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For B+, set FL=1 

Define "µ, "K  

in helicity basis 

B0 → K*0(K+π-)μμ
• Non-resonant decays via 

box or penguin process

• BR(B0→K*0μμ) ~10-6

• Physics beyond the SM

➡ Possible increase in BR

➡ Modify the decay 
kinematics

• Measure: BR, AFB, K* 

Longitudinal Polarisation
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FCNC studies of b!sµ+µ!  

decays 
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First observation,  

6.3" significance 

SM decays expected through EW  

penguin or box diagrams, as in Bs
0!µµ#

http://www-cdf.fnal.gov/physics/new/bottom/091112.blessed-b2smumu_afb/index.html 
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CDF Latest Result

• CDF Note 10047 4.4fb-1

• Optimized over previous published result 
(PRD 79:011104, 2009) 

• Improved Particle ID

➡ Muon: Likelihood ID - cleaner dimuon candidates

➡ Kaon, pion: combined log likelihood from ToF and dE/dx
reducing combinatorial background

• Makes use of neural networks for B signal selection
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http://www-cdf.fnal.gov/physics/new/bottom/091112.blessed-b2smumu_afb/index.html
http://www-cdf.fnal.gov/physics/new/bottom/091112.blessed-b2smumu_afb/index.html
http://arxiv.org/abs/0804.3908
http://arxiv.org/abs/0804.3908
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Observation of Decays

4

B+ → K+µ+µ− B0 → K∗0µ+µ− B0 → φµ+µ−

8.5σ 6.3σ9.7σ

First
Observation

Branching Ratios (XX± stat ± syst) x 10-6Branching Ratios (XX± stat ± syst) x 10-6Branching Ratios (XX± stat ± syst) x 10-6

0.38±0.05±0.03 1.06±0.14±0.09 1.44±0.33±0.56
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Differential Branching Fraction
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B+ → K+µ+µ−B0 → K∗0µ+µ−

Charmonium Veto SM Range

• q2 = m2(μμ)c2
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FL and AFB measurements
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BS →μμ
• Current SM Prediction:

Buras: hep-ph/0904.4917
➡ BR(Bs→μμ) = (3.6±0.3)×10-9

➡ BR(Bd→μμ) = (1.1±0.1)×10-10

• Can be enhanced by the presence 
of non-SM physics
➡ MSSM (BR∝tan6β)

➡ GUT SO(10)
➡ SUSY R-parity violating models
➡ Flavour Violating models

• SM signal beyond detectors 
sensitivity. 
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Examples of Bs
0!µ+µ! Decay Processes 

!!  SM processes !! New physics processes 
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http://arxiv.org/abs/0904.4917
http://arxiv.org/abs/0904.4917
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Signal & Background
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Outline of Measurement

1. Measure number of possible signal events in Bs mass window
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Outline of Measurement

1. Measure number of possible signal events in Bs mass window

2. Normalise to number of B+→J/ψK+ events
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Outline of Measurement

1. Measure number of possible signal events in Bs mass window

2. Normalise to number of B+→J/ψK+ events

3. Correct for relative reconstruction efficiencies
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Outline of Measurement

1. Measure number of possible signal events in Bs mass window

2. Normalise to number of B+→J/ψK+ events

3. Correct for relative reconstruction efficiencies

4. Correct for Fragmentation Functions and Branching ratio.
Particle Data Group (W.M. Yao et al.). 2006. 
Both CDF and D0 use the LEP numbers.

fu/fs is the dominant source of systematic uncertainties at 15%
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http://www-spires.slac.stanford.edu/spires/find/hep/wwwauthors?key=6875025
http://www-spires.slac.stanford.edu/spires/find/hep/wwwauthors?key=6875025
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CDF’s Most Recent Result 

• CDF Note 9892

• Based on published analysis

• More Data

➡ Added 1.7fb-1

➡ Additional tracking 
acceptance - gain of 12%

• Background is modelled using 
sideband regions in mass

• MC is compared with 
B+→J/ψK+ data.
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B+→J/ψK+ Variables

pT(B) pT(μ) low

λ 3d

Isolation

Isolation
λ 3d

λ 3d

λ 3d significance

Δα3d

MC Signal cf Sidebands

http://www-cdf.fnal.gov/physics/new/bottom/090813.blessed-Bsd2mumu//welcome.html
http://www-cdf.fnal.gov/physics/new/bottom/090813.blessed-Bsd2mumu//welcome.html
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CDF’s Most Recent Result 
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95% CL
B(B0) < 7.6 x 10-9

(9.9 x 10-9 expected)
B(Bs) < 43 x 10-9

(33 x 10-9 expected)
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D0’s Latest Result (Summer 2010)

• arXiv:1006.3469v1 [hep-ex]
submitted to Phys. Lett. B

• 6.1fb-1 data (split into Run 2a 1.3fb-1 and Run 2b 4.8fb-1)

