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Signatures:	  4th	  generation	  quarks	  
•  4thGeneraBon	  models	  have	  a	  restricted	  list	  of	  available	  signatures	  that	  
simplify	  the	  search	  strategy:	  TT	  →	  WbWb,	  BB→tWtW	  →	  WbW	  WbW	  	  
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Vector-‐Like-‐Quarks	  
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•  If	  we	  consider	  VLQ	  models,	  there	  are	  many	  signatures	  that	  could	  be	  exploited,	  
and	  which	  are	  ulBmately	  needed	  to	  both	  enhance	  discovery	  potenBal	  and	  
model	  discriminaBon.	  	  

4	  leptons	  

3	  leptons	  

OS	  leptons	  

SS	  leptons	  

L+jets	  



Overall	  ATLAS	  strategy	  
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Forbidden	  ΣBR>1	  

WbWb	  
1	  0	  

1	  

ZtZt	  

HtHt	  

BR(T→Wb)	  

BR
(T
→
Ht
)	  

HtHt,	  WbHt	  
HtZt,	  WbZt	  
ZtZt,	  WbWb	  

T	  pair	  produced	  
BR(T→Wb)	  +	  BR(T→Ht)	  +BR(T→Zt)	  =	  1	  

Will	  not	  talk	  about	  B	  today	  as	  
no	  1	  lepton	  VLQ	  interpretaBon	  
has	  been	  made	  public	  yet…	  
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Forbidden	  ΣBR>1	  
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Signal	  samples	  
•  Signal	  samples	  generated	  with	  PROTOS	  
•  Singlet	  model	  →	  checked	  that	  reweighBng	  Singlet	  to	  Doublet	  BR	  
is	  equivalent	  than	  generaBng	  Doublet	  (analysis	  not	  sensiBve	  to	  
chirality	  of	  the	  TWb	  coupling)	  

•  Masses	  350-‐1100	  GeV	  in	  steps	  of	  50GeV	  
•  Original	  BR	  ==	  1/3	  and	  apply	  a	  re-‐weighBng	  procedure	  to	  achieve	  
the	  desired	  BR	  
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Common	  objects	  

•  Jets:	  	  
•  pT	  >	  25GeV	  
•  |η|<	  2.5	  
•  anBkT	  0.4	  cone	  	  

•  B-‐tagging:	  
•  MulBvariate	  algorithm	  
•  70%	  efficiency	  to	  tag	  b-‐quark	  
•  Light	  rejecBon	  factor	  ~130	  
•  Charm	  rejecBon	  factor	  ~5	  
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•  Electron:	  
•  Single	  electron	  trigger	  
•  isolated	  
•  pT>	  25GeV	  
•  |η|<2.47	  removing	  crack	  region	  
[1.37,	  1.52]	  	  

•  Muon:	  
•  Single	  muon	  trigger	  
•  isolated	  
•  pT	  >	  25GeV;	  |η|<	  2.5	  

•  Topological	  
•  MT(W)	  +	  ETMiss	  >	  60GeV	  
•  ETMiss	  >	  20GeV	  



Ht+X	  
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Overall	  strategy	  

•  This	  analysis	  focuses	  on	  high	  mulBpliciBes	  
•  ≥6	  jets	  
•  ==2,	  ==3	  and	  ≥4	  b-‐jets	  	  

•  Ht+X	  producBon	  with	  X=(Ht,	  Zt,	  Wb),	  always	  at	  least	  2	  b-‐jets	  
•  top	  →	  Wb 	  	  	  	  	  ~100%	  	  
•  H(125)	  →	  bb	  	  ~58%	  	  
•  Z	  →	  bb	   	  	  	  	  	  ~20%	  
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•  Thus	  sensiBve	  in	  the	  high	  b-‐jets	  mulBpliciBes	  regions	  to	  	  
•  HtHt,	  HtZt,	  HtWb,	  ZtZt,	  ZtWb	  

•  Use	  HT	  as	  discriminant	  	  
•  Σjet	  pT+	  lepton	  pT+	  ETMiss	  
•  Model	  independent,	  same	  shape	  for	  the	  different	  decays	  



Strategy	  

•  HT	  is	  a	  suitable	  discriminaBng	  variable	  between	  signal	  and	  
background	  	  
•  Peaks	  at	  ~twice	  the	  signal	  mass	  
•  Expect	  a	  very	  good	  signal	  to	  background	  discriminaBon	  at	  high	  HT!	  

