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Excluded by

1)Rare B decay  b → sγ

2)No CDM candidate

3)Muon magnetic moment

a

b
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Br enhancement
By New Physics



� A powerful indirect search to probe cosmol

ogically consistent SUSY at large tanb. e.g., 

• Arnowitt et al., PLB 538 (2002) 121 for 

mSUGRA; 

• S. Baek, Y.G. Kim, and P. Ko, JHEP 0502, 

067 (2005) for non-universal Higgs sce

nario.

� 3 PRLs (2004, 2005, 2008) 

Producing the best limits on SUSY

Bs → µµ at CDF 

nario.

� 3 PRLs (2004, 2005, 2008) 

� Producing the best limits on SUSY

� Goal: 2 x 10-8  with 6.9 fb-1 and 

two challenging updated methods :
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Both in experimentsBoth in experimentsBoth in experimentsBoth in experiments
And theories…And theories…And theories…And theories…

for new Physicsfor new Physicsfor new Physicsfor new Physics

TheoryTheoryTheoryTheory
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How difficult ?How difficult ?How difficult ?How difficult ?

−+→ µµ0
sB for new Physicsfor new Physicsfor new Physicsfor new Physics

Need to discriminate signal from backgroundNeed to discriminate signal from backgroundNeed to discriminate signal from backgroundNeed to discriminate signal from background

Need to retain decent signalNeed to retain decent signalNeed to retain decent signalNeed to retain decent signal

Reduce background by a factor of > 1000Reduce background by a factor of > 1000Reduce background by a factor of > 1000Reduce background by a factor of > 1000

3.7fb3.7fb3.7fb3.7fb----1111

5555

SignalSignalSignalSignal

Final state fully reconstructedFinal state fully reconstructedFinal state fully reconstructedFinal state fully reconstructed

BBBBssss is long lived , B fragmentation is hardis long lived , B fragmentation is hardis long lived , B fragmentation is hardis long lived , B fragmentation is hard

Background Background Background Background 

Sequential semiSequential semiSequential semiSequential semi----leptonic decay: b → cμleptonic decay: b → cμleptonic decay: b → cμleptonic decay: b → cμ----X → X → X → X → 
μμμμ++++μμμμ----XXXX

Double semileptonic decay: bb → μDouble semileptonic decay: bb → μDouble semileptonic decay: bb → μDouble semileptonic decay: bb → μ++++μμμμ----XXXX

Continuum μContinuum μContinuum μContinuum μ++++μμμμ---- , μ + fake, , μ + fake, , μ + fake, , μ + fake, fake+fakefake+fakefake+fakefake+fake

Peaking Background in signal region (BPeaking Background in signal region (BPeaking Background in signal region (BPeaking Background in signal region (B����hh)hh)hh)hh)

3.7fb3.7fb3.7fb3.7fb----1111



How to ?How to ?How to ?How to ?

−+→ µµ0
sB for new Physicsfor new Physicsfor new Physicsfor new Physics

3.7fb3.7fb3.7fb3.7fb----1111

6666

• Relative normalization searchRelative normalization searchRelative normalization searchRelative normalization search
– Measure the rate of Bs → μ+μ-decays relative to B →J/ψK+

– Apply same sample pre-selection criteria

– Uncertainties on Trigger and pre-selection efficiencies will ca
ncel 

out in the ratios of the normalization

– BBBBssss → μ→ μ→ μ→ μ++++μμμμ---- sample is highly purified with ANN event selectionsample is highly purified with ANN event selectionsample is highly purified with ANN event selectionsample is highly purified with ANN event selection



Signal OptimizationSignal OptimizationSignal OptimizationSignal Optimization

• NN input variablesNN input variablesNN input variablesNN input variables

• 3D pointing angle3D pointing angle3D pointing angle3D pointing angle

• IsolationIsolationIsolationIsolation

• Proper decay length Proper decay length Proper decay length Proper decay length 

• Proper decay length sig.decay length sig.decay length sig.decay length sig.

