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b-­‐quark	
  Produc'on	
  at	
  LHC	
  

-­‐ 	
  Test	
  of	
  perturba've	
  QCD	
  and	
  Monte	
  Carlo	
  models	
  

-­‐ 	
  Understand	
  Standard	
  Model	
  b-­‐quark	
  background	
  for	
  
other	
  processes	
  (i.e.	
  Higgs	
  search)	
  

-­‐ 	
  Build	
  confidence	
  in	
  the	
  CMS	
  experiment	
  
-­‐ 	
  Excellent	
  tracking	
  and	
  vertexing	
  
-­‐ 	
  Muon	
  iden'fica'on	
  
-­‐ 	
  Flexible	
  trigger	
  system	
  

For	
  the	
  decay	
  BsJ/ψ φ:	
  
-­‐	
  Measurement	
  of	
  dσ(ppBsX)xBF(BsJ/ψ φ)/dx	
  	
  
(x=pT,y)	
  in	
  the	
  range	
  8<	
  pTBs<50	
  GeV/c	
  and	
  0<|yBs|<	
  2.4

-­‐ 	
  Measurement	
  of	
  ΔΓ	
  and	
  CP-­‐viola'ng	
  weak	
  phase	
  φs	
  

7	
  TeV	
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Angular	
  analysis	
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0→1	
  1	
  	
  	
  	
  	
  	
  so	
  L=0,1,2	
  

P=(-­‐1)L	
  	
  	
  	
  	
  →	
  CP=±1	
  

BsJ/ψ φ	
  is	
  not	
  a	
  CP	
  eigenstate	
   Par'al	
  wave	
  analysis	
  is	
  required	
  to	
  split	
  
CP-­‐even	
  and	
  CP-­‐odd	
  components	
  of	
  the	
  
decay	
  amplitude	
  	
  transversity	
  basis	
  

{cosθ,ϕ,cosψ}	
  

Amplitude	
  strengths	
   Decay	
  widths	
   Weak	
  phase	
  
Strong	
  phases	
  

Differen'al	
  decay	
  rate	
  described	
  by:	
  

The	
  analysis	
  for	
  the	
  extrac'on	
  of	
  ΔΓ	
  is	
  ongoing!	
  



BsJ/ψ φ	
  candidate	
  event	
  

BsJ/ψ φ	
  	
  
µµ	



K+K-­‐	
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CMS	
  Detector	
  

For	
  b-­‐hadrons	
  mainly:	
  
-­‐ 	
  Muon	
  detectors:	
  for	
  decays	
  of	
  J/ψ to	
  muon	
  pairs	
  
-­‐ 	
  Silicon	
  Tracker	
  detector:	
  charged	
  tracks	
  as	
  well	
  as	
  precise	
  reconstruc'on	
  of	
  primary	
  and	
  
secondary	
  ver'ces	
  

(3.8	
  T)	
  

Pixel	
  (forward	
  +	
  barrel):	
  	
  
-­‐ 	
  3	
  layers	
  +	
  (2+2)	
  disks	
  
-­‐ 	
  Resolu'on	
  9-­‐25	
  µm	
  
Si	
  Tracker:	
  
-­‐ 	
  10+	
  hits	
  
-­‐	
  Coverage	
  up	
  to	
  |η|<2.4	
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Muon	
  Reconstruc'on	
  

HCAL 

-­‐	
  Four	
  “sta'ons”	
  for	
  both	
  barrel	
  and	
  endcaps	
  

-­‐	
  Large	
  rapidity	
  coverage:	
  
– |η|	
  <	
  2.4	
  
– CMS	
  covers	
  unique	
  pT-­‐η	
  range	
  
complementary	
  w.r.t.	
  LHCb	
  

-­‐  Excellent	
  muon	
  momentum	
  resolu'on:	
  
