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What	  do	  we	  measure	  at	  CMS?	  
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Production	  
•  Cross	  section:	  Total	  and	  
differential	  

•  Asymmetries	  
•  Polarizations	  
•  Associated	  productions	  
•  Resonances	  
•  FCNC	  single	  top	  
•  spin	  correlations	  

	  	  

Decays	  
•  BR(t	  -‐>Wb	  )/BR(t-‐>Wq) CMK	  
|Vtb|	  

•  W-‐helicity	   anomalous	  
couplings	  

•  t-‐>H+b	  
•  BSM	  top	  decays	  

	  	  
Intrinsic	  Properties	  
•  Mass	  
•  Charge	  	  
•  Lifetime,	  width	  
•  ……	  
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Top	  Physics	  
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L(at	  7	  TeV)	  =	  6.13(5.55)	  Hb-‐1	  
L(at	  8	  TeV	  )=	  23.30(21.79)	  Hb-‐1	  
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Top	  Production	  
Top	  Pair	  

[	  Czakon,	  Fiedler,Mitov,arXiv:1303.6254	  ]	  

Single	  Top	  
N.Kidonakis,arXiv:1205.3453v1	  
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Gluon	  Fusion	  
Dominant	  at	  LHC	  (80%)	  

Quark	  anhilation	  

Wt-‐channel	  

√s	  (TeV)	   7	   8	  

T-‐channel	  (pb)	   65.9+2.1-‐0.7+1.5-‐1.7	  	   87.2	  +2.8-‐1.0	  +2.0-‐2.2	  	  

S-‐channel(pb)	   4.56±0.07	  +0.18-‐0.17	  	  
5.55	  ±0.08±0.21	  	  
	  

Wt-‐channel(pb)	   15.2±0.4+1.0-‐1.2	  	   22.2±0.6±1.4	  	  

S-‐channel	  

t-‐channel	  

√s	  (TeV)	   7	   8	  

σ(at	  NNLO)	  	   172.0+4.4-‐5.8+4.7-‐4.8	   245.8+6.2-‐8.4+6.2-‐6.4	  	  

Mtop	  =	  173	  GeV	  
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Top	  Decay	  
Top	  decays	  ≈100%	  Wb,	  	  
|Vtb|>>|Vtd,|Vts|	  
Events	  are	  classiHied	  	  
according	  to	  W	  decay	  
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Signal:	  
•  Triggering	  on	  lepton	  or	  jets	  
•  Up	  to	  two	  Iso.l	  high	  Pt	  leptons(l+jets	  
or	  dilepton)	  	  

•  Missing	  Transverse	  energy(l+jets	  or	  
dilepton)	  

•  Two	  to	  six	  high	  Et	  jets(l+jets,	  dilepton,	  
fully	  hadronically)	  

•  Always	  two	  b’s	  
Backgrounds	  

	  QCD	  multijet	   fully	  hadronic	  	   	  	  
	  W+jets	  (Wbb/cc)	   l+jets 	  	  
	  Dibosons l+jets,dileptons	  
	  Drell-‐Yan	  	   dileptons	  
	  	  
	  Single	  top	  is	  bkg	  for	  top	  pair	  and	  

viceversa	  
	  
Tools	  

	  b-‐tagging	  
	  	  t-‐tagging	  

46%	  

9%	  
45%	  
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Top	  Production	  
Cross	  sections:	  Totals	  and	  Differentials	  

Cross	  Section	  Ratios	  :	  σ(t)/σ(t),	  σ(ttbb)/σ(ttjj)	  
Additional	  jets	  in	  tt	  events	  

Charge	  asymmetry	  
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Top	  Pair	  Cross	  sections	  
At	  √s=7	  TeV	   At	  √s=8	  TeV	  
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• Measuments	  are	  from	  likelihood	  Hits	  (l
+jets,hadronic)	  or	  counting	  methods	  
(dileptons)	  
• Data	  driven	  estimation	  for	  the	  main	  
back.	  contributions	  

