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LHCb	
  mission	
  
•  LHC	
  experiments	
  aim	
  to	
  discover	
  New	
  

Physics	
  beyond	
  the	
  Standard	
  Model	
  
•  Direct	
  searches	
  of	
  new	
  parGcles	
  produced	
  

at	
  the	
  LHC	
  energy	
  are	
  performed	
  by	
  
general	
  purpose	
  detectors:	
  Atlas	
  and	
  CMS	
  

•  LHCb	
  is	
  specialized	
  for	
  indirect	
  searches	
  
–  Look	
  for	
  discrepancies	
  in	
  Standard	
  Model	
  

predicGons	
  due	
  to	
  the	
  presence	
  of	
  new	
  
heavy	
  parGcles	
  in	
  loop	
  diagrams	
  

–  Perform	
  precision	
  measurements	
  of	
  CP	
  
viola:on	
  and	
  rare	
  decays	
  of	
  heavy	
  hadrons	
  

–  Beauty	
  (and	
  Charm)	
  decays	
  are	
  an	
  ideal	
  
place	
  to	
  search	
  for	
  such	
  effects	
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Some:mes	
  indirect	
  searches	
  pay	
  
good	
  dividends…	
  

M.	
  Kobayashi	
  and	
  T.	
  Maskawa	
  
CP	
  Viola:on	
  in	
  the	
  Renormalizable	
  Theory	
  of	
  Weak	
  Interac:on	
  
Prog.	
  Theor.	
  Phys.	
  49	
  (1973)	
  652	
  
Cited	
  6231	
  Gmes	
  

A	
  third	
  family	
  of	
  quarks	
  is	
  
necessary	
  to	
  accomodate	
  CP	
  
viola:on	
  in	
  weak	
  interac:ons	
  

“for	
  the	
  discovery	
  of	
  the	
  origin	
  of	
  
the	
  broken	
  symmetry	
  
which	
  predicts	
  the	
  existence	
  of	
  at	
  
least	
  three	
  families	
  
of	
  quarks	
  in	
  nature”	
  

CP	
  viola:on	
  in	
  B	
  system	
  at	
  BaBar	
  and	
  Belle	
  
B.	
  Aubert	
  et	
  al.,	
  Phys.	
  Rev.	
  LeW.	
  87	
  (2001)	
  091801	
  
K.	
  Abe	
  et	
  al.,	
  Phys.	
  Rev.	
  LeW.	
  87	
  (2001)	
  091802	
  

2008:	
  Nobel	
  prize	
  in	
  physics	
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…but	
  don’t	
  forget	
  Prof.	
  Cabibbo	
  

N.	
  Cabibbo	
  
Unitary	
  Symmetry	
  and	
  Leptonic	
  Decays	
  
Phys.	
  Rev.	
  LeW.	
  10	
  (1963)	
  531	
  
Cited	
  3399	
  Gmes	
  

I	
  have	
  some	
  
favoured	
  decays…	
  

2010:	
  Dirac	
  Medal	
  

for	
  his	
  “fundamental	
  contribu:ons	
  to	
  the	
  understanding	
  of	
  weak	
  interac:ons	
  
and	
  other	
  aspects	
  of	
  theore:cal	
  physics”	
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LHC	
  as	
  hadronic	
  B	
  factory	
  	
  
•  Large	
  cross-­‐sec:on	
  for	
  producing	
  beauty	
  hadrons	
  

–  About	
  1012	
  B-­‐hadron	
  pairs	
  produced	
  per	
  year	
  at	
  the	
  full	
  LHC	
  energy	
  
–  In	
  contrast	
  to	
  e+e-­‐	
  B	
  factories,	
  all	
  B-­‐hadron	
  species	
  are	
  produced	
  in	
  

the	
  primary	
  proton-­‐proton	
  collisions	
  
•  B+,	
  B0,	
  Bs,	
  Bc,	
  Λb,	
  …	
  

•  B	
  hadrons	
  have	
  large	
  distance	
  of	
  
flight	
  	
  about	
  1	
  cm	
  
–  Important	
  signature	
  to	
  disentangle	
  

B	
  decays	
  from	
  huge	
  combinatorial	
  
background	
  arising	
  	
  from	
  primary	
  
p-­‐p	
  verGces	
  

–  Crucial	
  for	
  Bs	
  Gme-­‐dependent	
  CP	
  violaGon	
  studies	
  to	
  resolve	
  fast	
  
oscillaGons	
  

•  Beauty	
  cross-­‐secGon	
  is	
  less	
  than	
  1%	
  of	
  total	
  inelasGc	
  cross-­‐
secGon	
  and	
  relevant	
  B	
  decays	
  have	
  branching	
  fracGons	
  at	
  the	
  
level	
  of	
  10-­‐5	
  or	
  less	
  
–  Highly	
  selec:ve	
  trigger	
  is	
  needed	
  	
  

6	
  



The	
  LHCb	
  detector	
  is	
  a	
  forward	
  spectrometer	
  

B-­‐hadron	
  produc:on	
  
happens	
  in	
  the	
  very	
  
forward	
  (or	
  backward)	
  
region	
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Unique	
  acceptance	
  capabili:es	
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LHCb	
  sub-­‐detectors	
  
Muon	
  chambers	
  
Trigger	
  +	
  µ	
  ID	
  

HCAL,	
  ECAL	
  and	
  Preshower/SPD	
  
Trigger	
  +	
  γ/e	
  energy	
  and	
  ID	
  

Tracking	
  sta:ons	
  
momentum	
  

RICH	
  system	
  
p,	
  K,	
  π	
  	
  ID	
  

VELO	
  
Precise	
  vertexing	
  

Dipole	
  magnet	
  
4	
  Tm	
  

Interac:on	
  point	
  

9	
  



Performance	
  of	
  2010	
  data	
  taking	
  

Recorded	
  approximately	
  	
  37	
  pb-­‐1	
  in	
  
2010	
  run	
  with	
  all	
  detectors	
  fully	
  
opera:onal	
  	
  