• PPPPTTTT(Bs)(Bs)(Bs)(Bs)

• PPPPTTTT((((µµµµ))))

Unbiased optimization based on MC signal 

and data sidebands 

Extensively tested for mass bias

3.7fb3.7fb3.7fb3.7fb----1111

Discriminating

variables

7777

Output

(0 ~ 1)



Channel Expected Observed

Bs central 4 ±1 3

Bs forward 2.08 ± 0.78 4

Bd central 5.3± 1 5

Bd forwad 2.78 ± 0.78 3

ResultsResultsResultsResults

3.7fb3.7fb3.7fb3.7fb----1111

8888

BR(BR(BR(BR(BBBBssss����µµµµµµµµ) <  ) <  ) <  ) <  4.34.34.34.3××××10101010----8888 @  95% CL@  95% CL@  95% CL@  95% CL

BR(BR(BR(BR(BBBBdddd����µµµµµµµµ) <  ) <  ) <  ) <  7.67.67.67.6××××10101010----9999 @ 95% CL@ 95% CL@ 95% CL@ 95% CL

CDF public note 9892CDF public note 9892CDF public note 9892CDF public note 9892



BR(BR(BR(BR(BBBBssss����µµµµµµµµ) ) ) ) @ 95% CL@ 95% CL@ 95% CL@ 95% CL

< < < < 4.34.34.34.3××××10101010----8 8 8 8 (3.7fb(3.7fb(3.7fb(3.7fb----1111))))
CDF public note 9892CDF public note 9892CDF public note 9892CDF public note 9892
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Current limits on Current limits on Current limits on Current limits on 
−+→ µµ0

sB

CDF public note 9892CDF public note 9892CDF public note 9892CDF public note 9892

< 5< 5< 5< 5.1.1.1.1××××10101010----8 8 8 8 (6.1fb(6.1fb(6.1fb(6.1fb----1111))))
PLB 693 539 (2010)PLB 693 539 (2010)PLB 693 539 (2010)PLB 693 539 (2010)

< 5< 5< 5< 5.6.6.6.6××××10101010----8 8 8 8 (0.036fb(0.036fb(0.036fb(0.036fb----1111))))
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(Gaugino mass)(Gaugino mass)(Gaugino mass)(Gaugino mass)
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After 3.7fbAfter 3.7fbAfter 3.7fbAfter 3.7fb----1111 @ CDF @ CDF @ CDF @ CDF Since 2009 …Since 2009 …Since 2009 …Since 2009 …

N(BN(BN(BN(B++++) = 22398) = 22398) = 22398) = 22398
BBBB →→→→JJJJ////ψψψψKKKK+ + + + 

� ~ 2X DATA added, now ~ 2X DATA added, now ~ 2X DATA added, now ~ 2X DATA added, now ~ 7 fb~ 7 fb~ 7 fb~ 7 fb----1111

10101010

N(BN(BN(BN(B++++) = 9946) = 9946) = 9946) = 9946

�Increased muon acceptance (add +30% data)

�New NN event selection for New NN event selection for New NN event selection for New NN event selection for 

better signal efficiencybetter signal efficiencybetter signal efficiencybetter signal efficiency

� Improved B->hh background estimation



New Neural NetworkNew Neural NetworkNew Neural NetworkNew Neural Network

Neural Network Input VariablesNeural Network Input VariablesNeural Network Input VariablesNeural Network Input Variables
3D proper decay length 3D proper decay length 3D proper decay length 3D proper decay length 
Isolation Isolation Isolation Isolation 
Pointing angle (Pointing angle (Pointing angle (Pointing angle (∆α∆α∆α∆α3d3d3d3d) ) ) ) 
Lower |pLower |pLower |pLower |pTTTT((((µµµµ)| )| )| )| 
3D proper decay length significance3D proper decay length significance3D proper decay length significance3D proper decay length significance

