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Introduc4on	
  
Di-­‐boson	
  produc4on	
  is	
  a	
  O(1-­‐10)pb	
  process.	
  
	
  
•  Probes	
  the	
  electro-­‐weak	
  gauge	
  

symmetry	
  of	
  the	
  SM.	
  
–  Determina4on	
  of	
  Triple	
  Gauge	
  Boson	
  

Couplings	
  provide	
  a	
  model	
  independent	
  
test	
  for	
  “new”	
  physics.	
  

–  Measure	
  “fiducial”	
  cross	
  sec4ons	
  to	
  
minimize	
  the	
  dependence	
  on	
  theore4cal	
  
predic4ons.	
  

–  Sensi4vity	
  increases	
  with	
  energy	
  reach.	
  
•  Background	
  to	
  many	
  searches.	
  

–  Higgs	
  produc4on	
  
–  SUSY	
  
–  Technicolor	
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LHC	
  &	
  ATLAS	
  2011	
  
•  Integrated	
  luminosity	
  

reached	
  1.2	
  Z-­‐1!	
  
–  ΔL/L	
  =	
  3.7% 	
  	
  

•  Di-­‐bosons	
  analysis	
  no	
  
longer	
  a	
  finger	
  coun4ng	
  
exercise…	
  

•  Challenges	
  in	
  2011:	
  
–  Higher	
  pile-­‐up.	
  
–  Decreasing	
  of	
  

sta4s4cal	
  error	
  needs	
  
be`er	
  understanding	
  
of	
  systema4cs	
  
uncertain4es.	
  

–  Background	
  studies	
  
cannot	
  rely	
  only	
  on	
  MC	
  
anymore.	
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Heavy	
  Di-­‐Boson	
  Produc4on	
  at	
  LHC	
  

•  Use	
  leptonic	
  decays:	
  
–  Small	
  Branching	
  Ra4os	
  
–  Low	
  background	
  

•  Tau	
  decays	
  contribute	
  to	
  	
  
e/µ	
  channels	
  
– Accounted	
  for	
  in	
  cross	
  
sec4on	
  extrac4on.	
  

•  Clean	
  but	
  small	
  signal.	
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Backgrounds	
  

Fake	
  leptons	
  from	
  jets	
  
associated	
  with	
  Z/W.	
  
Use	
  data	
  driven	
  
techniques.	
  

	
  
Di-­‐Boson	
  is	
  signal	
  and	
  
background	
  for	
  other	
  
VV	
  channels.	
  

Mul4-­‐lepton	
  finals	
  
states	
  from	
  top-­‐quark	
  
decays.	
  	
  
Use	
  data	
  driven	
  
techniques.	
  
	
  

2l+MET	
   3l+MZ+MET	
   2MZ	
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Bckgnd	
   WW	
   WZ	
   ZZ	
  
top	
   35%	
   12%	
   incl.	
  DD	
  
W+jets	
   30%	
   0%	
   incl.	
  DD	
  
Z+jets	
   32%	
   52%	
   incl.	
  DD	
  
VV	
   4%	
   28%	
   incl.	
  DD	
  
Z+gamma	
   incl.	
  in	
  VV	
   8%	
   incl.	
  DD	
  
S/B	
   1.4	
   4	
   30	
  
S/sqrt(B)	
   18	
   12	
   17	
  



WW-­‐>	
  lνlν	
  

•  Signature	
  two	
  leptons	
  and	
  MET.	
  
•  Small	
  contribu4on	
  (3%)	
  from	
  gg:	
  
	
  

	
  
	
  

t-­‐channel	
  

s-­‐channel	
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•  Important	
  background	
  to	
  H-­‐>WW	
  
studies!	
  