– Matching	
  between	
  muon	
  chambers	
  and	
  the	
  
silicon	
  tracker	
  

–  Resolu'on	
  as	
  func'on	
  of	
  η	
  because	
  of	
  the	
  
increasing	
  material	
  traversed	
  

PIXELS	
  +	
  
TRACKER	
  

CALORIMETERS	
  

MUON	
  SYSTEM	
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Muon	
  Efficiency	
  

Muon	
  efficiency	
  from	
  data	
  	
  	
  	
  	
  	
  	
  

the	
  “Tag-­‐and-­‐Probe”	
  method	
  

–  Require	
  one	
  well-­‐iden'fied	
  muon	
  
in	
  the	
  event	
  (“tag”)	
  

–  Another	
  candidate	
  muon,	
  with	
  
looser	
  criteria	
  L,	
  is	
  paired	
  to	
  it	
  
(“probe”)	
  

–  Compare	
  resonance	
  yields	
  for	
  all	
  
tag-­‐probe	
  pairs	
  and	
  for	
  pairs	
  where	
  
the	
  probes	
  pass	
  a	
  given	
  selec'on	
  S	
  
	
  determine	
  ε(S	
  |	
  L)	
  	
  	
  

single	
  muon	
  trigger	
  efficiency	
  	
  
for	
  |η|	
  <	
  1.2	
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CMS	
  PAS	
  MUO-­‐10-­‐002	
  

7	
  

PASS	
  

NO	
  PASS	
  



-­‐	
  Reconstruc'on	
  and	
  extrac'on	
  of	
  the	
  signal	
  yield	
  (nsig):	
  
	
  -­‐	
  Op'mized	
  selec'on	
  criteria	
  requirements	
  for	
  event	
  variables	
  
	
  -­‐	
  Study	
  of	
  poten'al	
  B	
  background	
  sources	
  from	
  MC	
  
	
  -­‐	
  Expected	
  sources	
  of	
  background:	
  prompt	
  J/ψ	
  and	
  non-­‐prompt	
  B	
  background	
  
	
  -­‐	
  2D	
  Maximum	
  Likelihood	
  fit	
  to	
  J/ψ φ invariant	
  mass	
  and	
  proper	
  decay	
  length	
  

-­‐	
  Efficiency	
  determina'on	
  (ε):	
  	
  
-­‐	
  Muon	
  reconstruc'on	
  efficiency	
  –	
  data	
  driven	
  
-­‐	
  Bs/φ	
  reconstruc'on	
  efficiency	
  –	
  based	
  on	
  signal	
  MC	
  sample	
  
-­‐	
  Acceptance	
  –	
  based	
  on	
  signal	
  MC	
  sample	
  

Strategy	
  Outline	
  
Measurement	
  of	
  the	
  differen'al	
  cross	
  sec'on	
  in	
  bins	
  of	
  Δx	
  (with	
  Δx=	
  pT,y)	
  

with	
  σBF/BF	
  ~	
  30%	
  

€ 

dσ (pp→Bs
0X) × BF(Bs

0 →J /ψφ)
dx

=
nsig

2⋅ ε ⋅ B⋅ L⋅ Δx
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Reconstruc'on	
  and	
  Bs	
  Selec'on	
  

Secondary	
  
Vertex	
  

Primary	
  Vertex	
  

Lxy	
  

µ+	
  

µ-­‐	
  

K+	
  
K-­‐	
  

€ 

ct = c MB

pT
B Lxy

	
  6200	
  candidate	
  	
  
events	
  reconstructed	
  	
  

-­‐	
  Dimuon	
  trigger	
  with	
  no	
  threshold	
  on	
  pT	
  	
  
-­‐	
  High	
  quality	
  muons	
  combined	
  to	
  form	
  J/ψ	
  
resonance	
  
-­‐	
  Tight	
  requirements	
  on	
  charged	
  tracks	
  	
  	
  	
  	
  	
  	
  
