
“Status of Top Quark Physics” Jorgen D’Hondt (Vrije Universiteit Brussel) 1 

Status	
  of	
  Top	
  Quark	
  Physics	
  

Jorgen	
  D’Hondt	
  
Vrije	
  Universiteit	
  Brussel	
  

on	
  behalf	
  of	
  	
  
the	
  ATLAS,	
  CDF,	
  CMS,	
  and	
  D0	
  CollaboraDons	
  



“Status of Top Quark Physics” Jorgen D’Hondt (Vrije Universiteit Brussel) 2 

Top	
  Quarks	
  at	
  hadron	
  colliders	
  
A	
  hot	
  topic	
  at	
  
colliders,	
  example	
  
from	
  CMS.	
  
	
  
Related	
  talks	
  this	
  week:	
  
Top	
  Quark	
  Theory	
  –	
  P.	
  Uwer	
  
Searches	
  w.	
  t/b	
  –	
  F.	
  Blekman	
  
9	
  (!)	
  talks	
  in	
  parallel	
  session	
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Top	
  Quark	
  Physics	
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Snapshot	
  on	
  May	
  13th	
  

Prior	
  to	
  2012:	
  
B2G	
  part	
  of	
  EXO	
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Top	
  Quarks:	
  a	
  hot	
  topic	
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Top	
  Quarks	
  at	
  hadron	
  colliders	
  
•  Both	
  strong	
  and	
  electroweak	
  producDon	
  

s-­‐channel	
   t-­‐channel	
  

Wt-­‐channel	
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Top	
  Quarks	
  at	
  hadron	
  colliders	
  
	
  	
  strong	
  pair	
  producDon	
  

proton	
  

jets,	
  b-­‐jets,	
  charged	
  leptons,	
  neutrino’s	
  !	
  need	
  the	
  full	
  funcDonality	
  of	
  the	
  detector	
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Observing	
  t	
  !	
  b	
  W	
  at	
  colliders	
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ProducDon	
  at	
  Tevatron	
  and	
  LHC	
  
20	
  years	
  for	
  almost	
  6	
  orders	
  of	
  magnitude	
  à	
  the	
  Top	
  Quark	
  era	
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Year	
  

LHC	
  

Tevatron	
  

2014	
  

6/c	
  
(7TeV)	
  

23/c	
  
(8TeV)	
  

100/c	
  
(13TeV)	
  

350/c	
  
(13TeV)	
  

SDll	
  almost	
  
2	
  orders	
  of	
  
magnitude	
  

10.5/c	
  
(1.96TeV)	
  

LS1	
  

LS2	
  

LS3	
  

(caveat:	
  assumed	
  13	
  TeV	
  collisions	
  with	
  a	
  cross	
  secDon	
  of	
  800	
  pb)	
  

illustra(on	
  



“Status of Top Quark Physics” Jorgen D’Hondt (Vrije Universiteit Brussel) 8 

Using	
  t	
  !	
  b	
  W	
  for	
  calibraDon	
  
ATLAS	
  	
  CONF-­‐2014-­‐004;	
  CMS	
  BTV-­‐13-­‐001	
  

•  Di-­‐lepton	
  events	
  in	
  ATLAS,	
  assume	
  |Vtb|=1	
  
•  Likelihood	
  fit	
  on	
  binned	
  histograms	
  of	
  the	
  b-­‐

tagging	
  discriminators	
  to	
  extract	
  the	
  b-­‐tagging	
  
efficiency	
  (PDF’s	
  from	
  simulaDon)	
  

•  Limited	
  by	
  systemaDc	
  uncertainDes	
  

Diversity	
  of	
  methods	
  in	
  CMS	
  

Top	
  quark	
  events	
  useful	
  for	
  both	
  the	
  calibraDon	
  of	
  the	
  Jet	
  
Energy	
  Scale	
  as	
  well	
  as	
  the	
  b-­‐tagging	
  performance.	
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Cross-­‐secDon	
  –	
  Tevatron	
  
arXiv:1309.7570"

~90%	
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Cross-­‐secDon	
  –	
  pair	
  producDon	
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Cross-­‐secDon	
  and	
  PDF’s	
  
•  PDF’s	
  from	
  the	
  measured	
  top	
  

quark	
  pair	
  cross-­‐secDons	
  
•  Assume	
  the	
  top	
  quark	
  pole	
  

mass	
  to	
  be	
  173.2	
  ±	
  1.4	
  GeV	
  

CMS	
  Phys.	
  Lep.	
  B	
  728	
  (2013)	
  496	
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Cross-­‐secDon	
  –	
  Jet	
  MulDplicity	
  
DifferenDal	
  cross-­‐secDon	
  as	
  a	
  funcDon	
  of	
  the	
  jet	
  mulDplicity	
  (tesDng	
  higher	
  order	
  
QCD	
  and	
  an	
  important	
  background	
  for	
  pH),	
  measurement	
  in	
  visible	
  phase-­‐space.	
  