• Many improvements

➡ Acceptance Gain (Muons ~10%, Trigger ~16%)

➡ Bayesian Neural Networks

➡ Improved understanding of discriminating variables

➡ Improved MC and Data modelling 

➡ 2D fit of BNN output and mass spectrum 

15

http://arxiv.org/abs/1006.3469v1
http://arxiv.org/abs/1006.3469v1
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Background Reduction
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Background Reduction
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Background Reduction
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Bayesian Neural Network B+→J/ψK+

Calibration Sample

Expect ~3 signal events in 
our data with these cuts
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B → hh
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FIG. 4: Fake rates for kaon with various DØ standard muon qualities (loose/medium/tight), and

those with additional track matching cuts(loose+/medium+/tight+)
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FIG. 5: Kπ invariant mass distributions with various muon ID cuts on the kaon tracks.

10

 [GeV/c]
T

p
0 1 2 3 4 5 6 7 8 9 10

F
a

k
e
 R

a
te

0

0.002

0.004

0.006

0.008

0.01

0.012

0.014

0.016

0.018

0.02
loose      

medium     
tight      

loose+  

medium+ 
tight+  

Kaon : Muon ID fakerate : all region

FIG. 4: Fake rates for kaon with various DØ standard muon qualities (loose/medium/tight), and

those with additional track matching cuts(loose+/medium+/tight+)

]2) [GeV/c!Mass(K
1.75 1.8 1.85 1.9 1.95 2 2.05

2
E

v
e
n

ts
 p

e
r 

0
.0

0
6
 G

e
V

/c

90

100

110

120

130

140

150

160

3
10"

2548±N=543195

No cut on kaon

]2) [GeV/c!Mass(K
1.75 1.8 1.85 1.9 1.95 2 2.05

2
E

v
e
n

ts
 p

e
r 

0
.0

0
6
 G

e
V

/c

700

800

900

1000

1100

1200

159±N=2874

Loose+ requirement on kaon

]2) [GeV/c!Mass(K
1.75 1.8 1.85 1.9 1.95 2 2.05

2
E

v
e
n

ts
 p

e
r 

0
.0

0
6
 G

e
V

/c

550

600

650

700

750

800

850

136±N=1674

Medium+ requirement on kaon

]2) [GeV/c!Mass(K
1.75 1.8 1.85 1.9 1.95 2 2.05

2
E

v
e
n

ts
 p

e
r 

0
.0

0
6
 G

e
V

/c

200

220

240

260

280

300

320

340

360

380

86±N=542

Tight+ requirement on kaon

FIG. 5: Kπ invariant mass distributions with various muon ID cuts on the kaon tracks.
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pT [GeV/c] 1.5–2.0 2.0–3.0 3.0–5.0 5.0<

Loose 0.00205 ± 0.00049 0.00746 ± 0.00068 0.01292 ± 0.00069 0.01252 ± 0.00080

Loose+ 0.00121 ± 0.00049 0.00457 ± 0.00057 0.00774 ± 0.00059 0.00762 ± 0.00057

Medium 0.00131 ± 0.00042 0.00592 ± 0.00059 0.005476 ± 0.000097 0.00384 ± 0.00059

Medium+ 0.00092 ± 0.00035 0.00378 ± 0.00051 0.00395 ± 0.00046 0.00308 ± 0.00058

Tight 0.00026 ± 0.00019 0.00060 ± 0.00023 0.00192 ± 0.00038 0.00186 ± 0.00053

Tight+ 0.00012 ± 0.00013 0.00040 ± 0.00018 0.00181 ± 0.00036 0.00175 ± 0.00052

TABLE II: Fake rates for kaon calculated from D0 → Kπ events as a function of pT with various

DØ standard muon qualities (loose/medium/tight), and those with additional track matching

cuts(loose+/medium+/tight+)

8

B− → D0µν, D0 → K−π+

After penetration + matching cuts 

Matching 
variables

10-20 λ before outer muon layers 
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B → hh
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pT [GeV/c] 1.5–2.0 2.0–3.0 3.0–5.0 5.0<

Loose 0.00205 ± 0.00049 0.00746 ± 0.00068 0.01292 ± 0.00069 0.01252 ± 0.00080

Loose+ 0.00121 ± 0.00049 0.00457 ± 0.00057 0.00774 ± 0.00059 0.00762 ± 0.00057

Medium 0.00131 ± 0.00042 0.00592 ± 0.00059 0.005476 ± 0.000097 0.00384 ± 0.00059

Medium+ 0.00092 ± 0.00035 0.00378 ± 0.00051 0.00395 ± 0.00046 0.00308 ± 0.00058

Tight 0.00026 ± 0.00019 0.00060 ± 0.00023 0.00192 ± 0.00038 0.00186 ± 0.00053

Tight+ 0.00012 ± 0.00013 0.00040 ± 0.00018 0.00181 ± 0.00036 0.00175 ± 0.00052

TABLE II: Fake rates for kaon calculated from D0 → Kπ events as a function of pT with various

DØ standard muon qualities (loose/medium/tight), and those with additional track matching

cuts(loose+/medium+/tight+)
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B− → D0µν, D0 → K−π+

After penetration + matching cuts 

Matching 
variables

10-20 λ before outer muon layers 

default tuned

B→KK 0.8±0.6 0.5±0.4

B→Kπ ~0.1 ~0.05

B→ππ ~0 ~0

total 0.9±0.6 0.6±0.4
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Signal Extraction

• 2D fit to m(μμ) and BNN

21
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Comparisons
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FIG. 83: Dimuon background events estimated from the mass sideband fits in each BNN bin.

