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Outline	
  	
  

•  Measurement	
  definiGons	
  in	
  0+jets	
  vs	
  0Hbb	
  
•  Measurements	
  of	
  0+X	
  	
  
•  MC	
  tunes	
  used	
  for	
  0Hbb	
  	
  
•  New	
  MC	
  data	
  comparisons	
  



“ParGcle	
  level”	
  	
  
the	
  concept	
  

•  Only	
  use	
  stable	
  final	
  state	
  parGcles	
  (hadrons,	
  leptons)	
  from	
  MC	
  
predicGons	
  in	
  “visible”	
  phase	
  space	
  (detector	
  acceptance)	
  	
  

	
  	
  	
  -­‐>	
  minimized	
  dependence	
  on	
  theory	
  
	
  	
  	
  
	
  
•  Define	
  observables	
  based	
  on	
  stable	
  final	
  state	
  parGcles	
  with	
  large	
  

correlaGon	
  to	
  parton	
  level	
  informaGon	
  
	
  	
  	
  	
  	
  -­‐>	
  example:	
  pseudo	
  top	
  
	
  
•  Correct	
  measured	
  objects	
  for	
  detector	
  resoluGon	
  effects	
  =	
  	
  unfold	
  

to	
  parGcle	
  level	
  
	
  	
  	
  	
  	
  	
  -­‐>	
  avoids	
  dependency	
  on	
  model	
  to	
  go	
  from	
  parton	
  to	
  parGcle	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (e.g.	
  finite	
  width	
  effects	
  &	
  offshell	
  top)	
  
	
  
	
  
	
  

arXiv:1502.05923v2	
  
CMS	
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“ParGcle	
  level”	
  	
  
the	
  definiGons	
  

Stable	
  parGcles	
  with	
  τ>0.3*10-­‐10	
  sec	
  in	
  observable	
  η	
  range	
  
	
  
Leptons	
  (e,	
  µ,	
  ν)	
  not	
  from	
  hadron	
  decay	
  
e,	
  µ	
  4-­‐momentum	
  incl.	
  clustering	
  with	
  γ	
  	
  in	
  cone	
  with	
  R=0.1	
  
	
  
Jets:	
  
clusters	
  all	
  but	
  the	
  prompt	
  parGcles	
  	
  using	
  anG-­‐kt	
  algorithm	
  with	
  R=0.4	
  	
  
(i.e.	
  ν, µ	
  from	
  hadron	
  decays	
  are	
  inside	
  jets)	
  
	
  
B-­‐jets:	
  
	
  A	
  stable	
  B-­‐hadron	
  with	
  inGal	
  pt>5	
  GeV	
  	
  ghost	
  matched	
  to	
  the	
  jet	
  	
  
-­‐>	
  corresponding	
  to	
  non-­‐prompt	
  Bs	
  from	
  electro-­‐weak	
  decays	
  

O
bject	
  definiGons:	
  

	
  

Kinem
aGc	
  

	
  definiGons	
  

Analysis	
  dependent.	
  Typical	
  examples	
  are:	
  
Leptons:	
  	
  pT>25	
  GeV,	
  h<2.5	
  
Jet	
  pT	
  >	
  25	
  GeV,	
  b-­‐jet	
  pT	
  >	
  25	
  GeV,	
  h<2.5	
  



0bb	
  fiducial	
  xsec	
  
Based	
  on	
  pure	
  parGcle	
  level	
  definiGons	
  

Eur.Phys.J.C(2016)76:11	
  

Jet	
  with	
  3rd	
  highest	
  MV1c	
  discriminant	
  	
  

Measurement	
  logic:	
  
b-­‐,	
  c-­‐	
  and	
  light	
  tagging	
  known	
  from	
  calibraGon	
  
Xsecs	
  of	
  0b,	
  0c,	
  0l	
  derived	
  from	
  fit	
  
Take	
  jet	
  with	
  3rd	
  highest	
  MV1c	
  discriminant	
  	
  as	
  proxy	
  



0bb	
  visible	
  xsec	
  

Purer	
  b-­‐jets	
  

Based	
  on	
  pure	
  parGcle	
  level	
  definiGons	
  

Phys.Le0.B	
  776(2018)355-­‐378	
  

>=	
  4	
  parGcle	
  level	
  jets	
  within	
  fiducial	
  volume	
  
0bb:	
  >=	
  4	
  b-­‐jets	
  
0bj:	
  3	
  b-­‐jets,	
  >=	
  1	
  light	
  jet	
  
0cc:	
  2	
  b-­‐jets,	
  >=	
  1	
  cjet	
  



0Hbb:	
  0+jets	
  classificaGons	
  
	
  use	
  of	
  	
  parton	
  level	
  definiGons	
  

Consider	
  only	
  jets	
  not	
  from	
  top	
  decay,	
  i.e.	
  	