Data	
  taking	
  efficiency	
  around	
  90%	
  
over	
  the	
  year	
  

Largest	
  part	
  of	
  data	
  taken	
  during	
  
last	
  month	
  of	
  running	
  

all	
  sub-­‐detectors	
  >99%	
  efficient	
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2010	
  running	
  condi:ons	
  
•  Running	
  condiGons	
  foreseen	
  in	
  LHCb	
  design	
  

•  number	
  of	
  interacGng	
  bunches	
  at	
  IP8:	
  	
  Nbunches	
  =	
  2622	
  
•  average	
  number	
  of	
  visible	
  proton-­‐proton	
  collisions	
  per	
  bunch	
  crossing:	
  	
  

µ ∼ 0.4	


•  Istantaneous	
  luminosity:	
  L =	
  2x1032	
  cm-­‐2s-­‐1	
  

•  Real	
  condiGons	
  in	
  2010	
  run	
  
•  Nbunches	
  up	
  to	
  344	
  
•  µ up	
  to	
  2.7	
  
•  L up	
  to	
  1.6x1032	
  cm-­‐2s-­‐1	
  

>	
  6	
  :mes	
  than	
  design!	
  

design	
  µ	



peak	
  µ	
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Primary	
  Vertex	
  and	
  Impact	
  Parameter	
  resolu:on	
  

PV resolution evaluated in data using random splitting of the tracks 
in two halves and comparing vertices of equal multiplicity   

IP	
  resolu:on	
  15	
  µm	
  for	
  the	
  highest	
  pT	
  bins	
  	
  
	
  	
  -­‐	
  slope	
  determined	
  by	
  mulGple	
  scaWering,	
  
	
  	
  	
  	
  not	
  an	
  alignment	
  effect	
  
	
  	
  -­‐	
  improvement	
  of	
  material	
  descripGon	
  
	
  	
  	
  	
  is	
  ongoing	
  

            Resolu:on	
  for	
  PV	
  with	
  25	
  tracks	
  	
  

	
  	
  	
  	
  Data:	
   	
  16	
  µm	
  for	
  X	
  and	
  Y	
  
	
   	
  76	
  µm	
  for	
  Z	
  

	
  	
  	
  	
  	
  MC:	
   	
  11	
  µm	
  for	
  X	
  and	
  Y	
  
	
   	
  60	
  µm	
  for	
  Z	
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Mass	
  resolu:on	
  
Evolu:on	
  of	
  J/ψ	
  	
  µ+µ-	
  mass	
  resolu:on	
  with	
  :me	
  (MC	
  ∼	
  12	
  MeV/c2)	
  

May:	
  σ ∼ 18	
  MeV/c2	
   August:	
  σ ∼ 16	
  MeV/c2	
   November:	
  σ ∼ 13	
  MeV/c2	
  

B+	
  	
  J/ψK+	
   B0	
  	
  J/ψK*0	
   Bs	
  	
  J/ψφ	
   Λb	
  	
  J/ψΛ	
  

σ∼11	
  MeV/c2	
   σ∼8	
  MeV/c2	
   σ∼7	
  MeV/c2	
   σ∼9	
  MeV/c2	
  

Different	
  B	
  hadron	
  species	
  in	
  	
  J/ψX	
  final	
  states	
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RICH	
  par:cle	
  iden:fica:on	
  

•  To	
  determine	
  ID	
  and	
  
mis-­‐ID	
  rated	
  we	
  need	
  
–  pure	
  sample	
  of	
  each	
  
parGcle	
  type	
  K/π/p	
  

–  selected	
  without	
  use	
  of	
  
any	
  PID	
  cut	
  

•  Exploit	
  an	
  array	
  of	
  
standard	
  candle	
  decays	
  
–  Ksπ+π-­‐	
  

–  φK+K-­‐	
  

– Λpπ-	



– D*+D0(K-π+)π+	
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ΔlogL(i-­‐j)	
  =	
  difference	
  of	
  the	
  logarithms	
  of	
  likelihoods	
  for	
  i	
  and	
  j	
  hypotheses	
  	
  	
  

Loose	
  separaGon	
   Tight	
  separaGon	
  

Loose	
  separaGon	
   Tight	
  separaGon	
  

RICH	
  
proton-­‐pion	
  
separa:on	
  

RICH	
  
kaon-­‐pion	
  
separa:on	
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RICH	
  PID	
  robustness	
  with	
  increasing	
  
number	
  of	
  tracks	
  per	
  event	
  

Limited	
  drop	
  in	
  PID	
  
capabiliGes	
  with	
  
increasing	
  track	
  
mulGplicity	
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LHCb Trigger 

2	
  kHz	
  

L0	
  	
  
e,	
  γ	



40	
  MHz	
  

1	
  MHz	
  

L0	
  	
  
had	



L0	
  	
  
µ	



ECAL	
  
Alley	
  

Had.	
  