The	
  fracDons	
  with	
  0,	
  1,	
  ≥2	
  jets	
  are	
  fiped	
  to	
  data	
  histograms	
  of	
  a	
  χ2	
  variable	
  
including	
  the	
  observed	
  kinemaDcs	
  of	
  the	
  event	
  (mW	
  and	
  mtop)	
  

CMS	
  arXiv:1404.3171	
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DifferenDal	
  cross-­‐secDons	
  
	
  
Measured	
  distribuDons	
  
are	
  unfolded	
  to	
  correct	
  
for	
  experimental	
  effects.	
  
	
  
Discrepancies	
  with	
  NLO	
  
generators	
  are	
  to	
  be	
  
taken	
  into	
  account	
  when	
  
esDmaDng	
  systemaDc	
  
uncertainDes	
  in	
  
measurement/searches.	
  
	
  
Important	
  for	
  searches	
  
in	
  processes	
  where	
  top	
  
quarks	
  appear.	
  

CMS	
  EPJC73(2013)2339;	
  CMS	
  TOP-­‐12-­‐027;	
  CMS	
  TOP-­‐12-­‐028;	
  ATLAS	
  EPJC73(2013)2339;	
  ATLAS	
  CONF-­‐2013-­‐099	
  

l+jets	
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Cross-­‐secDon	
  –	
  Top	
  and	
  Heavy-­‐Flavour	
  
•  Top	
  quarks	
  in	
  associaDon	
  with	
  heavy-­‐flavor	
  quarks	
  (b	
  or	
  c)	
  are	
  important	
  

background	
  events	
  for	
  several	
  searches,	
  eg.	
  p+H.	
  
•  Selected	
  di-­‐lepton	
  sample	
  with	
  at	
  least	
  3	
  b-­‐tagged	
  jets.	
  

ATLAS	
  	
  Phys.	
  Rev.	
  D	
  89,	
  072012	
  (2014);	
  CMS	
  TOP-­‐13-­‐010	
  
	
  

No	
  reconstructed	
  secondary	
  vertex	
  
Low	
  mass	
  

High	
  mass	
  

Fiped	
  fracDon	
  of	
  Heavy-­‐Flavour	
  is	
  6.2	
  ±	
  1.1(stat)	
  ±	
  1.8(syst)	
  %.	
  

CMS	
  (8	
  TeV):	
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Cross-­‐secDon	
  –	
  associated	
  producDon	
  
Top	
  quark	
  pairs	
  with	
  a	
  photon	
  

CMS	
  TOP-­‐13-­‐011;	
  ATLAS	
  CONF-­‐2011-­‐153;	
  CDF	
  arXiv:1106.3970	
  

Mis-­‐idenDficaDon	
  rate	
  of	
  hadronic	
  
acDvity	
  is	
  obtained	
  from	
  side-­‐bands	
  
of	
  photon-­‐ID	
  variables	
  in	
  data,	
  aver	
  a	
  
simulaDon	
  based	
  reweighing	
  from	
  
side-­‐bands	
  to	
  signal	
  region.	
  The	
  
purity	
  of	
  correctly	
  idenDfied	
  photons	
  
is	
  measured	
  to	
  be	
  66.7%.	
  

ETphoton	
  >	
  20	
  GeV	
  
ΔR(photon,	
  b-­‐quarks)	
  >	
  0.1	
  

modeling	
  bck	
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Cross-­‐secDon	
  –	
  single-­‐top	
  producDon	
  
	
  	
  Electroweak	
  single-­‐top	
  producDon	
  

proton	
  

proton	
  

s-­‐channel	
  

t-­‐channel	
  

Wt-­‐channel	
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Cross-­‐secDon	
  –	
  single-­‐top	
  Tevatron	
  
arXiv:1402.5126	
  

Observed	
  significance	
  is	
  6.3	
  σ	



s+t	
  channel	
  
Tevatron’s	
  legacy	
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Cross-­‐secDon	
  –	
  s-­‐channel	
  
