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Overview	
  

l  LHCb:	
  What	
  is	
  it,	
  what	
  makes	
  it	
  special	
  and	
  different	
  from	
  ATLAS/CMS?	
  

l  Status:	
  Running	
  experience	
  from	
  the	
  first	
  months	
  of	
  LHC	
  operaPon	
  

l  First	
  physics:	
  Results	
  from	
  the	
  2010	
  data,	
  published	
  and	
  preliminary	
  

l  Discovery	
  potenPal:	
  Plans	
  for	
  2011	
  and	
  beyond	
  



LHCb 
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Overview	
  

730	
  authors	
  
54	
  ins0tutes	
  
15	
  countries	
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“Indirect”	
  Search	
  for	
  NP	
  
l  LHCb	
  performs	
  precision	
  measurements	
  of	
  CP	
  violaPng	
  phases	
  and	
  rare	
  heavy-­‐quark	
  
hadron	
  decays	
  

l  New	
  Physics	
  enters	
  through	
  contribuPons	
  from	
  virtual	
  heavy	
  parPcles	
  in	
  loop-­‐mediated	
  
processes	
  

l  sensiPvity	
  to	
  New	
  Physics	
  is	
  highest	
  in	
  processes	
  that	
  are	
  strongly	
  suppressed	
  in	
  the	
  
Standard	
  Model	
  

l  discovery	
  potenPal	
  for	
  New	
  Physics	
  extends	
  to	
  mass	
  scales	
  far	
  in	
  excess	
  of	
  the	
  LHC	
  
centre-­‐of-­‐mass	
  energy	
  

l  paXern	
  of	
  observed	
  deviaPons	
  from	
  Standard	
  Model	
  predicPons	
  will	
  hint	
  at	
  the	
  nature	
  
of	
  the	
  New	
  Physics	
  

l  in	
  conPnuaPon	
  of	
  long	
  history	
  of	
  “indirect	
  discoveries”	
  
-­‐	
  suppression	
  of	
  FCNC	
  →	
  predicPon	
  of	
  2nd	
  quark	
  family	
  
-­‐	
  CP	
  violaPon	
  →	
  predicPon	
  of	
  3rd	
  quark	
  family	
  
-­‐	
  strong	
  BB	
  mixing	
  →	
  predicPon	
  of	
  large	
  top-­‐quark	
  mass	
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New	
  Physics	
  in	
  B	
  decays	
  
l  explore	
  FCNC	
  processes	
  with	
  large	
  sensiPvity	
  

to	
  New	
  Physics,	
  in	
  parPcular	
  b→s	
  transiPons	
  

l  improve	
  measurements	
  on	
  CKM	
  elements	
  	
  
and	
  challenge	
  the	
  Standard	
  Model	
  by	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
over-­‐constraining	
  the	
  unitarity	
  triangles	
  

l  LHCb	
  roadmap	
  document:	
  	
  
[arXiv:0912.4179v2	
  [hep-­‐ex]]	
  

l  tree-­‐level	
  determinaPon	
  of	
  CKM	
  angle	
  γ	
  

l  charmless	
  charged	
  two-­‐body	
  B	
  decays	
  	
  
l  Bs	
  mixing	
  phase	
  φs	
  from	
  Bs	
  →	
  J/ψ	
  φ	
  

l  branching	
  fracPon	
  of	
  Bs	
  →	
  μ+μ-­‐	
  

l  angular	
  distribuPons	
  in	
  B0	
  →	
  K*μ+μ-­‐
	
  	
  

l  Bs	
  →	
  φγ	
  and	
  other	
  radiaPve	
  decays	
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LHCb	
  =	
  Forward	
  Spectrometer	
  

l  LHCb	
  covers	
  forward	
  region:	
  1.9	
  <	
  η	
  <	
  4.9	
  

l  opPmized	
  for	
  the	
  strongly	
  forward	
  peaked	
  heavy	
  quark	
  
producPon	
  at	
  the	
  LHC	
  

l  covers	
  only	
  ~4%	
  of	
  solid	
  angle	
  but	
  captures	
  ~40%	
  of	
  heavy-­‐
quark	
  producPon	
  cross	
  secPon	
  

LHCb	
  
CMS	
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LHCb	
  =	
  “Day-­‐1	
  Experiment”	
  
l  LHCb	
  designed	
  to	
  operate	
  at	
  an	
  instantaneous	
  luminosity	
  of	
  	
  	
  

2	
  x	
  1032cm-­‐2s-­‐1	
  

l  corresponds	
  to	
  an	
  average	
  of	
  0.4	
  visible	
  	
  
interacPons	
  per	
  bunch-­‐crossing,	
  maximizes	
  
fracPon	
  of	
  single-­‐interacPon	
  bunch	
  crossings	
  
(for	
  nominal	
  operaPon	
  with	
  2622	
  colliding	
  bunches)	
  

l  single	
  primary	
  vertex:	
  no	
  ambiguity	
  associaPng	
  B	
  decay	
  vertex	
  
to	
  its	
  producPon	
  vertex	
  	
  
(required	
  e.g.	
  for	
  Pme-­‐dependent	
  CP	
  asymmetries)	
  

l  for	
  several	
  of	
  LHCb's	
  core	
  measurements	
  expect	
  first	
  significant	
  
results	
  from	
  2010/2011	
  LHC	
  run	
  

~ 1 cm 

B 

underlying	
  event	
  

~ 1 cm 
primary 
vertex (flavour tagging b) 

signal	
  B	
  

number of visible pp interactions 
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LHCb	
  Detector	
  