Alley	
  

Global	
  reconstruc:on	
  30	
  kHz	
  

Muon	
  
Alley	
  

Inclusive	
  selec:ons:	
  
topological,	
  µ,	
  µ+track,	
  µµ, 

D→X,	
  Φ	
  

Exclusive	
  selec:ons	



Level-­‐0	
  

HLT1	
  

HLT2	
  

High-­‐pT	
  signals	
  in	
  calorimeter	
  
and	
  muon	
  systems	
  

Associate	
  L0	
  signals	
  with	
  
tracks,	
  especially	
  those	
  
in	
  VELO	
  displaced	
  from	
  PV	
  

Full	
  detector	
  informaGon	
  available	
  
ConGnue	
  to	
  look	
  for	
  inclusive	
  	
  
signatures,	
  augmented	
  by	
  exclusive	
  	
  
selecGons	
  in	
  certain	
  key	
  channels.	
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Offline	
  compu:ng	
  

MC	
  

User	
  

Reconstruc:on	
  

CumulaGve	
  CPU	
  consumpGon	
  
by	
  job	
  type	
  since	
  1	
  Jan	
  2010	
  

CumulaGve	
  CPU	
  consumpGon	
  
since	
  1	
  Jan	
  2010	
  for	
  successful	
  
analysis	
  jobs	
  by	
  Tier-­‐1	
  site	
  

Start	
  of	
  massive	
  Monte	
  Carlo	
  
producGon	
  for	
  winter	
  conferences	
  

CERN	
  

Other	
  Tier-­‐1’s	
  

End	
  of	
  summer	
  2010,	
  when	
  
significant	
  data	
  samples	
  became	
  

available	
  for	
  analyses	
  

Quite	
  smooth	
  compu:ng	
  ac:vi:es	
  during	
  first	
  
year	
  of	
  data	
  taking	
  considering	
  the	
  complexity	
  
of	
  the	
  challenge	
  

50%	
  of	
  data	
  analysis	
  done	
  outside	
  CERN	
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Charmless	
  charged	
  two-­‐body	
  
B	
  decays	
  at	
  LHCb	
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Why	
  Hbh+h’-	
  decays	
  are	
  important	
  

•  The	
  family	
  Hbh+h’-	
  	
  
decays	
  comprises	
  several	
  
modes,	
  providing	
  many	
  
different	
  ways	
  for	
  tesGng	
  
the	
  Standard	
  Model	
  
picture	
  of	
  CP	
  violaGon	
  
–  H	
  stands	
  for	
  B0,	
  Bs,	
  Λb	
  and	
  

h	
  can	
  be	
  π,	
  K,	
  or	
  p	
  	
  
•  The	
  corresponding	
  amplitudes	
  

receive	
  contribuGons	
  not	
  only	
  from	
  
tree	
  diagrams,	
  but	
  also	
  from	
  
loop	
  (penguin)	
  diagrams,	
  both	
  strong	
  and	
  electroweak,	
  hence	
  
measurements	
  in	
  this	
  sector	
  can	
  be	
  sensiGve	
  probes	
  of	
  New	
  Physics	
  

•  Also	
  certain	
  penguin	
  annihila:on	
  and	
  exchange	
  topologies	
  can	
  be	
  probed	
  
via	
  rare	
  decays	
  	
  

•  Relevant	
  observables	
  include	
  branching	
  raGos,	
  charge	
  (direct)	
  CP	
  
asymmetries	
  and,	
  in	
  the	
  case	
  of	
  neutral	
  B	
  mesons,	
  Gme	
  dependent	
  CP	
  
asymmetries	
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CP	
  viola:on	
  in	
  
B0π+π-	
  and	
  BsK+K-	
  decays	
  

•  The	
  direct	
  and	
  mixing	
  induced	
  CP	
  asymmetries	
  in	
  
the	
  B0π+π-	
  and	
  BsK+K-	
  modes	
  are	
  related	
  to	
  
the	
  angle	
  γ	
  and	
  the	
  B0	
  and	
  Bs	
  mixing	
  phases	
  φd	
  and	
  
φs	
  

	
  where	
  d,	
  d’,	
  ϑ, ϑ’	
  are	
  hadronic	
  quanGGes	
  
•  CP	
  violaGon	
  in	
  these	
  decays	
  is	
  thus	
  sensi:ve	
  to	
  
New	
  Physics	
  in	
  decay	
  and	
  mixing	
  	
  

R.	
  Fleischer,	
  PLB	
  459	
  (1999)	
  306	
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U-­‐spin	
  symmetry	
  
•  Diagrams	
  of	
  the	
  decays	
  B0π+π-	
  and	
  BsK+K-	
  differ	
  only	
  by	
  

the	
  interchange	
  of	
  the	
  d	
  and	
  s	
  quarks	
  
–  their	
  strong	
  interacGon	
  dynamics	
  are	
  connected	
  by	
  the	
  so-­‐called	
  

U-­‐spin	
  symmetry	
  
•  Within	
  the	
  validity	
  of	
  U-­‐spin	
  symmetry	
  the	
  angle	
  γ	
  and	
  the	
  

mixing	
  phase	
  φs	
  can	
  be	
  extracted	
  
–  detailed	
  studies	
  were	
  presented	
  in	
  the	
  Roadmap	
  document	
  

•  By	
  U-­‐spin	
  symmetry	
  and	
  neglecGng	
  PA	
  and	
  E	
  topologies	
  we	
  
also	
  expect	
  

which	
  can	
  provide	
  a	
  sensi:ve	
  check	
  of	
  U-­‐spin	
  
–  PA	
  and	
  E	
  topologies	
  will	
  be	
  constrained	
  by	
  measuring	
  the	
  BR	
  of	
  the	
  

rare	
  decays	
  B0K+K-	
  and	
  Bsπ+π-,	
  as	
  they	
  can	
  only	
  proceed	
  via	
  
such	
  diagrams	
  

•  Albeit	
  PA	
  and	
  E	
  are	
  expected	
  to	
  be	
  small,	
  they	
  could	
  be	
  enhanced	
  by	
  
rescaWering	
  effects	
  	
  BR(B0K+K-)	
  and	
  BR(Bsπ+π-)	
  are	
  relevant	
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Aims	
  of	
  this	
  analysis	
  

•  Provide	
  preliminary	
  measurements	
  of	
  direct	
  
CP	
  viola:on	
  in	
  B0K+π-	
  and	
  Bsπ+K-	
  decays	
  
– no	
  Gme	
  dependence,	
  hence	
  no	
  tagging,	
  but…	
  
– must	
  separate	
  many	
  decay	
  modes	
  siong	
  one	
  on	
  
top	
  of	
  the	
  other	
  
•  peaked	
  backgrounds	
  due	
  to	
  mis-­‐idenGfied	
  parGcles	
  in	
  
the	
  final	
  state	
  are	
  present	
  	
  

– must	
  cope	
  with	
  instrumental	
  charge	
  asymmetries	
  

– must	
  cope	
  with	
  B	
  meson	
  produc:on	
  asymmetries	
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Current	
  experimental	
  knowledge	
  

•  Direct	
  CP	
  asymmetries	
  in	
  charmless	
  two	
  body	
  
B	
  decays	
  have	
  been	
  measured	
  by	
  the	
  B-­‐
factories	
  and	
  CDF	
  
–  BaBar,	
  arXiv:0807.4226	
  [hep-­‐ex]	
  
–  Belle,	
  PRL	
  98	
  (2007)	
  211801	
  
–  CLEO,	
  PRL	
  	
  85	
  (2000)	
  525	
  
–  CDF,	
  PRL	
  	
  97	
  (2006)	
  211802	
  

•  CP	
  violaGon	
  established	
  
at	
  ~9σ	
  in	
  B0K+π-	
  but	
  s:ll	
  
an	
  open	
  issue	
  in	
  Bsπ+K-	



CDF	
  with	
  1	
  s-­‐1	
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Analysis	
  main	
  steps	
  
•  Offline	
  event	
  selecGon	
  

–  Choice	
  of	
  opGmal	
  cuts	
  

•  CalibraGon	
  of	
  RICH	
  PID	
  
–  Charm	
  two-­‐body	
  decays	
  are	
  a	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  mine	
  for	
  this	
  analysis	
  

•  DeterminaGon	
  of	
  instrumental	
  asymmetries	
  from	
  D*	
  
tagged	
  and	
  untagged	
  Dh+h’-	
  control	
  samples	
  
–  a.k.a.	
  	
  

•  DeterminaGon	
  of	
  B	
  meson	
  produc:on	
  asymmetry	
  from	
  
B+J/ψ(µ+µ-)K+	
  decays	
  

•  Maximum	
  likelihood	
  fit	
  of	
  Bh+h’-	
  mass	
  spectra	
  
•  SystemaGcal	
  errors	
  and	
  final	
  results	
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Op:miza:on	
  of	
  kinema:c	
  
selec:on	
  cuts	
  

•  Parameterized	
  the	
  sensiGvity	
  on	
  ACP	
  as	
  a	
  funcGon	
  of	
  the	
  
fracGon	
  of	
  signal	
  events	
  p=S/(S+B)	
  

•  Determined	
  two	
  score	
  func:ons	
  of	
  p,	
  one	
  for	
  
ACP(B0K+π-)	
  and	
  one	
  for	
  ACP(Bsπ+K-)	
  

•  Score	
  funcGons	
  used	
  to	
  determine	
  two	
  sets	
  of	
  cuts	
  
opGmized	
  for	
  the	
  best	
  sensiGviGes	
  on	
  the	
  two	
  CP	
  
asymmetries	
  

•  In	
  order	
  to	
  avoid	
  biases,	
  the	
  opGmizaGon	
  has	
  been	
  
performed	
  using	
  Monte	
  Carlo	
  signal	
  events,	
  while	
  
combinatorial	
  background	
  events	
  were	
  taken	
  from	
  the	
  
signal-­‐free	
  right	
  invariant	
  mass	
  sideband	
  MKπ>5.6	
  GeV/c2	
  

•  OpGmizaGon	
  technique	
  makes	
  sense	
  if	
  distribuGons	
  
of	
  variables	
  for	
  signals	
  in	
  MC	
  and	
  data	
  agree	
  well	
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Op:mal	
  cuts	
  for	
  kinema:c	
  selec:on	
  	
  

Cuts	
  op:mized	
  for	
  ACP(B0K+π-)	
   Cuts	
  op:mized	
  for	
  ACP(Bsπ+K-)	
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Comparison	
  of	
  
MC	
  and	
  data	
  

Black	
  dots	
  (B0K+π- MC)	
  and	
  
red	
  dots	
  (data)	
  

p	
  of	
  B	
  
daughters	
  

pT	
  of	
  B	
  
daughters	
  

Remarkable	
  agreement	
  
between	
  LHCb	
  Monte	
  
Carlo	
  (using	
  Pythia)	
  and	
  
data	
  for	
  selected	
  events	
  

Note:	
  raw	
  distribu:ons	
  not	
  
corrected	
  for	
  acceptance	
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PID	
  cuts	
  
•  Events	
  passing	
  kinemaGc	
  selecGon	
  are	
  separated	
  into	
  

different	
  final	
  states	
  using	
  PID	
  
•  Guiding	
  principle	
  to	
  idenGfy	
  the	
  two	
  appropriate	
  sets	
  of	
  PID	
  

cut	
  values	
  for	
  ACP(B0K+π-)	
  and	
  for	
  ACP(Bsπ+K-)	
  
–  limit	
  the	
  total	
  amount	
  of	
  cross-­‐feed	
  backgrounds	
  present	
  

under	
  the	
  B0K+π-	
  and	
  Bsπ+K- mass	
  peaks	
  to	
  the	
  same	
  level	
  
of	
  the	
  corresponding	
  combinatorial	
  background	
  	
  will	
  show	
  
this	
  later	
  when	
  talking	
  of	
  the	
  Bh+h’-	
  mass	
  fits	
  

Adopted	
  cuts	
  iden:fy	
  mutually	
  exclusive	
  samples	
  for	
  each	
  mass	
  hypothesis	
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PID	
  calibra:on	
  
•  Crucial	
  aspect	
  of	
  this	
  analysis	
  

–  RelaGve	
  PID	
  efficiencies	
  needed	
  to	
  determine	
  yields	
  of	
  cross-­‐feed	
  
backgrounds	
  

•  ΔlogL	
  distribuGons	
  from	
  D*D0(Kπ)π	
  and	
  Λpπ	
  decays	
  can	
  be	
  used,	
  
but	
  their	
  phase	
  space	
  is	
  different	
  with	
  respect	
  to	
  Bh+h’-	
  decays	
  

•  Different	
  momentum	
  distribuGons	
  lead	
  to	
  different	
  ΔlogL distribuGons	
  

•  Needs	
  reweighGng	
  in	
  momentum	
  at	
  least,	
  but	
  we	
  reweighted	
  
simultaneously	
  also	
  in	
  transverse	
  momentum	
  

LHCb	
  MC	
  LHCb	
  MC	
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PID	
  reweigh:ng	
  

•  AddiGonal	
  complicaGon	
  
– ΔlogLKπ	
  and	
  ΔlogLpπ 
distribuGons	
  are	
  strongly	
  
correlated	
  	
  need	
  to	
  
reweight	
  both	
  at	
  the	
  same	
  
Gme	
  	



π	

 K	
  

p	
   ΔlogLpπ	
  
vs	



ΔlogLKπ	
  

Joint	
  p	
  and	
  pT	
  distribu:ons	
  from	
  MC	
  

Condi:onal	
  ΔlogL distribu:ons	
  from	
  
real	
  data	
  calibra:on	
  samples	
  

LHCb	
  MC	
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PID	
  efficiencies	
  
•  By	
  integraGng	
  the	
  joing	
  p.d.f.	
  

we	
  get	
  the	
  PID	
  cut	
  efficiencies,	
  for	
  events	
  passing	
  
the	
  two	
  sets	
  of	
  opGmal	
  kinemaGc	
  cuts	
  

•  The	
  efficiencies	
  will	
  be	
  used	
  to	
  determine	
  
the	
  yields	
  of	
  cross-­‐feed	
  backgrounds	
  in	
  maximum	
  
likelihood	
  mass	
  fits	
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From	
  raw	
  to	
  physical	
  asymmetries	
  

Instrumental	
  K+π-/K-π+	
  charge	
  asymmetry	
  
Produc:on	
  asymmetry	
  

Fast	
  Bs	
  oscillaGon	
  cancel	
  effects	
  of	
  producGon	
  asymmetry	
  

•  The	
  ACP(B0K+π-)	
  and	
  ACP(Bsπ+K-)	
  values	
  measured	
  in	
  
data	
  need	
  correcGon	
  factors	
  

•  κ	
  is	
  a	
  selecGon	
  dependent	
  factor	
  

•  Using	
  acceptance	
  funcGon	
  determined	
  from	
  MC	
  with	
  
•  Γd,	
  Γs,	
  Δmd,	
  Δms	
  from	
  PDG	
  
•  ΔΓd=0	
  and	
  ΔΓs=0.1Γs	
  	
  	
  

Raw	
  asymmetry	
  measured	
  in	
  data	
  

Acceptance	
  as	
  func:on	
  of	
  
the	
  proper	
  decay	
  :me	
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Instrumental	
  asymmetry	
  
•  Asymmetry	
  due	
  to	
  various	
  effects	
  

– Different	
  probabiliGes	
  of	
  K+π-	
  and	
  K-π+	
  pairs	
  to	
  have	
  
strong	
  interac:ons	
  with	
  the	
  detector	
  material	
  
•  B	
  daughter	
  momenta	
  are	
  quite	
  large,	
  but	
  an	
  asymmetry	
  
due	
  to	
  kaons	
  in	
  parGcular	
  can	
  be	
  present	
  

– Possible	
  presence	
  of	
  a	
  lex-­‐right	
  asymmetry	
  of	
  
detector	
  efficiencies	
  and	
  possibly	
  other	
  lex-­‐right	
  
differences	
  due	
  to	
  reconstrucGon	
  
•  Effect	
  of	
  the	
  laWer	
  can	
  be	
  invesGgated	
  by	
  comparing	
  data	
  
acquired	
  with	
  opposite	
  magnet	
  polariGes	
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Instrumental	
  asymmetry	
  (II)	
  

•  Studied	
  using	
  D*D0(Kπ)πs,	
  D*D0(KK)πs	
  
D*D0(ππ)πs	
  and	
  untagged	
  D0Kπ	
  decays	
  
– The	
  combinaGon	
  of	
  these	
  modes	
  is	
  necessary	
  to	
  
disentangle	
  various	
  components	
  

•  DecomposiGon	
  of	
  raw	
  asymmetries	
  

ACP	
  	
  physical	
  asymmetries	
  

AD	
  	
  instrumental	
  asymmetries	
  

AP	
  	
  produc:on	
  asymmetries	
  

The	
  “*”	
  idenGfies	
  the	
  D*	
  tagged	
  modes	
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Instrumental	
  asymmetry	
  (III)	
  

•  Maximum	
  likelihood	
  fits	
  made	
  in	
  
M(D0)	
  for	
  D0Kπ	
  and	
  
M(D*)-­‐M(D0)+M(D0)PDG	
  for	
  D*	
  
modes	
  
–  integrated	
  raw	
  CP	
  asymmetries	
  
returned	
  by	
  the	
  fits	
  	
  

D*D0(Kπ)πs	
   D*D0(KK)πs	
   D*D0(ππ)πs	
  

D0Kπ	
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raw
CPA

-0.06 -0.05 -0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04

)(K0 D
*

D  0.0015!-0.0262 
 0.0017!-0.0159 

(KK)0 D
*

D  0.0048!-0.0190 
 0.0053!-0.0184 

)(0 D 
*

D  0.0087!-0.0231 
 0.0097!0.0015 

 K0D
 0.00078!-0.01776 
 0.00083!-0.01470 

averaged	
  between	
  magnet	
  up	
  and	
  magnet	
  down	
  

Instrumental	
  asymmetry	
  (IV)	
  

•  All	
  raw	
  asymmetries	
  
have	
  been	
  measured	
  
separately	
  for	
  magnet	
  
up	
  and	
  magnet	
  down	
  
data	
  

•  Using	
  world	
  averages	
  
of	
  the	
  corresponding	
  
physical	
  asymmetries	
  we	
  can	
  solve	
  and	
  extract	
  the	
  
instrumental	
  asymmetry	
  AD(Kπ)	
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Produc:on	
  asymmetry	
  

•  Averaging	
  between	
  magnet	
  up	
  and	
  
magnet	
  down,	
  correcGng	
  for	
  
instrumental	
  asymmetries	
  and	
  taking	
  into	
  
account	
  the	
  current	
  world	
  average	
  of	
  the	
  
direct	
  CP	
  asymmetry	
  in	
  
B+J/ψ(µ+µ-)K+	
  decays,	
  we	
  get	
  the	
  
producGon	
  asymmetry	
  for	
  charged	
  B	
  
mesons	
  

Magnet	
  up	
  

Magnet	
  down	
  

•  B	
  meson	
  producGon	
  asymmetry	
  has	
  been	
  
studied	
  following	
  a	
  similar	
  approach	
  
using	
  B+J/ψ(µ+µ-)K+	
  decays	
  

AP(B+)	
  =	
  -­‐0.025	
  ±	
  0.014	
  	
  

•  We	
  assumed	
  the	
  producGon	
  asymmetry	
  
AP(B0)	
  to	
  differ	
  from	
  AP(B+)	
  by	
  1%	
  at	
  most,	
  i.e.	
  

AP(B0)	
  =	
  -­‐0.025	
  ±	
  0.014	
  ±	
  0.010	
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Maximum	
  likelihood	
  fits	
  of	
  Hbh+h’-	
  
mass	
  spectra	
  

•  A	
  simultaneous	
  unbinned	
  maximum	
  
likelihood	
  fit	
  to	
  all	
  the	
  mass	
  spectra	
  was	
  done	
  

•  Separated	
  fits	
  were	
  done	
  using	
  events	
  which	
  
passed	
  either	
  the	
  selecGon	
  opGmized	
  for	
  
ACP(B0K+π-)	
  or	
  ACP(Bsπ+K-)	
  
– Each	
  fit	
  featured	
  34	
  free	
  parameters	
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Kπ mass	
  spectrum	
  
selec:on	
  op:mized	
  for	
  ACP(B0Kπ)	
  

3-­‐body	
  B	
  decays	
  

B0Kπ	
  

BsπK	
  

B0ππ	


BsKK	
  
B0πK	
  

Combinatorial	
  
Dashed	
  curve	
  is	
  
basically	
  the	
  sum	
  of	
  
these	
  three	
  modes:	
  
their	
  lineshapes	
  are	
  
fixed	
  from	
  MC	
  

Long	
  tail	
  due	
  to	
  FSR	
  

Cross-­‐feed	
  backgrounds	
  

Mass	
  resolu:on	
  
σ =	
  (22.1	
  ±	
  0.6)	
  MeV/c2	
  

B0Kπ	
  yield	
  
1447	
  ±	
  50	
  events	
  

BsπK	
  yield	
  
140	
  ±	
  25	
  events	
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K+π-­‐	
   K-­‐π+	
  

K+π- and	
  K-π+	
  mass	
  spectra	
  
selec:on	
  op:mized	
  for	
  ACP(B0Kπ)	
  

Raw	
  CP	
  asymmetry	
  clearly	
  visible	
  from	
  the	
  plots	
  

Raw	
  CP	
  asymmetry	
  in	
  B0Kπ decays:	
  -­‐0.086	
  ±	
  0.033	
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π+π-­‐	
   K+K-­‐	
  

π+π- and	
  K+K-	
  mass	
  spectra	
  
selec:on	
  op:mized	
  for	
  ACP(B0Kπ)	
  

Cross	
  feed	
  background	
  
dominated	
  by	
  B0Kπ	
  decays	
  	
  

B0ππ	
  yield:	
  275	
  ±	
  24	
  events	
   BsKK	
  yield:	
  333	
  ±	
  21	
  events	
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ΛbpK	
  and	
  Λbpπ mass	
  spectra	
  
selec:on	
  op:mized	
  for	
  ACP(B0Kπ)	



SelecGon	
  not	
  opGmized	
  for	
  best	
  sensiGvity	
  on	
  yields	
  of	
  these	
  
modes,	
  but	
  clean	
  mass	
  peaks	
  clearly	
  observed	
  

ΛbpK	
  yield:	
  76	
  ±	
  12	
  events	
   Λbpπ	
  yield:	
  41	
  ±	
  10	
  events	
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Kπ mass	
  spectrum	
  
selec:on	
  op:mized	
  for	
  ACP(BsπK)	
  

Tighter	
  kinema:c	
  and	
  PID	
  selec:on	
  
cuts	
  provide	
  strong	
  suppression	
  of	
  
combinatorial	
  background	
  events	
  	
  	
  

B0ππ	


BsKK	
  

Dashed	
  curve	
  is	
  
basically	
  the	
  sum	
  of	
  
these	
  two	
  modes:	
  
their	
  lineshapes	
  are	
  
fixed	
  from	
  MC	
  

mass	
  resolu:on	
  
σ =	
  (21.3	
  ±	
  0.7)	
  MeV/c2	
  

B0Kπ	
  yield	
  
610	
  ±	
  27	
  events	
  

BsπK	
  yield	
  
52	
  ±	
  10	
  events	
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π+K- and	
  π-K+	
  mass	
  spectra	
  
selec:on	
  op:mized	
  for	
  ACP(BsπK)	
  

π-­‐K+	
  π+K-­‐	
  

Raw	
  CP	
  asymmetry	
  in	
  BsπK decays:	
  0.15	
  ±	
  0.19	



Raw	
  CP	
  asymmetry	
  sGll	
  visible	
  in	
  the	
  plots,	
  but	
  
significance	
  is	
  much	
  lower	
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Systema:c	
  uncertain:es	
  

•  We	
  idenGfied	
  three	
  main	
  categories	
  of	
  
systemaGc	
  errors	
  affecGng	
  ACP(B0K+π-)	
  and	
  
for	
  ACP(Bsπ+K-)	
  
– PID	
  calibra:on	
  
– modelling	
  of	
  signal	
  and	
  background	
  components	
  
in	
  maximum	
  likelihood	
  fits	
  

–  instrumental	
  and	
  produc:on	
  asymmetries	
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Systema:cs	
  due	
  to	
  instrumental	
  and	
  
produc:on	
  asymmetries	
  

•  Remember	
  that	
  the	
  physical	
  CP	
  asymmetry	
  is	
  related	
  to	
  the	
  
observed	
  asymmetry	
  by	
  

where	
  we	
  have	
  determined	
  

•  The	
  corrected	
  central	
  value	
  of	
  ACP(B0K+π-)	
  becomes	
  

while	
  even	
  assuming	
  that	
  the	
  Bs	
  producGon	
  asymmetry	
  is	
  as	
  
large	
  as	
  2.5%,	
  the	
  central	
  values	
  of	
  ACP(Bsπ+K-)	
  is	
  
pracGcally	
  unaffected	
  

•  The	
  corresponding	
  systemaGc	
  errors	
  on	
  ACP	
  are	
  obtained	
  by	
  
propagaGng	
  to	
  ACP	
  the	
  uncertainGes	
  on	
  AD(Kπ)	
  and	
  AP(B0)	
  

AP(B0)	
  =	
  -­‐0.025	
  ±	
  0.017	
  

AD(Kπ)	
  =	
  -­‐0.004	
  ±	
  0.004	
  

ACP(B0K+π-)	
  =	
  -­‐0.074	
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Summary	
  of	
  systema:cs	
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Final	
  results	
  

Using	
  data	
  collected	
  by	
  the	
  LHCb	
  detector	
  during	
  the	
  2010	
  run	
  we	
  provide	
  
preliminary	
  measurements	
  of	
  the	
  direct	
  CP	
  asymmetries	
  

These	
  results	
  can	
  be	
  compared	
  with	
  the	
  current	
  HFAG	
  averages	
  

By	
  including	
  our	
  results	
  the	
  new	
  world	
  averages	
  become	
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Roadmap	
  for	
  evolu:ons	
  of	
  this	
  analysis	
  

•  Even	
  with	
  exisGng	
  data	
  
– Measure	
  rela:ve	
  branching	
  frac:ons	
  

•  With	
  new	
  data	
  for	
  2011	
  summer	
  conferences	
  
–  Remake	
  CP	
  and	
  BR	
  measurements	
  with	
  larger	
  sta:s:cs	
  

•  Will	
  start	
  dominaGng	
  world	
  averages	
  at	
  ~0.3	
  s-­‐1	
  

– Measure	
  BR	
  of	
  rare	
  modes	
  Bsπ+π-	
  and	
  B0K+K-	
  
–  Possibly	
  measure	
  direct	
  CP	
  asymmetries	
  in	
  Λbpπ-	
  and	
  
ΛbpK- 	



•  By	
  the	
  end	
  of	
  2011	
  
–  Include	
  proper	
  Gme	
  and	
  tagging	
  and	
  measure	
  :me-­‐
dependent	
  CP	
  viola:on	
  in	
  B0π+π-	
  and	
  BsK+K-	
  decays	
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Brief	
  overview	
  of	
  other	
  selected	
  
LHCb	
  measurements	
  and	
  prospects	
  

51	
  



First	
  observa:on	
  of	
  BsJ/ψf0(980)	
  

This	
  is	
  a	
  CP	
  eigenstate	
  mode	
  and	
  can	
  be	
  used	
  to	
  measure	
  the	
  Bs	
  
mixing	
  phase	
  without	
  the	
  need	
  of	
  an	
  angular	
  analysis	
  

arXiv:1102.0206	
  [hep-­‐ex]	
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Observa:on	
  of	
  new	
  semileptonic	
  decay	
  BsD*+Xµ-ν	

s2	
  

Wrong	
  sign	
  

Seen	
  by	
  D0	
  in	
  1.3	
  s-­‐1	
  using	
  D*+Ks,	
  46±9	
  events	
  

L ~ 20 pb-1 

Also	
  a	
  clear	
  demonstra:on	
  of	
  LHCb	
  
capabili:es	
  in	
  reconstruc:ng	
  final	
  
states	
  with	
  missing	
  par:cles	
  

Mass	
  and	
  width	
  of	
  
D∗s2	
  is	
  in	
  agreement	
  
with	
  previous	
  
observaGons	
  

arXiv:1102.0348	
  [hep-­‐ex]	
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Measurement	
  of	
  the	
  Cabibbo-­‐favoured	
  