	  
Combination	  up	  to	  1.1	  Hb-‐1	  at	  7	  TeV	  (CMS	  PAS	  TOP-‐11-‐024)	  
	  
σ=165.8±2.2(stat)	  ±10.6(syst)	  ±	  7.8(lumi)	  pb-‐1	  
	  
σ=173.8±2.3(stat)	  ±7.6(syst)	  ±	  6.3(lumi)	  pb-‐1	  
	  	  LHC	  results	  
	  	  
Combination	  up	  to	  2.8	  Hb-‐1	  at	  8	  TeV	  (CMS	  PAS	  TOP-‐12-‐007)	  
	  
σ=227±3(stat)	  ±11(syst)	  ±	  10(lumi)	  pb-‐1	  	  
	  
	  

Ratio:	  	  	  	  σ(8	  TeV)/σ(7	  TeV)=1.41±0.10 	  	  
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Differential	  Cross	  sections	  
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Done	  at	  √s=7	  	  and	  √s=8	  TeV	  in	  l+jets	  and	  dilepton	   Measure	  as	  a	  function	  of	  kinematic	  
properties	  of	  Hinal	  state	  objects(l,b),	  
top	  and	  ttbar	  system	  
•  tt	  reconstruction:	  

•  L+jets	  :	  constraint	  kinematic	  Hitter	  
(CMS	  PAS	  TOP-‐12-‐027)	  

•  Dilepton	  channel	  use	  an	  
alternative	  kinematic	  
reconstruction	  with	  top	  mass	  
range	  wider.	  (CMS	  PAS	  
TOP-‐12-‐028)	  

•  	  5.4%	  and	  3.9%	  typical	  Syst.	  
Uncertainties	  for	  l+jets	  and	  dilepton	  
channels	  respectively	  

	  
•  Normalized	  differential	  cross	  
sections	  -‐>	  cancels	  out	  systematic	  
uncertainties	  

Good	  agreement	  between	  data	  
and	  theoretical	  predictions,	  no	  
deviation	  observed	  
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Jet	  multiplicity	  in	  tt	  

•  This	  probes	  the	  simulation	  
for	  high	  jet	  multiplicity	  QCD	  
at	  top	  scale	  

•  Measure	  the	  initial	  and	  Hinal	  
state	  radiation	  contributions	  

•  Important	  for	  Top,	  Higgs	  and	  
many	  BSM	  analyses	  

•  Measurement	  unfolded	  at	  MCs	  
level	  in	  visible	  experimental	  
phase	  space	  
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At	  √s=7	  TeV	  

MC@NLO	  shows	  some	  
discrepancy	  in	  the	  number	  
of	  jets	  at	  high	  Pt	  jets	  

L+jet	  channel	  

Dilepton	  channel	  
	  

Tt	  with	  veto	  on	  extra	  jets	  
Constraint	  QCD	  radiation	  

CMS	  PAS	  TOP-‐12-‐018	  
CMS	  PAS	  TOP-‐12-‐023	  
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tt	  charge	  asymmetry	  
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•  NLO	  correction	  
introduce	  small	  
asymmetries	  in	  t	  and	  
tbar	  rapidity	  
distributions	  at	  ppbar	  
production	  

•  At	  LHC	  initial	  state	  are	  
symmetric 	  no	  
differences	  
	  

! ! ! !=! !" !"! !" !

#$ =
%"! ! ! !>#$"%"! ! ! !<#$
%"! ! ! !>#$+%"! ! ! !<#$

Dilepton	  channel	  (CMS	  PAS	  TOP-‐12-‐010)	  
	  Ac=	  0.050±0.043(stat)+0.010-‐0.039(syst)	  
AllC=0.010±0.015(stat)	  ±0.006(syst)	  

L+jets	  channel	  	  (Phys.	  Lett.	  B717	  (2012)	  129)	  
Ac=	  0.004±0.010(stat)	  ±0.011(syst)	  

