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Mo?va?ons	  

•  B-‐>mumu	  rare	  process	  in	  the	  SM	  
–  2nd	  order	  graphs	  
–  Cabibbo	  suppressed	  |Vts(td)|2	  

–  Helicity	  suppressed	  (mμ/mB)2	  
–  Bag	  factor	  (fB/mB)2	  

•  Br(Bs-‐>μ+μ-‐)	  =	  (3.23	  ±	  0.27)	  10-‐9	  

•  Br(B0-‐>μ+μ-‐)	  =	  (1.07	  ±	  0.10)	  10-‐10	  

A.	  J.	  Buras	  et	  al.,	  Eur.Phys.J.	  C72	  (2012)	  2172	  [arXiv:1208.0934]	  
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New	  Physics	  
•  2HDM1	  	  
•  MSSM2	  	  
•  Leptoquarks3	  
•  Sensi?vity	  comparable	  
	  

•  Minimal	  Flavor	  Viola?on	  
	  

•  Non	  devia?on	  from	  SM:	  
–  Bounds	  to	  parameter	  space	  

•  Complementary	  to	  direct	  searches	  at	  LHC	  
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Br∝ tan4 β,m(H + )
Br∝ tan6 β

µ→ eγ,B→νν

Br(B0 / Bs )∝ Vtd /Vts
2
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Analysis	  
•  Dimuon	  trigger	  &	  iden?fica?on	  
•  Background	  rejec?on	  
•  Efficiency	  &	  Normaliza?on	  vs	  Reference	  

Undergoing	  similar	  selec?on	  

Compute	  Br/Limit	  
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B+ → J /ψ(µ+µ− )K +



•  a	  
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•  a	  
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•  a	  
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Trigger	  
•  Hardware	  (L1)	  dimuon	  

trigger	  
•  HLT	  with	  tracking	  &	  vertex	  
•  Cuts	  ?ghtened	  with	  

instantaneous	  lumi	  increase	  
•  Similar	  (not	  iden?cal)	  for	  

signal	  &	  reference	  

•  4.8	  <	  mμμ	  <	  6	  GeV	  
•  Πvertex(μμ)	  >	  0.5%	  
•  Distance	  of	  closest	  approach	  

dcaμμ<0.5	  cm	  
•  pTμ	  >	  4	  GeV,	  pTμμ	  >	  3.9	  GeV	  (5.9	  

endcaps)	  

B	  -‐>	  μμ	  
•  2.9	  <	  mμμ	  <	  3.3	  GeV	  
•  Πvertex(μμ)	  >	  15%	  
•  dcaμμ	  <	  0.5	  cm	  
•  pTμ	  >	  4	  GeV,	  pTμμ	  >	  6.9	  GeV	  
•  L(μμ)	  >	  3σ(L(μμ))	  
•  cos	  αxy	  >	  0.9	  (poin?ng	  angle)	  

B	  -‐>	  J/ΨK	  (Ψφ)	  
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Background	  

•  Random	  dimuon	  correla?on,	  including	  fake	  
•  Rare	  B	  decays:	  
– B-‐>hh’	  (h(‘)=π,K,p),	  both	  mis-‐iden?fied	  as	  muon	  ~	  
Br*(εh-‐>μ)2	  

– B-‐>hνμ	  ~	  |Vub|2*εh-‐>μ	  
– Rejected	  by:	  

•  Constraints	  from	  B	  decay	  vertex	  
•  Isola?on	  Criteria	  
•  Invariant	  Mass	  Requirements	  
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Data	  Selec?on:	  M(μμ)	  
•  Benefit	  from	  high	  precision	  Silicon	  Tracking,	  

resolu?on	  depends	  on	  η	  
–  σ(Mμμ)	  ~	  40/80	  MeV	  (barrel/forward)	  
–  MBs	  –	  MB0	  =	  90	  +/-‐	  3	  MeV	  

•  Two	  parallel	  searches:	  
–  Barrel,	  both	  muons	  within	  |η|	  <	  1.4	  
–  Forward,	  else	  
–  Use	  similar,	  yet	  non	  iden?cal,	  cuts	  



Blind	  Analysis	  

•  Signal	  Region	  5.20	  <	  M(mm)	  <	  5.45	  inspected	  
only	  at	  the	  end	  of	  the	  analysis,	  with	  all	  the	  
selec?on	  requirements	  validated,	  efficiency	  
correc?ons	  computed,	  and	  systema?c	  
uncertain?es	  evaluated	  
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Data	  Selec?on:	  dimuon	  Vertex	  

•  Primary	  Vertex	  
–  Minimal	  distance	  along	  beam	  axis	  
–  Refit	  without	  the	  muons	  

•  Secondary	  Vertex	  
–  Π(χ2)	  
–  Significance	  L3D/σ	  (L3D),	  poin?ng	  angle	  α3D,	  B	  impact	  parameter	  (all	  3D)	  

L3D/σ	  (L3D),	  
signal	  MC	  and	  
Data	  sidebands	  

L3D/σ	  (L3D),	  
ref.	  sample	  
data	  &	  MC	  
(for	  ε	  correc?on)	  
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Data	  Selec?on:	  Isola?on	  
•  From	  high	  pT	  tracks	  from	  the	  same	  Primary	  

Vertex,	  or	  not-‐associated	  nearby	  tracks	  
	  
	  
	  
	  
	  

•  From	  tracks	  close	  in	  space	  to	  the	  B	  vertex	  

I = pT (µµ)
pT (µµ)+ pTΔR<0.7∑

Isola?on,	  
signal	  MC	  and	  
Data	  sidebands	  

Isola?on,	  
ref.	  sample	  
data	  &	  MC	  
(for	  ε	  correc?on)	  
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Final	  Selec?on	  
•  Published	  2010	  data	  included	  and	  reanalyzed	  
•  Cut&Count;	  selec?on	  op?mized	  for	  best	  limit	  
with	  1.4	  106	  tests	  
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Systema?c	  Uncertain?es	  
•  Acceptance	  

–  B	  produc?on:	  g-‐fusion/g-‐spliIng/bb-‐excita?on	  
•  μ	  id	  &	  trigger	  

–  Tag	  &	  Probe	  (unbiased	  J/Ψ	  sample)	  
–  Data/MC	  	  for	  J/ΨK	  
–  Cut	  varia?on	  

•  Selec?on	  
–  Data/MC	  for	  J/ΨK	  

•  Normaliza?on	  &	  Bck.	  
–  Measured	  fake	  rates	  
–  W.A.	  values	  for	  Br	  
–  LHCb	  error	  on	  fs/fu	  
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Unblinding	  

•  No	  significant	  excess	  observed	  
•  Expecta?ons	  include	  systema?c	  uncertain?es	  
•  Compute	  95%	  CL	  
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Results:	  JHEP	  04	  (2012)	  033	  

•  a	  
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Conclusions	  

•  CMS	  has	  set	  ?ght	  constraint	  on	  B-‐>μμ	  
branching	  ra?os	  
	  
	  
	  

•  Analysis	  of	  the	  2012	  dataset	  ongoing	  
•  Sensi?vity	  to	  reach	  SM	  expecta?on	  
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