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Introduc1on	  
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•  Heaviest	  quark	  
•  Pair	  produced	  in	  gluon-‐gluon	  fusion	  (87%)	  

and	  quark-‐quark	  interac1on	  (13%)	  
•  Top	  pair	  decay	  channels	  

Ø  Dilepton	  (e/μ)	  ~5%	  
Ø  l+jets	  (e/μ)	  ~30%	  
Ø  All	  jets,	  τ-‐lepton	  channels	  

The	  top	  quark	  

•  LHC	  is	  a	  top	  factory	  
•  Cross-‐sec1on	  increased	  by	  almost	  factor	  3.5	  (8-‐13	  TeV)	  

Top	  quark	  pair	  cross	  sec1on	  measurements	  are	  
à Excellent	  precision	  tests	  of	  Standard	  Model	  
à Sensi1ve	  to	  QCD	  effects,	  PDF,	  top	  quark	  mass,	  ...	  
à Probe	  for	  new	  physics	  

b	  produc1on	  at	  the	  LHC	  



The	  ATLAS	  Experiment	  
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The	  Large	  Hadron	  Collider	  
	  
•  27	  km	  proton-‐proton	  (p-‐Pb,	  Pb-‐Pb)	  

collider	  with	  maximum	  design	  √s=14	  TeV	  
	  
Upgrades	  for	  Run	  II	  
•  Energy	  increased	  from	  8	  TeV	  to	  13	  TeV	  
•  Instant.	  luminosity	  up	  to	  ≈1034	  cm-‐2s-‐1	  
	  
	  

Mul1-‐purpose	  detector	  using	  tracking	  system,	  calorimeters	  and	  a	  muon	  spectrometer	  

Electrons	  
|η|<2.47	  

Muons	  
|η|<2.5	  
	  

τhad	  candidates	  
|η|<2.5	  
	  

Jets	  
An1-‐kt	  R=0.4,	  
	  3D	  topological	  clusters	  



eμ	  +	  b-‐jets	  @	  13	  TeV:	  Method	  

•  Select	  opposite-‐sign	  eμ	  
pair	  

•  b-‐tagging	  using	  
mul1variate	  discriminator	  
(MV2c20)	  
–  70%	  efficiency	  
–  rejec1on	  440	  (light),	  8	  (c)	  

•  High	  b-‐tagging	  
uncertain1es	  à	  Determine	  
efficiency	  from	  data	  
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εeμ:	  eμ	  preselec1on	  efficiency	  
εb:	  b-‐jet	  acceptance	  and	  tagging	  efficiency	  
Cb:	  1/2-‐btag	  correla1on	  (=1.005)	  

N1	  

N2	  



eμ	  +	  b-‐jets:	  Event	  Yields	  
Background	  measured	  from	  simula1on	  
•  Single	  top	  Wt	  
•  Z+jets	  
•  Diboson	  

Misiden1fied	  lepton	  events	  (Mis-‐ID)	  
data-‐driven	  from	  same-‐sign	  events	  
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e/μ	  +	  b-‐jets	  @	  13	  TeV	  
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ATLAS-‐CONF-‐2015-‐033	  

Result	  

Uncertain1es	  

Luminosity	   10.0%	  

Sta1s1cal	   6.0%	  

Hadronisa1on	   4.5%	  

Electron	  ID	   3.2%	  

NLO	  modelling	   2.2%	  

Total	   13.5%	  

Preliminary	  measurement	  

Comparison	  of	  Powheg+Herwig++	  
and	  Powheg+Pythia	  

Comparison	  of	  Powheg+Herwig++	  
and	  aMC@NLO+Herwig++	  
(Total	  uncertainty	  4%	  for	  7	  and	  8	  TeV	  
measurement)	  

Theory	  NNLO+NNLL	  
Czakon,	  Fiedler,	  
Mitov	  
PRL	  110	  252004	  
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Ra1o	  of	  b	  and	  Z	  cross-‐sec1ons	  

	  
	  
Highest	  uncertainty	  from	  luminosity	  will	  cancel!	  
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Uncertainty	   Zàee	   Zàμμ	   =	   Ra?o	  

Data	  Stat.	   0.5%	   0.5%	   6.0%	   6.0%	  

Analysis	  Syst.	   4.4%	   2.3%	   6.7%	   6.3%	  

Luminosity	   9.0%	   9.0%	   10.0%	   1.0%	  

Total	   10.0%	   9.3%	   13.5%	   8.8%	  

Mostly	  due	  to	  	  
cancella1on	  of	  	  
e/μ	  iden1fica1on	  	  
uncertainty	  

ATLAS-‐CONF-‐2015-‐049	  



Ra1o	  of	  b	  and	  Z	  cross-‐sec1ons	  
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Result	  is	  compared	  to	  predic1on	  from	  	  
•  FEWZ	  for	  Z	  produc1on	  [Gavin	  et	  al.,	  Comput.	  Phys.	  Commun.	  182	  2388]	  
•  top++	  for	  top	  pair	  produc1on	  [Czakon,	  Mitov,	  Comput.	  Phys.	  Commun.	  185	  2930	  ]	  

ATLAS-‐CONF-‐2015-‐049	  



eμ	  +	  b-‐jets	  @	  7/8	  TeV	  
Very	  similar	  selec1on	  and	  same	  method	  as	  with	  13	  TeV	  
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stat	   syst	   lumi	   beam	  

Eur.	  Phys.	  J.	  C	  (2014)	  74:3109	  
2%/1%	   2%/2%	   2%/3%	   2%/2%	  

3.9%	  

4.3%	  

Precision	  Measurement	  

	   	   	  7TeV/8TeV	  	  	  	  13	  TeV	  
Luminosity	   	  2.0%/3.1% 	  10.0%	  
Data	  stat.	   	  1.7%/0.7% 	  6.0%	  
Beam	   	   	  1.8%/1.7% 	  -‐ 	  	  
b	  modelling	   	  1.4%/1.2% 	  5.2%	  
PDF	  	   	   	  1.0%/1.1% 	  1.4%	  
Total 	   	  3.9%/4.3% 	  13.7%	  

Uncertain1es	  



ee/μμ	  +	  b-‐jets	  	  @	  13	  TeV	  
Method	  
•  Opposite-‐sign	  ee/μμ	  
•  60	  <	  mll	  <	  81	  GeV	  or	  mll>101	  GeV	  
•  ETmiss	  >	  30	  TeV	  
•  b-‐tagging	  using	  mul1variate	  

discriminator	  (MV2c20)	  with	  70%	  
efficiency	  
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ATLAS-‐CONF-‐2015-‐049	  

Obtain	  best	  	  	  	  	  	  	  	  	  	  	  	  	  	  using	  
maximum	  likelihood	  fit	  

Event	  Yield	  Es?ma?on	  
•  Z	  background	  scaled	  in	  

control	  region	  
•  MisID	  from	  MC	  (100%	  

uncertainty)	  



ee/μμ	  +	  b-‐jets	  	  @	  13	  TeV	  
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ATLAS-‐CONF-‐2015-‐049	  



Result	  

ee/μμ	  +	  b-‐jets	  	  @	  13	  TeV:	  Result	  
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ATLAS-‐CONF-‐2015-‐049	  

8%	   11%	   10%	  

For	  comparison:	  eμ	  +	  b-‐jets	  

6%	   7%	   10%	  

Theory	  NNLO+NNLL	  predic1on	  

16%	  

14%	  



l+jets	  @	  13	  TeV	  
Event	  Selec?on	  
•  One	  e/μ	  
•  Four	  jets	  (1	  b-‐tagged)	  
•  ETmiss>40	  GeV,	  mT

W>50	  GeV	  (e)	  
•  ETmiss+mT

W>60	  GeV	  (μ)	  
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~80%	  pure	  Cross	  sec1on	  obtained	  with	  

ATLAS-‐CONF-‐2015-‐049	  

background	  

Efficiency	  from	  simula1on	   Integrated	  luminosity	  

data	  



l+jets	  @	  13	  TeV	  W	  Es1ma1on	  
Exploit	  expected	  charge	  asymmetry	  to	  es1mate	  W	  background	  
Define	  control	  region	  (e/μ+1jet,	  no	  b-‐jet).	  Extrapolate	  using	  simula1on.	  
	  
	  
	  
Get	  difference	  between	  posi1ve	  and	  nega1ve	  charge	  events	  in	  CR.	  
	  
	  
	  
	  Correct	  for	  single-‐top	  events	  and	  divide	  by	  charge	  asymmetry	  
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l+jets	  @	  13	  TeV	  	  
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Result	  

l+jets	  @	  13	  TeV:	  Result	  
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ATLAS-‐CONF-‐2015-‐049	  

2%	   13%	   11%	  

For	  comparison:	  eμ	  +	  b-‐jets	  

6%	   7%	   10%	  

Theory	  NNLO+NNLL	  predic1on	  

17%	  

14%	  



l+jets	  @	  8	  TeV:	  Fit-‐based	  analysis	  
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e/μ	  +	  3	  jets	  
ETmiss,	  mT(W)	  selec1on	  

Base	  selec1on	  

Template	  fit	  to	  LHD	  distribu1on	  
	  
	  
	  
in	  e	  +	  jets	  /	  μ	  +	  jets	  	  
Likelihood	  func1ons	  are	  products	  of	  PDFs	  for	  
kinema1c	  variables	  
•  Pseudorapidity	  of	  lepton	  
•  Transformed	  Aplanarity	  =	  3/2	  smallest	  eigenvector	  

of	  momentum	  tensor	  

Fit	  to	  Likelihood	  Func1on	  

Signal	  likelihood	  
Signal	  +	  background	  likelihood	  

Phys.	  Rev.	  D	  91,	  112013	  (2015)	  



l+jets	  @	  8	  TeV	  
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Phys.	  Rev.	  D	  91,	  112013	  (2015)	  

Results	  

Uncertain1es	  

Uncertainty	  

PDF	   5.9%	  

MC	  generator	   3.3%	  

Jet/ETmiss	   3.2%	  

Luminosity	   2.8%	  

Parton	  Shower	   2.6%	  

Total	   8.7%	  

4.3%	  For	  comparison	  
	  eμ+b-‐jets	  

LHD	  distribu1on	  



b	  branching	  ra1os	  @	  7TeV	  
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1.  Measure	  number	  of	  events	  for	  dilepton	  (ee,	  eμ,	  μμ),	  l+jets	  (e+jets,	  μ
+jets)	  and	  lτ	  channels	  and	  correct	  full	  phase	  space	  

2.  σ,	  Bj,	  Bl	  and	  Bτ	  obtained	  from	  combined	  dilepton,	  l+jets	  and	  lτ	  
measurement	  

3.  Be	  and	  Bμ	  obtained	  with	  χ2	  method	  using	  ee,	  μμ,	  e+jets,	  μ+jets	  results	  
	  	  

Result	  

Method	  

arXiv:	  1506.05074	  



Top	  pair	  cross	  sec1on	  @	  7,	  8	  and	  13	  TeV	  
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Summary	  
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ATLAS	  performed	  inclusive	  cross-‐sec1on	  measurements	  of	  b	  
produc1on	  at	  7,	  8	  and	  13	  TeV	  and	  in	  a	  wide	  variety	  of	  measurement	  
channels	  

With	  3.9%	  the	  experimental	  
accuracy	  has	  reached	  the	  
precision	  of	  the	  theore1cal	  
calcula1ons	  

Measurements	  at	  7,	  8	  and	  13	  TeV	  
are	  in	  agreement	  with	  NNLO
+NNLL	  calcula1ons	  

LHC	  run	  2	  promises	  many	  more	  
interes1ng	  results	  from	  ATLAS	  



BACKUP	  
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eμ	  +	  b-‐jets	  @	  13	  TeV:	  Systema1c	  Uncertain1es	  
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Ra1o	  of	  b	  and	  Z	  cross-‐sec1ons:	  Systema1c	  
Uncertain1es	  
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eμ	  +	  b-‐jets	  @	  7/8	  TeV:	  Systema1c	  Uncertain1es	  



ee/μμ	  +	  b-‐jets	  	  @	  13	  TeV:	  Systema1c	  Uncertain1es	  
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l+jets	  @	  13	  TeV:	  Systema1c	  Uncertain1es	  
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13	  TeV	  Measurements	  
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eμ:	  



l+jets	  @	  8	  TeV:	  Template	  Shapes	  
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l+jets	  @	  8	  TeV:	  Systema1c	  Uncertain1es	  
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Display	  of	  a	  bbar	  candidate	  event	  from	  proton-‐
proton	  collisions	  recorded	  by	  ATLAS	  with	  LHC	  
stable	  beams	  at	  a	  collision	  energy	  of	  13	  TeV.	  
The	  red	  line	  shows	  the	  path	  of	  a	  muon	  with	  
transverse	  momentum	  around	  140	  GeV	  
through	  the	  detector.	  The	  green	  line	  shows	  the	  
path	  of	  an	  electron	  with	  transverse	  
momentum	  around	  170	  GeV	  through	  the	  
detector.	  The	  green	  and	  yellow	  bars	  indicate	  
energy	  deposits	  in	  the	  liquid	  argon	  and	  
scin1lla1ng-‐1le	  calorimeters,	  from	  these	  
deposits	  3	  jets	  are	  iden1fied	  with	  transverse	  
momenta	  between	  30	  and	  80	  GeV.	  Two	  of	  the	  
jets	  are	  iden1fied	  as	  having	  originated	  from	  b-‐
quarks.	  Tracks	  reconstructed	  from	  hits	  in	  the	  
inner	  tracking	  detector	  are	  shown	  as	  arcs	  
curving	  in	  the	  solenoidal	  magne1c	  field.	   	  	  