RICH	
  detectors	
  

tracking	
  system	
  

VErtex 
LOcator 
VErtex	
  
LOcator	
  

calorimeters	
  

muon	
  system	
  

interacPon	
  
point	
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so@ware	
  trigger:	
  
flexible	
  →	
  adjust	
  

to	
  running	
  condi0ons	
  

LHCb	
  =	
  OpPmized	
  Trigger	
  

Hardware	
  level	
  (L0):	
  
l  high-­‐pT	
  μ,	
  e,	
  γ,	
  or	
  hadron	
  candidates	
  

in	
  muon	
  system	
  and	
  calorimeters	
  

Sowware	
  level	
  (HLT):	
  
l  mulP-­‐processor	
  farm	
  (14000	
  CPU	
  cores)	
  
l  access	
  to	
  full	
  detector	
  data	
  
l  HLT1:	
  cuts	
  on	
  impact	
  parameter	
  	
  

and	
  lifePme	
  

l  HLT2:	
  global	
  event	
  reconstrucPon	
  
+	
  selecPons	
  for	
  specific	
  channels	
  

l  bb	
  cross	
  secPon	
  is	
  less	
  than	
  1	
  %	
  of	
  the	
  total	
  inelasPc	
  cross	
  secPon	
  
l  interesPng	
  B	
  decay	
  channels	
  have	
  typical	
  branching	
  fracPons	
  of	
  10-­‐5	
  

l  exploit	
  generic	
  B	
  decay	
  signature:	
  decay	
  products	
  with	
  large	
  pT	
  (“large”	
  =	
  few	
  GeV)	
  and	
  high	
  
impact-­‐parameter,	
  well	
  separated	
  B	
  decay	
  vertex	
  	
  

_ 

Le
ve
l	
  -­‐
0	
   	
  

L0	
  
e,	
  γ	
  

	
  

	
  
L0	
  
had	
  

	
  

 
L0	
  
μ	
  

 

1	
  MHz	
  

40	
  MHz	
  

Hi
gh
-­‐L
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  T
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r	
   Impact	
  Parameter	
  

Life0me	
  cuts	
  

Global	
  reconstruc0on	
  30	
  kHz	
  

HL
T1
	
  

HL
T2
	
   Inclusive	
  selec0ons	
  
μ,	
  μ+track,	
  μμ	
  

Exclusive	
  selec0ons	
  

2	
  kHz	
  



Running 
Experience 
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LHCb	
  Running	
  in	
  2010	
  

l  	
   Extreme	
  condiPons	
  compared	
  to	
  design:	
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Data	
  Taking	
  &	
  Running	
  CondiPons	
  

l  LHCb	
  fully	
  operaPonal	
  on	
  first	
  day	
  of	
  
LHC	
  collisions,	
  running	
  smoothly	
  since	
  

l  recorded	
  37.7	
  pb-­‐1	
  at	
  √s	
  =	
  7	
  TeV	
  

l  data	
  taking	
  efficiency	
  >	
  90%	
  

	
  

	
  

l  at	
  beginning	
  of	
  fill:	
  up	
  to	
  more	
  than	
  2.5	
  
interacPons	
  per	
  crossing	
  on	
  average	
  	
  

l  significantly	
  harsher	
  condiPons	
  than	
  design	
  
-­‐	
  mulPple	
  primary	
  verPces	
  
-­‐	
  high	
  occupancies,	
  track	
  mulPpliciPes	
  

l  detector	
  &	
  reconstrucPon	
  cope	
  beXer	
  with	
  these	
  condiPons	
  than	
  expected	
  
-­‐	
  main	
  limitaPon	
  found:	
  HLT	
  reconstrucPon	
  Pme	
  for	
  very	
  busy	
  events	
  

nominal:	
  μ	
  =	
  0.4	
  

average	
  number	
  of	
  
interac0ons	
  per	
  BX	
  
at	
  beginning	
  of	
  fill	
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Typical	
  Event	
  at	
  <μ>	
  =	
  2.5	
  

VELO TT magnet TT IT/OT calorimeters muon stations 

z 

x 
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Trigger	
  
l  trigger	
  se~ngs	
  conPnuously	
  adapted	
  to	
  rapidly	
  increasing	
  

luminosity	
  and	
  changing	
  running	
  condiPons.	
  
l  early	
  running	
  (1):	
  low	
  intensity,	
  small	
  number	
  of	
  bunches:	
  

l  minimum	
  bias	
  trigger,	
  require	
  single	
  track	
  in	
  VELO.	
  

l  with	
  increasing	
  number	
  of	
  bunches	
  and	
  μ	
  (2):	
  	
  
l  loose	
  pT	
  cuts	
  at	
  L0,	
  start	
  to	
  use	
  HLT,	
  adjust	
  se=ngs	
  to	
  fully	
  exploit	
  

available	
  bandwidth	
  and	
  CPU.	
  