	
  
(see	
  “Search	
  for	
  Higgs	
  to	
  WW”,ID297)	
  
	
  

	
  
	
  

ATLAS-­‐CONF-­‐2011-­‐110	
  



WW-­‐>	
  lνlν	
  
Selec4on	
  
–  Exactly	
  2	
  leptons	
  opposite	
  signs,	
  pT	
  >	
  20GeV	
  
–  Leading	
  electron	
  pT	
  >	
  25	
  GeV	
  
–  mll	
  >	
  15GeV,	
  meµ	
  >	
  10GeV	
  
–  Z	
  veto	
  (|mll-­‐mZ|	
  <	
  15GeV	
  
–  MET	
  (rel)	
  	
  >	
  (45,40,25)	
  GeV,	
  (µµ,ee,eµ)	
  
–  Jet	
  veto	
  (pT>30GeV,	
  |eta|<4.5,an4-­‐kt,DR=0.4)	
  

t-­‐channel	
  

s-­‐channel	
  

•  MET:	
  
–  Use	
  MET	
  rela4ve	
  to	
  nearest	
  lepton:	
  

METrel=sin(Δφ)*MET	
  for	
  φ <	
  90°	
  
–  Reduces	
  DY	
  contribu4on	
  for	
  miss-­‐measured	
  

jets/leptons	
  and	
  Z-­‐>ττ.	
  
•  Backgrounds:	
  

–  Use	
  DD	
  backgrounds	
  for	
  W+jets	
  and	
  `bar.	
  
–  Use	
  MC	
  for	
  DY	
  and	
  Di-­‐Boson.	
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WW-­‐>	
  lνlν	
  

N(cand)	
  =	
  414	
  ,	
  N(bckgnd)	
  =	
  170±28	
  

KinemaXc	
  DistribuXon	
  aZer	
  all	
  selecXon	
  cuts	
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WW-­‐>	
  lνlν	
  

t-­‐channel	
  

s-­‐channel	
  
•  NLO	
  SM	
  expecta4on:	
  

σtotal=46±3	
  pb	
  
•  Limited	
  by	
  systema4c	
  

–  Dominated	
  by	
  Data	
  Driven	
  background	
  
es4ma4on.	
  

Total	
  producXon	
  cross	
  secXon	
  result	
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Fiducial	
  producXon	
  cross	
  secXon	
  result	
  
	
  

σtotal=48.2±	
  4.0(stat)±	
  6.4(sys)	
  ±	
  1.8(lumi)	
  pb	
  

Phase	
  space	
  mimics	
  selec4on	
  cuts,	
  different	
  for	
  ee,eµ,µµ.	
  

L=1.0	
  Z-­‐1	
  



WZ-­‐>	
  lllν	
  
•  Signature:	
  

Three	
  leptons	
  and	
  MET.	
  
	
  

•  Presence	
  of	
  Z	
  allows	
  effec4ve	
  
suppression	
  of	
  `bar	
  backgrounds.	
  
–  Dominant	
  background	
  source	
  Z
+jets.	
  
	
  

•  Cross	
  sec4on	
  and	
  anomalous	
  
triple	
  gauge	
  couplings	
  
determined.	
  

	
  
	
  

t-­‐channel	
  

s-­‐channel	
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WZ-­‐>	
  lllν	
  

t-­‐channel	
  

s-­‐channel	
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Selec4on	
  
–  Z	
  |mll-­‐mZ|	
  <	
  10	
  GeV	
  
–  3	
  leptons,	
  pT	
  >	
  15	
  GeV	
  
–  MET	
  >	
  25GeV	
  
–  W	
  MT	
  >	
  20	
  GeV	
  
–  Trigger	
  Match	
  with	
  pT(e,µ)	
  >	
  (25,20)	
  GeV	
  

L=1.0	
  Z-­‐1	
  



WZ-­‐>	
  lllν	
  

t-­‐channel	
  

s-­‐channel	
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Selec4on	
  
–  Z	
  |mll-­‐mZ|	
  <	
  10	
  GeV	
  
–  3	
  leptons,	
  pT	
  >	
  15	
  GeV	
  
–  MET	
  >	
  25GeV	
  
–  W	
  MT	
  >	
  20	
  GeV	
  
–  Trigger	
  Match	
  with	
  pT(e,µ)	
  >	
  (25,20)	
  GeV	
  

N(Data)	
  =	
  71	
  ,	
  N(bkg	
  MC)	
  =	
  10.5	
  	
  L=1.0	
  Z-­‐1	
  



WZ-­‐>	
  lllν	
  

t-­‐channel	
  

s-­‐channel	
  

SM	
  NLO	
  expecta4on	
  17.2±1pb	
  

Total	
  cross	
  sec4on:	
  