Top at CMS 



Single	  Top	  Cross	  Section	  
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σ(t-‐channel)[pb]	  
• lepton+MET+b-‐jet+recoil	  jet	  
• Signal	  extraction	  by	  mitting,	  	  	  	  |ηjrecoil|	  
distribution	  

σ(tW)[pb]	  
• Two	  leptons+MET+b-‐jet	  
• Simultaneous	  mitting	  to	  MVT	  
output	  in	  different	  jet-‐bin	  regions	  

	  |Vtb|	  

7TeV	  
(L=5.0Hb-‐1)	  	   67.2±3.7(stat)	  ±4.6(syst)	  ±2.5	  (lumi)	  

16+5-‐4	  (sign.	  4σ)	  
Phys.	  Rev.	  Lett.	  110	  
(2013)	  022003	  

1.04+0.10-‐0.13(exp)+0.03-‐0.04(th)	  
	  

8TeV	  
(L=5.0Hb-‐1)	  
	  

80.1±7.5(stat)	  ±11.0(syst)	  ±4.0	  (lumi)	  
	   1.04+0.10-‐0.11	  

Ratio:	  	  	  	  σ(8	  TeV)/σ(7	  TeV)=1.14±0.12(stat.)	  ±0.14(syst) 	  	  

JHEP	  12	  (2012)	  035	  

CMS	  PAS	  TOP-‐12-‐011	  
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	  σ(t)/σ(t)	  in	  t-‐channel	  
At	  √s=8	  TeV	  
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pp	  collision	  u	  density	  is	  ≈	  2x	  d	  
density	   is	  expected	  to	  be	  
larger	  than	  1	  
Top	  decaying	  leptonically	  to	  e	  
or	  μ	  
Background	  estimations	  
through	  data	  driven	  techniques	  
Performance	  a	  Hit	  in	  the	  η	  
distribution	  of	  the	  non	  b-‐tagged	  
jet	  for	  the	  l+(l-‐)	  distributions	  
simultaneously	  

R=	  1.76±0.15(stat)	  ±0.22(syst)	  
Agrees	  with	  predictions	  
SF(Rexp/RSM)=0.96	  ±0.08(stat)±0.12(syst)	  
	  
σ(top)	  =	  49.9±1.9(stat)±8.9(syst)	  pb.	  
σ(anti-‐top)	  =	  28.3±2.4(stat)±4.9(syst)pb.	  
	  
	  
	  
	  

CMS	  PAS	  TOP-‐12-‐038	  
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Determination	  of	  αs	  

R. Vilar 13 

0  Using	  the	  measurement	  top	  cross	  
section	  at	  7	  TeV,	  and	  approx.	  NNLO	  
QCD	  prediction	  for	  the	  cross	  section	  
with	  different	  PDFs the	  αs	  is	  
extracted	  

0  Top++	  and	  NNPDF	  used	  for	  extraction	  
of	  	  αs	  (less	  assumptions	  of	  PDF	  
parametrization)	  

0  Maximum	  likelihood	  of	  the	  predicted	  
and	  measured	  cross	  sections	  

αs(mz)=0.1178+0.0046-‐0.0040	  
	  
In	  good	  agreement	  with	  the	  world	  
average	  (0.1184±0.0007)	  
	  

CMS-‐PAS-‐TOP-‐12-‐022	  
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Top	  decays	  
BR(t-‐>WB)/BR(t-‐>Wq)	  

W-‐helicity	  
Spin	  correlations	  
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R=BR(tWb)/BR(tWq)	  
At	  √s=8	  TeV	  
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• Dilepton	  channel:	  two	  high	  iso.	  Pt	  leptons,	  with	  MET	  
and	  two	  jets	  
• Back.	  are	  estimated	  using	  Data	  Driven	  techniques	  
• Extract	  with	  PRL	  Hit	  on	  jet	  multiplicity	  that	  accounts	  
for	  

• Fraction	  of	  ttbar	  in	  sample	  and	  single-‐t	  
• Fraction	  of	  events	  with	  correct	  jet	  assignment	  
• B-‐tagging	  efHiciency	  and	  misidentiHication	  
	  	  