•  Different	  decay	  modes	  have	  the	  same	  HT	  shape	  
•  Rather	  independent	  of	  the	  signal	  decay	  mode	  J	  	  
•  Not	  possible	  to	  discriminate	  between	  models	  L	  	  
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ttbar	  re-‐scaling	  

•  Use	  the	  3	  channels	  with	  different	  dbar	  composiBon:	  	  
•  ≥6	  jets,	  ==2	  tags	  (dominated	  by	  dbar+light)	  	  
•  ≥6	  jets,	  ==3tags	  (dominated	  by	  dbar+light,	  with	  large	  fracBon	  of	  
dbar+HF)	  	  

•  ≥6	  jets,	  ≥4	  tags	  (dominated	  by	  dbar+HF)	  	  
•  Consider	  2	  free	  parameters:	  	  
•  dbar+HF	  scaling	  factor	  	  
•  dbar+light	  scaling	  factor	  	  

•  Perform	  a	  fit	  to	  data	  	  
•  dbar+HF=	  1.22	  ±	  0.08	  
•  dbar+light=	  0.88	  ±	  0.02	  	  

•  Main	  purpose	  of	  this	  correcBon	  	  
•  Improve	  the	  modeling	  	  
•  Reduce	  the	  impact	  of	  systemaBc	  uncertainBes	  on	  the	  background	  (fit	  
is	  done	  during	  staBsBcal	  analysis)	  	  
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Signal	  region	  
•  Ttbar	  +HF	  and	  light	  are	  by	  
far	  the	  main	  BG	  contribuBon	  

•  Blind	  ≥6	  jets,	  ==2	  tags	  with	  
HT>800GeV	  for	  orthogonality	  
with	  Wb+X	  
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Results	  versus	  mass	  

•  Doublet 	  m(t’)	  >	  790(745)GeV	  Obs(Exp)	  	  
•  Singlet	   	  m(t’)	  >	  640(615)GeV	  Obs(Exp)	  	  
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Results	  2D	  

•  We	  are	  probing	  a	  
region	  of	  phase	  
space	  that	  was	  never	  
probed	  before!	  	   15
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•  For	  example,	  a	  T	  quark	  with	  a	  mass	  of	  600GeV	  and	  
BR(T→Ht)>0.3	  is	  excluded	  at	  95%	  C.L.	  regardless	  of	  the	  values	  of	  
BR(T	  →Wb)	  	  



Wb+X	  
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Strategy	  

•  This	  	  analysis	  	  focuses	  	  on	  	  events	  	  with	  	  boosted	  	  hadronic	  and	  	  
leptonic	  Ws	  in	  	  the	  	  final	  	  state:	  
•  Developed	  	  a	  	  strategy	  	  to	  	  idenBfy	  	  boosted	  	  hadronic	  Ws	  
•  Apply	  	  Bght	  cuts	  

•  Heavy	  	  quarks	  T	  decaying	  	  to	  	  Wb	  
•  The	  	  reconstructed	  	  mass	  	  will	  	  be	  	  used	  	  as	  	  discriminant	  
•  Hadronic	  mass	  	  m(Whad,b)	  	  	  
•  OpBmized	  	  for	  WbWb	  final	  	  states	  
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Strategy	  
•  OpBmize	  the	  analysis	  for	  masses	  >	  500GeV	  
•  Important	  fracBon	  of	  boosted	  W	  bosons	  
•  Small	  angular	  separaBon	  between	  the	  decay	  products	  

•  Boosted	  hadronic	  W	  reconstrucBon:	  
•  Combining	  2	  close-‐by	  jets	   15
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b-‐jet	  

W-‐>qq	  

T-‐>	  Wb	  



Strategy	  
•  OpBmize	  the	  analysis	  for	  masses	  >	  500GeV	  
•  Important	  fracBon	  of	  boosted	  W	  bosons	  
•  small	  angular	  separaBon	  between	  the	  decay	  products	  