Fiducial	
  Cross	
  sec4on:	
  
•  pT(l)	
  >	
  15	
  GeV,	
  |η|	
  <	
  2.5,	
  pT(ν)>	
  25	
  GeV	
  
•  M(ll)-­‐MZ	
  <	
  10	
  GeV	
  
•  MT(W)	
  >	
  20	
  GeV	
  
	
  

Good	
  agreement	
  with	
  the	
  Standard	
  Model.	
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L=1.0	
  Z-­‐1	
  



WZ-­‐>	
  lllν	
  
Extrac4on	
  of	
  anomalous	
  triple	
  gauge	
  
boson	
  couplings	
  
•  Use	
  total	
  cross	
  sec4on	
  to	
  fit	
  TGC.	
  
•  NLO	
  MC	
  with	
  reweigh4ng	
  

technique.	
  
•  Use	
  cut-­‐off	
  of	
  Λ=3TeV	
  
•  Profile	
  likelihood	
  ra4o,	
  including	
  

systema4cs	
  as	
  nuisance	
  parameters.	
  
•  Confidence	
  Intervals	
  obtained	
  by	
  	
  

Neyman	
  construc4on	
  based	
  on	
  
cross	
  sec4on.	
  

Good	
  agreement	
  	
  
with	
  SM	
  and	
  	
  
Tevatron	
  results	
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L=1.0	
  Z-­‐1	
  



ZZ-­‐>	
  llll	
  

t-­‐channel	
  

s-­‐channel	
  

•  Signature:	
  
Four	
  leptons.	
  
	
  

•  Presence	
  of	
  two	
  Z	
  make	
  this	
  channel	
  
effec4vely	
  background	
  free.	
  
–  Enhanced	
  acceptance	
  by	
  loosened	
  

object	
  defini4ons.	
  
	
  

•  Cross	
  sec4on	
  and	
  anomalous	
  triple	
  
gauge	
  couplings	
  determined.	
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See	
  also	
  poster	
  	
  
“Measurement	
  of	
  the	
  ZZ	
  produc4on	
  cross	
  sec4on	
  with	
  ATLAS”	
  	
  
by	
  Andreas	
  Petridis.	
  	
  

Not	
  in	
  SM	
  

ATLAS-­‐CONF-­‐2011-­‐107	
  



ZZ-­‐>	
  llll	
  

t-­‐channel	
  

s-­‐channel	
  

•  Background	
  for	
  H-­‐>ZZ	
  	
  
(see	
  “Search	
  for	
  Higgs	
  to	
  ZZ”,	
  ID298)	
  

•  Anomalous	
  coupling	
  vertex	
  in	
  s-­‐channel	
  	
  
(forbidden	
  in	
  SM).	
  	
  

•  Selec4on:	
  	
  
–  4	
  leptons,	
  	
  pT>15GeV,	
  |η|<2.5,	
  	
  

leading	
  µ(e)	
  pT>20	
  (25)	
  GeV	
  
–  2	
  Z	
  candidates	
  with	
  |Mll-­‐Mz|	
  <	
  25GeV.	
  