(#	
  hits,	
  χ2)	
  with	
  kaon	
  mass	
  hypothesis	
  
-­‐	
  Kinema'c	
  fit	
  to	
  di-­‐muon	
  pairs	
  and	
  two	
  
charged	
  tracks	
  (di-­‐muon	
  pairs	
  constrained	
  
to	
  J/ψ	
  mass	
  value)	
  
-­‐	
  Further	
  requirements	
  on	
  vertex	
  fit	
  
probability,	
  charged	
  tracks	
  kinema'cs,	
  	
  
di-­‐kaon	
  invariant	
  mass	
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0.9	
  <	
  |y|	
  <	
  1.2	
  

12	
  <	
  pT	
  <	
  15	
  GeV/c	
  



Fit	
  Technique	
  
-­‐	
  Extract	
  the	
  signal	
  yield	
  with	
  a	
  2D	
  unbinned	
  maximum	
  likelihood	
  fit	
  to	
  Bs	
  mass	
  and	
  
proper	
  decay	
  length	
  

-­‐	
  Three	
  components	
  in	
  the	
  fit:	
  signal,	
  non-­‐prompt	
  J/ψ,	
  and	
  prompt	
  J/ψ	
  
-­‐	
  PDFs	
  extracted	
  with	
  data-­‐driven	
  method	
  (except	
  for	
  signal	
  Bs	
  mass	
  PDF	
  –	
  from	
  MC)	
  
-­‐	
  In	
  the	
  final	
  fit	
  all	
  the	
  parameters	
  (except	
  for	
  the	
  Bs	
  mass)	
  are	
  free	
  to	
  float	
  

-­‐	
  We	
  choose	
  four	
  pT	
  and	
  four	
  |y|	
  bins	
  to	
  have	
  equal	
  samples	
  in	
  each,	
  keeping	
  a	
  
sta's'cal	
  uncertainty	
  ~10	
  %	



Category	
   J/ψ φ	
  Inv.	
  Mass	
   ct	
  

Signal	
   Gcore+	
  Gtail	
   R	
  ⊗	
  e-­‐ct/λ	



B	
  background	
   2st	
  Poly	
   R	
  ⊗	
  (fe-­‐ct/λ1 -­‐	
  (1-­‐f)e-­‐ct/λ2)	
  

Prompt	
  J/ψ	
  bkg	
   1st	
  Poly	
   R	
  

€ 

L = exp − ni
1

3

∑
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ ni

1

3

∑ Pi(MB ;α i)
→

Pi(ct;βi)
→⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

j
∏

G	
  =	
  Gaussian	
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 = 7 TeVsCMS   
-1L = 40 pb

(b)

Fit	
  Results	
  

Nsig	
  =	
  549	
  ±	
  32	
  

(fit	
  with	
  single	
  exponen'al)	
  

Legend:	
  
-­‐ 	
  Signal	
  
-­‐ 	
  B	
  background	
   	
  	
  
-­‐ 	
  Prompt	
  J/ψ 	
  

Signal	
  yield	
  extracted	
  in	
  the	
  range	
  	
  	
  
-­‐	
  8	
  <	
  pT	
  <	
  50	
  GeV/c	
  
-­‐	
  |y|	
  <	
  2.4	
  

Performing	
  2D	
  Maximum	
  Likelihood	
  fit:	
  	
  

cτ	
  =	
  478	
  ±	
  26	
  µm	
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Accepted	
  by	
  	
  
PRD-­‐RC	
  h{p://arxiv.org/abs/1106.4048	
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Systema'cs	
  
Source	
   %	
  

Muon	
  Reconstruc'on	
  Efficiency	
   3-­‐5	
  

Hadron	
  Tracking	
  Efficiency	
   7.8	
  

Reconstruc'on	
  Efficiency	
   2-­‐3	
  

Misalignment	
   2-­‐4	
  

pT/y	
  Spectrum	
   1-­‐3	
  

Probability	
  Density	
  Func'on	
   2-­‐4	
  

Uncorrelated	
  Systema9c	
  Errors	
   10-­‐11	
  

Branching	
  Frac'ons	
   1.4	
  

Luminosity	
   4	
  

Correlated	
  Systema9c	
  Errors	
   4.2	
  

Total	
  Systema9c	
  Error	
   11-­‐12	
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b]µB-Meson Production Cross Section [
0 50-0.25