  
Tt+>=1b:	
  >=1	
  	
  bjet	
  not	
  from	
  top	
  	
  
Tt+>=1c:	
  >=1	
  	
  cjet	
  not	
  from	
  top	
  	
  
Tt+light:	
  >=1	
  	
  light	
  not	
  from	
  top	
  	
  

SelecGon:	
  5j,	
  >=	
  3	
  b-­‐tagged	
  jets	
  at	
  reco	
  level	
  
ParGcle	
  level	
  event	
  classificaGon	
  based	
  on	
  
addiGonal	
  jet	
  	
  
Would	
  a	
  parGcle	
  level	
  selecGon	
  reduce	
  	
  
model	
  uncertainty?	
  



“Pseudo-­‐top”	
  
ApproximaGng	
  the	
  top	
  parton	
  	
  

Assumed	
  top	
  decay	
  products:	
  	
  
2	
  highest	
  pt	
  b-­‐jets,	
  lepton,	
  2	
  	
  jets	
  

Leptonic	
  top:	
  
b-­‐jets	
  with	
  lowest	
  dR(jet,lepton),	
  
lepton,	
  Etmiss	
  

Hadronic	
  top:	
  
Remaining	
  b-­‐jet,	
  	
  
2	
  light	
  jets	
  that	
  best	
  fit	
  mW	
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where the subscript ℓ refers to the electron (muon) and mW is the W boson mass. Assuming129

no neutrino mass, the pz,ν of the neutrino is taken from the solution of the resulting130

quadratic equation.131

pz,ν =
−b ±

√
b2 − 4ac

2a

where132

a = E2
ℓ − p2

z,ℓ b = −2kpz,ℓ c = E2
ℓ p2

T,ν − k2

and133

k =
m2

W − m2
ℓ

2
+ pT,ℓ · pT,ν

If both solutions are real, the solution with the smallest magnitude of pz is chosen. In134

cases where (b2 − 4ac) is less than zero, the neutrino pz is taken as:135

pz,ν = −
b

2a

Given the value of pz,ν , the leptonic pseudo-top-quark is formed from the combination of136

the leptonic W boson and the assigned b-jet. The observables extracted from the pseudo-137

top-quark four vectors are used in the measurement to define, for example, the pT, rapidity138

and its mass.139
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Figure 1. The pT distribution of the hadronic top-quark evaluated at the parton level (green) and
the pT calculated at the particle level using the pseudo-top-quark definition (blue). The distributions
are evaluated for a fixed integrated luminosity. The ratio is evaluated using normalised distributions
to emphasise the difference in shape between the two distributions.

Figure 1 compares the parton-level truth pT distribution of the top-quark with the140

particle-level pT distribution of the pseudo-top-quark. The two distributions are evaluated141

– 4 –

Original	
  pseudo-­‐top	
  method	
  

the	
  same	
  method	
  is	
  used	
  on	
  reconstructed	
  objects	
  and	
  parGcle	
  level	
  objeccts	
  



“Pseudo-­‐top”	
  
ApproximaGng	
  the	
  top	
  parton	
  	
  

Different	
  methods	
  tried	
  with/out	
  constains	
  on	
  mW	
  and	
  mtop	
  to	
  opGmise	
  for	
  best	
  
-­‐  parGcle	
  –	
  parton	
  level	
  correlaGon	
  
-­‐  ParGcle	
  –	
  detector	
  level	
  correlaGon	
  

Used	
  for	
  all	
  differenGal	
  0bar	
  measurements	
  



Parton	
  level	
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Not	
  well	
  defined	
  for	
  off-­‐shell	
  top	
  producGon	
  due	
  to	
  finite	
  width	
  
