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OUTLINE

• Charged Current in B purely leptonic decays:

� results on BF(B�τν) from                and 

• Flavor Changing Neutral Current:
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� limits on BF(B0
(s)�µ+µ−) from               and 

� some “flash” on limits on BF(D0�µ+µ−) 

• Lepton Flavor Violation: 

some “flash” on BF(B0
(s)�e+µ−) from            and 



Charged Current in B leptonic decays

Within SM: sensitive to fB and |Vub|

BubB

B

BF Vf
m

m
m

mG
BF τ

π
ν 222

2

2
2

2

SM ||)1(
8

)B( l

l
l −=→

Tree level quark annihilation into a W boson:
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B

http://www.utfit.org

determination
410)12.083.0()B( −×±=→ τνUTfit

BF

Starting with ρ,η derived from UTangle w/o BF(B�τν), combined with the experimental value of  VubVcb, and  
adding fB√BBd derived  from the experimental valuesof ∆md ,∆ms and the lattice value BBd=1.22 ± 0.12 

40.154

0.093- 10) 0.796()B( −+ ×=→ τνCKMFitterBFdetermination

From the global fit w/o BF(B�τν) http://www.uckmfitter.in2p3.fr



Testing New Physics effects with B�τν Decays

Charged Higgs can enhance or suppress BF
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Unparticle Physics may produce CP violation

R.Zwicky arXiv:0710.4430 CP odd phase of

the unparticle field

φ: weak

phase difference



B�τν analysis concepts at the B factories

ΥΥΥΥ(4S)B- B+

B- � X B+ � τ+ντ � µ+νµντ ντ
µ+ νµ

ντ

ντ

Tagging side:Tagging side:

reconstruct hadronic or

semileptonic B decays

Signal side:

detect τ daughter particle(s)
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• At least two neutrinos appear in the B�τν decay cascade

• Require no particle is left after removing products of tagging B and the

particle(s) for the B�τν decay 



Common aspects of the BaBar and Belle analyses

• Most effective discriminant observable: 

Extra Energy (EECL)

(energy clusters not associated to particles 

from Btag and Bsig candidates)

• Most recent results on B� τν with reconstructed semileptonic decays of tagging B: 
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• Most recent results on B� τν with reconstructed semileptonic decays of tagging B: 

• Slightly different statistical analysis of the B->τν signal

Btag modes:                            and

Discriminant  c.m.s. variables are:

and



Belle B�τν analysis

Analyzed sample of 657x106 BB pairs

Found 154 B�τν decays with 3.8 σ significance

(semileptonic tagging)

arXiV:0809.3834v1

BaBar B�τν analysis arXiv0809.4027
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410))(1.0)(8.08.1()( −+ ×±±=→ syststatBB τντ

)fb 417 Ldt (   10459 -16

∫ =×=
BB

N

31521          610 .exp

BGOBS ±== NN

*)Width of the signal region in the Eextra distribution

depend on τ decay mode

(semileptonic tagging)

All signa l modes combined, signal region*)

BaBar B�τν analysis arXiv0809.4027



Summary of B� lν results

BF(B+����ττττ+νννν ττττ)          BF(B+����µµµµ++++ννννµµµµ )             BF(B+����e+ve)

PDG 2008                                                                    (90% C.L. limits)

BaBar

Belle

World average (after Moriond 2009)

410)4.04.1( −×±

410)65.080.1( −×± 6103.1 −×<
6102.5 −×<

410)42.070.1( −×±
410)35.073.1( −×±

6107.1 −×<
6100.1 −×<

Hadronic tag Semileptonic tag

BaBar

Belle
446.0

51.0

56.0

49.0 10)]()(79.1[ −+
−

+
− ×syststat

435.0

37.0

38.0

37.0 10)]()(65.1[ −+
−

+
− ×syststat

49.0

8.0 10)](2.0)(4.0)(8.1[ −+
− ×±± systbkgstat

410)](1.0)(8.08.1[ −×±± syststat

B Factories BF(B+�τ+ν τ)  summary
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CKMfitter preliminary results as of Moriond 2009 

2.4 sigmas deviation

CKM fit w/o BR(B����τντντντν) and sin2ββββ

updated results and plots available at:http://ckmfitter.in2p3.fr 
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Includes s-particle loops