3.8

 X! " J/# X s B#pp  0.3 nb± 0.5  ± 0.6 ±6.9 
<50 GeV, |y|<2.4 (x1000)T8<P )-1(40 pb

 X0 B#pp bµ 1.3 ± 3.1  ± 2.5 ±33.2 
>5 GeV, |y|<2.2TP )-1(40 pb

 X+ B#pp bµ 1.1 ± 2.0  ± 2.4 ±28.3 
>5 GeV, |y|<2.4TP )-1( 6 pb

=7 TeVsCMS Preliminary, Spring 2011
 lum. error± syst. ± stat. ±value 

(integrated luminosity)

Theory: MC@NLO
=4.75 GeVb, m1/2)2

T
+p2

b
=(mµCTEQ6M PDF, 

Differen'al	
  Cross	
  Sec'on	
  Results	
  

MC@NLO:	
  	
  
(4.57+1.93-­‐1.71(scale)	
  ±	
  1.37(BF))	
  nb	
  

-­‐	
  Integra'ng	
  the	
  differen'al	
  cross	
  sec'on	
  over	
  
pT	
  bins:	
  	
  

σ(ppBsX)xBF(BsJ/ψφ)	
  =	
  	
  
(6.9	
  ±	
  0.6(stat)	
  ±	
  0.5(syst)	
  ±	
  0.3(lumi))	
  nb	
  

which	
  is	
  in	
  agreement	
  with	
  the	
  MC@NLO	
  
predic'ons:	
  

-­‐	
  Results	
  consistent	
  with	
  the	
  other	
  measured	
  
B-­‐meson	
  produc'on	
  cross	
  sec'ons	
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Measurement	
  of	
  the	
  B+	
  Produc<on	
  Cross	
  Sec<on	
  in	
  pp	
  Collisions	
  at	
  sqrt(s)	
  =	
  7	
  TeV	
  (PRL	
  106,	
  112001	
  (2011))	
  	
  	
  

Measurement	
  of	
  the	
  B0	
  Produc<on	
  Cross	
  Sec<on	
  in	
  pp	
  Collisions	
  at	
  sqrt(s)	
  =	
  7	
  TeV	
  (PRL	
  106,	
  252001	
  (2011))	
  	
  	
  



My	
  Evalua'on	
  of	
  BF(BsJ/ψ φ)	
  

CMS	
  cross-­‐sec'on	
  measurements	
  	
  
(PRL	
  106,	
  112001	
  &	
  252001,	
  	
  

h{p://arxiv.org/abs/1106.4048)	
  

Fragmenta'on	
  frac'ons	
  from	
  HFAG/PDG2011	
  

Kinema'c	
  correc'on	
  ra'o	
  to	
  
extrapolate	
  the	
  full	
  kinema'c	
  

range	
  from	
  the	
  limited	
  pT/η	
  range	
  
(NLO	
  generated	
  events)	
  	
  

-­‐ 	
  For	
  comparison	
  we	
  use	
  HFAG/PDG2011	
  values	
  for	
  the	
  fragmenta'on	
  frac'ons	
  
and	
  the	
  BF	
  measured	
  by	
  CDF	
  [PRD	
  54,	
  6596	
  (1996)]	
  published	
  in	
  PDF2011	
  

-­‐	
  The	
  BF	
  is	
  calculated	
  from	
  B+J/ψ	
  K+	
  and	
  B0J/ψ	
  K0s	
  cross	
  sec'ons:	
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measured cross sections:

BF (B0
s → J/ψφ) =

σ(pp → B0
S → J/ψφ)

σ(pp → B+,0X)
·
fu,d
fs

·
fB+,0

kin

fBs
kin

=
σ(pp → B0

S → J/ψφ)

σ(pp → B0X)
· fd
fs

·
fB0

kin

fBs
kin

(5)

The branching fractions depend on the ratio of the fraction of kinematic ranges that is
expected to vary slowly over a wide range of model parameters.