BNN output

0.9
0.91

0.92
0.93

0.94
0.95

0.96
0.97

0.98
0.99

1

]2

) [G
eV/c

µµ
Mass(

5
5.1

5.2
5.3

5.4
5.5

5.6
5.7

5.8

 p
e
r 

b
in

-8
1
/S

E
S

 x
1
0

0
0.02

0.04

0.06
0.08

0.1
0.12

0.14
0.16

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

Signal RunIIaSignal RunIIa

BNN output

0.9
0.91

0.92
0.93

0.94
0.95

0.96
0.97

0.98
0.99

1

]2

) [G
eV/c

µµ
Mass(

5
5.1

5.2
5.3

5.4
5.5

5.6
5.7

5.8

 p
e
r 

b
in

-8
1
/S

E
S

 x
1
0

0
0.02
0.04
0.06
0.08

0.1
0.12
0.14
0.16
0.18
0.2

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

Signal RunIIbSignal RunIIb

FIG. 84: Signal distributions for the Collie inputs.

ties are visualized in Fig. 85, and the detailed numbers are summarized in Table XIX,XX.1

Also there are statistical uncertainties on the Pythia msel=1 Monte Carlo samples which2

were used to determine the background parameterizations. Another uncertainty is that we3

have been assuming that the dimuon mass shapes for the BB and BD are the same in the4

region 0.8 ≤ BNN ≤ 1.0. We redefine those background shapes by looking at two BNN5

regions, 0.9 ≤ BNN ≤ 1.0 and 0.8 ≤ BNN ≤ 0.9, and assign the difference between them as6

systematics uncertainty on the dimuon background shape.7

With all the uncertainties, using CLsyst in Collie we compute the expected upper limits8

on the B0
s → µ+µ− branching fraction. The results are tabulated in Table XVI. Collie also9

gives log-likelihood ratio distributions as in Fig 86. We have tried to ignore the B0
s → K+K−

10

background events in the limit calculation and found no difference. Also we have tried to use11
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FIG. 83: Dimuon background events estimated from the mass sideband fits in each BNN bin.
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FIG. 84: Signal distributions for the Collie inputs.

ties are visualized in Fig. 85, and the detailed numbers are summarized in Table XIX,XX.1

Also there are statistical uncertainties on the Pythia msel=1 Monte Carlo samples which2

were used to determine the background parameterizations. Another uncertainty is that we3

have been assuming that the dimuon mass shapes for the BB and BD are the same in the4

region 0.8 ≤ BNN ≤ 1.0. We redefine those background shapes by looking at two BNN5

regions, 0.9 ≤ BNN ≤ 1.0 and 0.8 ≤ BNN ≤ 0.9, and assign the difference between them as6

systematics uncertainty on the dimuon background shape.7

With all the uncertainties, using CLsyst in Collie we compute the expected upper limits8

on the B0
s → µ+µ− branching fraction. The results are tabulated in Table XVI. Collie also9

gives log-likelihood ratio distributions as in Fig 86. We have tried to ignore the B0
s → K+K−
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background events in the limit calculation and found no difference. Also we have tried to use11
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D0 Results
In highest sensitivity region:
51 ± 4 expected bkg events, 

55 data events

BF < 51 x 10-9 (95% CL)
14x SM

Expected limit: 40 x 10-9

11x SM

arXiv:1006.3469v1 [hep-ex]
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http://arxiv.org/abs/1006.3469v1
http://arxiv.org/abs/1006.3469v1
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Comparison of Results
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Prospects - Current Data Taking
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2011 and Beyond
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Summary

• Results on search for FCNC at the Tevatron presented. 

• B→K*μμ (CDF 4.4 fb-1)

➡ First measurement of AFB in hadron collisions and 
competitive with B factories 
First observation of Bs→Φμμ (rarest Bs decay observed)

• B→μμ (D0 new result 6.1fb-1) B(Bs) < 51 x 10-9

➡ CDF World Best 3.7fb-1 B(Bs) < 43 x 10-9

➡ No evidence of Physics beyond the SM

• Additional data being collected, 8fb-1 on tape

➡ Expect 10fb-1 by Summer 2011, and possibly 16fb-1 in 2014.
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