R	   1.023+0.036-‐0.034	   Unconstraint	  

R	   >0.945	   95%C.L.	  
constraint	  

|Vtb|	   1.011+0.018-‐0.017	   Unconstraint	  

|Vtb|	   >0.972	   95%C.L.	  
constraint	  

Most	  precise	  measurement	  

CMS	  PAS	  TOP-‐12-‐035	  
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W	  helicity	  
V-‐A	  SM	  nature	  of	  the	  tWb	  is	  tested	  with	  cosθ*	  
FL	  =	  0.311±0.005,	  F0=	  0.687±0.005,	  FR=0.0017±0.0001	  
SM:	  VL	  ≠	  0	  and	  gR=gL=VR=0	  	  
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Use	  a	  likelihood	  method	  

	  	  	  	  	  	  ttbar(dilepton	  	  at	  7	  TeV)	  
FL	  =	  0.288±0.035(stat.)±0.050(syst)	  
F0=	  0.698±0.057(stat)±0.063(syst)	  
FR=0.014±0.027(stat)±0.055(syst)	  

	  	  	  	  	  	  single-‐top(	  l+jets	  at	  7+8	  TeV)	  
FL	  =	  0.293±0.069(stat.)±0.030(syst)	  
F0=	  0.713±0.114(stat)±0.023(syst)	  
FR=-‐0.006±0.057(stat)±0.027(syst)	  

Single	  top	  
limits	  on	  
anomalous	  
couplings	  

CMS	  PAS	  TOP-‐12-‐015	  

CMS	  PAS	  TOP-‐12-‐020	  

	  	  	  	  	  	  	  	  	  ATLAS+CMS(at	  7	  TeV)	  
FL	  =	  0.359±0.021(stat.)±0.048(syst)	  
F0=	  0.626±0.034(stat)±0.048(syst)	  
FR=-‐0.015±0.034	  

CMS	  PAS	  TOP-‐12-‐025	  
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Top	  Properties	  
Mass	  

Mass	  differences	  
polarizations	  
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Combination	  done	  with	  BLUE	  
Mt=	  173.4±0.4(stat)	  ±0.9(syst)	  GeV	  

Mass	  measurements	  
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0  Templete	  Fit	  Method	  (j+jets)	  
0  Ideograms	  Method(l+jets,	  fully	  
hadronic)	  

0  Analytical	  Matrix	  weighting	  
technique(dileptons)	  

0  Full	  kinematic	  analysis(dileptons)	  
0  Kinematic	  endpoints(dileptons)	  
0  	  In-‐situ	  jet	  energy	  scale	  (JES/JSF)	  
calibration	  

Top at CMS 



Top	  mass	  dependence	  with	  top	  kinematics	  
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	  Relation	  contains	  (non)perturbative	  corrections,	  expected	  to	  depend	  on	  
event	  kinematics	  
Check	  the	  mass	  dependence	  with	  kinematic	  variables	  

	  test	  for	  color	  conections	  effects,	  ISR/FSR	  and	  b-‐quark	  kinematics	  
	  Precision	  does	  not	  allow	  to	  distinguish	  between	  different	  tuning	  

data/MC	  agreement	  rule	  out	  signiHicant	  biases	  

CMS	  PAS	  TOP-‐12-‐029	  
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Top	  –anti	  top	  mass	  difference	  
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0  CPT	  predicts	  equal	  
mass	  for	  top-‐antitop	  
quarks deviation	  
from	  this	  hypothesis	  
deep	  impact	  on	  SM	  

0  Using	  l+jets	  channel,	  
data	  is	  divided	  in	  l+	  
or	  l-‐	  plus	  3	  jets	  to	  
obtained	  the	  top	  
decays.	  The	  
ideogram	  methods	  
is	  used	  to	  obtained	  
the	  mass	  for	  top	  or	  
anti-‐top	  and	  Hinally	  

	  

! 

