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+jetsτCMS   3± 32 ± 12 ±152 
arXiv:1301.5755 (L=3.9/fb)  lumi.)± syst. ± stat. ±(val. 

)τµ,τCMS dilepton (e   3± 22 ± 14 ±143 
Phys. Rev. D 85 (2012) 112007  lumi.)± syst. ± stat. ±(val. 
(L=2.2/fb)

CMS all-hadronic   3± 26 ± 10 ±139 
arXiv:1302.0508 (L=3.5/fb)  lumi.)± syst. ± stat. ±(val. 

)µ,eµµCMS dilepton (ee,   4±  5 ±  2 ±162 
JHEP 11 (2012) 067 (L=2.3/fb)  lumi.)± syst. ± stat. ±(val. 

+jetsµCMS e/   4± 10 ±  2 ±158 
Phys. Lett. B 720 (2013) 83  lumi.)± syst. ± stat. ±(val. 
(L=2.2-2.3/fb)

 = 7 TeVsCMS Preliminary, 

NNLO+NNLL QCD, Czakon et al., arXiv:1303.6254
Approx. NNLO+NNLL QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034
Approx. NNLO+NNLL QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030
Approx. NNLO+NNLL QCD, Ahrens et al., JHEP 1009 (2010) 097
NLO QCD
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CMS prel. combined  10 pb± 11 ±  3 ±227 
 lumi.)± syst. ± stat. ±(val. 

)µ,eµµCMS prel. (ee,  10 pb± 11 ±  3 ±227 
TOP-12-007 (L=2.4/fb)  lumi.)± syst. ± stat. ±(val. 

+jets)µCMS prel. (e/  10 pb±  26
29 ±  9 ±228 

TOP-12-006 (L=2.8/fb)  lumi.)± syst. ± stat. ±(val. 

 = 8 TeVsCMS Preliminary, 

NNLO+NNLL QCD, Czakon et al., arXiv:1303.6254 (2013)
Approx. NNLO+NNLL QCD, Kidonakis, arXiv:1205.3453 (2012)
Approx. NNLO+NNLL QCD, Cacciari et al., arXiv:1111.5869 (2011)

 PDF uncertainty)⊗Approx. NNLO+NNLL QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale 
Approx. NNLO+NNLL QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale uncertainty)
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)-1CMS dilepton 7 TeV (2.3 fb

)-1Tevatron prelim. combined (up to 8.8 fb
)-1CDF prelim. combined (up to 8.8 fb

)-1D0 combined (5.4 fb

Approx. NNLO QCD (pp)
Scale uncertainty

 PDF uncertainty⊗Scale 
)pApprox. NNLO QCD (p

Scale uncertainty
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Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
MSTW 2008 NNLO PDF, 90% C.L. uncertainty
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Di-‐lepton	  

First	  extra	  jet	   Second	  extra	  jet	  pT	  >	  20	  GeV	  

0.016±0.002	  (MadGraph)	  

0.013±0.002	  (MadGraph)	  
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PresentaGon	  from	  A.	  Jafari	  on	  “Single-‐top”	  
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σtW	  =	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  pb	  	  
6σ	  significance	  
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SM(Q)	  =	  +2/3	  

Combine	  both	  pieces	  of	  informaGon	  
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SM(Q)	  =	  +2/3	  

Charge	  -‐4/3	  more	  then	  5σ	  excluded	  

A	  is	  an	  “asymmetry”	  test	  staGsGcs	  
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Ideogram	  method	  

Parameters	  in	  the	  kinemaGc	  fit	  

Wrong	  jet	  combinaGons	  

Probability	  of	  btagging	  

Breit-‐Wigner	  distr.	  Gauss	  distr.	  
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CalibraGon	  of	  the	  properGes	  of	  the	  Mt	  esGmator	  	  

Dominated	  by	  staGsGcal	  uncertainGes,	  hence	  need	  measurement	  at	  13-‐14	  TeV	  



DifferenGal	  cross-‐secGons	  in	  top	  quark	  events	  
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Di-‐lepton	  

Region	  of	  extra	  (b-‐)jets	  	  
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Di-‐lepton	  

pT(gbar)	  

M(gbar)	  
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Lepton+jets	  

Region	  of	  extra	  (b-‐)jets	  	  
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Lepton+jets	  

pT(gbar)	  

M(gbar)	  
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Fiing	  simultaneous	  the	  top	  and	  anG-‐top	  
component	  on	  the	  pseudo-‐rapidity	  distribuGon	  