•  MulDvariate	
  analyses	
  are	
  developed,	
  and	
  sensiDvity	
  

limited	
  by	
  theoreDcal	
  uncertainDes	
  
•  ATLAS	
  (7	
  TeV):	
  σs-­‐ch	
  <	
  26.5	
  pb	
  (=	
  5.8	
  x	
  σSM)	
  
•  CMS	
  (8	
  TeV):	
  σs-­‐ch	
  <	
  11.5	
  pb	
  (=	
  2.1	
  x	
  σSM)	
  
	
  

CMS	
  TOP-­‐13-­‐009	
  (8	
  TeV);	
  ATLAS	
  CONF-­‐2011-­‐118	
  (7	
  TeV)	
  

Assuming	
  signal	
  (σ>0)	
  
(Feldman-­‐Cousins	
  68%	
  CI)	
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Cross-­‐secDon	
  –	
  t-­‐channel	
  
•  ATLAS:	
  MulDvariate	
  analyses	
  to	
  measure	
  cross-­‐secDon	
  in	
  

detector	
  acceptance	
  and	
  extrapolate	
  to	
  full	
  phase	
  space	
  
•  CMS:	
  fiyng	
  on	
  |ηj|	
  distribuDon	
  
•  SystemaDc	
  uncertainDes	
  dominate	
  

σt-­‐ch	
  (aMC@NLO	
  +	
  Herwig)=	
  82.6	
  ±	
  1.2(stat)	
  ±	
  11.4(syst)	
  ±	
  3.1(PDF)	
  ±	
  2.3(lumi)	
  pb	
  	
  

σt-­‐ch	
  =	
  83.6	
  ±	
  2.3(stat)	
  ±	
  7.4(syst)	
  pb	
  	
  

CMS	
  TOP-­‐12-­‐011;	
  ATLAS	
  CONF-­‐2014-­‐007	
  

LHC	
  combinaDon	
  to	
  be	
  updated	
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Lepton	
  Charge	
  RaDo	
  –	
  t-­‐channel	
  
•  Lepton	
  charge	
  raDo	
  is	
  sensiDve	
  to	
  PDF	
  models	
  

CMS	
  arXiv:1403.7366;	
  ATLAS	
  CONF-­‐2012-­‐056	
  



“Status of Top Quark Physics” Jorgen D’Hondt (Vrije Universiteit Brussel) 21 

Cross-­‐secDon	
  –	
  Wt-­‐channel	
  
BDT	
  analyses	
  have	
  observed	
  the	
  Wt-­‐channel	
  at	
  8	
  TeV	
  	
  
•  CMS	
  (12.2/c):	
  σtW	
  =	
  23.4	
  +5.5-­‐5.4	
  pb	
  	
  

–  (6.1σ	
  obs,	
  5.4σ	
  exp.)	
  

•  ATLAS	
  (20.3/c):	
  σtW	
  =	
  27.2	
  ±	
  2.8(stat)	
  ±	
  5.4(syst)	
  pb	
  	
  
–  (4.2σ	
  obs,	
  4.0σ	
  exp.)	
  

CMS	
  TOP-­‐12-­‐040;	
  ATLAS	
  CONF-­‐2013-­‐100	
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Cross-­‐secDon	
  –	
  single-­‐top	
  producDon	
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Vtb	
  in	
  single-­‐top	
  producDon	
  
Direct	
  measurement	
  of	
  |Vtb|,	
  assuming	
  BR(tàWb)=1:	
  	
  

	
  |Vtb|2	
  =	
  σ/σth(|Vtb|=1)	
  
Measurements	
  at	
  4-­‐5%	
  precision,	
  and	
  limited	
  by	
  the	
  
staDsDcal	
  uncertainty	
  and	
  more	
  data	
  will	
  come.	
  

Luca	
  Lista	
  @	
  Moriond	
  EW	
  2014	
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Cross-­‐secDon	
  –	
  4	
  Top	
  Quarks	
  ?	
  
A	
  combinaDon	
  of	
  kinemaDc	
  reconstrucDon	
  and	
  
mulDvariate	
  techniques	
  is	
  used	
  to	
  disDnguish	
  
between	
  signal	
  and	
  backgrounds.	
  

