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Outline 
•  Charged current decays: 

– B+  τ+ν (Belle)

– B+  µ+ν (BaBar)

–  I won’t cover Ds τν decays (see …) 

•  Neutral current decays (all are flavor changing): 
– B0d,s  µµ (DØ)

– B0d,s  ee (CDF) 
– D0  µµ (CDF) 

•  Lepton flavor violaTng decays: 
– B0d,s  eµ (CDF) 

•  Summary 
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Charged Current Decays 
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Tree‐level W annihilaTon decay: 

BF helicity suppressed and related to fB and |Vub|: 

Charged Higgs can enhance or suppress BF: 

UnparTcle physics may produce CP violaTon: 

W‐S Hou, Phys. Rev. D48, 
2342 (1993). 

R. Zwicky, arXiv:0707.0677 
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34th International Conference on High Energy Physics 38/1 2008

B!!" Analysis Concepts at B Factory

" Require no particle remain after 

removing products of tagging B and 
the particle(s) from B!!" decay

More than 2 neutrinos 
appear in B !!" decay

Tagging side :

Semileptonic or Hadronic B Decay
Signal side :

Detect ! daughter particle(s)

#(4S)B- B+
"
!

e+

"
!

"e

B+$!+"
!
,  !+$e+"e"!B-$X

Most powerful discriminant variable:

Extra calorimeter energy EECL



BELLE B  τν Analysis 
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Earlier BELLE analysis used fully hadronic tag decays 
and had a 3.5 σ signal with 449 × 106 BB pairs. 

BABAR used both hadronic and semileptonic tag 
decays and had a 2.6 σ signal with 383 ×106 BB pairs. 

New BELLE analysis uses semileptonic tag decays with 
1 prong τ decays and 657 × 106 BB pairs. 

cos θBDl = 2EBEDl−M2
B−M2

Dl
2PBPDl

KinemaTc discriminant for 
tag decay: 

PRL 97, 251802 (2006). 

PRD 77, 011107(R) (2008), PRD 76, 052002 (2007). 



BELLE B  τν Analysis 
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Find 154 B  τν decays 
with 3.8 σ significance. 

[
1.65+0.38

−0.37(stat)+0.35
−0.37(syst)

]
× 10−4

Yields new semileptonic‐
tagged B.F. of: 

Use Extra Calor. Energy 
to idenTfy signal.  
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B± -> !± " inclusive result 
Candidate lepton momentum very discriminating, both in B rest frame (pREST) and in 

CM frame (pCM)

Signal and background yields extracted from a Fisher discriminant distribution built 

up from pCM and pREST

pFIT = a1 + a2 · pCM + a3 · pRest

branching fraction up to a maximuum of B(B± → µ±ν) = 3 × 10−6 is205

B(B+ → µ+νµ) < 1.3 × 10−6

at the 90% confidence level. The 95% bayesian UL is B(B+ → µ+νµ) < 1.6×10−6. This correspond 206

to a central value B(B± → µ±ν) = −5.7 ± 7.1(stat) ± 6.8(syst) × 10−7. 207
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Figure 5: Final fit to the data pFIT distribution: full blue line is the total PDF, dashed red line is
background PDF, dashed black line is signal PDF.
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Figure 46: Distributions of the posterior PDFs for the BR : the 90 % confidence level UL BR(B+ →
µ+νµ) < 1.3 × 10−6

flat from zero to 3 · 10−6, being the SM expectation 4 · 10−7 . At this point, the posterior PDF can
be written as:

P (BR|data) ∝ P (data|BR)P (BR) ∝

∝
∫

dεsigdNbbL(Ns = BR · εsig · Nbb)P (εsig)P (Nbb)P (BR) (27)

This integral can be evaluated numerically very simply. We generate random positive value for BR
according to the flat distribution described above and random values for εsig and Nbb according to
a Gaussian distribition centered in their nominal value and as wide as their nominal errors. Then,
a weight will be associated at the generated BR given by the Ns likelihood. This procedure will
be iterated several ($ 10000) times and the weighted output BR distribution will be the posteriori
PDF from which evaluate the UL. In Figure 46 the posterior PDF is shown. Table 30 summarize
teh quantities from which we are going to evaluate the expected UL together with their estimated
total error for the two PID selection.

source Value ± Tot. Error
Nbb 4.47e+08 ± 1.1%
signal efficiency 0.0464 ± 0.00191
signal yield -11.9 ± 20.3

Table 30: Contributions to the UL estimation for muBDTTight selection

The obtained UL at 90 % of confidence level are

BR(B+ → µ+νµ) < 1.3 × 10−6 (28)

The 95% UL is B(B± → µ+νµ) < 1.6 × 10−6.

64

UL @ 90% CL in Bayesian approach

BR(B+ !µ+ ") < 1.3 x 10-6

13

 signal pdf

background pdf

total pdf

Using BaBar package StatPatternRecognition [10], we obtain the variable:

pFIT = a1 + a2 · pCM + a3 · pREST (13)

with a1 = −60.5203, a2 = 6.6544 and a3 = 18.272. This will be the final distribution from which
we are going to extract the number of signal and background events and from now on it will be
referred to as pFIT . As, by definition, the linear combination of pCM and pREST orthogonal to
pFIT is completely uncorrelated to it, we can exploit also

pCUT = −a1 − a2 · pREST + a3 · pCM (14)

and study the possibility to cut on this variable, which from now on we will call pCUT . The two
distributions, with background events stacked on top of each other and signal events arbitrarly
normalized, are shown in figure 18
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Figure 18: Distribution of pFIT (top) and pCUT (bottom): signal in blue dots, background events
are stacked on top of each other: uds in red, cc̄ in yellow, τ+τ− in green, B0B̄0 in dark blue and
B+B− in light blue

7 ∆E and mES Cut Optimization

It has been decided to re-optimize the ∆E and mES cuts with respect to BAD 1331 as there
they where fixed by the Neural Network optimization. Figure 19 show ∆E lower cut, upper cut
and mES upper cut significance for the muon sample after the loose cuts described above (ntuples
production + tracks quality cuts + tight PID requirement + in the detector fiducial volume). We
use as F.O.M.

F.O.M =
εSIG√
Nbkg

(15)

and it suggests to cut mES > 5.248 GeV and −2.25 < ∆E < 0 GeV.

30

With full dataset ~420 i‐1 



Summary of B  τν and µν Results  
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B+  τ+ν
 B+  µ+ν


PDG 2008  (1.4 ± 0.4) × 10‐4  (90% C.L. limits) 

BaBar  (1.20 ± 0.40 ± 0.36) × 10‐4   ≤ 1.3 × 10‐6 

BELLE  (1.70 ± 0.42) × 10‐4  ≤ 1.7 × 10‐6 

New Avg. (HFAG)  (1.51 ± 0.33) × 10‐4 

Average hadronic and semilep. tag results from BELLE 

hadronic: 

semilep.: 

[
1.79+0.56

−0.49(stat)+0.46
−0.51(syst)

]
× 10−4

[
1.65+0.38

−0.37(stat)+0.35
−0.37(syst)

]
× 10−4



CKM Finer and B  τν Results  
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FCNC Decays:  SensiTve to NP 
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FCNC decays forbidden at tree level, and proceed 
through loop diagrams. 

Decays otherwise conserve all quantum numbers, and 
are clean channels for observing new physics. 

Some diagrams are further suppressed by the GIM 
mechanism and helicity. 

New physics can appear at tree level (RPV SUSY) or in 
loops (MSSM). 



B0d,s  µµ

SM branching fracTon 
dominated by diagrams with 
top quark loops. 
BF ≅ 3 × 10‐9 for Bs and  
3 × 10‐10 for Bd. 

The Bs decay is parTcularly 
sensiTve to supersymmetry. 
The branching fracTon is 
proporTonal to tan6β and 
increases the BF from the SM 
value.
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DØ B0s  µµ Analysis 
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B0d,s  µµ Results 
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Limit 90% (95%) × 108  B0
s  µµ
 B0

d  µµ


Previous best  9.4  3.9 

BaBar [PRD 77, 032007 (2008)]  n/a  5.2 

DØ  7.5 (9.3)  n/a 

CDF [PRL 100, 101802 (2008)]  4.7 (5.8)  1.5 (1.8) 
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OpTmized selecTon cuts of 0.946 (a) and 0.986 (b). 



Tevatron Bsµµ Reach 
•  CDF extrapolates current analysis 

without improvements. 
•  DØ expects improved muon trigger 
•  Each experiment hits 2×10‐8 at 7/8 

i‐1.  
This is just 6xSM. Corresponds to 2 
SM events awer all cuts. (SES 1.7× 
10‐9) 

•  Combining results expected to push 
the sensiTvity down to 4xSM 

•  Past history shows results always 
exceeded predicTons: today CDF 
alone has the sensiTvity previously 
predicted for the Tevatron. 

CDF-only,  
today 



B0d,s  ee

•  The decay to electrons is nearly idenTcal to the 
decay to muons, but the SM branching fracTon is 
significantly smaller, of order 10‐13 for Bs and 10‐14 
for Bd. 

•  NP could contribute differently to electrons than 
muons. 
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CDF B0
d,s  ee Analysis 
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B0 

Events selected with displaced 
vertex trigger (same as B  hh’ 
analyses). 