l  at	
  highest	
  μ	
  (3):	
  give	
  priority	
  to	
  muon	
  triggers,	
  reduce	
  hadron	
  
trigger	
  lines	
  when	
  needed:	
  
l  increase	
  cuts	
  on	
  transverse	
  momentum	
  /	
  energy	
  

l  “global	
  event	
  cuts”	
  on	
  hit	
  mulJpliciJes	
  to	
  reject	
  very	
  busy	
  events	
  that	
  
require	
  lots	
  of	
  CPU	
  

l  trigger	
  efficiencies	
  determined	
  on	
  data	
  	
  
using	
  “tag-­‐and-­‐probe”	
  methods	
  

l  results	
  in	
  good	
  agreement	
  with	
  simulaPon	
   Muon	
  Trigger	
  
(J/ψ)	
  

Hadron	
  Trigger	
  	
  
(D0,	
  pT>2.6	
  GeV)	
  

Data	
   (94.9	
  ±	
  0.2)	
  %	
   (60	
  ±	
  4)	
  %	
  

Simula0on	
   (93.3	
  ±	
  0.2)	
  %	
   66	
  %	
  

(2) (1) (3) 

(1)  loose	
  L0	
  cuts,	
  	
  
HLT	
  in	
  pass-­‐through	
  

(2)  L0	
  +	
  HLT1	
  
(3)  full	
  L0-­‐HLT1-­‐HLT2	
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Vertex	
  ReconstrucPon	
  
l  excellent	
  vertex	
  resoluPon	
  crucial	
  for	
  	
  

high-­‐level	
  triggers	
  and	
  most	
  physics	
  analyses	
  

l  VELO	
  detectors	
  inside	
  LHC	
  vacuum	
  pipe	
  

l  only	
  8mm	
  from	
  beam	
  during	
  data	
  taking	
  

l  retracted	
  by	
  ±3	
  cm	
  at	
  end	
  of	
  each	
  fill,	
  	
  
re-­‐inserted	
  when	
  stable	
  beams	
  declared	
  

l  internal	
  alignment	
  beXer	
  than	
  5	
  μm,	
  fill-­‐to-­‐fill	
  variaPons	
  also	
  <	
  5	
  μm	
  

single-­‐hit	
  resolu0on	
  

best	
  single-­‐hit	
  	
  
resolu0on	
  ~	
  4	
  µm	
  

60 cm

primary	
  vertex	
  resolu0on	
  

for	
  25	
  tracks:	
  
σx	
  ≈	
  16	
  μm	
  
σy	
  ≈	
  16	
  μm	
  
σz	
  ≈	
  76	
  μm	
  

impact-­‐parameter	
  resolu0on	
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Tracking	
  
l  excellent	
  momentum	
  resoluPon	
  for	
  	
  

invariant	
  mass	
  resoluPon,	
  rejecPon	
  
of	
  combinatorial	
  backgrounds	
  

l  spaPal	
  resoluPons	
  approaching	
  	
  
values	
  expected	
  from	
  simulaPon	
  	
  

l  small	
  differences	
  remaining	
  from	
  residual	
  mis-­‐alignments	
  

l  note:	
  no	
  alignment	
  from	
  cosmics	
  (acceptance	
  too	
  small)	
  	
  

l  reconstrucPon	
  efficiencies	
  >	
  90	
  %	
  for	
  tracks	
  above	
  few	
  GeV	
  

l  esPmated	
  using	
  “tag-­‐and-­‐probe”	
  methods	
  on	
  KS
0	
  →	
  π+π-­‐	
  

residual [mm] 

σdata= 61 µm 
σMC = 50 µm 

TT 

LHCb 
preliminary 

OT 

σdata= 270 µm 
σMC = 250 µm LHCb 

preliminary 

residual [mm] 



	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  18/45	
  

	
  μ+μ-­‐	
  Invariant	
  Mass	
  ResoluPons	
  

May 2010: 
17.1 MeV 

ICHEP: 
15.9 MeV 

Dec. 2010: 
13.33 MeV 

(Monte-­‐Carlo:	
  12.1	
  MeV)	
  	
  J/ψ	
  ➝	
  μ+μ-­‐	
  

	
  ψ(2S)	
  ➝	
  μ+μ-­‐	
   	
  Υ(1S,2S,3S)	
  ➝	
  μ+μ-­‐	
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b	
  →	
  J/ψ	
  X	
  Signals	
  
B+	
  ➝	
  J/ψ K+	
  

(from 34 pb-1) 

B0	
  ➝	
  J/ψ K*0	
  

Bs0	
  ➝	
  J/ψ φ	

 B0	
  ➝	
  J/ψ KS0	
   Λb
	
  ➝	
  J/ψ Λ	



)2) (MeV/c±M(J/
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Bc+	
  ➝	
  J/ψ π+	
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b	
  →	
  J/ψ	
  X	
  lifePme	
  measurements	
  
(from 36 pb-1) 

l  Already	
  large	
  samples	
  available	
  with	
  very	
  low	
  
background,	
  using	
  lifePme	
  unbiased	
  triggers.	
  

l  Very	
  good	
  proper-­‐Pme	
  resoluPon,	
  ~50	
  fs.	
  

l  ConservaPve	
  systemaPcs	
  assigned	
  for	
  the	
  
moment,	
  dominated	
  by	
  Pme	
  acceptance.	
  

l  Measurements	
  compaPble	
  with	
  PDG	
  

l  Indicates	
  good	
  understanding	
  of	
  the	
  detector	
  for	
  
Pme-­‐dependant	
  studies,	
  like	
  CP	
  violaPon.	
  