"mtop = mt # mt 

Δmtop(μ)
(MeV)	  

Δmtop(e)	  
(MeV)	  

Δmtop(μ+e)	  
(MeV)	  

-‐230±264(stat)	   -‐325±294(stat)	  
	  

-‐272±196(stat)	  ±122(syst)	  
	  

Results	  consistent	  with	  SM,	  precision	  higher	  than	  
existing	  measurement	  

CMS	  PAS	  TOP-‐12-‐031	  
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Many	  more	  analysis	  
done	  in	  CMS	  

0  Top	  spin	  correlations	  
0  ttV	  production	  
0  Top	  polarization	  
0  Search	  for	  FCNC	  in	  top	  decays	  
0  Search	  for	  resonances	  in	  ttbar	  production	  
0  Search	  for	  pair	  production	  of	  new	  physics	  
resonances	  decaying	  into	  ttbar	  

0  Search	  for	  tb	  resonances	  
0  Search	  for	  top	  partners	  with	  5/3	  charged	  
0  Search	  for	  b’	  and	  t’	  
0  Search	  for	  Z’	  into	  top	  pairs	  
0  Etc…	  	  

They	  compress	  production,	  decays,	  
propeties,	  search	  for	  new	  physics	  
with	  top	  
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More	  results	  into	  :	  
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP	  
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G	  (for	  search	  
of	  NP	  with	  tops)	  
	  

Top at CMS 



Conclusions 	  	  
0 Top	  is	  still	  a	  very	  exciting	  topic	  at	  colliders	  
0 High	  precision	  measurements	  at	  LHC	  are	  reached	  now	  
0 Large	  statistics	  samples	  allows	  to	  perform	  detailed	  
studies	  of	  the	  characteristic	  of	  this	  quark	  

0 So	  far	  everything	  agrees	  with	  SM	  prediction	  for	  this	  
quark.	  	  

0 Finalizing	  the	  results	  with	  8	  TeV	  trying	  to	  include	  the	  full	  
statistics.	  More	  results	  and	  better	  precision	  expected	  
before	  the	  beginning	  of	  the	  LHC	  again.	  

0 Very	  good	  Top	  quark	  physics	  understanding	  is	  essential	  
for	  the	  CMS	  search	  of	  new	  physics	  program	  

0 Full	  CMS	  potential	  for	  top	  physics	  is	  still	  underway,	  stay	  tune	  
for	  more	  news	  	  

R. Vilar 22 Top at CMS 



Additional	  material	  
More	  information	  about	  the	  talk	  
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LHC	  performance	  
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Spectacular performance of the LHC, CMS and ATLAS! 
n  Over 20 fb-1 data in pp collisions recorded in experiments in 2011 and 2012: 
 
~   5 fb-1   @ 7 TeV: luminosity 3 1033 cms-2 s-1  → ~ 0.8M tt events 
~ 14 fb-1  @ 8 TeV: luminosity 7 1033 cms-2 s-1  → ~ 3.0M tt events 

 
n  Data taking efficiency > 90% 
n  Plans: to get 30 fb−1 before end of 2012  
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Experimental	  techniques	  
0  Isolated	  Leptons	  (e,	  μ	  or	  tau)	  

0  isolation	  cuts	  against	  QCD	  backgrounds	  
0  Pile-‐up	  subtraction	  

0  	  based	  on	  charged	  component	  
0  Residual	  area	  based	  correction	  for	  
neutral	  

0  Jet	  (and	  missing	  ET)	  
0  CMS:	  particle	  Hlow	  (track/calo	  
combination)	  

0  optimal	  resolution	  and	  scale	  
uncertainties	  

0  minimal	  Hlavour	  response	  diferentes	  
0  B-‐tagging	  

0  combination	  of	  several	  techniques	  
(vertex,	  impact	  parameter,	  track	  
distributions	  within	  jets	  )	  

25 

Top quarks require high precision 
calibration of jets and b-tagging 

CMS  Uncertainties comparable 
to 2010, 2011. 
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Experimental	  technique	  