4-

4-

100.34)(1.74                               

 : '09) (Moriond av.  Belle andBaBar  :red

100.33)(1.51                               

 :'08)(HFAG   w.a.previous :gray

)B(                                  

×±

×±

→ ττνBF
Charged-Higgs effects in B� τν decays

Includes s-particle loops

gs=0.25

gs=0.25

2HDM MSSM

(original plots from S.Trine, ICHEP 08, arXiv:0810.3633.v1)
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FCNC Decays: very suppressed within SM

Forbidden at tree level, proceed through loop diagrams 
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Recent rather precise  BF predictions in SM:

A.J. Buras  arXiv:0904.4917v1



FCNC Decays: sensitive to New Physics

New Physics can appear:

- at tree level  through 

R Parity Violation in SUSY

- trough loops in:

a) MFV SM extensions such as 2HDM        b) MSSM

Do
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∝BBBBSUSY(B����µµµµµµµµ)      (tanββββ)6

±



B � µ+ µ- procedures at the Tevatron experiments:

the 2 fb-1 analyses of CDF and D0

Similar general strategy:

• Blind optimization using signal Monte Carlo sample and sideband data

• Normalize to the B+����J/ψψψψK+ mode:

• Reconstruct normalization mode in the same data sample, applying same 

criteria ���� reduce systematics, only the ratio of efficiencies matters.
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criteria ���� reduce systematics, only the ratio of efficiencies matters.

• Evaluate expected background, then “un-blind” the signal region and 
calculate BR or limit

Similar discriminating observables for the pre-selection: 
• Secondary vertex displacement 

• B pointing angle to the P.V., 

• B isolation

• ……. Different optimization procedures and
statistical analysis to set upper limits



CDF B � µ+ µ- analysis PRL 100, 101802 (2008)
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B � µ+ µ- : D0 analysis B � µ+ µ- : 2 fb-1 D0 analysis D0 Conf. Note 5344 
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LHR > 0.946 LHR > 0.986



Rel.Unc.

[%]

Expected BG ~ 30

fu/fs ~ 13

Experiment B0
s search B0

d search

Expected Obs. Expected Obs.

CDF ~1800 pb-1 3.5±0.3 3 4.0±0.3 6

D0

Run IIa

(~1300 pb-1)
0.8±0.2 1

Run IIb

(~500 pb-1)
1.5±0.5 2

Dominant systematics

B � µ+ µ- : result summary with 2 fb-1

BR limits
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(D0) (CDF)

BR limits

(2 fb-1)

(2 fb-1)



D0 expected limit with 5 fb-1

• 4.8 fb-1 statistics

• New  event selection procedure

(Boosted Decision Tree with 5 input observables)

D0 note 5906-CONF
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C.L. 90%(95%)    10)3.5(3.4)B( 8

.exp

0

S

−−+ ×<→ µµB

assuming no signal in the blind region

Expected limit
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B � µ+ µ- prospects and New Physics
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Very suppressed in SM by the GIM

mechanism  (            , no top loop)22

Wq mm

Decay rate dominated by long distance contributions

130LD 103)D( −−+ ×≅→ llB

FCNC : the D0�µ+µ− sector
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130LD 103)D( −−+ ×≅→ llSMB
Burdman-Shipsey, Ann.Rev.Nucl.Part.Sci.53:431-499,2003

Enhancements are possible in R-parity violating

SUSY models



Dominant BG:

B�µµX

Bayesian approach to set CLs 

D0�µ+µ− results

CDF result (2008): only 360 pb-1 analysed

BR limit summary

D0�π+π− mode used as reference

this translates into a limit on the R parity violating couplings 

λ21kλ22k = 1.5 √ B(D0 → µ+µ-) < 9.8 × 10-4
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Forbidden in Standard Model: any observation would be an evidence of

NP sources such as:

a) R-parity violating SUSY

b) Pati-Salam lepto-quarks

LFV: B0�e+µ−

PS

FPCP 2009 - F.Scuri B->tau nu and B-> mu mu decays 21

(d)

(d)

Experimental results from CDF and BaBar



B0�e+µ− search
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B

S
mof

+
=

5.1
.. for cut optimization



Limit 90%(95%) x 108 B0
s ���� eµµµµ B0

d ���� eµµµµ

CDF obs. CDF exp. BaBar obs-exp.