Decays	
  XbXcπππ	
  	
  

Yields	
  are	
  25-­‐40%	
  of	
  the	
  single	
  π	
  
bachelor	
  yields,	
  helpful	
  to	
  increase	
  
staGsGcs	
  in	
  some	
  measurements,	
  e.g.	
  
use	
  BsDsπππ	
  to	
  measure	
  Δms	
  

Knowledge	
  of	
  branching	
  fracGons	
  
greatly	
  improved	
  over	
  current	
  PDG	
  

Cabibbo-­‐suppressed	
  decays	
  to	
  come	
  
soon…	
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•  Measured	
  double	
  differenGal	
  cross-­‐secGon	
  as	
  a	
  
funcGon	
  of	
  the	
  transverse	
  momentum	
  pT	
  and	
  of	
  the	
  
rapidity	
  y	
  
–  14	
  pT	
  bins,	
  pT	
  <	
  14	
  GeV/c	
  	
  
–  5	
  y	
  bins,	
  2	
  <	
  y	
  <	
  4.5	
  

•  Measurement	
  made	
  separately	
  for	
  
–  Prompt	
  J/ψ	
  =	
  direct	
  J/ψ	
  plus	
  J/ψ	
  from	
  χc	
  feed-­‐down	
  

–  J/ψ	
  from	
  b	
  decays	
  

•  Used	
  (5.2±0.5)	
  pb-­‐1	
  of	
  data	
  collected	
  by	
  end	
  of	
  
September	
  2010	
  

J/ψ	
  cross-­‐sec:on	
  measurement	
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•  FracGon	
  of	
  J/ψ	
  from	
  b	
  is	
  given	
  by	
  fit	
  to	
  the	
  
“pseudo	
  properGme”	
  tz	
  

Separa:on	
  of	
  prompt	
  J/ψ and	
  
J/ψ	
  from	
  B	
  decays	
  

tz (J /!) =
zJ /! ! zPV( )"MJ /!
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•  Cross-­‐secGon	
  integrated	
  over	
  all	
  bins	
  

Results:	
  prompt	
  J/ψ	
  cross-­‐sec:on	
  

Stat.	
   Syst.	
  

Last	
  error	
  takes	
  into	
  account	
  the	
  assumpGon	
  of	
  no	
  J/ψ	
  polarizaGon	
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Results:	
  J/ψ	
  from	
  b	
  cross-­‐sec:on	
  

•  Cross-­‐secGon	
  integrated	
  over	
  all	
  bins	
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Results:	
  bb	
  cross-­‐sec:on	
  

•  From	
  the	
  J/ψ	
  from	
  b	
  cross-­‐secGon,	
  extrapolate	
  to	
  the	
  total	
  bb	
  
cross-­‐secGon	
  in	
  4π	
  

•  Excellent	
  agreement	
  with	
  LHCb	
  published	
  value	
  from	
  
b➝D0µνX,	
  Phys.	
  LeW.	
  B694	
  (2010)	
  209	
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Prospects for γ measurement in BsDsK  

Large signals for Bs Dsπ useful for Δms measurement 

Expect world’s first time-dependent CP violation analysis with BsDsK 
in 2011 

Combined sensitivity for γ in 2011/2012 run is ~7° 
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Very clean Bs  J/ψφ signal 

Expected sensitivity 
for 2βs 

50k events / fb-1: consistent with number of  
BsJ/ψφ  candidates seen in data 

<σt> = 0.040 ps:  present time resolution worse 
in data but sufficient  for Δms ~ 17.7/ps 

~ 34 pb-1 

Δms	
  and	
  φs	
  analyses	
  will	
  be	
  
unveiled	
  at	
  forthcoming	
  
conferences.	
  Stay	
  tuned!	
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Prospects	
  for	
  Bs	
  	
  µµ	
  

For the SM prediction LHCb 
expects 10 signal events in 1 fb-1  

Background expected from MC 
is in good agreement with data 

Very interesting sensitivity 
possible even with 37 pb-1 !!! 

See	
  you	
  in	
  La	
  Thuile/Moriond!	
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Conclusions	
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•  In	
  this	
  seminar	
  we	
  have	
  seen	
  that	
  already	
  with	
  the	
  
luminosity	
  recorded	
  during	
  the	
  2010	
  run	
  we	
  have	
  
been	
  able	
  to	
  
•  Perform	
  a	
  complex	
  CP	
  viola:on	
  analysis,	
  with	
  

sensi:vi:es	
  close	
  to	
  current	
  world	
  averages	
  
•  Reconstruct	
  for	
  the	
  first	
  :me	
  new	
  decay	
  modes,	
  even	
  

inclusively,	
  in	
  the	
  harsh	
  hadronic	
  environment	
  of	
  LHC	
  
•  Reconstruct	
  exclusive	
  many-­‐body	
  hadronic	
  B	
  decays	
  
•  Measure	
  hidden	
  charm	
  and	
  open	
  beauty	
  cross-­‐sec:ons	
  

•  More	
  to	
  come	
  at	
  forthcoming	
  conferences	
  
•  Bsµµ,	
  Δms,	
  φs	
  and	
  many	
  others!	
  Stay	
  tuned!!!	
  

•  We	
  wish	
  to	
  thank	
  colleagues	
  in	
  the	
  CERN	
  accelerator	
  
departments	
  for	
  the	
  fantas:c	
  performance	
  of	
  the	
  
accelerator	
  complex	
  	
  
•  We	
  will	
  repay	
  their	
  work	
  with	
  best	
  world	
  precision	
  

measurements	
  with	
  2011	
  data!	
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Ready	
  for	
  a	
  new	
  adventure!!!	
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