Channel	
   Yield	
   Life0me	
  (ps)	
   PDG	
  (ps)	
  

B+	
  ➝	
  J/ψ K+	
   6741	
  ±	
  85	
  	
   1.689	
  ±	
  0.022	
  ±	
  0.047	
   1.638	
  ±	
  0.011	
  	
  

B0	
  ➝	
  J/ψ K*0	
   2668	
  ±	
  58	
   1.512	
  ±	
  0.032	
  ±	
  0.042	
   1.525	
  ±	
  0.009  

B0	
  ➝	
  J/ψ KS0	
   838	
  ±	
  31	
   1.558	
  ±	
  0.056	
  ±	
  0.022	
   1.525	
  ±	
  0.009	
  	
  

Bs0	
  ➝	
  J/ψ φ	

 570	
  ±	
  24	
   1.447	
  ±	
  0.064	
  ±	
  0.056	
   1.477	
  ±	
  0.046	
  	
  

Λb
	
  ➝	
  J/ψ Λ	

 187	
  ±	
  16	
   1.353	
  ±	
  0.108	
  ±	
  0.035	
   1.391	
  ±	
  0.038	
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b	
  →	
  J/ψ	
  X	
  mass	
  measurements	
  
(from 36 pb-1) 

l  Mass	
  measurements	
  are	
  very	
  challenging	
  tasks	
  

l  Need	
  to	
  control	
  precisely	
  (at	
  the	
  per	
  mille	
  level	
  to	
  be	
  compePPve)	
  :	
  

l  MagnePc	
  field	
  /	
  absolute	
  field	
  scale	
  ➝	
  momentum	
  scale	
  

l  Alignment	
  of	
  subdetectors	
  

l  Momentum	
  scale	
  calibraPon:	
  done	
  using	
  J/ψ	
  ➝	
  µ+	
  µ-­‐	
  decays,	
  and	
  checked	
  on	
  2-­‐body	
  decays	
  
and	
  ψ(2S)➝	
  J/ψ	
  π+	
  π-­‐.	
  

Decay	
  Mode	
   Measured	
  mass	
  (MeV/c2)	
   PDG	
  average	
  (MeV/c2)	
  

Υ	
  ➝	
  µ+	
  µ-­‐	
   9459.90	
  ±	
  0.54	
  	
   9460.30	
  ±	
  0.26	
  

ψ(2S)	
  ➝	
  J/ψ π+	
  π-­‐	
   3686.12	
  ±	
  0.06	
   3686.09	
  ±	
  0.04	
  

J/ψ ➝	
  µ+	
  µ-­‐	
   3096.97	
  ±	
  0.01	
   3096.916	
  ±	
  0.011	
  

D0	
  ➝	
  K-­‐ π+	

 1864.75	
  ±	
  0.07	
   1864.83	
  ±	
  0.14	
  

KS0	
  ➝	
  π+ π-	

 497.62	
  ±	
  0.01	
   497.61	
  ±	
  0.02	
  

l  SystemaPc	
  uncertainty	
  of	
  0.15	
  MeV/c2	
  for	
  B	
  mass	
  measurement.	
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b	
  →	
  J/ψ	
  X	
  mass	
  measurements	
  

l  Alignment:	
  depend	
  on	
  a	
  lot	
  of	
  parameters	
  ➝	
  Pme	
  dependant	
  alignment.	
  	
  

l  Before	
  alignment:	
  (central	
  value	
  of	
  J/ψ	
  mass)	
  

	
  

l  Awer	
  alignment:	
  

l  SystemaPc	
  uncertainty	
  of	
  0.10	
  MeV/c2	
  for	
  B	
  mass	
  measurement	
  

Change	
  of	
  opera,onal	
  temperature	
  of	
  TT	
  detector	
  (-­‐5	
  to	
  -­‐15°C)	
  causing	
  
movements	
  of	
  400	
  µm,	
  compared	
  to	
  50	
  µm	
  hit	
  resolu,on.	
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]2 mass [MeV/c0B
5277 5278 5279 5280 5281 5282 5283

CDF

CLEO2

CDF

 0.47±PDG average 5279.48 

)*KψLHCb Preliminary (J/

)sKψLHCb Preliminary (J/

 0.17±New average 5279.55 

]2 mass [MeV/c0B
5277 5278 5279 5280 5281 5282 5283

b	
  →	
  J/ψ	
  X	
  mass	
  measurements	
  

B0	
  
]2 mass [MeV/c+B

5276 5277 5278 5279 5280 5281 5282

CDF

CLEO2

CDF

 0.39±PDG Average 5279.10 

LHCb Preliminary

 0.19±New average 5279.23 

]2 mass [MeV/c+B
5276 5277 5278 5279 5280 5281 5282

B+	
  

State	
   Measured	
  mass	
  (MeV/c2)	
   PDG	
  average	
  (MeV/c2)	
  

B0	
   5279.54	
  ±	
  0.15	
  ±	
  0.16	
  	
   5279.48	
  ±	
  0.47	
  

B+	
   5279.27	
  ±	
  0.11	
  ±	
  0.20	
  	
   5279.10	
  ±	
  0.39	
  

Bs0	
   5366.60	
  ±	
  0.28	
  ±	
  0.21	
  	
   5365.97	
  ±	
  0.87	
  

Λb	

 5619.49	
  ±	
  0.70	
  ±	
  0.19	
  	
   5620.19	
  ±	
  1.60	
  

Bc+	

 6268.0	
  	
  	
  ±	
  4.0	
  	
  	
  ±	
  0.6	
  	
   6277.13	
  ±	
  6.00	
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b	
  →	
  J/ψ	
  X	
  mass	
  measurements	
  