3. Calculation

We obtain the values for the fragmentation fractions from HFAG that are printed in
PDG 2010 under b-hadron admixtures for Tevatron. The ratio can be written in terms of
the hadronization fractions

• Γ(b̄ → Bs) = (12.1± 1.5)%
• Γ(b̄ → B+) = (33.3± 3.0)%
• Γ(b̄ → B0) = (33.3± 3.0)%

as:

(6)
fs
fu,d

=
Γ(Bs)

Γ(B+,0)
= (36.3± 5.6) %

The kinematic ranges for the three measurements have to be extrapolated to the full
range. The branching fraction depends only on the ratio of the fraction of the kinematic
ranges. We have demonstrated, that the NLO theory predictions [6] for the expected
differential cross section values are in good agreement with the measured ones in each of
the three decay channels. We therefore choose this to be the central model (CTEQ6M,
QR = QF = 1, and b-quark mass=4.75 GeV/c2) to predict the full kinematic range in pT
and y. The spectra are obtained from a number of NLO generated events large enough to
keep the relative statistical error on the predicted ratio at 0.1%. The plots of the transverse
momentum for the central model and for the theoretical corrections for the three B-mesons
are shown in Figure 1. The kinematic range ratios for the range of model parameters as
used in the cross section measurements is listed in Table 1.

The cross section measurements in the different exclusive B decay modes, omitting the
uncertainty due to the luminosity measurement, are:

• σ(pp → B0
s → J/ψφ) = (6.9± 0.6± 0.5)× 10−3µb

• σ(pp → B+X) = (28.3± 2.4± 2.0)µb
• σ(pp → B0X) = (33.2± 2.5± 3.1)µb

We calculate the branching fraction BF (Bs → J/ψφ) according to Eqn. 2 with respect
to the B+ meson production:

BF (Bs → J/ψφ) = (1.53± 0.25)× 10−3(7)

and Eqn. 2 with respect to B0 meson production :

BF (Bs → J/ψφ) = (1.32± 0.22)× 10−3(8)
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measured cross sections:

BF (B0
s → J/ψφ) =

σ(pp → B0
S → J/ψφ)

σ(pp → B+,0X)
·
fu,d
fs

·
fB+,0

kin

fBs
kin

=
σ(pp → B0

S → J/ψφ)

σ(pp → B0X)
· fd
fs

·
fB0

kin

fBs
kin

(5)

The branching fractions depend on the ratio of the fraction of kinematic ranges that is
expected to vary slowly over a wide range of model parameters.

3. Calculation

We obtain the values for the fragmentation fractions from HFAG that are printed in
PDG 2010 under b-hadron admixtures for Tevatron. The ratio can be written in terms of
the hadronization fractions

• Γ(b̄ → Bs) = (11.1± 1.4)%
• Γ(b̄ → B+) = (33.9± 3.1)%
• Γ(b̄ → B0) = (33.9± 3.1)%

as:

(6)
fs
fu,d

=
Γ(Bs)

Γ(B+,0)
= (32.7± 5.1) %

The kinematic ranges for the three measurements have to be extrapolated to the full
range. The branching fraction depends only on the ratio of the fraction of the kinematic
ranges. We have demonstrated, that the NLO theory predictions [6] for the expected
differential cross section values are in good agreement with the measured ones in each of
the three decay channels. We therefore choose this to be the central model (CTEQ6M,
QR = QF = 1, and b-quark mass=4.75 GeV/c2) to predict the full kinematic range in pT
and y. The spectra are obtained from a number of NLO generated events large enough to
keep the relative statistical error on the predicted ratio at 0.1%. The plots of the transverse
momentum for the central model and for the theoretical corrections for the three B-mesons
are shown in Figure 1. The kinematic range ratios for the range of model parameters as
used in the cross section measurements is listed in Table 1.