26 

b-tagging 
 
efficiencies of the light quarks 
versus the b’s 
For the different algorithms 

R. Vilar Top at CMS 



MC	  simulations	  

27 

n  Calculations 
NLO 
NLO+NNLL and approx. NNLO 
full NNLO (available for qq) 

 
n  Event generators 

 NLO+PS 
 MC@NLO 
 POWHEG 
 Tree-level (+ HO) matched PS 
 MADGRAPH 
 ALPGEN 
 SHERPA 
 PYTHIA (LO) 

full NNLO now available for qq → tt 

MADGRAPH  
CTEQ6 PDF 
Mt = 172.5 GeV 

ttbar sample tipically normalized 
according to one of the existing 
approximate NNLO cross sections 
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Modeling	  uncertanties	  
n  ttbar	  signal	  compared	  with	  different	  MC	  generators	  to	  access	  differences	  
netween	  the	  NLO+PS	  generators,	  as	  well	  compare	  ME+PS	  with	  NLO+PS	  event	  
generators.	  

n  Compare	  PYTHIA	  and	  HERWIG	  to	  access	  variations	  in	  the	  PS	  and	  
hadronization	  description.	  

n  Study	  the	  impact	  of	  the	  choice	  of	  scales:	  vary	  the	  renormalization	  and	  
factorization	  scales	  by	  0.5	  and	  2.0	  w.r.t.	  The	  different	  default	  values,	  both	  for	  
signal	  and	  the	  most	  important	  backgrounds	  (V+jets)	  

n  Effect	  of	  increasing	  or	  decreasing	  the	  amount	  of	  ISR	  and	  FSR	  is	  evaluated	  with	  
dedicated	  samples:	  PYTHIA	  (for	  CMS)	  and	  ACERMC	  (for	  ATLAS).	  

n  For	  those	  samples	  with	  ME+PS:	  study	  the	  choice	  of	  matching	  scale	  by	  varying	  
the	  scale	  w.r.t	  the	  default	  value	  some	  amount.	  

n  PDF	  choice:	  using	  error	  PDF	  sets	  (	  LHAPDF	  for	  CMS)	  or	  PDF4LHC	  prescription	  
in	  case	  of	  ATLAS.	  	  
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Differential	  xs	  
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Top	  recontruction	  

R. Vilar Top at CMS 30 



31 

Lepton (τ) + jets channel  
 

n  Main systematics:   
	
τ identification (~ 9%), JES (~ 

10%) 
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Xs All hadronic channel  
 

Main systematics: b-tagging eciencies (~ 
16%), jet energy scale (~ 14%), and background 
estimation (~ 12%) 
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Xs Lepton (e/µ) + jets channel  
 

@ 7TeV  2.8 fb-1 @ 8TeV  1.1 fb-1 
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Xs Dilepton (e, µ) channel  
 

@ 7TeV  2.4 fb-1 @ 8TeV  2.3 fb-1 
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LHC combination @ 7TeV 
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LHC combination @ 7TeV 
ATLAS-CONF-2012-134, CMS PAS TOP-12-003  
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Mass	  systematic	  unc.	  
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Systematic	  unc	  diff	  xs	  
0 Global	  uncertatintiesdue	  to	  normalisation	  
0 Remaining	  shape	  uncertainties	  evaluated	  individually	  for	  
each	  bin:	  
0  Jet	  energy	  scale	  and	  resolution	  
0 Lepton	  identiHication	  and	  isolation	  efHiciencies	  
0 Trigger	  efHiciencies	  
0 B-‐tagging	  efHiciencies	  
0 Pile	  up	  modelling	  

0 Top	  mass	  uncertainties	  
0  Scale	  and	  matching	  scale	  variations	  (dominant)	  
0 Hadronisation	  (POWHEG+Pythia,	  MC@NLO+Herwig)	  
0 PDF	  variations	  
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T-‐channel	  cross	  section	  
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7TeV	  

8TeV	  



Systematic	  unc.	  W	  helicity	  
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