8	
  TeV	
  

CMS	
  TOP-­‐13-­‐012	
  

e-­‐channel	
  

“mulDtopness”	
  of	
  the	
  event	
  

upper	
  limit:	
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The	
  Top	
  Quark	
  Mass	
  
First	
  LHC	
  +	
  Tevatron	
  combinaDon	
  (11	
  measurements,	
  93%	
  fit	
  probability)	
  	
  

CMS	
  TOP-­‐13-­‐014,	
  ATLAS-­‐CONF-­‐2014-­‐008,	
  CDF	
  Note	
  11071,	
  D0	
  Note	
  6416	
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The	
  Top	
  Quark	
  Mass	
  
•  Impact	
  of	
  the	
  different	
  measurements	
  in	
  the	
  

BLUE	
  combinaDon	
  
•  Comparing	
  decay	
  channels,	
  experiments,	
  

colliders	
  

CMS	
  TOP-­‐13-­‐014,	
  ATLAS-­‐CONF-­‐2014-­‐008,	
  CDF	
  Note	
  11071,	
  D0	
  Note	
  6416	
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The	
  Top	
  Quark	
  Mass	
  –	
  update	
  CMS	
  
CMS	
  TOP-­‐14-­‐001	
  

2D	
  measurement	
  with	
  the	
  Jet	
  energy	
  
Scale	
  Factor	
  (using	
  kinemaDc	
  fit)	
  
mW	
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The	
  Top	
  Quark	
  Mass	
  –	
  update	
  CMS	
  
CMS	
  TOP-­‐14-­‐001	
  

Measuring	
  the	
  
key	
  systemaDc	
  
uncertainDes	
  
together	
  with	
  the	
  
top	
  quark	
  mass	
  
improves	
  the	
  
precision.	
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The	
  Top	
  Quark	
  Mass	
  –	
  update	
  D0	
  
arXiv:1405.1756	
  

Applying	
  the	
  Matrix	
  Element	
  
technique	
  in	
  the	
  lepton+jet	
  final	
  
state	
  on	
  the	
  full	
  Run-­‐II	
  dataset	
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Top	
  Quark	
  Mass	
  -­‐	
  alternaDves	
  
CMS	
  TOP-­‐12-­‐030	
  

	
  	
  example:	
  using	
  the	
  B-­‐hadron	
  lifeDme	
  technique	
  (8	
  TeV)	
  

Main	
  uncertainty	
  is	
  
the	
  modeling	
  of	
  the	
  

top	
  quark	
  pT	
  

Transverse	
  decay	
  length	
  	
  
of	
  the	
  B-­‐hadron	
  

mt	
  =	
  173.5	
  ±	
  1.5stat	
  ±	
  1.3syst	
  ±	
  2.6pt(t)	
  GeV	
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Top	
  Quark	
  Mass	
  -­‐	
  future	
  
CMS	
  FTR-­‐13-­‐017	
  

Non-­‐standard	
  methods	
   Standard	
  methods	
  

Two	
  or	
  three	
  orders	
  of	
  magnitude	
  in	
  Top	
  Quark	
  sample	
  size,	
  but	
  it	
  will	
  require	
  lots	
  
of	
  work	
  to	
  reduce	
  the	
  uncertainty	
  by	
  a	
  factor	
  3-­‐5.	
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Top	
  Quark	
  Mass	
  –	
  top	
  versus	
  anD-­‐top	
  
Unique	
  tesDng	
  of	
  CPT	
  invariance	
  on	
  
bare	
  quarks	
  

ATLAS	
  	
  Phys.	
  Lep.	
  B	
  728C	
  (2014);	
  pp.363-­‐379,	
  CMS	
  JHEP	
  06(2012)109;	
  CMS	
  TOP-­‐12-­‐031	
  

CMS	
   7	
  TeV	
   -­‐0.44	
  +-­‐	
  0.46	
  (stat)	
  +-­‐	
  0.27	
  (syst)	
  
CMS	
   8	
  TeV	
   -­‐0.27	
  +-­‐	
  0.20	
  (stat)	
  +-­‐	
  0.12	
  (syst)	
  
ATLAS	
  	
   7	
  TeV	
   0.67	
  +-­‐	
  0.61	
  (stat)	
  +-­‐	
  0.41	
  (syst)	
  	
  

CMS	
  TOP-­‐12-­‐031	
  

Results	
  (in	
  GeV),	
  sDll	
  staDsDcs	
  dominated	
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Top	
  Quark	
  Decay	
  
Branching	
  to	
  other	
  quarks	
  t!Wq	
  is	
  measured	
  

R	
  =	
  BR(t!Wb)	
  /	
  BR(t!Wq)	
  
Mis-­‐reconstrucDons	
  taken	
  into	
  account	
  in	
  a	
  large	
  likelihood	
  
fit	
  (eg.	
  jet	
  assignment	
  &	
  flavor	
  tagging	
  matching).	
  B-­‐tagging	
  
efficiency	
  from	
  other	
  measurements,	
  and	
  no	
  |Vtb|	
  
assumpDon	
  made.	
  