]2 mass [MeV/c0
sB

5355 5360 5365 5370 5375 5380

Belle

CDF

CDF

Delphi

OPAL

Aleph

 0.87±PDG average 5365.97 

LHCb Preliminary

 0.37±New average 5366.47 

]2 mass [MeV/c0
sB

5355 5360 5365 5370 5375 5380

]2 mass [MeV/cbΛ
5620 5630 5640 5650 5660 5670

CDF

CDF

DELPHI

ALEPH

 1.60±PDG average 5620.19 

LHCb Preliminary

 0.66±New average 5619.60 

]2 mass [MeV/cbΛ
5620 5630 5640 5650 5660 5670

]2 mass [MeV/c+
cB

6200 6250 6300 6350 6400

CDF

D0

CDF

 6.00±PDG average 6277.13 

LHCb Preliminary

 5.17±New average 6272.95 

]2 mass [MeV/c+
cB

6200 6250 6300 6350 6400

Bs0	
  

Bc+	
  

Λb	
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Muon	
  IdenPficaPon	
  Performance	
  
l  efficiency	
  determined	
  from	
  data	
  using	
  	
  

tag-­‐and-­‐probe	
  method	
  on	
  J/ψ	
  →	
  μ+μ-­‐	
  

l  found	
  to	
  be	
  >	
  90	
  %	
  for	
  p	
  >	
  10	
  GeV	
  

l  mis-­‐ID	
  probabiliPes	
  K→μ,	
  π→μ,	
  p→μ	
  
determined	
  from	
  data	
  using	
  tag-­‐and-­‐probe	
  method	
  on	
  φ	
  

→	
  KK,	
  KS
	
  →	
  ππ,	
  Λ	
  →	
  pπ	
  

l  all	
  found	
  to	
  be	
  <	
  2	
  %	
  for	
  p	
  >	
  10	
  GeV	
  

l  good	
  agreement	
  between	
  data	
  and	
  simulaPon	
  

tagging 
muon 

probe	
  
muon	
  

invariant	
  mass:	
  
J/ψ	
  →	
  μ+μ-­‐	
  

tagging	
  
muon	
  

K±	
  data	
  
K±	
  Monte-­‐Carlo	
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J/ψ	
  cross-­‐secPon	
  measurement	
  

•  Important	
  calibraPon	
  mode	
  for	
  LHCb,	
  and	
  proof	
  of	
  
absolute	
  cross-­‐secPon	
  /	
  branching	
  fracPons	
  
capabiliPes.	
  

•  Measurement	
  released	
  in	
  December,	
  with	
  5pb-­‐1,	
  
accepted	
  for	
  publicaPon	
  in	
  EPCJ	
  (arXiv:1103.0423	
  
[hep-­‐ex]).	
  

•  Measure	
  separately:	
  

 – Prompt	
  J/ψ	
  (direct	
  J/ψ	
  +	
  J/ψ	
  from	
  χc	
  feeddown)	
  

 – J/ψ	
  from	
  b	
  decays,	
  

•  Using	
  to	
  separate	
  them	
  the	
  J/ψ	
  pseudo	
  proper	
  Pme:	
  

	
  

	
  

 

•  Total	
  bb	
  cross-­‐secPon:	
  

 [ps]zt
-5 0 5

 c
an

di
da

te
s p

er
 0

.1
 p

s
/J

-110

1

10

210

310

410

510 LHCb  < 3.0y2.5 < 
c < 4 GeV/

T
p3 < 
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J/ψ	
  cross-­‐secPon	
  measurement	
  
•  DifferenPal	
  cross-­‐secPons	
  in	
  70	
  bins	
  (pT	
  and	
  rapidity,	
  y)	
  

Prompt	
  J/ψ,	
  assumed	
  unpolarized	
  

J/ψ	
  from	
  b	
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J/ψ	
  cross-­‐secPon	
  measurement	
  
Comparison	
  with	
  theory	
  (prompt	
  J/ψ):	
  

J.-P. Lansberg 
[Eur. Phys. 
J. C 61 (2009) 693,  
arXiv:0811.4005  
[hep-ph]] 

K. T. Chao et al. 
[Phys. Rev. Lett. 106 (2011) 042002, arXiv:1009.3655 [hep-ph]] R. Vogt  

[Phys. Rep. 462 (2008) 125,  
arXiv:0806.1013 [nucl-ex]] 

P. Artoisenet  
[PoS ICHEP 2010 
(2010) 192] 

 
M. Butenschön  
and  
B. Kniehl  
[Phys. Rev. Lett. 106 (2011) 
022301, arXiv:1009.5662 [hep-ph]] 
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J/ψ	
  cross-­‐secPon	
  measurement	
  
Comparison	
  with	
  theory	
  (J/ψ	
  from	
  b):	
  

M. Cacciari 
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J/ψ	
  cross-­‐secPon	
  measurement	
  
Comparison	
  with	
  other	
  experiments:	
  

 [GeV/c]!J/
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p
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Search	
  for	
  Bd,s	
  →	
  μ+	
  μ-­‐	
  decays	
  
l  One	
  of	
  the	
  early	
  benchmark	
  channels	
  for	
  LHCb	
  (arXiv:1103.2465):	
  search	
  of	
  New	
  Physics	
  

entering	
  in	
  loops	
  that	
  would	
  enhance	
  the	
  Branching	
  fracPon	
  compared	
  to	
  Standard	
  Model	
  
expectaPons	
  (which	
  are	
  very	
  small).	
  

l  These	
  decay	
  modes	
  are	
  very	
  sensiPve	
  to	
  new	
  scalar	
  and	
  /	
  or	
  pseudo-­‐scalar	
  interacPons.	
  In	
  the	
  
MSSM,	
  the	
  Branching	
  fracPon	
  is	
  proporPonal	
  to	
  tan6β/MA

4.	
  

l  Standard	
  Model	
  PredicPons:	
  

Mode	
   Branching	
  Frac0on	
  

Bs0	
  ➝	
  µ+ µ-	
   (3.2	
  ±	
  0.2)	
  x	
  10-­‐9	
  	
  

B0	
  ➝	
  µ+ µ-	
   (0.10	
  ±	
  0.01)	
  x	
  10-­‐9	
  

A. J. Buras 
[arXiv:1012.1447] 
 

E. Gamiz et al. 
[PRD80 (2009) 014503] 
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Search	
  for	
  Bd,s	
  →	
  μ+	
  μ-­‐	
  decays	
  
l  Signal	
  and	
  background	
  candidates	
  are	
  discriminated	
  by	
  a	
  2D	
  likelihood:	
  mul0variate	
  

discriminant	
  variable	
  (Geometrical	
  Likelihood)	
  and	
  invariant	
  mass,	
  with	
  both	
  probabiliPes	
  
obtained	
  from	
  data	
  (B➝hh’):	
  

l  Three	
  complementary	
  normalizaPon	
  channels:	
  B+➝J/ψ	
  K+,	
  Bs0➝J/ψ	
  φ	
  and	
  B0➝K+π-­‐.	
  	
  

GL	
  probability	
  from	
  B➝hh’	
  	
   Mass	
  from	
  B➝hh’	
  	
  

Confidence	
  Levels	
  vs	
  BR(B➝µµ)	
  

Expected	
  upper	
  
limit	
   68%	
  of	
  toy	
  experiments	
  

compa,ble	
  with	
  expected	
  
limit	
  

Observed	
  
limit	
  

LHCb	
  results	
  with	
  37pb-­‐1:	
  

BR(Bs
0➝µ+µ-­‐)	
  <	
  5.6	
  x	
  10-­‐8	
  @	
  95%	
  CL	
  

BR(B0➝µ+µ-­‐)	
  <	
  1.5	
  x	
  10-­‐8	
  @	
  95%	
  CL	
  
	
  
Close	
  to	
  best	
  limits	
  from	
  CDF	
  with	
  3.7�-­‐1:	
  	
  

BR(Bs0➝µ+µ-­‐)	
  <	
  4.3	
  x	
  10-­‐8	
  @	
  95%	
  CL	
  

BR(B0➝µ+µ-­‐)	
  <	
  0.76	
  x	
  10-­‐8	
  @	
  95%	
  CL	
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Search	
  for	
  Bd,s	
  →	
  μ+	
  μ-­‐	
  decays	
  
l  Prospects	
  for	
  2011/2012	
  (expected	
  luminosity	
  from	
  500	
  pb-­‐1	
  to	
  2	
  �-­‐1):	
  

l  LHCb	
  will	
  either	
  find	
  signs	
  of	
  NP	
  or	
  exclude	
  most	
  of	
  the	
  tanβ	
  vs	
  MA	
  plane	
  with	
  2011/2012	
  data.	
  

Exclusion	
  @	
  95%	
  CL	
   ObservaPon	
  

Standard	
  Model	
  
expectaPon	
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K/π	
  IdenPficaPon	
  

GeV/c GeV/c 

l  crucial	
  for	
  flavour	
  tagging	
  and	
  for	
  separaPon	
  
of	
  B	
  decays	
  with	
  idenPcal	
  topology,	
  e.g.	
  	
  

	
   	
   	
  B0	
  →	
  π+π-­‐	
  	
  ↔	
  	
  B0	
  →	
  K±π∓	
  	
  ↔	
  	
  Bs
	
  →	
  K+K-­‐	
  

l  two	
  RICH	
  detectors	
  with	
  three	
  radiators	
  

l  efficiencies	
  and	
  mis-­‐ID	
  determined	
  from	
  data	
  	
  
using	
  tag-­‐and-­‐probe	
  methods	
  on	
  φ	
  →	
  KK,	
  KS

	
  →	
  ππ,	
  Λ	
  →	
  pπ	
  

l  performance	
  found	
  to	
  be	
  close	
  to	
  simulaPon	
  over	
  full	
  momentum	
  range	
  from	
  few	
  GeV	
  (tagging)	
  
to	
  100	
  GeV	
  (two-­‐body	
  hadronic	
  decays)	
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K/π	
  IdenPficaPon	
  

no	
  PID,	
  π	
  mass	
  
assumed	
  for	
  both	
  	
  
decay	
  parPcles	
  

apply	
  PID	
  cuts	
  

(from	
  34	
  pb-­‐1)	
  

B	
  ➝	
  h+h’-­‐	
  

B0	
  ➝	
  π+π-­‐	
   B0	
  ➝	
  K+π-­‐,	
  Bs0	
  ➝	
  K+π-­‐	
   Bs0	
  ➝	
  K+K-­‐	
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Study	
  of	
  direct	
  CP	
  violaPon	
  in	
  Bd,s➝Kπ	


l  Direct	
  CP	
  asymmetry	
  in	
  B0➝Kπ	
  is	
  well	
  established	
  (9σ)	
  but	
  not	
  yet	
  significantly	
  observed	
  for	
  

Bs0➝Kπ.	
  

l  Detector	
  asymmetries:	
  controlled	
  using	
  clean	
  samples	
  of	
  D*+➝	
  D0(➝K-­‐π+)	
  π+,	
  comparing	
  data	
  
taken	
  with	
  both	
  magnet	
  polariPes:	
  AD	
  =	
  -­‐0.004	
  ±	
  0.004.	
  

l  ProducPon	
  asymmetries:	
  constrained	
  using	
  B+	
  ➝	
  J/ψ	
  K+: AP = -0.024 ± 0.016.	
  

Decay	
  mode	
   ACP	
  LHCb	
  preliminary	
   HFAG	
  Average	
  

B0	
  ➝	
  K-­‐	
  π+	
   -­‐0.077	
  ±	
  0.033	
  ±	
  0.007	
  	
   -­‐0.098	
  ±	
  0.012	
  

Bs0➝	
  K-­‐	
  π+	
   0.15	
  ±	
  0.19	
  ±	
  0.02	
  	
   0.39	
  ±	
  0.17	
  

(from	
  37	
  pb-­‐1)	
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B0,	
  Bs0	
  Mixing	


l  Requires	
  flavour	
  tagging,	
  several	
  methods	
  used:	
  

l  Opposite	
  Side	
  Tagging:	
  flag	
  the	
  flavour	
  of	
  the	
  B	
  opposite	
  to	
  the	
  signal	
  with	
  sign	
  of	
  e,	
  µ,	
  K	
  or	
  
the	
  total	
  inclusive	
  charge	
  of	
  the	
  secondary	
  vertex.	
  

l  Same	
  Sign	
  Tagging:	
  charge	
  of	
  π	
  or	
  K	
  coming	
  from	
  the	
  same	
  vertex	
  than	
  signal,	
  exploiPng	
  
hadronizaPon	
  process	
  of	
  the	
  signal	
  B	
  or	
  decays	
  of	
  excited	
  B**	
  ➝	
  Bsignal	
  π/K	
  	
  

l  Performances:	
  Mistag	
  rate	
  ω	
  ~	
  33%,	
  Tagging	
  power	
  εeff	
  ~	
  2.5%.	
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B0,	
  Bs0	
  Mixing	



Mode	
   Δm	
  (ps-­‐1)	
  LHCb	
  Preliminary	
   PDG	
  (ps-­‐1)	
  

B0	
  ➝	
  D-­‐	
  (➝K+π-­‐π-­‐)	
  π+	
   0.499	
  ±	
  0.032	
  ±	
  0.003	
  	
   0.507	
  ±	
  0.005	
  

Bs0➝	
  Ds
-­‐(K-­‐	
  K+	
  π-) π+(π+π-)	
   17.63	
  ±	
  0.11	
  ±	
  0.04	
  	
   17.77	
  ±	
  0.10	
  ±	
  0.07	
  	
  

B0	
  

Bs0	
  

4.6σ	
  significance	
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φs	
  from	
  Bs0	
  →	
  J/ψ	
  φ	
  
l  One	
  of	
  the	
  main	
  LHCb	
  first	
  measurement,	
  “golden	
  mode”	
  for	
  CP	
  ViolaPon	
  studies	
  in	
  the	
  Bs	
  

system.	
  

l  Interference	
  of	
  mixing	
  and	
  decay:	
  CPV	
  phase	
  φS	
  =	
  φM	
  +	
  2φD	
  

l  In	
  the	
  Standard	
  Model:	
  	
  

l  Precise	
  (and	
  small)	
  Standard	
  Model	
  predicPon:	
  

l  Possible	
  New	
  Physics	
  contribuPon:	
  	
  	
  

l  Tagged,	
  Time-­‐Dependant,	
  Angular	
  analysis	
  !	
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sin(2β)	
  from	
  B0	
  →	
  J/ψ	
  KS	
  
l  Tagged,	
  Time-­‐Dependant	
  analysis.	
  

l  Result	
  can	
  be	
  compared	
  to	
  the	
  very	
  precise	
  value	
  from	
  B-­‐factories.	
  

l  SelecPon	
  of	
  280	
  tagged	
  B0	
  ➝	
  J/ψ	
  KS	
  in	
  35pb-­‐1	
  (only	
  tagged	
  events	
  are	
  sensiPve	
  to	
  sin(2β))	
  

SystemaPc	
  uncertainPes	
  

LHCb	
  Preliminary:	
  
	
  

	
  

World	
  average:	
  	
  
	
  	
  	
  	
  	
  	
  sin(2β)	
  =	
  0.673	
  ±	
  0.023	
  

sin(2!) = 0.53!0.29
+0.28 (stat)± 0.08(syst)
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PolarizaPon	
  amplitudes	
  in	
  B0	
  →	
  J/ψ	
  K*0	
  

l  Angular	
  analysis,	
  in	
  transversity	
  basis:	
  

l  Measurement	
  of	
  the	
  distribuPons	
  of	
  the	
  3	
  
angles:	
  θ,	
  ϕ,	
  ψ	



l  Detector	
  geometry	
  distorts	
  efficiency	
  to	
  
reconstruct	
  these	
  angles:	
  3-­‐dimensional	
  
correcPons	
  obtained	
  from	
  full	
  Monte	
  Carlo	
  
simulaPon.	
  

l  2668	
  ±	
  58	
  signal	
  events.	
  

l  Good	
  agreement	
  with	
  BABAR	
  measurement	
  

l  But	
  not	
  yet	
  compePPve	
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φs	
  from	
  Bs0	
  →	
  J/ψ	
  φ	
  
l  Tagged,	
  Time-­‐Dependant,	
  Angular	
  analysis.	
  

l  With	
  836	
  ±	
  60	
  tagged	
  reconstructed	
  candidates,	
  not	
  enough	
  staPsPcs	
  to	
  have	
  a	
  meaningful	
  
point-­‐esPmate	
  :	
  confidence	
  contours	
  using	
  Feldman-­‐Cousins	
  method.	
  

l  StaPsPcal	
  errors	
  only,	
  but	
  systemaPc	
  effects	
  are	
  negligible	
  at	
  this	
  point.	
  

Standard	
  Model	
  P-­‐value:	
  
22%	
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φs	
  from	
  Bs0	
  →	
  J/ψ	
  φ	
  
l  Prospects	
  for	
  2011/2012	
  running	
  (500pb-­‐1	
  to	
  2	
  �-­‐1	
  of	
  data):	
  

l  With	
  current	
  performances,	
  and	
  only	
  using	
  Opposite	
  Side	
  tagging,	
  expected	
  sensiPvity	
  on	
  φS	
  
is	
  0.13	
  rad,	
  assuming	
  Standard	
  Model	
  φS	
  value	
  [will	
  be	
  world’s	
  best	
  measurement	
  already	
  
end	
  of	
  2011].	
  

l  Adding	
  Same	
  Side	
  Tagging	
  will	
  improve	
  the	
  sensiPvity	
  significantly.	
  

l  Adding	
  other	
  decay	
  modes	
  will	
  also	
  help:	
  

Bs0	
  →	
  J/ψ	
  f0	
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LHCb	
  running	
  plans	
  for	
  2011-­‐2012	
  
• 	
  From	
  detector	
  point	
  of	
  view:	
  	
  
–	
  Trigger	
  Computer	
  Farm	
  for	
  HLT	
  will	
  be	
  upgraded	
  to	
  reach	
  1500	
  CPU	
  nodes,	
  addiPonal	
  data	
  links	
  

will	
  be	
  needed	
  to	
  increase	
  current	
  bandwidth.	
  
–	
  LHCb	
  has	
  been	
  designed	
  to	
  run	
  for	
  10	
  years	
  at	
  2-­‐5x1032	
  cm-­‐2.s-­‐1:	
  limit	
  of	
  the	
  instantaneous	
  

luminosity	
  that	
  the	
  detectors	
  can	
  support	
  to	
  have	
  stable	
  operaPon.	
  
• 	
  From	
  trigger	
  point	
  of	
  view:	
  	
  
–	
  Global	
  event	
  cuts	
  have	
  a	
  large	
  price	
  on	
  luminosity	
  when	
  μ	
  is	
  high.	
  
–	
  Crucial	
  to	
  improve	
  CPU	
  Pme	
  consumpPon	
  per	
  event	
  in	
  the	
  HLT.	
  
• 	
  From	
  analysis	
  point	
  of	
  view:	
  
–	
  No	
  significant	
  gain	
  when	
  μ>2.5.	
  
-­‐	
  	
  Spill-­‐over	
  with	
  50	
  ns	
  bunch	
  spacing	
  also	
  add	
  complexity	
  !	
  
• 	
  LHCb	
  future	
  running	
  strategy:	
  
–	
  Maximum	
  instantaneous	
  luminosity:	
  ~3x1032	
  cm-­‐2.s-­‐1	
  
–	
  Maximum	
  μ	
  of	
  2.5,	
  lower	
  than	
  ATLAS/CMS	
  
–	
  LHC	
  displace	
  beams	
  to	
  reduce	
  luminosity	
  at	
  beginning	
  of	
  fill	
  and	
  readjust	
  them	
  to	
  follow	
  beam	
  

lifePme,	
  every	
  hour.	
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Conclusions	
  
l  LHCb	
  has	
  a	
  unique	
  poten0al	
  for	
  the	
  

INDIRECT	
  DISCOVERY	
  
of	
  New	
  Physics	
  

l  the	
  experiment	
  is	
  performing	
  very	
  well,	
  	
  
under	
  harsher	
  condi0ons	
  than	
  it	
  was	
  	
  
designed	
  for	
  

l  the	
  good	
  agreement	
  between	
  simula0on	
  	
  
and	
  early	
  measurements	
  indicates	
  that	
  
es0mated	
  physics	
  reaches	
  seem	
  realis0c	
  

l  in	
  some	
  areas	
  we	
  are	
  already	
  geung	
  close	
  	
  
to	
  being	
  compe00ve	
  with	
  exisi0ng	
  results	
  	
  

	
  	
  	
  	
  with	
  only	
  a	
  small	
  sample	
  of	
  data.	
  	
  
•  A	
  lot	
  of	
  other	
  results	
  not	
  covered	
  here.	
  	
  
l  2011	
  will	
  see	
  a	
  lot	
  of	
  results	
  from	
  LHCb.	
  