•  Boosted	  hadronic	  W	  reconstrucBon:	  
•  Combining	  2	  close-‐by	  jets	  
•  In	  a	  single	  jet	  
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Strategy	  
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T-‐>	  Wb	  
b-‐jet	  

W-‐>qq	  

Top	  

b-‐jet	  

W-‐>qq	  

•  OpBmize	  the	  analysis	  for	  masses	  >	  500GeV	  
•  Important	  fracBon	  of	  boosted	  W	  bosons	  
•  small	  angular	  separaBon	  between	  the	  decay	  products	  

•  Boosted	  hadronic	  W	  reconstrucBon:	  
•  Combining	  2	  close-‐by	  jets	  
•  In	  a	  single	  jet	  
•  ΔR(W,b)	  very	  discriminant	  between	  top	  and	  heavy	  quark	  



Analysis	  details	  

•  This	  analysis	  selects	  as	  b-‐jets	  the	  two	  highest	  MV1	  weight	  jets	  
in	  the	  event,	  one	  of	  them	  being	  tagged	  
•  Leading	  MV1	  weight	  jet	  -‐>	  tagged	  
•  Sub-‐leading	  MV1	  weight	  jet	  -‐>	  not	  necessarily	  tagged	  	  

•  When	  talking	  about	  b-‐jet	  pT	  cuts,	  or	  minΔR(W,b)	  and	  
minΔR(l,b)	  those	  are	  the	  jets	  to	  be	  considered	  	  

•  Reconstructed	  heavy	  quark	  mass:	  
•  Pair	  W-‐had	  and	  b-‐jet	  
•  Pair	  W-‐lep	  and	  b-‐jet	  
•  Take	  the	  combinaBon	  that	  minimize	  |Mhad-‐Mlep|	  (4	  soluBons,	  2	  b-‐
jets	  and	  2	  neutrino	  soluBon)	  	  
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Whad,	  mass	  reconstruction	  

•  Select	  at	  least	  1	  hadronic	  W:	  
•  Type-‐I:	  

•  Jet	  pT	  >	  250GeV;	  60<m(j)	  <120GeV	  

•  Type-‐II:	  
•  	  60	  <	  m(jj)	  <	  120GeV,	  pT(jj)>250GeV,	  ΔR(jj)<0.8	  
rejecBng	  the	  two	  highest	  MV1	  weight	  jets	  

•  If	  more	  than	  1	  select	  the	  highest	  pT	  one	  to	  reconstruct	  the	  mass	  
•  Mass	  reconstrucBon:	  
•  Solve	  neutrino	  equaBon:	  0	  or	  2	  pZ	  soluBons.	  If	  0	  set	  the	  neutrino	  
η	  to	  the	  lepton	  η	  

•  Pair	  Whad	  	  and	  Wlep	  with	  b-‐jets	  
•  Chose	  the	  soluBon	  that	  minimizes	  |Mlep	  -‐	  Mhad|	  
•  Mhad	  used	  as	  final	  discriminant	  
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Event	  selection	  
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Signal	  region	  
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Systematics	  
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Results	  
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Combined	  results	  
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Conclusion	  and	  Outlook	  
•  ATLAS	  performed	  the	  search	  for	  new	  heavy	  quarks	  in	  several	  
decay	  channels	  	  

•  Unfortunately	  no	  sign	  of	  new	  physic	  yet	  :(	  	  
•  Our	  program	  of	  heavy	  quark	  searches	  is	  barely	  covering	  the	  
Bp	  of	  the	  iceberg....	  	  
•  Haven’t	  done	  much	  in	  terms	  of	  combinaBon	  
•  And	  in	  term	  of	  signal	  overlap	  

•  Very	  exciBng	  prospects	  ahead!	  	  
•  Higher	  energy	  in	  the	  center	  of	  mass!	  
•  Single	  producBon	  becomes	  very	  interesBng	  
•  Lots	  of	  fun	  coming	  soon	  :)	  	  
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Bonus	  
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Ht+X	  

•  This	  analysis	  focuses	  on	  high	  jet	  (≥6)	  and	  b-‐jet	  (==2,	  ==3	  and	  
≥4)	  mulBpliciBes	  	  
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Forbidden	  ΣBR>1	  
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