	
  

CMS	
  arXiv:1404.2292	
  

Also	
  indirect	
  Top	
  Quark	
  width:	
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W	
  helicity	
  in	
  Top	
  Quark	
  Decay	
  
CMS	
  TOP-­‐13-­‐008	
  

ReweighDng	
  method	
  to	
  fit	
  the	
  cosθ	
  
distribuDon	
  with	
  2	
  free	
  parameters	
  
TheoreDcal	
  uncertainDes	
  dominate	
  	
  
and	
  the	
  MET	
  shape	
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W	
  helicity	
  in	
  Top	
  Quark	
  Decay	
  
ATLAS	
  CONF-­‐2013-­‐033;	
  CMS	
  TOP-­‐12-­‐025	
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W	
  helicity	
  in	
  Top	
  Quark	
  Decay	
  
CMS	
  TOP-­‐12-­‐020	
  

Also	
  measured	
  this	
  distribuDon	
  	
  
in	
  single-­‐top	
  events	
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Top	
  Quark	
  polarizaDon	
  	
  
ATLAS	
  	
  Phys.	
  Rev.	
  Lep.	
  111,	
  232002	
  (2013)	
  

CP	
  conservaDon/violaDon	
  in	
  top	
  decays	
  if	
  top	
  and	
  anD-­‐top	
  have	
  same/opposite	
  Parity	
  

Parity	
  conservaDon	
  in	
  the	
  strong	
  producDon	
  of	
  top	
  
quark	
  pair	
  events	
  implies	
  zero	
  longitudinal	
  
polarizaDon	
  of	
  the	
  to	
  quarks.	
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Top	
  Quark	
  Decay	
  –	
  polarizaDon	
  	
  
CMS	
  TOP-­‐13-­‐001	
  

Also	
  polarizaDon	
  measurement	
  using	
  Single-­‐Top	
  

(angle	
  between	
  the	
  charged	
  lepton	
  and	
  the	
  untagged	
  jet)	
  

(with	
  αl	
  =	
  1)	
  

unfolding	
  

muon	
  channel	
  

Should	
  be	
  100%	
  polarized	
  due	
  to	
  V-­‐A	
  coupling	
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Top	
  Quark	
  spin	
  correlaDons	
  
ATLAS	
  	
  Phys.	
  Rev.	
  Lep.	
  108,	
  212001	
  (2012);	
  ATLAS	
  CONF-­‐2013-­‐101;	
  CMS	
  Phys	
  Rev	
  Lep	
  112	
  (2014)	
  182001	
  

helicity	
  	
  
basis	
  

maximal	
  	
  
basis	
  

Fit	
  fracDon	
  of	
  top	
  quark	
  pair	
  
events	
  with	
  spin	
  correlaDons	
  

fSM	
  =	
  1	
  

Dominated	
  by	
  systemaDc	
  
modeling	
  uncerDanDes	
  

CMS	
  7	
  TeV	
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Top	
  Quark	
  Rare	
  Decays	
  –	
  FCNC	
  	
  
CMS	
  FTR-­‐13-­‐016;	
  CMS	
  Phys.	
  Rev.	
  Lep.	
  112	
  (2014)	
  171802;	
  ATLAS	
  JHEP	
  1209	
  (2012)	
  139;	
  ATLAS	
  Phys.	
  Lep.	
  B	
  712	
  (2012)	
  351-­‐369;	
  CMS	
  TOP-­‐14-­‐003	
  

ATLAS	
  and	
  CMS	
  best	
  limits:	
  
ATLAS	
   BR(t-­‐>ug)	
   <	
  0.0031%	
  
ATLAS	
   BR(t-­‐>cg)	
   <	
  0.016%	
  
CMS	
   BR(t-­‐>Zq)	
   <	
  0.05%	
  
CMS	
   BR(t-­‐>uγ)	
   <	
  0.016%	
  
CMS	
   BR(t-­‐>cγ)	
   <	
  0.18%	
   Towards	
  inclusive	
  EFT	
  analyses	
  collecDng	
  

info	
  from	
  pair	
  &	
  single	
  top	
  producDon	
  

BDT	
  analysis	
  combining	
  for	
  example	
  kinemaDc	
  variables	
  of	
  the	
  
photon,	
  lepton	
  and	
  jets	
  in	
  the	
  single-­‐top	
  event	
  

data	
  driven	
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Top	
  Quark	
  Rare	
  Decays	
  –	
  FCNC	
  	