-­‐>	
  larger	
  model	
  dependence	
  
No	
  standard	
  definiGon	
  for	
  top	
  parton	
  in	
  event	
  record	
  
But	
  technically	
  possible	
  (take	
  last	
  top	
  parton	
  before	
  decay)	
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Measurements	
  &	
  MC	
  

arXiv:1803.08856	
  
arXiv:1708.00737	
  
arXiv:1802.06572	
  
	
  
arXiv:1610.09978	
  
…	
  

Lots	
  of	
  data	
  for	
  inclusive	
  0bar	
  and	
  0bar+jets	
  producGon	
  –	
  confronted	
  with	
  lots	
  of	
  new	
  MCs	
  

Measurements	
  of	
  top	
  pair	
  producGon	
  differenGal	
  in	
  	
  
•  Njet,	
  gap	
  fracGon,	
  b-­‐jet	
  pT,	
  addiGonal	
  jet	
  pT	
  
•  top	
  pT,	
  0bar	
  pT,	
  M0bar,	
  y0bar,	
  ..	
  
Newest	
  measurements	
  presented	
  in	
  bins	
  of	
  jet	
  mulGplicity	
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0bar+jets	
  producGon	
  
Measurements	
  &	
  MC	
  

arXiv:1803.08856	
  
arXiv:1708.00737	
  
arXiv:1802.06572	
  
	
  
arXiv:1610.09978	
  
…	
  

Lots	
  of	
  data	
  for	
  inclusive	
  0bar	
  and	
  0bar+jets	
  producGon	
  –	
  confronted	
  with	
  lots	
  of	
  new	
  MCs	
  

Measurements	
  of	
  top	
  pair	
  producGon	
  differenGal	
  in	
  	
  
•  Njet,	
  gap	
  fracGon,	
  b-­‐jet	
  pT,	
  addiGonal	
  jet	
  pT	
  
•  top	
  pT,	
  0bar	
  pT,	
  M0bar,	
  y0bar,	
  ..	
  
Newest	
  measurements	
  presented	
  in	
  bins	
  of	
  jet	
  mulGplicity	
  

Challenge	
  to	
  describe	
  all	
  observables	
  with	
  a	
  single	
  MC	
  
But	
  this	
  is	
  only	
  a	
  small	
  background	
  to	
  0Hbb	
  



0+HF	
  producGon	
  

Very	
  limited	
  data	
  for	
  MC	
  model	
  comparison	
  on	
  	
  
0bar+HF	
  producGon	
  

arXiv:1510.03072	
  
Eur.Phys.J.C(2016)76:11	
  
Phys.Le0.B	
  776(2018)355-­‐378	
  

Fiducial	
  and	
  inclusive	
  xsec	
  for	
  0b,	
  0bb	
  producGon	
  at	
  8	
  TeV	
  and	
  13	
  TeV	
  
RaGos	
  of	
  0bb/0jj	
  at	
  8	
  TeV	
  and	
  13	
  TeV	
  
DifferenGal	
  xsec	
  for	
  0b	
  producGon	
  but	
  with	
  large	
  uncertainGes	
  



MC	
  	
  seqngs	
  for	
  0Hbb	
  CMS	
  

PowHeg	
  +	
  Pythia8	
  CUETP8M2T4	
  –	
  special	
  adapGon	
  for	
  0bar	
  
Simultaneous	
  tune	
  of	
  aISR	
  +	
  hdamp	
  using	
  Professor	
  Tool	
  
Data	
  sets:	
  differenGal	
  0bar	
  producGon	
  measurements	
  @	
  13	
  TeV+8	
  TeV	
  (Njet,	
  top	
  pt,	
  0bar	
  pt,….)	
  

CMS	
  PAS	
  TOP-­‐16-­‐021	
  
CMS	
  CR	
  -­‐2017/404	
  

Real	
  emission	
  by	
  PowHeg	
  
Damped	
  with	
  	
  



ATL-­‐PHYS-­‐PUB-­‐2016-­‐020	
  

pT	
  of	
  0bar	
  system	
  used	
  	
  
to	
  set	
  hdamp	
  parameter	
   Basically	
  no	
  effect	
  on	
  top	
  pT	
   Some	
  effect	
  on	
  Njets,	
  	
  precision	
  	
  

of	
  7	
  TeV	
  data	
  not	
  good	
  enough	
  
	
  to	
  discriminate	
  	
  	
  