Single	  top	  versus	  anG-‐top	  



Single	  top	  versus	  anG-‐top	  
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W	  helicity	  (in	  top	  quark	  pair	  events)	  
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Lepton+jets	  

ReweighGng	  method	  to	  fit	  this	  
distribuGon	  with	  2	  free	  parameters:	  

TheoreGcal	  uncertainGes	  dominate	  
and	  the	  MET	  shape	  

PresentaGon	  from	  M.	  Zeinali	  on	  “W	  decays	  in	  top	  events”	  



W	  helicity	  in	  Single	  Top	  
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W	  helicity:	  LHC	  combinaGon	  
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W	  helicity:	  LHC	  combinaGon	  
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Top	  polarizaGon	  in	  Single	  Top	  events	  
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t-‐channel	  

100%	  polarizaGon	  expected	  



Top	  polarizaGon	  in	  Single	  Top	  events	  
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t-‐channel	  
ADDENDUM	  



Spin	  correlaGons	  
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Di-‐lepton	  

CorrelaGon	  coefficient	  in	  the	  helicity	  basis:	  

Spin	  correlaGons	  enhanced	  by	  
requiring	  M(gbar)>450	  GeV	  



RaGo	  of	  top	  decays	  to	  Wb	  and	  Wq	  
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Di-‐lepton	  



RaGo	  of	  top	  decays	  to	  Wb	  and	  Wq	  
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Di-‐lepton	  

Mis-‐reconstrucGons	  taken	  into	  account	  in	  
likelihood	  fit	  (jet	  assignment	  &	  flavor	  tagging	  
matching).	  

“Lepton+jet”	  mass	  
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Lepton+jets	  

Charge	  asymmetry	  

Measured	  charge	  asymmetry	  

Theory	  predicGon	  ~1%	  

EAG	  

PresentaGon	  M.	  Mohammadi	  Najafabadi	  on	  “Asymmetries”	  



KinemaGcs	  of	  top	  quark	  events	  
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Lepton+jets	  
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Lepton+jets	  
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Lepton+jets	  
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Lepton+jets	  



KinemaGcs	  of	  top	  quark	  events	  
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Lepton+jets	  



Study	  of	  systemaGc	  in	  top	  quark	  events	  
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Mean	  pT	  carried	  by	  each	  
charged	  parGcle	  

Number	  of	  charged	  parGcles	  

These	  studies	  are	  crucial	  to	  enter	  the	  
precision	  era	  of	  top	  quark	  physics	  at	  the	  LHC	  



Fourth	  generaGon	  top	  quarks?	  
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Inclusive	  vector-‐like	  T	  quarks	  ?	  
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Charge	  2/3	  
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Inclusive	  vector-‐like	  T	  quarks:	  prospects	  ?	  
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All	  channels	  combined	  

Discovery	  reach	  up	  to	  1.2	  TeV	  



Top	  Partners	  with	  charge	  5/3	  ?	  
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Resonances	  decaying	  into	  top+jets	  ?	  
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Existed	  top	  quark	  which	  receives	  a	  non-‐zero	  mass	  
before	  applying	  the	  Brout-‐Englert-‐Higgs	  mechanism	  



Ttbar	  resonances	  ?	  
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Lepton+jets	  



Anomalous	  top	  quark	  producGon	  ?	  

Jorgen	  D'Hondt	  -‐	  Vrije	  Universiteit	  Brussel	   47	  

All	  jets	  

Boosted	  topologies	  

Also	  for	  Z’	  and	  generic	  enhancement	  



Anomalous	  top	  quark	  producGon	  ?	  
All	  jets	  and	  Lepton+jets	  

Combined	  boosted	  and	  resolved	  topology	  
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Baryon	  Number	  ViolaGon	  in	  top	  decays	  ?	  
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Data	  driven	  background	  



Vector-‐like	  b’	  quarks	  ?	  

Jorgen	  D'Hondt	  -‐	  Vrije	  Universiteit	  Brussel	   50	  

Charge	  -‐1/3	  

Pair	  producGon,	  single	  producGon	  not	  yet	  included	  

Di-‐lepton	  
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Charge	  -‐1/3	  

Pair	  producGon,	  single	  producGon	  not	  yet	  included	  

Lepton+jets	  
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Charge	  -‐1/3	  

Pair	  producGon,	  single	  producGon	  not	  yet	  included	  

Lepton+jets	  



Flavour	  Changing	  Neutral	  Currents	  ?	  
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BR(tZq)	  >	  0.07%	  excluded	  @	  95%	  CL	  
(main	  uncertainty	  due	  	  
to	  event	  Q2	  modeling)	  

PresentaGon	  from	  R.	  	  Goldouzian	  on	  “FCNC”	  



Flavour	  Changing	  Neutral	  Currents	  @	  3000/x	  ?	  