  
CMS	
  FTR-­‐13-­‐016;	
  CMS	
  Phys.	
  Rev.	
  Lep.	
  112	
  (2014)	
  171802;	
  ATLAS	
  JHEP	
  1209	
  (2012)	
  139;	
  ATLAS	
  Phys.	
  Lep.	
  B	
  712	
  (2012)	
  351-­‐369;	
  CMS	
  TOP-­‐14-­‐003	
  

CMS,	
  projecDon	
  using	
  the	
  selecDon	
  efficiencies	
  for	
  signal	
  and	
  background	
  

The	
  limit	
  for	
  FCNC	
  is	
  reduced	
  by	
  orders	
  of	
  magnitude,	
  and	
  this	
  will	
  
conDnue	
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Top	
  Quark	
  Rare	
  Decays	
  –	
  FCNC	
  	
  
CMS	
  SUS-­‐13-­‐002;	
  ATLAS	
  arXiv:1403.6293	
  

CMS	
  (8	
  TeV)	
  re-­‐interpretaDon	
  
of	
  SUSY	
  mulD-­‐lepton	
  analyses	
  
Limits	
  at	
  95%	
  CL	
  	
  
BR(t!cH)	
  <	
  1.28%	
  

ATLAS	
  (7-­‐8	
  TeV)	
  
using	
  H!γγ	


Limits	
  at	
  95%	
  CL	
  	
  
BR(t!qH)	
  <	
  0.79%	
  

0.17	
  

ExpectaDon	
  in	
  SM:	
  BR(t!cH)	
  ≈	
  3	
  .	
  10-­‐15	
  
arXiv:hep-­‐ph/0409342	
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Top	
  Quark	
  Charge	
  
ATLAS	
  	
  JHEP11(2013)031;	
  CMS	
  TOP-­‐11-­‐031	
  

Charge	
  -­‐4/3	
  	
  
excluded	
  by	
  >8σ	



Event-­‐by-­‐event	
  reconstrucDon	
  of	
  the	
  
b-­‐quark	
  charge	
  and	
  combine	
  with	
  the	
  
measured	
  lepton	
  charge:	
  
	
  
	
  
	
  
Lepton	
  and	
  b-­‐quark	
  pairing	
  using	
  the	
  
mass	
  of	
  the	
  “b+l”	
  system.	
  

Weighted	
  sum	
  of	
  
track	
  charges	
  

κ=0.5	
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Top	
  Quark	
  Event	
  Variables	
  –	
  Asymmetries	
  
D0	
  arXiv:1405.0421;	
  CDF	
  Note	
  11035	
  

•  New	
  AFB	
  measurement	
  from	
  D0	
  
•  Agrees	
  with	
  SM	
  expectaDons	
  
•  CDF	
  result	
  with	
  ~2σ	
  deviaDon	
  is	
  shown	
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Top	
  Quark	
  Event	
  Variables	
  –	
  Charge	
  Asymmetry	
  
ATLAS	
  	
  JHEP11(2014)107,	
  CMS	
  Phys.	
  Lep.	
  B	
  717	
  (2012)	
  129	
  

Aver	
  unfolding	
  of	
  
acceptance	
  and	
  detector	
  
effects,	
  hence	
  a	
  parton-­‐
level	
  AC	
  measurement	
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Top	
  Quark	
  Event	
  Variables	
  –	
  Charge	
  Asymmetry	
  
CMS	
  JHEP	
  04	
  (2014)	
  191	
  

First	
  measurement	
  in	
  the	
  di-­‐lepton	
  channel	
  of	
  the	
  lepton	
  charge	
  asymmetry	
  

Unfolding	
  to	
  correct	
  the	
  data	
  for	
  
acceptance,	
  selecDon	
  and	
  resoluDon.	
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Top	
  Quark	
  Event	
  Variables	
  –	
  Charge	
  Asymmetry	
  
CMS	
  TOP-­‐12-­‐033	
  

Measurement	
  in	
  the	
  lepton+jet	
  channel	
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Top	
  Quark	
  Event	
  Variables	
  –	
  Asymmetries	
  
ATLAS	
  	
  JHEP11(2014)107	
  

LHC	
  (proton-­‐proton)	
   Tevatron	
  (anDproton-­‐proton)	
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Top	
  Quark	
  Physics	
  –	
  the	
  future	
  

•  TOPLHCWG	
  success	
  


