐢𝐨𝐧:  𝟏𝟕𝟑. 𝟓𝟒 ± 𝟎. 𝟑𝟑 𝒔𝒕𝒂𝒕. ± 𝟎. 𝟗𝟔 𝒔𝒚𝒔𝒕.  𝑮𝒆𝑽 

Measurement of the top-quark mass in all-jets  

events in 𝑝𝑝 collisions at 𝑠 = 7 𝑇𝑒𝑉 

Eur. Phys. J. C74  

(2014) 2758 

Igor Myagkov - Top Quark Physics at CMS, Protvino, June 2014 

http://link.springer.com/article/10.1140/epjc/s10052-014-2758-x
http://link.springer.com/article/10.1140/epjc/s10052-014-2758-x
http://link.springer.com/article/10.1140/epjc/s10052-014-2758-x
http://link.springer.com/article/10.1140/epjc/s10052-014-2758-x
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Measurement of the top-quark mass in 𝑡𝑡  events 

with lepton+jets final states in 𝑝𝑝 collisions at 

𝑠 = 8 𝑇𝑒𝑉 

CMS PAS 

TOP-14-001 
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http://cds.cern.ch/record/1690093?ln=en
http://cds.cern.ch/record/1690093?ln=en
http://cds.cern.ch/record/1690093?ln=en
http://cds.cern.ch/record/1690093?ln=en
http://cds.cern.ch/record/1690093?ln=en
http://cds.cern.ch/record/1690093?ln=en
http://cds.cern.ch/record/1690093?ln=en
http://cds.cern.ch/record/1690093?ln=en
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𝒎𝒕
𝒑𝒐𝒍𝒆

= 𝟏𝟕𝟔. 𝟕 −𝟑.𝟒
+𝟑.𝟖 𝑮𝒆𝑽 

𝜶𝑺 𝒎𝒛 = 𝟎. 𝟏𝟏𝟓𝟏 −𝟎.𝟎𝟎𝟑𝟐
+𝟎.𝟎𝟎𝟑𝟑 

Top-quark pole mass and strong coupling constant 

from the 𝑡𝑡  production cross section in 𝑝𝑝 

collisions at 𝑠 = 7 𝑇𝑒𝑉 

Phys. Lett. B 728 

(2013) 496 

Igor Myagkov - Top Quark Physics at CMS, Protvino, June 2014 

http://dx.doi.org/10.1016/j.physletb.2013.12.009
http://dx.doi.org/10.1016/j.physletb.2013.12.009
http://dx.doi.org/10.1016/j.physletb.2013.12.009
http://dx.doi.org/10.1016/j.physletb.2013.12.009
http://dx.doi.org/10.1016/j.physletb.2013.12.009
http://dx.doi.org/10.1016/j.physletb.2013.12.009
http://dx.doi.org/10.1016/j.physletb.2013.12.009


Top charge asymmetry JHEP 04 (2014) 191 

CMS PAS TOP-14-006 
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http://dx.doi.org/10.1007/JHEP04(2014)191
http://dx.doi.org/10.1007/JHEP04(2014)191
http://cds.cern.ch/record/1670517?ln=en
http://cds.cern.ch/record/1670517?ln=en
http://cds.cern.ch/record/1670517?ln=en
http://cds.cern.ch/record/1670517?ln=en
http://cds.cern.ch/record/1670517?ln=en
http://cds.cern.ch/record/1670517?ln=en


Measurement of top-quark polarization in t-

channel single-top production 

CMS PAS 
TOP-13-001 
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https://cds.cern.ch/record/1601800
https://cds.cern.ch/record/1601800
https://cds.cern.ch/record/1601800
https://cds.cern.ch/record/1601800
https://cds.cern.ch/record/1601800
https://cds.cern.ch/record/1601800
https://cds.cern.ch/record/1601800
https://cds.cern.ch/record/1601800