� New 14 variable NN to increase S/BNew 14 variable NN to increase S/BNew 14 variable NN to increase S/BNew 14 variable NN to increase S/B

� Carefully chose input variables Carefully chose input variables Carefully chose input variables Carefully chose input variables to avoid bias for dito avoid bias for dito avoid bias for dito avoid bias for di----muon mass shapemuon mass shapemuon mass shapemuon mass shape
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3D proper decay length significance3D proper decay length significance3D proper decay length significance3D proper decay length significance

Larger |dLarger |dLarger |dLarger |d0000((((µµµµ)| )| )| )| 
Smaller |dSmaller |dSmaller |dSmaller |d0000((((µµµµ)| )| )| )| 
Smaller |dSmaller |dSmaller |dSmaller |d0000((((µµµµ)| significance )| significance )| significance )| significance 
Larger |dLarger |dLarger |dLarger |d0000((((µµµµ)| significance )| significance )| significance )| significance 
Vertex Fitting Vertex Fitting Vertex Fitting Vertex Fitting χχχχ2 2 2 2 

Decay length (LDecay length (LDecay length (LDecay length (L3d3d3d3d) ) ) ) 
2D pointing angle (2D pointing angle (2D pointing angle (2D pointing angle (∆α∆α∆α∆α2d2d2d2d) ) ) ) 
LLLLxy xy xy xy significance significance significance significance 
|d|d|d|d0000(Bs)|(Bs)|(Bs)|(Bs)|

λλλλ

λλλλ,,, 30 dxy LLd

Impact parameterImpact parameterImpact parameterImpact parameter



New Neural Network resultNew Neural Network resultNew Neural Network resultNew Neural Network result

12121212

Twice background rejection Twice background rejection Twice background rejection Twice background rejection 
at same signal efficiencyat same signal efficiencyat same signal efficiencyat same signal efficiency



BKG region & Bias CheckBKG region & Bias CheckBKG region & Bias CheckBKG region & Bias Check

Signal Signal Signal Signal 
regionregionregionregion

… Now we are at a final step… Now we are at a final step… Now we are at a final step… Now we are at a final step
to unblind to get Br. Fraction!to unblind to get Br. Fraction!to unblind to get Br. Fraction!to unblind to get Br. Fraction!

13131313

Signal Signal Signal Signal 
regionregionregionregion



New Expected New Expected New Expected New Expected Limit at CDFLimit at CDFLimit at CDFLimit at CDF

2.0 fb2.0 fb2.0 fb2.0 fb----1111 : 4.9: 4.9: 4.9: 4.9××××10101010----8888 5.85.85.85.8××××10101010----8888

Expected     Expected     Expected     Expected     ObservedObservedObservedObserved

14141414

3.7 fb3.7 fb3.7 fb3.7 fb----1111 : 3.4: 3.4: 3.4: 3.4××××10101010----8888 4.44.44.44.4××××10101010----8888

6.9 fb6.9 fb6.9 fb6.9 fb----1111 ::::~2~2~2~2××××10101010----8888



Then LHCb…
LHCb expectation

• It’s just a matter of time (and lumiosity) that 
LHCb reaches the Bsmumu horizon.

• We are in a hard competition, but no doubt that We are in a hard competition, but no doubt that We are in a hard competition, but no doubt that We are in a hard competition, but no doubt that 
now is the most exciting time!now is the most exciting time!now is the most exciting time!now is the most exciting time!

Current ~2011 

summer



SummarySummarySummarySummary

� FCNCs decays provide powerful probe to New PhysicsFCNCs decays provide powerful probe to New PhysicsFCNCs decays provide powerful probe to New PhysicsFCNCs decays provide powerful probe to New Physics

� CDF and DØ experiment lead rare decay searches in B sectorCDF and DØ experiment lead rare decay searches in B sectorCDF and DØ experiment lead rare decay searches in B sectorCDF and DØ experiment lead rare decay searches in B sector

16161616

� CDF and DØ experiment lead rare decay searches in B sectorCDF and DØ experiment lead rare decay searches in B sectorCDF and DØ experiment lead rare decay searches in B sectorCDF and DØ experiment lead rare decay searches in B sector

� CDF on its final step to provide most sensitive information CDF on its final step to provide most sensitive information CDF on its final step to provide most sensitive information CDF on its final step to provide most sensitive information 

on Bon Bon Bon B����µµµµµµµµ rate with 2x data and improved analysisrate with 2x data and improved analysisrate with 2x data and improved analysisrate with 2x data and improved analysis



The Neural Network (NN) event selec
tion

• A powerful multi-particle S/N discrimination method.

• At first NN is trained the NN using signal (by wellsignal (by wellsignal (by wellsignal (by well----validvalidvalidvalid
ated MC) ated MC) ated MC) ated MC) and background (by dibackground (by dibackground (by dibackground (by di----muon mass sideband) muon mass sideband) muon mass sideband) muon mass sideband) refer
ence samples.

• The trained NN is applied for signal-region events.

Outputs from NN range 0 (BG like) ~ 1 (signal like)

d0(Bs)

pT(µ)

NeuroBayes 14 input vars

Discriminating

variables

pT(µ)

.

.

.

Output

(0 ~ 1)

/ 
0
.0
1



SM Diagrams

Penguin DiagramBox Diagram
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SM Expectation 

−+→ µµ0
sBRare decay                           : FCNCs,  forbidden at tree level

−+→ µµ0
sB

JHEP 1009 (2010)106JHEP 1009 (2010)106JHEP 1009 (2010)106JHEP 1009 (2010)106
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Penguin Diagram

2HDM

Penguin Diagram

NP Expectation 

Br enhancement

Powerful Probe to New PhysicsPowerful Probe to New PhysicsPowerful Probe to New PhysicsPowerful Probe to New Physics



Normalization SampleNormalization SampleNormalization SampleNormalization Sample

N(BN(BN(BN(B++++) = 22398) = 22398) = 22398) = 22398

BBBB →→→→JJJJ////ψψψψKKKK+ + + + 

19191919

BBBB →→→→JJJJ////ψψψψKKKK+ + + + yieldyieldyieldyield

CMUCMUCMUCMU----CMU :  increased ~ 50%CMU :  increased ~ 50%CMU :  increased ~ 50%CMU :  increased ~ 50%

CMUCMUCMUCMU----CMX :  increased ~(50 + CMX :  increased ~(50 + CMX :  increased ~(50 + CMX :  increased ~(50 + 30303030)%)%)%)%

increased muon acceptance increased muon acceptance increased muon acceptance increased muon acceptance 

N(BN(BN(BN(B++++) = 9946) = 9946) = 9946) = 9946



Fully data driven analysisFully data driven analysisFully data driven analysisFully data driven analysis

CMUCMUCMUCMU----CMUCMUCMUCMU CMUCMUCMUCMU----CMXCMXCMXCMX

Muon Fake rate for Muon Fake rate for Muon Fake rate for Muon Fake rate for BBBB����hh background predictionhh background predictionhh background predictionhh background prediction
���� Used pions and kaons from D*Used pions and kaons from D*Used pions and kaons from D*Used pions and kaons from D*----tagged Dtagged Dtagged Dtagged D0000����KKKK----ππππ+ events+ events+ events+ events

���� Expected difference in kaonsExpected difference in kaonsExpected difference in kaonsExpected difference in kaons���� difference in s and s cross sectionsdifference in s and s cross sectionsdifference in s and s cross sectionsdifference in s and s cross sections

20202020



Bias Check from NN event selectionBias Check from NN event selectionBias Check from NN event selectionBias Check from NN event selection

Mass Bias Check with Sideband regionMass Bias Check with Sideband regionMass Bias Check with Sideband regionMass Bias Check with Sideband region

21212121

NO correlation b/wNO correlation b/wNO correlation b/wNO correlation b/w
NN and MassNN and MassNN and MassNN and Mass