5σ	  observaGon	  from	  0.02%	  



Flavour	  Changing	  Neutral	  Currents	  in	  tZ	  events	  ?	  
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Coupling	  in	  the	  producGon	  via	  an	  effecGve	  Lagrangian	  



Puing	  things	  together	  (i.e.	  conclusion)	  
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•  Top	  quark	  pair	  cross	  secGon	  (+	  vector	  bosons	  &	  extra	  jets,	  systemaGcs!)	  
•  DifferenGal	  cross	  secGons	  (incl.	  unfolding)	  
•  Single	  Top	  cross	  secGon	  (incl.	  tW	  channel	  &	  top	  versus	  anG-‐top,	  systemaGcs!)	  
•  Top	  charge	  (+2/3)	  and	  mass	  (precision	  <	  1	  GeV,	  systemaGcs!)	  
•  Top	  versus	  anG-‐top	  mass	  (precision	  ~	  200	  MeV)	  
•  W	  helicity	  in	  top	  decays	  (precision	  <	  10%,	  systemaGcs!)	  
•  Top	  polarizaGon	  (precision	  ~	  40%,	  systemaGcs!)	  
•  Spin	  correlaGons	  (observed,	  systemaGcs!)	  
•  Top	  to	  Wb	  and	  Wq	  decays	  (precision	  ~	  3-‐4%,	  systemaGcs!)	  
•  Charge	  asymmetry	  (precision	  <	  1%)	  
•  KinemaGcs	  of	  top	  quark	  events	  are	  well	  predicted	  
•  Fourth	  generaGon	  top	  quarks	  >	  ~700	  GeV	  
•  Vector-‐like	  T	  quarks	  (decay	  into	  tZ,	  tH,	  bW)	  >	  ~	  700	  GeV	  
•  Top	  partners	  with	  charge	  5/3	  >	  ~	  800	  GeV	  
•  Resonances	  (spin-‐3/2	  RS	  model)	  decaying	  into	  top+jets	  >	  ~	  750	  GeV	  
•  Ttbar	  resonances	  >	  ~	  1.5-‐2	  TeV	  
•  Baryon	  number	  violaGng	  top	  decays	  <	  0.15%	  
•  Flavour	  Changing	  Neutral	  Currents	  (tZq)	  <	  0.07%	  (systemaGcs!)	  
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•  DifferenGal	  cross	  secGons	  (incl.	  unfolding)	  
•  Single	  Top	  cross	  secGon	  (incl.	  tW	  channel	  &	  top	  versus	  anG-‐top,	  systemaGcs!)	  
•  Top	  charge	  (+2/3)	  and	  mass	  (precision	  <	  1	  GeV,	  systemaGcs!)	  
•  Top	  versus	  anG-‐top	  mass	  (precision	  ~	  200	  MeV)	  
•  W	  helicity	  in	  top	  decays	  (precision	  <	  10%,	  systemaGcs!)	  
•  Top	  polarizaGon	  (precision	  ~	  40%,	  systemaGcs!)	  
•  Spin	  correlaGons	  (observed,	  systemaGcs!)	  
•  Top	  to	  Wb	  and	  Wq	  decays	  (precision	  ~	  3-‐4%,	  systemaGcs!)	  
•  Charge	  asymmetry	  (precision	  <	  1%)	  
•  KinemaGcs	  of	  top	  quark	  events	  are	  well	  predicted	  
•  Fourth	  generaGon	  top	  quarks	  >	  ~700	  GeV	  
•  Vector-‐like	  T	  quarks	  (decay	  into	  tZ,	  tH,	  bW)	  >	  ~	  700	  GeV	  
•  Top	  partners	  with	  charge	  5/3	  >	  ~	  800	  GeV	  
•  Resonances	  (spin-‐3/2	  RS	  model)	  decaying	  into	  top+jets	  >	  ~	  750	  GeV	  
•  Ttbar	  resonances	  >	  ~	  1.5-‐2	  TeV	  
•  Baryon	  number	  violaGng	  top	  decays	  <	  0.15%	  
•  Flavour	  Changing	  Neutral	  Currents	  (tZq)	  <	  0.07%	  (systemaGcs!)	  