Use Bd  Kπ sample as 
reference.  Using separaTon 
developed for B hh’ analysis 
we find 6837±214 Bd  Kπ out 
of 9684±225 B hh’ decays. 

Important to factor out trigger eff. 



Bremsstrahlung in Bee
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Long mass tail due to 

Bremsstrahlung. 

Search window for Bs,d0 → ee 
is (‐6σ, +3σ).  

Signal Events: full simulaTon 



B  ee Signal awer Electron ID 
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Summary of B0d,s  ee
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Limit 90% (95%) × 108  B0
s  ee
 B0

d  ee


Previous best  5400  11.3 

BaBar  n/a  11.3 

CDF B.F. limit  28 (37)  8.3 (10.6) 

Observe 1 event in Bs window where 2.7±1.8 bkg expected.  

Observe 2 events in Bd window where 2.7±1.8 bkg expected.  

Use Bayesian method to set 90% (95%) credibility limit.  



D0  µµ 
•  The decay of the D0 to muons is also highly 
suppressed – no top quark loop. 

•  Branching fracTon dominated by long distance 
effects, esTmated to be less than about 10‐13. 

•  SensiTve to R parity violaTon in SUSY.  Set limit on 
coupling constants. 
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CDF D0  µµ Analysis 
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D0 

π+ 

D*+ 

Use central and 
extension muon 
detectors. 

Events selected with displaced 
vertex trigger. 

D* tag provides addiTonal 
background suppression. 

Divide according to 
detectors the tracks 
project to. 



D0  μμ Primary Background 

9/11/08  R. Harr  22 

£100% 

£ ~0.5% 

£ ~1.0% 

£ 0% 

A likelihood raTo is 
used to suppress 
sequenTal B 
decays. 

Primary 
background comes 
from sequenTal B 
decays. 



D0  μμ Mass Plot awer Lepton ID 

Both muons in |η|< 0.6  One  muon in |η| < 0.6, and 
one  in 0.6 < |η| < 1.0 
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Summary of D0  μμ Results 
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Br(D0  μμ) × 107  90% Limit
 95% Limit


HERA‐B [PLB 596, 173 (2004)]  20  n/a 

BaBar [PRL 93, 191801(2004)]  13  n/a 

CDF  4.3  5.3 

B(D0 → µ+µ−) ≤ Nα(D0 → µ+µ−)
N(D0 → π+π−)

εππ

εµµ
B(D0 → π+π−)

CMU-CMU CMU-CMX CMX-CMX 
Exp. Bkg 4.9 ± 1.3 2.74 ± 0.96 1.04 ± 0.48 
Observed 3 0 1 



Lepton‐Flavor ViolaTng Decays 
•  Forbidden in the SM, observaTon of these decays 
signals new physics. 

•  Possible new physics sources include PaT‐Salam 
leptoquarks and R parity violaTng SUSY. 
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B  eμ Signal awer Lepton ID 

9/11/08  R. Harr  26 



Summary of B0d,s  eµ
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Limit 90% (95%) × 108  B0
s  eµ
 B0

d  eµ


Previous best  610  9.2 

BaBar [ PRD 77, 032007 (2008)]  n/a  9.2 

CDF  20 (26)  6.4 (7.9) 

Observe 1 event in Bs window where 2.7±1.8 bkg expected.  

Observe 2 events in Bd window where 2.7±1.8 bkg expected.  

Use Bayesian method to set 90% (95%) credibility limit.  



PS Leptoquark & RPV Couplings 
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From B(D0  µµ) result, limit RPV SUSY couplings: 

λ̃′21kλ̃′22k < 6
√
B(D0 → µ+µ−) = 3× 10−3

B  eµ
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September 2008

Branching Ratio x 106

Purely Leptonic B Decay Modes
CDF
DØ

PDG2008
New Avg.

Belle

0.01    1  100

BaBar CLEO

e+ν

µ+ν

τ+ν

Bd modes

e±µ∓

µ+µ−

e+e−

e±µ∓

e+e−

µ+µ−

Bs modes



Backup 
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CDF B0d,s  µµ Analysis 
We measure relaTve to a reference 
mode B+  J/ψ K+.  All events 
selected on dimuon trigger. 

SelecTon:  decay Tme and 
significance, isolaTon, and 
poinTng. 

Neural net is used to enhance 
signal. 
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CDF B0d,s  µµ Analysis (cont’d) 
Limit is calculated using 5 bins in 
mass and 3 in neural net output 
from 0.8 to 1.0. 
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B0
s  µµ Prospects and New Physics 
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Bremsstrahlung in B→eµ
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Signal Events: full simulaTon 

Long mass tail due to 

Bremsstrahlung. 

Search window for Bs,d0 → eµ is 

±3σ  around Bs,d0 mass.  