L+jets	
  

hdamp	
  
MC	
  samples	
  for	
  most	
  recent	
  0H	
  
papers	
  were	
  	
  tuned	
  to	
  7	
  and	
  8	
  TeV	
  
results	
  

MC	
  	
  seqngs	
  for	
  0Hbb	
  ATLAS	
  



Effect	
  of	
  hdamp	
  on	
  0bb	
  



0+b	
  modeling	
  for	
  0Hbb	
  



Differences	
  of	
  differenGal	
  distribuGons	
  
in	
  event	
  categories	
  

PP8	
  agrees	
  with	
  	
  Sherpa5F	
  
~10%	
  difference	
  between	
  	
  
4F	
  and	
  5F	
  

Up	
  to	
  40%	
  difference	
  
~	
  <5%	
  difference	
  

Thesis	
  N.Asbah	
  

CERN-­‐THESIS-­‐2018-­‐062	
  

Similar	
  observaGons	
  also	
  for	
  other	
  quanGGes	
  (top	
  pt,	
  pT	
  bb,	
  HT)	
  	
  	
  

Final	
  state	
  with	
  2	
  resolved	
  addiGonal	
  b-­‐jets	
  seems	
  less	
  dependent	
  on	
  modelling	
  details	
  	
  



New	
  Observables	
  for	
  0bb?	
  

•  AddiGonal	
  jets	
  and	
  b-­‐jets	
  at	
  parGcle	
  level	
  
– Simple	
  in	
  dilepton	
  events	
  but	
  low	
  stats	
  
– Requires	
  top	
  matching	
  in	
  l+jets:	
  current	
  parGcle	
  
level	
  algorithms	
  are	
  designed	
  for	
  events	
  with	
  2	
  
bjets	
  -­‐>	
  further	
  development	
  needed	
  

	
  

•  Top	
  differenGal	
  distribuGons	
  in	
  0bb	
  events	
  	
  
	
  
	
  
	
  



Summary	
  

…mainly	
  addressed	
  quesGons	
  from	
  Mondays	
  
discussion	
  
-­‐  Measurement	
  definiGons	
  for	
  0bar	
  xsec	
  and	
  
0Hbb	
  differ	
  

-­‐  MC	
  used	
  for	
  0Hbb	
  tuned	
  PowHeg+Py8	
  
specifically	
  for	
  top	
  events	
  (no	
  global	
  tunes)	
  

-­‐  Measurements	
  for	
  0+HF	
  needed	
  to	
  constrain	
  
and	
  validate	
  models	
  



Back-­‐up	
  



Detailed	
  event	
  classificaGon	
  



0bb	
  classificaGons	
  

Jet	
  based	
  classificaGon	
  	
  
Signal:	
  
0b:1l,	
  >=5jets,	
  >=3bjets	
  
0bb:	
  2l,	
  >=4jets,	
  >=2b-­‐jets	
  
Background:	
  
0c:1l,	
  2b-­‐jets,	
  >=1c-­‐jet	
  
….	
  
	
  

0bb	
  xsecs	
  =	
  pure	
  parGcle	
  level	
  definiGons	
  

Phys.Le0.B	
  776(2018)355-­‐378	
  
Eur.Phys.J.C(2016)76:11	
  

0Hbb	
  =	
  use	
  of	
  parton	
  level	
  definiGons	
  
Jet	
  definiGon	
  on	
  parGcle	
  level	
  as	
  for	
  top	
  
xsec,	
  but	
  consider	
  only	
  jets	
  not	
  from	
  top	
  
decay,	
  i.e.	
  	
  
0b:	
  1	
  	
  bjet	
  not	
  from	
  top	
  	
  
Ttbb:	
  2	
  b-­‐jets	
  	
  not	
  from	
  top	
  
0B/02b:	
  1	
  bjet	
  with	
  2	
  hadrons	
  not	
  from	
  
top	
  
…	
  

No	
  parGcle	
  level	
  event	
  selecGon	
  
ClassificaGon	
  allows	
  for	
  2bjet	
  events	
  being	
  0+>1b	
  
Jet	
  based	
  classificaGon	
  less	
  model	
  dependent?	
  
	
  

Xsec	
  to	
  find	
  3(4)	
  parGcle	
  level	
  b-­‐jets	
  in	
  top	
  events	
  









Data	
  sets	
  for	
  CUETP8M2T4	
  	
  
	
  