•  Background	
  es4mate	
  from	
  Data	
  driven	
  methods.	
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L=1.0	
  Z-­‐1	
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ZZ-­‐>	
  llll	
  

t-­‐channel	
  

s-­‐channel	
  

•  Found	
  12	
  candidate	
  events.	
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L=1.0	
  Z-­‐1	
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ZZ-­‐>	
  llll	
  

t-­‐channel	
  

s-­‐channel	
  

•  Kinema4c	
  distribu4ons	
  pT(ZZ),	
  M(ZZ)	
  
•  Agreement	
  with	
  SM	
  expecta4ons.	
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L=1.0	
  Z-­‐1	
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ZZ-­‐>	
  llll	
  

t-­‐channel	
  

s-­‐channel	
  

SM	
  NLO	
  expecta4on	
  6.5±0.3pb	
  

Total	
  cross	
  sec4on:	
  

Fiducial	
  Cross	
  sec4on:	
  
•  pT(l)	
  >	
  15	
  GeV,	
  |η|	
  <	
  2.5	
  
•  |M(ll)-­‐MZ|	
  <	
  25	
  GeV	
  
	
  

Good	
  agreement	
  with	
  the	
  Standard	
  Model.	
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L=1.0	
  Z-­‐1	
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ZZ-­‐>	
  llll	
  
Extrac4on	
  of	
  anomalous	
  triple	
  gauge	
  
boson	
  couplings	
  
•  Use	
  total	
  cross	
  sec4on	
  to	
  fit	
  TGC.	
  
•  LO	
  reweigh4ng	
  technique	
  with	
  NLO	
  

correc4on	
  	
  
(Baur-­‐Rainwater	
  +	
  Sherpa)	
  

•  Use	
  cut-­‐off	
  of	
  Λ=2TeV,	
  ∞	
  
•  Profile	
  likelihood	
  ra4o,	
  including	
  

systema4cs	
  as	
  nuisance	
  parameters.	
  
•  95%	
  Confidence	
  Intervals	
  obtained	
  

by	
  ΔL=1.92	
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L=1.0	
  Z-­‐1	
  

Good	
  agreement	
  	
  
with	
  SM	
  and	
  	
  
LEP/Tevatron	
  	
  
results	
  



Summary	
  
•  Observed	
  and	
  measured	
  cross	
  sec4ons	
  of	
  

all	
  heavy	
  di-­‐boson	
  states	
  WW,	
  WZ,	
  ZZ	
  
•  Set	
  first	
  limits	
  on	
  anomalous	
  triple	
  gauge	
  

boson	
  couplings.	
  
•  With	
  rapidly	
  increasing	
  luminosity	
  expect	
  

4ghter	
  limits	
  soon!	
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  Cross	
  SecXon	
  [pb]	
   WW	
   WZ	
   ZZ	
  
Expected	
  total	
   46	
   17.2	
   6.5	
  
Measured	
  total	
   48.2	
   21.1	
   8.4	
  
Stat	
  err	
   4	
   2.95	
   2.5	
  
Syst	
  err	
   6.4	
   1.2	
   0.55	
  
Lumi	
  err	
   1.8	
   0.85	
   0.3	
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BACKUP	
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WW	
  

•  Acceptance	
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WW	
  

•  Total	
  xsec	
  by	
  channel	
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WW	
  

•  Details	
  on	
  backgrounds	
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WW	
  

•  Details	
  on	
  systema4cs	
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WW	
  

•  MET	
  rel	
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WZ	
  

•  Acceptance	
  (incl	
  taus)	
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WZ	
  
•  Details	
  on	
  backgrounds	
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•  Acceptance	
  (within	
  fiducial	
  volume)	
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Heavy	
  Di-­‐Boson	
  Produc4on	
  at	
  LHC	
  
•  Use	
  leptonic	
  decays:	
  

–  Small	
  Branching	
  Ra4os	
  
–  Low	
  background	
  

•  Tau	
  decays	
  contribute	
  to	
  e/µ	
  channels	
  
–  Accounted	
  for	
  in	
  cross	
  sec4on	
  extrac4on.	
  
–  Treated	
  as	
  background	
  for	
  fiducial	
  cross	
  sec4ons	
  

(WW?,WZ)	
  

•  Clean	
  but	
  small	
  signal.	
  	
  	
  

WW	
  

WZ	
  

ZZ	
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