B0
s � ee 1 n/a

B0
d � ee 2

B0
s � eµ 1 n/a

B0
d � eµ 2

63.081.0 ±

63.094.0 ±

8.17.2 ±

8.17.2 ± 1.26.0 ±

8.11.1 ±

B0�e+µ−(e-): result summary

Event yield summary

BR limit summary
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Limit 90%(95%) x 108 B0
s ���� eµµµµ B0

d ���� eµµµµ

BaBar BF U.L. n/a                              9.2

CDF BF C.L. limit 20(26) 6.4(7.9)
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Areas of improvement and expected future results (1)

Bs�µµ

• Tevatron:  expected sensitivity (CDF-D0 combined) with 10 fb-1: BR(Bs�µµ)   10-8

only 3 time above the SM value, great chance for a NP discovery !

� still  room to improve PID and acceptance.
- CDF: a) working to include the Two Track Trigger sample  (>15% more statistics)

b) increase di-muon trigger acceptance (>10% more statistics)

- D0: add single muon trigger

• Super B-Factories:  Expected sensitivities:  

≤
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• Super B-Factories:  Expected sensitivities:  

BR(Bs�µµ) (Y(5S)) < 8 x 10-9 30 ab-1

arXiv:0709.0451

BR(B0�µµ) (Y(4S)) < 7 x 10-9 50 ab-1

arXiV:physics/0512235v1

• need to wait for LHCb to reach the SM BR 

sensitivity with 2 fb-1

SM

LHCb Bs�µµ sensitivity



B����ττττν: 

low statistics affect many contributions to the systematical uncertainty

(MC stat. for signal shape, BG estimation,…) of published results

� At the Super-B Factories, int. lum. a factor >25 larger w.r.t B-Factories

� relative error on BR(B�τν)  = 3%-4%  at 75 ab-1 (arXiv0709.0451)

D����µµµµµµµµ
Tevatron: great potentiality: 5.5 fb-1 per experiment on tape

Areas of improvement and expected future results (2)
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Tevatron: great potentiality: 5.5 fb-1 per experiment on tape

� CDF published result only for the first 360 pb-1 sample

� Add prompt (ccbar) D0s (double c-tag, lepton trigger samples)?

Super B-Factories: BR(D0�mm) sensitivities:

1 x 10-8 1 month @ Ψ(3770)

1-5 x 10-8 5 years @ Y(4s)  (75 ab-1)  

B����eµµµµ
Tevatron: improve lepton id., add other trigger samples (lepton triggers)

Super B-Factories: sens.< 10-8? 



Conclusions

• Studies of full leptonic decays of B (and D) mesons are, and will be, one of the

most powerful tool to search for New Physics

• Tevatron: 

- any evidence in the FCNC sector before end of operations (10 fb-1) will be 

evidence of NP

- many chances for a discovery pushing limits close to the SM expectation

- CDF and D0 results, combined with other measures, will favour or rule-out
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- CDF and D0 results, combined with other measures, will favour or rule-out

different NP models

• Present results from full leptonic B modes are generally limited by statistics

• Future accelerators for larger statistics: 

- Super B-factories will increase accuracy on BR(B�τν) by a factor almost 10  

- LHCb experiment will push the sensitivity in BR(B�µµ) mesurements 

below the SM level .



BACK-UP SLIDES
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B�τν

bs

s
mof

+
=... evaluated in the signal region EECL < 0.2 for cut optimization

Belle analysis details
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sig

evtN extracted from an extended maximum likelihood fit to the EECL distribution

PDFs derived from MC for each signal decay mode and background type

Ei = EECL of the i-th event



Likelihood ratios (LHRs) for BB events and continuum background are used as

discriminant variables in addtion to EECL (and            for B�µ(e)ν and τ�µ(e)ν)
l sig.p

PDFs are built from MC for 14 variables

LHRs are built for each sig.decay mode and bkg. type

B�τν BaBar analysis details
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The “Punzi” figure of merit is used to optimize cuts on the discriminant variables



BaBar optimized cuts

BaBar result summary

B�τν

FPCP 2009 - F.Scuri B->tau nu and B-> mu mu decays 31



Efficiencies of the Belle analysis

Efficiencies of the BaBar analysis

B�τν
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2HDM-II MSSM
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• Higgs mediated MFV:

B→τ ν
Charm equivalent: Ds

+→ µ+ν, τ+ν

SM NP
H

SM

r +=
B

B

Super B-Factories excludes
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2ab
LEP mH>79.3 GeV

• Multi TeV search capability for large tanβ.



CDF
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CDF B � µ+ µ- analysis details

Optimization and statistical treatment Optimization and statistical treatment 

•• MuonMuon identification and identification and BB��������hhhh backgroudbackgroud rejection rejection 
improved  by combining improved  by combining muonmuon likelihood and PIDlikelihood and PID
with with dEdE//dxdx

•• An An a priori a priori optimization to  achieve the best expected limit on BR assuming SM   optimization to  achieve the best expected limit on BR assuming SM   

yield for the signalyield for the signal
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•• Limits are computed with the CLs method incorporating Gaussian uncertaintiesLimits are computed with the CLs method incorporating Gaussian uncertainties
on signal acceptance and efficiency and on background estimates on signal acceptance and efficiency and on background estimates 

•• the output distribution of a NN with 6 event observable inputs and the the output distribution of a NN with 6 event observable inputs and the didi--muonmuon

mass distribution are used to build 2mass distribution are used to build 2--D PDFs for signal (from MC) and D PDFs for signal (from MC) and 
background (sidebands extrapolation plus residual background (sidebands extrapolation plus residual BB��������hhhh bkgbkg)  )  

•• Signal and background are estimated from a 2Signal and background are estimated from a 2--D fit in the NND fit in the NN--mmµµµµµµµµµµµµµµµµ plane;   plane;   

Each 2Each 2--D bin is a single bin count experiment and the overall limit is computed  D bin is a single bin count experiment and the overall limit is computed  
by combining all bins and accounting for correlated uncertainties.by combining all bins and accounting for correlated uncertainties.



B � µ+ µ- : 2 fb-1 D0 analysis

Normalization mode

Optimization and statistical treatment Optimization and statistical treatment 

D0 Conf. Note 5344 
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Optimization and statistical treatment Optimization and statistical treatment 

••construct a construct a lilkelihoodlilkelihood ratio Lratio LRR with six discriminating observables andwith six discriminating observables and

a):  a):  εεεεεεεεµµµµµµµµµµµµµµµµ / <n/ <nup.lim.up.lim.(n(nexp.bkg.exp.bkg.)>)>

•• optimize Loptimize LRR cut oncut on � almost same optimal values

b):  b):  εεεεεεεεµµµµµµµµµµµµµµµµ /(1+sqrt(B)) /(1+sqrt(B)) 

•• use a Bayesian approach to set upper limits on BRsuse a Bayesian approach to set upper limits on BRs

•• treat treat RunIIaRunIIa and and RunIIbRunIIb (pre and post insertion of the inner layer of the SMT) (pre and post insertion of the inner layer of the SMT) 

as different  experiment and combine resultsas different  experiment and combine results



D0�µ+µ−

D0 new analysis: background composition in the signal window
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• Two Track trigger sample => displaced verteces

• D*-�D0π- tag required to suppress BG

• Two track candidates reconstructed in the µµ hyp.

• D0�π+π− mode used as reference

• Muon mistag suppressed by likelihood muon id. and dE/dx sep.

• Defined a seach region to count observed and expected evts

from a blind analysis 

exp)( BKGobs NNN −=µµ

Recent results only from Tevatron (CDF)

D0�µ+µ−
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• Two Track trigger sample => displaced verteces

• Two track candidates reconstructed in the µµ hyp.

• B0�K+π- mode used as reference

• efficiency relative to B�hh about 0.2%

• BG suppression with lepton id. and dE/dx separation.

• Dominant BGs from B�hh and semileptonic B-decays

CDF (2fb-1) 

B0�e+µ− : analysis procedure
arXiv:0901.3803

• Defined a search region to count observed and expected evts from a blind analysis

• Bayesian approach to set limits
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• Data sample: 386 x 106 BB events (347 fb-1)

• PID to reduce contamination from misidentified leptons and hadrons
• Likelihood function L(Nll

’) with PDFs based on mES, ∆E and Fisher discriminant (F)

• BF  

• εll’ about 15%

• Bayesian approach to set Upper Limits (UL):

Babar PRD 77:032007,2008



B�l+l- CDF PID with dE/dx
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B�e+µ-

Electron energy loss

effects on the invariant mass

CDF
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B�e+µ-

Marciano approximation assumed to evaluate αs(MLQ)
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