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IntroducBon	
  
•  The	
  LHC	
  experiments	
  obtained	
  and	
  complementary	
  precise	
  

measurements	
  of	
  producBon	
  cross-­‐secBons	
  of	
  J/ψ,	
  ψ(2S),	
  Y	
  in	
  the	
  µ+µ-­‐	
  
decay	
  channel.	
  

•  However,	
  they	
  cannot	
  yet	
  allow	
  disBnguishing	
  between	
  the	
  several	
  QCD	
  
mechanisms	
  for	
  the	
  formaBon	
  of	
  these	
  «	
  simple	
  »	
  mesons	
  in	
  hadron	
  
collisions:	
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LHCb	
  prompt	
  J/ψ	
  producBon	
  cross-­‐secBon	
  measurements	
  compared	
  with:	
  

Non	
  Rela)vis)c	
  QCD	
   Color	
  Singlet	
  Model	
  

(large	
  color	
  octet	
  component)	
   (no	
  color	
  octet	
  component)	
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IntroducBon	
  
•  There	
  are	
  sBll	
  possible	
  improvements	
  on	
  the	
  
experimental	
  side	
  to	
  understand	
  beWer	
  the	
  situaBon:	
  
– Measurement	
  of	
  the	
  J/ψ	
  and	
  Y	
  polarizaBon	
  at	
  producBon,	
  
for	
  which	
  the	
  models	
  predict	
  different	
  behaviours:	
  first	
  
measurements	
  by	
  ALICE	
  and	
  CMS.	
  

–  These	
  measurements	
  need	
  a	
  precise	
  knowledge	
  of	
  the	
  
contribuBon	
  of	
  the	
  decay	
  of	
  higher	
  quarkonium	
  states	
  (χc	
  
➝	
  J/ψ	
  γ	
  or	
  χb	
  ➝	
  Y	
  γ	
  [ATLAS])	
  

–  Study	
  of	
  producBon	
  (and	
  decay)	
  of	
  other	
  quarkonium	
  
states:	
  
•  hc,	
  ηc	
  ➝	
  pp	
  (Poster	
  by	
  Maksym	
  Teklishyn)	
  

•  Bc	
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Bc	
  meson	
  
•  Unique	
  family	
  of	
  meson	
  formed	
  with	
  2	
  different	
  heavy	
  flavours:	
  (bc).	
  	
  

•  It	
  is	
  considered	
  as	
  a	
  quarkonium	
  state,	
  because	
  the	
  study	
  of	
  its	
  
producBon	
  properBes	
  can	
  give	
  constraints	
  for	
  the	
  understanding	
  of	
  
producBon	
  mechanisms	
  of	
  heavy-­‐quark	
  states.	
  

•  Study	
  of	
  its	
  mass,	
  lifeBme	
  and	
  decay	
  channels	
  can	
  be	
  used	
  to	
  test	
  
and	
  constrain	
  QCD	
  calculaBons	
  similar	
  to	
  these	
  in	
  the	
  quarkonium	
  
sector.	
  	
  

4	
  

Bc+:	
  ground	
  state,	
  only	
  one	
  observed	
  so	
  far	
  
(1998,	
  CDF)	
  



Bc	
  producBon	
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Typical	
  producBon	
  diagram	
  (αs
4)	
  

Measured	
  with	
  the	
  decay	
  mode	
  Bc+➝J/ψ	
  π+,	
  
relaBve	
  to	
  the	
  B+	
  producBon	
  (B+➝J/ψ	
  K+)	
  

LHCb:	
  PRL	
  109	
  (2012)	
  232001	
  

For	
  pT	
  <	
  4	
  GeV/c	
  and	
  2.5<η<4.5	
  

The	
  absolute	
  BR	
  of	
  Bc+➝J/ψ	
  π+	
  is	
  not	
  known,	
  but	
  
using	
  theoreBcal	
  esBmates,	
  this	
  means	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
σ(Bc

+)~σ(B+)/100	
  



Bc	
  decays	
  
•  Very	
  liWle	
  is	
  known	
  about	
  them	
  !	
  
•  PDG	
  2012	
  secBons	
  for	
  Bc+	
  and	
  B0:	
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Bc	
  decays	
  

•  They	
  decay	
  through	
  weak	
  interacBon.	
  
•  Different	
  processes:	
  

•  ProporBon	
  of	
  the	
  different	
  modes	
  is	
  linked	
  to	
  the	
  Bc	
  
lifeBme	
  (~0.4	
  ps):	
  important	
  to	
  measure	
  precisely	
  its	
  
lifeBme.	
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New	
  decay	
  modes	
  discovered	
  

•  ObservaBon	
  of	
  Bc+	
  ➝	
  J/ψ	
  π+	
  π-­‐	
  π+,	
  
with	
  0.8	
  q-­‐1	
  of	
  2011	
  data.	
  

•  Theory	
  predicBons:	
  

•  Result:	
  

•  SystemaBcs	
  dominated	
  by	
  the	
  
knowledge	
  of	
  the	
  π+π-­‐π+	
  structure	
  

8	
  
PRL108(2012)	
  251802	
  [LHCb],	
  CMS	
  PAS	
  BPH-­‐11-­‐003	
  [CMS]	
  



New	
  decay	
  modes	
  discovered	
  
•  Bc+	
  ➝	
  ψ(2S)	
  π+,	
  with	
  1q-­‐1	
  of	
  2011	
  data.	
  

–  TheoreBcal	
  predicBons:	
  

–  Result:	
  	
  

	
  

•  Bc+	
  ➝	
  J/ψ	
  K+,	
  with	
  1q-­‐1	
  of	
  2011	
  data.	
  

–  Consistent	
  with	
  |Vus|2/|Vud|2	
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LHCb	
  unofficial	
  



New	
  decay	
  modes	
  discovered	
  
•  Bc+	
  ➝	
  J/ψ	
  Ds

(*)+	
  with	
  3	
  q-­‐1	
  of	
  2011+2012	
  data	
  

•  Results	
  consistent	
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diagram,	
  as	
  expected.	
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Precise	
  Bc	
  mass	
  measurements	
  
•  Momentum	
  scale	
  of	
  the	
  

detector	
  is	
  known	
  with	
  
precision,	
  calibrated	
  with	
  J/ψ	
  
run	
  by	
  run:	
  

	
  
•  Allows	
  to	
  obtain	
  precise	
  Bc+	
  

mass	
  measurement	
  from	
  	
  	
  	
  	
  
Bc+	
  ➝	
  J/ψ	
  π+	
  and	
  J/ψ	
  Ds

+.	
  
•  Value	
  compaBble	
  with	
  QCD	
  

predicBons	
  
•  Uncertainty	
  of	
  1.3	
  MeV,	
  was	
  

6	
  MeV	
  in	
  2011.	
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Conclusions	
  

•  New	
  areas	
  of	
  quarkonium	
  studies	
  are	
  being	
  
explored:	
  Bc+	
  producBon	
  and	
  decay.	
  

•  Bc	
  properBes	
  knowledge	
  improved	
  greatly	
  
with	
  first	
  LHCb	
  data.	
  More	
  to	
  come,	
  in	
  
parBcular	
  ongoing	
  analyses	
  for:	
  
– Bc+	
  ➝	
  Bs0	
  π+	
  (c	
  quark	
  decay	
  –	
  b	
  spectator)	
  
– Excited	
  Bc	
  states	
  
– Bc	
  precise	
  lifeBme	
  measurement.	
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