The cross section measurements in the different exclusive B decay modes, omitting the
uncertainty due to the luminosity measurement, are:

• σ(pp → B0
s → J/ψφ) = (6.9± 0.6± 0.5)× 10−3µb

• σ(pp → B+X) = (28.3± 2.4± 2.0)µb
• σ(pp → B0X) = (33.2± 2.5± 3.1)µb

We calculate the branching fraction BF (Bs → J/ψφ) according to Eqn. 2 with respect
to the B+ meson production:

BF (Bs → J/ψφ) = (1.53± 0.25)× 10−3(7)

and Eqn. 2 with respect to B0 meson production :

BF (Bs → J/ψφ) = (1.32± 0.22)× 10−3(8)

2 GIORDANO CERIZZA, STEFAN SPANIER

measured cross sections:

BF (B0
s → J/ψφ) =

σ(pp → B0
S → J/ψφ)

σ(pp → B+,0X)
·
fu,d
fs

·
fB+,0

kin

fBs
kin

=
σ(pp → B0

S → J/ψφ)

σ(pp → B0X)
· fd
fs

·
fB0

kin

fBs
kin

(5)

The branching fractions depend on the ratio of the fraction of kinematic ranges that is
expected to vary slowly over a wide range of model parameters.

3. Calculation

We obtain the values for the fragmentation fractions from HFAG that are printed in
PDG 2010 under b-hadron admixtures for Tevatron. The ratio can be written in terms of
the hadronization fractions

• Γ(b̄ → Bs) = (11.1± 1.4)%
• Γ(b̄ → B+) = (33.9± 3.1)%
• Γ(b̄ → B0) = (33.9± 3.1)%

as:

(6)
fs
fu,d

=
Γ(Bs)

Γ(B+,0)
= (32.7± 5.1) %

The kinematic ranges for the three measurements have to be extrapolated to the full
range. The branching fraction depends only on the ratio of the fraction of the kinematic
ranges. We have demonstrated, that the NLO theory predictions [6] for the expected
differential cross section values are in good agreement with the measured ones in each of
the three decay channels. We therefore choose this to be the central model (CTEQ6M,
QR = QF = 1, and b-quark mass=4.75 GeV/c2) to predict the full kinematic range in pT
and y. The spectra are obtained from a number of NLO generated events large enough to
keep the relative statistical error on the predicted ratio at 0.1%. The plots of the transverse
momentum for the central model and for the theoretical corrections for the three B-mesons
are shown in Figure 1. The kinematic range ratios for the range of model parameters as
used in the cross section measurements is listed in Table 1.

The cross section measurements in the different exclusive B decay modes, omitting the
uncertainty due to the luminosity measurement, are:

• σ(pp → B0
s → J/ψφ) = (6.9± 0.6± 0.5)× 10−3µb

• σ(pp → B+X) = (28.3± 2.4± 2.0)µb
• σ(pp → B0X) = (33.2± 2.5± 3.1)µb

We calculate the branching fraction BF (Bs → J/ψφ) according to Eqn. 2 with respect
to the B+ meson production:

BF (Bs → J/ψφ) = (1.53± 0.25)× 10−3(7)

and Eqn. 2 with respect to B0 meson production :

BF (Bs → J/ψφ) = (1.32± 0.22)× 10−3(8)
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The branching fractions depend on the ratio of the fraction of kinematic ranges that is
expected to vary slowly over a wide range of model parameters.