Measurement of the W-boson helicity in top-

quark decays in pp collisions at sqrt(s)=7 TeV 
JHEP 10 (2013) 167 
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http://dx.doi.org/10.1007/JHEP10(2013)167
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Direct search for anomalous contributions to Wtb 

vertex with Bayesian neural network 

CMS PAS 

TOP-14-007 

𝑓𝑉
𝑅 < 0.34 𝑎𝑡 95% 𝐶. 𝐿. 𝑓𝑇

𝐿 < 0.09 𝑎𝑡 95% 𝐶. 𝐿. 
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http://cds.cern.ch/record/1702400?ln=en
http://cds.cern.ch/record/1702400?ln=en
http://cds.cern.ch/record/1702400?ln=en
http://cds.cern.ch/record/1702400?ln=en
http://cds.cern.ch/record/1702400?ln=en
http://cds.cern.ch/record/1702400?ln=en
http://cds.cern.ch/record/1702400?ln=en
http://cds.cern.ch/record/1702400?ln=en


FCNC Search 

FCNC processes lead to additional contribution to tt and t(t) or exotic final states 
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Search for FCNC tug and tcg couplings with 

Bayesian neural networks 

𝜅𝑡𝑢𝑔 Λ < 1.8 × 10−2 𝑇𝑒𝑉 −1 

𝜅𝑡𝑐𝑔 Λ < 5.6 × 10−2 𝑇𝑒𝑉 −1 

𝐵𝑟 𝑡 → 𝑢 + 𝑔 < 3.55 × 10−4 

𝐵𝑟 𝑡 → 𝑐 + 𝑔 < 3.44 × 10−3 

Igor Myagkov - Top Quark Physics at CMS, Protvino, June 2014 

CMS PAS 

TOP-14-007 

http://cds.cern.ch/record/1702400?ln=en
http://cds.cern.ch/record/1702400?ln=en
http://cds.cern.ch/record/1702400?ln=en
http://cds.cern.ch/record/1702400?ln=en
http://cds.cern.ch/record/1702400?ln=en
http://cds.cern.ch/record/1702400?ln=en
http://cds.cern.ch/record/1702400?ln=en
http://cds.cern.ch/record/1702400?ln=en
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Search for anomalous single top quark production 

in association with a photon at 𝑠 = 8 𝑇𝑒𝑉 

CMS PAS 

TOP-14-003 
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http://cds.cern.ch/record/1700519?ln=en
http://cds.cern.ch/record/1700519?ln=en
http://cds.cern.ch/record/1700519?ln=en
http://cds.cern.ch/record/1700519?ln=en
http://cds.cern.ch/record/1700519?ln=en
http://cds.cern.ch/record/1700519?ln=en
http://cds.cern.ch/record/1700519?ln=en
http://cds.cern.ch/record/1700519?ln=en
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Search for flavor-changing neutral currents in top-

quark decays 𝑡 → 𝑍𝑞 in pp collisions at 𝑠 = 8 𝑇𝑒𝑉 

CMS PAS 

TOP-12-037 

𝑡𝑡 → 𝑍𝑞 + 𝑊𝑏 − No excess in number of events 

𝐵𝑟 𝑡 → 𝑍𝑞 < 0.5 × 10−3 𝑎𝑡 95% 𝐶𝐿 In combination with 7 𝑇𝑒𝑉: 

2D scatter distribution and comparison between Data and MC after the event selection. 
Top mass requirements are shown with dotted box (left) and lines (right). 
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https://cds.cern.ch/record/1546763
https://cds.cern.ch/record/1546763
https://cds.cern.ch/record/1546763
https://cds.cern.ch/record/1546763
https://cds.cern.ch/record/1546763
https://cds.cern.ch/record/1546763
https://cds.cern.ch/record/1546763
https://cds.cern.ch/record/1546763


27 Igor Myagkov - Top Quark Physics at CMS, Protvino, June 2014 

Conclusion 

• LHC is currently the main place for top physics, 

many analysis are published 

• LHC demonstrates a good agreement with SM in 

top sector. There are no any evidence of deviation 

from SM in top physics. 

• Details are available in the dedicated CMS 

publications 

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP

