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Introduc'on	
  

•  These	
  slides:	
  discussion	
  of	
  differen'al	
  +	
  measurements	
  
at	
  ATLAS	
  
–  Inclusive	
  cross-­‐sec'on	
  measurements	
  already	
  covered	
  by	
  
Anna	
  Henrichs	
  yesterady	
  

•  Will	
  present	
  several	
  differen'al	
  measurements:	
  
–  Kinema'c	
  distribu'ons:	
  can	
  help	
  to	
  constrain	
  various	
  models	
  
of	
  top	
  produc'on,	
  PDFs,	
  etc	
  

–  Extra	
  jet	
  mul'plicity	
  and	
  flavor	
  measurements:	
  can	
  help	
  to	
  
improve	
  radia'on	
  modeling	
  

–  Indirect	
  sensi'vity	
  to	
  new	
  physics	
  through	
  each	
  of	
  these	
  
distribu'ons	
  
•  ++Higgs,	
  RPV	
  SUSY,	
  etc,	
  can	
  create	
  significant	
  devia'ons	
  from	
  
expecta'ons	
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ATLAS	
  Detector	
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•  ATLAS:	
  has	
  everything	
  needed	
  for	
  top	
  physics	
  
–  Sophis'cated	
  tracking	
  and	
  muon	
  systems:	
  precise	
  iden'fica'on	
  of	
  electrons	
  

and	
  muons,	
  as	
  well	
  as	
  tagging	
  of	
  b-­‐jets	
  
–  Calorimeters	
  provide	
  high	
  resolu'on	
  measurements	
  of	
  jet	
  energies	
  needed	
  for	
  

top	
  reconstruc'on	
  



++jets	
  
•  7	
  TeV	
  Measurement	
  of	
  

mul'plicity	
  of	
  extra	
  jets	
  in	
  +	
  
events	
  
–  ATLAS-­‐CONF-­‐2012-­‐155	
  
–  Important	
  to	
  understand	
  

tuning	
  of	
  simula'on,	
  
backgrounds	
  to	
  new	
  physics	
  

•  Selec'on	
  requirements	
  
–  ==1	
  electron	
  or	
  muon	
  
–  Missing	
  transverse	
  energy	
  

(for	
  neutrino)	
  
–  >=3	
  jets,	
  >=1	
  tagged	
  as	
  a	
  b-­‐

jet	
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Unfolding	
  
•  Will	
  unfold	
  to	
  hadron	
  level	
  jets	
  	
  
– Unfolded	
  events	
  with	
  similar	
  requirements	
  on	
  truth-­‐
level	
  leptons,	
  jets,	
  and	
  missing	
  transverse	
  energy	
  

•  Procedure	
  to	
  unfold	
  is	
  as	
  follows:	
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++jets	
  results	
  
•  Compare	
  with	
  various	
  models	
  of	
  extra	
  jets	
  	
  

–  MC@NLO+Herwig	
  parton	
  shower	
  	
  
–  PowHeg+Pythia	
  parton	
  shower	
  
–  Alpgen	
  ++jets	
  (up	
  to	
  5	
  partons),	
  plus	
  

Pythia	
  or	
  Herwig	
  parton	
  shower	
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Scale	
  uncertain'es	
  are	
  important	
  
•  Measurement	
  sensi've	
  to	
  scale	
  

sehngs	
  
–  Measurements	
  provide	
  some	
  
constraint	
  on	
  allowed	
  values	
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++heavy	
  flavor	
  

•  7	
  TeV	
  Measurement	
  of	
  frac'on	
  of	
  extra	
  jets	
  in	
  
associa'on	
  with	
  +	
  that	
  are	
  c	
  or	
  b	
  
–  Important	
  for	
  MC	
  tuning,	
  new	
  physics	
  searches	
  and	
  +
+Higgs	
  background	
  model	
  

–  arXiv	
  1304.6386	
  

•  Perform	
  measurement	
  in	
  2-­‐lepton	
  channel	
  
– Avoids	
  challenging	
  contamina'on	
  from	
  W	
  =>	
  charm	
  
decays	
  	
  

–  Require	
  2	
  jets	
  tagged	
  as	
  b-­‐jets,	
  study	
  proper'es	
  of	
  
extra	
  tagged	
  jets	
  to	
  determine	
  heavy-­‐flavor	
  frac'on	
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++HF	
  analysis	
  method	
  

•  Heavy-­‐flavor	
  frac'on	
  is	
  defined	
  as	
  the	
  ra'o	
  of	
  
cross-­‐sec'ons:	
  

•  Measurement	
  of	
  denominator:	
  
– Determine	
  number	
  of	
  events	
  with	
  two	
  b-­‐tags,	
  
subtract	
  backgrounds,	
  unfold	
  to	
  number	
  of	
  events	
  
with	
  +	
  pair	
  and	
  addi'onal	
  truth-­‐level	
  par'cle	
  jet	
  

•  Measurement	
  of	
  the	
  numerator	
  requires	
  fihng	
  
based	
  upon	
  jet	
  proper'es	
  to	
  determine	
  N	
  

9	
  

� =
NR
L ✏

RHF =
�(tt + b, c)

�(tt+jet)
,



Fit	
  to	
  determine	
  extra	
  HF	
  
•  Most	
  b-­‐tags	
  at	
  ATLAS	
  have	
  a	
  reconstructed	
  secondary	
  

vertex	
  from	
  heavy-­‐hadron	
  decay	
  within	
  the	
  jet	
  
–  Fit	
  invariant	
  mass	
  of	
  vertex	
  to	
  determine	
  frac'on	
  of	
  jets	
  from	
  
heavy-­‐flavor	
  

–  Separate	
  fits	
  in	
  bins	
  of	
  expected	
  b-­‐purity	
  based	
  upon	
  'ghtness	
  
of	
  b-­‐tagging	
  algorithm	
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++HF	
  unfolding	
  and	
  results	
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•  Challenge	
  with	
  the	
  unfolding:	
  
– Not	
  enough	
  stats	
  at	
  7	
  TeV	
  to	
  know	
  b-­‐frac'on	
  and	
  
c-­‐frac'on	
  separately	
  with	
  high	
  precision,	
  so	
  
determining	
  simultaneously	
  

–  b-­‐tagging	
  efficiency	
  depends	
  strongly	
  on	
  whether	
  
extra	
  jet	
  is	
  a	
  b	
  or	
  a	
  c	
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Measurement	
  in	
  data,	
  with	
  
1-­‐	
  and	
  2-­‐sigma	
  
Sta's'cal	
  errors	
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  predic'ons	
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  data	
  



++HF	
  unfolding	
  and	
  results	
  
•  Challenge	
  with	
  the	
  unfolding:	
  
– Not	
  enough	
  stats	
  at	
  7	
  TeV	
  to	
  know	
  b-­‐frac'on	
  and	
  
c-­‐frac'on	
  separately	
  with	
  high	
  precision,	
  so	
  
determining	
  simultaneously	
  

–  b-­‐tagging	
  efficiency	
  depends	
  strongly	
  on	
  whether	
  
extra	
  jet	
  is	
  a	
  b	
  or	
  a	
  c	
  

11	
  

� =
NR
L ✏

Measured	
  value	
  of	
  Fb	
  in	
  data	
  is	
  
unphysical	
  (nega've)	
  

	
  
Use	
  Alpgen’s	
  predic'on	
  of	
  Fb	
  for	
  
central	
  value	
  of	
  measurement	
  

	
  
Take	
  asymmetric	
  systema'c	
  that	
  
covers	
  measurement	
  in	
  data.	
  

Conserva've	
  enough	
  to	
  cover	
  all	
  
reasonable	
  possibili'es.	
  

	
  
This	
  is	
  the	
  largest	
  uncertainty	
  in	
  the	
  

measurement	
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Final	
  measurement	
  result:	
  

LO	
  Predic'on	
  from	
  Alpgen+Herwig:	
  

Predic'on	
  from	
  PowHeg+Herwig:	
  

RHF = 7.1± 1.3(stat.)+5.3
�2.0(syst.)%

RHF = 3.4± 1.1(syst.)%

RHF = 5.2± 1.7(syst.)%



7	
  TeV	
  Differen'al	
  cross-­‐sec'on	
  
•  Differen'al	
  distribu'ons	
  published	
  

with	
  2.05	
  p-­‐1	
  
–  Eur.	
  Phys.	
  J.	
  C	
  (2013)	
  73:	
  2261	
  

•  Selec'on	
  requirements:	
  
–  >=1	
  electron	
  or	
  muon	
  
–  >=4	
  jets,	
  >=	
  b-­‐jet	
  
–  Iden'fica'on	
  of	
  neutrino	
  through	
  

missing	
  transverse	
  energy	
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–  Based	
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  top	
  and	
  W-­‐
masses	
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•  +	
  reconstruc'on	
  
–  Likelihood	
  fit	
  to	
  all	
  
reconstructed	
  par'cles	
  
from	
  tops	
  

–  Based	
  upon	
  top	
  and	
  W-­‐
masses	
  

–  Loose	
  cut	
  to	
  remove	
  
poorly-­‐reconstructed	
  
events	
  

.	
  reconstruc5on	
  	
  
Fit	
  requirement	
  



Differen'al	
  distribu'ons	
  and	
  unfolding	
  

•  Kinema'c	
  distribu'ons	
  of	
  +	
  invariant	
  mass,	
  rapidity,	
  pT	
  	
  
–  With	
  respect	
  to	
  truth	
  top	
  quarks	
  arer	
  radia'on	
  

•  Unfolding	
  
–  Bin	
  width	
  op'mized	
  to	
  minimize	
  systema'cs	
  from	
  unfolding	
  
–  Unfolding	
  procedure	
  chosen	
  to	
  be	
  robust	
  if	
  the	
  Standard	
  Model	
  predic'ons	
  

are	
  biased	
  or	
  new	
  physics	
  processes	
  are	
  present	
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Results	
  
•  Comparisons	
  with	
  respect	
  to	
  various	
  ATLAS	
  

simula'ons	
  and	
  MCFM	
  NLO	
  QCD	
  
–  For	
  m_+	
  also	
  compare	
  with	
  NLO+NLL	
  

•  V.	
  Ahrens	
  et	
  all	
  
–  Theory	
  uncertain'es	
  from	
  spread	
  of	
  three	
  PDFs,	
  

alpha_S,	
  and	
  renormaliza'on+factoriza'on	
  scales	
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Implica'ons	
  for	
  PDFs	
  
•  Compare	
  NLO	
  PDFs	
  using	
  NLO	
  MCFM	
  for	
  these	
  distribu'ons	
  

–  PDF	
  uncertain'es	
  evaluated	
  according	
  to	
  prescrip'ons	
  of	
  each	
  PDF	
  
collabora'on,	
  accoun'ng	
  for	
  asymmetries	
  

–  Significant	
  spread	
  in	
  predic'ons	
  of	
  each	
  PDF	
  set.	
  Can	
  we	
  constrain	
  
these	
  PDFs?	
  

15	
  



Other	
  modeling	
  uncertain'es	
  ma+er	
  too!	
  

•  Can’t	
  just	
  compare	
  with	
  PDFs	
  in	
  isola'on,	
  other	
  modeling	
  uncertain'es	
  ma+er	
  
–  Vary	
  factoriza'on	
  and	
  renormaliza'ons	
  scales	
  by	
  x2	
  
–  Vary	
  top	
  mass	
  by	
  1%	
  
–  Vary	
  LHC	
  beam	
  energy	
  by	
  1%	
  according	
  to	
  recommenda'ons	
  
–  Vary	
  alpha_S	
  by	
  1-­‐sigma	
  
–  These	
  other	
  modeling	
  uncertain'es	
  are	
  not	
  negligible	
  

•  Not	
  considered	
  yet:	
  Electroweak	
  correc'ons,	
  which	
  are	
  not	
  negligible	
  either	
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Compare	
  results	
  with	
  data	
  
•  Add	
  all	
  uncertain'es	
  in	
  quadrature	
  and	
  compare	
  with	
  data	
  

–  M+:	
  data	
  uncertain'es	
  too	
  large	
  to	
  say	
  much	
  yet	
  
–  Y+:	
  some	
  significant	
  tension	
  with	
  CT10	
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Conclusion	
  

•  Results	
  of	
  various	
  7	
  TeV	
  differen'al	
  +	
  measurements	
  
at	
  ATLAS	
  have	
  been	
  presented	
  
–  Largely	
  consistent	
  with	
  expecta'ons	
  

•  Results	
  are	
  useful	
  for	
  constraining	
  modeling	
  
–  ++jets	
  measurements	
  have	
  been	
  used	
  to	
  constrain	
  scale/
radia'on-­‐related	
  uncertain'es	
  

–  Differen'al	
  kinema'c	
  measurements	
  already	
  show	
  tension	
  
with	
  some	
  PDF	
  sets	
  
•  Future	
  measurements	
  with	
  smaller	
  uncertain'es	
  should	
  allow	
  
improvements	
  in	
  PDF	
  fits	
  

•  But	
  further	
  work	
  is	
  needed	
  to	
  understand	
  what	
  the	
  proper	
  
predic'ons	
  are	
  (e.g.	
  effects	
  of	
  Electroweak	
  correc'ons)	
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Backup	
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“Gap	
  frac'on”	
  measurement	
  

•  Early	
  7	
  TeV	
  
measurement	
  to	
  
constrain	
  showering:	
  
–  Select	
  dilepton	
  +	
  events,	
  
and	
  tag	
  two	
  b-­‐jets	
  

–  Plot	
  the	
  frac'on	
  of	
  
events	
  without	
  an	
  extra	
  
jet	
  above	
  a	
  certain	
  pT	
  	
  
•  This	
  is	
  the	
  “gap	
  frac'on”	
  

– Measurement	
  allowed	
  us	
  
to	
  reduce	
  radia'on	
  
uncertain'es	
  by	
  ~50%	
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The	
  frac'on	
  of	
  events	
  without	
  an	
  
extra	
  jet	
  above	
  a	
  pT	
  cut	
  of	
  Q0	
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+	
  mass	
  and	
  rapidity	
  errors	
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++b,c	
  systema'c	
  uncertain'es	
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