3. Calculation

We obtain the values for the fragmentation fractions from HFAG that are printed in
PDG 2010 under b-hadron admixtures for Tevatron. The ratio can be written in terms of
the hadronization fractions

• Γ(b̄ → Bs) = (11.0± 1.2)%
• Γ(b̄ → B+) = (40.3± 1.1)%
• Γ(b̄ → B0) = (40.3± 1.1)%

as:

(6)
fs
fu,d

=
Γ(Bs)

Γ(B+,0)
= (27.2± 3.1) %

The kinematic ranges for the three measurements have to be extrapolated to the full
range. The branching fraction depends only on the ratio of the fraction of the kinematic
ranges. We have demonstrated, that the NLO theory predictions [6] for the expected
differential cross section values are in good agreement with the measured ones in each of
the three decay channels. We therefore choose this to be the central model (CTEQ6M,
QR = QF = 1, and b-quark mass=4.75 GeV/c2) to predict the full kinematic range in pT
and y. The spectra are obtained from a number of NLO generated events large enough to
keep the relative statistical error on the predicted ratio at 0.1%. The plots of the transverse
momentum for the central model and for the theoretical corrections for the three B-mesons
are shown in Figure 1. The kinematic range ratios for the range of model parameters as
used in the cross section measurements is listed in Table 1.

The cross section measurements in the different exclusive B decay modes, omitting the
uncertainty due to the luminosity measurement, are:

• σ(pp → B0
s → J/ψφ) = (6.9± 0.6± 0.5)× 10−3µb

• σ(pp → B+X) = (28.3± 2.4± 2.0)µb
• σ(pp → B0X) = (33.2± 2.5± 3.1)µb

We calculate the branching fraction BF (Bs → J/ψφ) according to Eqn. 2 with respect
to the B+ meson production:

BF (Bs → J/ψφ) = (1.53± 0.25)× 10−3(7)

and Eqn. 2 with respect to B0 meson production :

BF (Bs → J/ψφ) = (1.32± 0.22)× 10−3(8)
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The branching fractions depend on the ratio of the fraction of kinematic ranges that is
expected to vary slowly over a wide range of model parameters.

3. Calculation

We obtain the values for the fragmentation fractions from HFAG that are printed in
PDG 2010 under b-hadron admixtures for Tevatron. The ratio can be written in terms of
the hadronization fractions

• Γ(b̄ → Bs) = (11.0± 1.2)%
• Γ(b̄ → B+) = (40.3± 1.1)%
• Γ(b̄ → B0) = (40.3± 1.1)%

as:

(6)
fs
fu,d

=
Γ(Bs)

Γ(B+,0)
= (27.2± 3.1) %

The kinematic ranges for the three measurements have to be extrapolated to the full
range. The branching fraction depends only on the ratio of the fraction of the kinematic
ranges. We have demonstrated, that the NLO theory predictions [6] for the expected
differential cross section values are in good agreement with the measured ones in each of
the three decay channels. We therefore choose this to be the central model (CTEQ6M,
QR = QF = 1, and b-quark mass=4.75 GeV/c2) to predict the full kinematic range in pT
and y. The spectra are obtained from a number of NLO generated events large enough to
keep the relative statistical error on the predicted ratio at 0.1%. The plots of the transverse
momentum for the central model and for the theoretical corrections for the three B-mesons
are shown in Figure 1. The kinematic range ratios for the range of model parameters as
used in the cross section measurements is listed in Table 1.

