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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+
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Most powerful discriminant variable:
Extra calorimeter energy EECL
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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

pF I T = a1 + a2 · pC M + a3 · pR est

branching fract ion up to a maximuum of B(B ± → µ± ! ) = 3× 10! 6 is205

B(B + → µ+ ! µ) < 1.3× 10! 6

at the 90% conÞdence level. The95% bayesian UL is B(B + → µ+ ! µ) < 1.6×10! 6. This correspond 206

to a central value B(B ± → µ± ! ) = −5.7 ± 7.1(stat ) ± 6.8(syst) × 10! 7. 207
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Figure 5: Final Þt to the data pFI T dist ribut ion: full blue line is the total PDF, dashed red line is
background PDF, dashed black line is signal PDF.
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Figure46: Dist ribut ionsof theposterior PDFs for theBR : the90 % conÞdence level UL BR(B+ !
µ+ νµ) < 1.3 " 10−6

ßat from zero to 3á10−6, being the SM expectat ion 4á10−7 . At this point , the posterior PDF can
be writ ten as:

P (BR|data) # P (data|BR)P (BR) #

#
∫

dεsigdNbbL (Ns = BR áεsig áNbb)P (εsig)P (Nbb)P (BR) (27)

This integral can be evaluated numerically very simply. We generate random posit ive value for BR
according to the ßat dist ribut ion described above and random values for εsig and Nbb according to
a Gaussian dist ribit ion 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) t imes and the weighted output BR dist ribut ion will be the posteriori
PDF from which evaluate the UL. In Figure 46 the posterior PDF is shown. Table 30 summarize
teh quant it ies from which we are going to evaluate the expected UL together with their est imated
total error for the two PID select ion.

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

Table 30: Contribut ions to the UL est imat ion for muBDTTight select ion

The obtained UL at 90 % of conÞdence 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 St at Pat t er nRecogni t i on [10], we obtain the variable:

pF I T = a1 + a2 · pCM + a3 · pRE ST (13)

with a1 = ! 60.5203, a2 = 6.6544 and a3 = 18.272. This will be the Þnal dist ribut ion from which
we are going to extract the number of signal and background events and from now on it will be
referred to as pF I T . As, by deÞnit ion, the linear combinat ion of pCM and pRE ST orthogonal to
pF I T is completely uncorrelated to it , we can exploit also

pCUT = ! a1 ! a2 · pRE ST + a3 · pCM (14)

and study the possibility to cut on this variable, which from now on we will call pCUT . The two
dist ribut ions, with background events stacked on top of each other and signal events arbit rarly
normalized, are shown in Þgure 18
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Figure 18: Dist ribut ion of pF I T (top) and pCUT (bot tom): signal in blue dots, background events
are stacked on top of each other: uds in red, cøc in yellow, ! +! ! in green, B 0 øB 0 in dark blue and
B +B ! in light blue

7 ! E and mES Cut Opt imizat ion

It has been decided to re-opt imize the ∆E and mE S cuts with respect to BAD 1331 as there
they where Þxed by the Neural Network opt imizat ion. Figure 19 show ∆E lower cut , upper cut
and mE S upper cut signiÞcance for the muon sample after the loose cuts described above (ntuples
product ion + tracks quality cuts + t ight PID requirement + in the detector Þducial volume). We
use as F.O.M.

F.O.M =
"SI G!
Nbkg

(15)

and it suggests to cut mE S > 5.248 GeV and ! 2.25 < ∆E < 0 GeV.
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( 6!! !}} !4)11!X@#'!)w%&!S%;'#,!JM!
Both muons in |η|< 0.6  One  muon in |η| < 0.6, and 

one  in 0.6 < |η| < 1.0 
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Br(D0 !  μμ) × 107  90% Limit
 95% Limit


(`"a8F! sXSF!bZ_=!:^U!H566YIt! 56! ,r)!

F)F)&!sX"S!ZU=!:Z:76:H566YIt! :U! ,r)!

2MR! Y<U! b<U!

B(D0 ! µ+ µ! ) "
N! (D0 ! µ+ µ! )
N (D0 ! ! + ! ! )

"""

"µµ
B(D0 ! ! + ! ! )

CMU-CMU CMU-CMX CMX-CMX 
Exp. Bkg 4.9 ± 1.3 2.74 ± 0.96 1.04 ± 0.48 
Observed 3 0 1 
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#$%&! !' µ!

:5!-%;'<!5667! "#$%&'!()&&=!*)+,%!-')'%!.,/0%&1/'+! 5^!

Limit 90% (95%) × 108  B0
s !  eµ! B0

d !  eµ!

X&%0/#?1!$%1'! _:6! Z<5!

F)F)&!s!X"M!^^=!6U566^!H5667It! ,r)! Z<5!
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Zr::r67! "<!()&&! 57!

R&#9!B H( 6!! !µµ) &%1?@'=!@/9/'!"Xp!-.-f!D#?;@/,B1E!
!λ!

21k
!λ!

22k < 6
"
B(D 0 ! µ+µ" ) = 3 " 10" 3

!&! !' µ




:5!-%;'<!5667! "#$%&'!()&&=!*)+,%!-')'%!.,/0%&1/'+! 5Z!

September 2008

Branching Ratio x 106

Purely Leptonic B Decay Modes
CDF
D¯

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
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Zr::r67! "<!()&&! UU!



Bremsstrahlung in B→eµ!
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