The cross section measurements in the different exclusive B decay modes, omitting the
uncertainty due to the luminosity measurement, are:

• σ(pp → B0
s → J/ψφ) = (6.9± 0.6± 0.5)× 10−3µb

• σ(pp → B+X) = (28.3± 2.4± 2.0)µb
• σ(pp → B0X) = (33.2± 2.5± 3.1)µb

We calculate the branching fraction BF (Bs → J/ψφ) according to Eqn. 2 with respect
to the B+ meson production:

BF (Bs → J/ψφ) = (1.53± 0.25)× 10−3(7)

and Eqn. 2 with respect to B0 meson production :

BF (Bs → J/ψφ) = (1.32± 0.22)× 10−3(8)
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Kinema'c	
  Correc'on	
  Ra'o	
  
-­‐	
  Good	
  agreement	
  between	
  NLO	
  theore'cal	
  predic'ons	
  and	
  data	
  for	
  

all	
  the	
  three	
  B-­‐meson	
  cross	
  sec'ons	
  
 We	
  use	
  the	
  central	
  model	
  (CTEQ6M,	
  QR=QF=1,	
  and	
  mb	
  =	
  4.75	
  GeV/c2)	
  to	
  

predict	
  the	
  full	
  kinema'c	
  range	
  in	
  pT	
  and	
  y	
  

-­‐	
  Varying	
  the	
  renormaliza'on	
  and	
  factoriza'on	
  by	
  factors	
  of	
  two	
  and	
  
mb	
  from	
  4.5-­‐5.0	
  GeV/c2,	
  ra'os	
  change	
  less	
  than	
  5%	
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Calcula'on	
  
Source	
   BFBsJ/ψ φ

B+J/ψ	
  K+	
   BFBsJ/ψφ
B0J/ψ	
  Ks	
  

Experimental	
  Uncertain'es	
  

Cross	
  sec'on	
   15.8%	
   16.5%	
  

NLO	
  spectrum	
   4.6%	
   4.3%	
  

PDG	
  Uncertain'es	
  

Branching	
  frac'ons	
   3.5%	
   3.8%	
  

Fragmenta'on	
  frac'ons	
   11.2%	
   11.2%	
  

The	
  results	
  obtained	
  independently	
  from	
  the	
  B+	
  and	
  B0	
  analysis	
  agree	
  within	
  
one	
  standard	
  devia'on.	
  The	
  error-­‐weighted	
  average	
  is:	
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BF(BsJ/ψ φ)=	
  (1.8	
  ±	
  0.2(exp)	
  ±	
  0.2(PDG))	
  x	
  10-­‐3	
  

BF(BsJ/ψ φ)=	
  (1.4	
  ±	
  0.4(exp)	
  ±	
  0.2(PDG)	
  )	
  x	
  10-­‐3	
   (PDG2011)	
  

BF	
  =	
  (1.5	
  ±	
  0.2(exp))	
  x	
  10-­‐3	
  
BF=	
  (1.2	
  ±	
  0.3(exp))	
  x	
  10-­‐3	
   (PDG2011)	
  

Using	
  the	
  fragmenta'on	
  frac'ons	
  from	
  Tevatron,	
  only:	
  



Summary	
  

-­‐ 	
  We	
  presented	
  the	
  first	
  measurement	
  of	
  σ(ppBsX)xBF(BsJ/ψφ)	
  
at	
  7	
  TeV	
  using	
  the	
  2010	
  data	
  in	
  bins	
  of	
  pT	
  and	
  rapidity	
  y	
  

-­‐ 	
  We	
  find	
  a	
  value	
  of	
  (6.9	
  ±	
  0.6	
  ±	
  0.5	
  ±	
  0.3)	
  nb	
  that	
  is	
  in	
  agreement	
  
with	
  MC@NLO	
  within	
  the	
  uncertain'es	
  	
  
(accepted	
  by	
  PRD-­‐RC	
  h{p://arxiv.org/abs/1106.4048)	
  

-­‐ 	
  The	
  BF(BsJ/ψ φ)	
  calculated	
  via	
  the	
  CMS	
  exclusive-­‐B	
  cross	
  sec'on	
  
measurements	
  is	
  in	
  agreement	
  with	
  the	
  PDG	
  value	
  

-­‐ 	
  We	
  are	
  working	
  towards	
  a	
  life'me	
  difference	
  measurement	
  of	
  the	
  
Bs	
  mesons	
  in	
  2011	
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