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I Decay B =>tv,
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= Standard model
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= Expected value = (1.59 £ 0.40) X 1074
= Supersymmetry or two-Higgs doublet models

s B(B=>7Vv.) can be changed.
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I Two Higgs-doublets

= SUSY needs two Higgs-multiplets.

= |If there is one Higgs-multiplet, the electroweak gauge
symmetry would suffer an anomalies
(would be inconsistent as a quantum theory).

= Another completely different reason is that aY=1/2
(-1/2) Higgs-multiplet can give masses to charge +2/3
quarks (charge -1/3 quarks and charged leptons),
because of the structure of SUSY theories.

= Two-Higgs-doublet SUSY models are
minimal extensions of the standard model. VEV,
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I Charged Higgs

= |f there are two Higgs-doublets, five Higgs bosons

appears.

2 One (complex) Higgs-doublet has 4 degrees of
freedom (DOF). Subtracted 3 SU(2)-gauge DOF,
1 DOF (= 1 physical Higgs boson), remains.

= Two (complex) Higgs-doublets have 8 DOF.
Subtracted 3 SU(2)-gauge DOF, 5 Higgs appears.
= |n the five Higgs bosons, one pair can have the
same mass. Natural to define charged Higgs.

1 (Text from Yamamoto-

+ — = )
H — \/5(901 + 7'902) sensel, section 9.5)



I H* contribution

B(B— tv)=B(B—= 1V)gm XTH
2
™m
ry = (1 - —2tanp)?
My
[Wei-Shu Hou Phys. Rev. D48, 2342 (1993)]

(Gp/V2)Vy {[#;7,(1—75)b ][Iy, (1—ys)v]

- —R,[7,(1+y)b][I(1—ys5)v]} ,
where

).

Rl=tanZB(mbm,/mH

Here we consider [ =T,

= From the measurement of B(B2>tv),
we can constrain the region in m,-tanf} plane.



I Experimental apparatus
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I Monte Carlo (MC) simulation

= GEANT-based simulation to estimate the
detection efficiency and study the background.
(Beam backgrounds are overlaid on events.)
= Signal MC
= BB and qq (g=vu,d,s,c) MC
- = Twice the data sample.

= Rare B decay MC

* Charmless, radiative, electroweak decays and b>u
semi-leptonic decays.



I Basic strategy

e’ B...: fully reconstructed.
g
\ /

Y(45)

e / \ B, Used for signal extraction.

Si

= This method allows us to suppress strongly
i the combinatorial background from BB and qq.

= Blind-analysis for avoiding experimental bias.



I B reconstruction

tag
= Bt*>DMox* D(*)op+l 5(*)oal+l D(*)ODS(*)+

o DO K*m, Ktrme, Ko,

Kcomo, Ko, Klmm*me, KPK

0 D, DKLKH, KKt
0| D> Dome, Dy
il ey
= M. >5.27GeV, -8o MeV < AE < 60 MeV
= Best candidate selection: x2 (AE, My, Mp«-Mp)

= Number of B

= 6,60 X 103/ (pUrity = 0.55

tag
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I B

" TOWVV
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(B=>tVv,.) reconstruction

L, eV, TV, TV, ttav. (B=81%)
w, e, t*=: PID, K-rejection

7°: M, —m, | < 20 MeV

mt° veto for the modes other than T2 m°v,

Lower limits for mode-by-mode momenta

Lower limits for missing momentum of the event p_,...

-0.86 < cosO” ... <0.95 (reject escaped particles)

miss

M., -m | <0.15GeV, M, . —m,, | <0.3GeV???
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EECL

= E.. :remaining energy in the ECL.

= Minimum energy threshold of 5o MeV (barrel),
100 MeV (forward), and 150 MeV (backward).
(Beam background is more severe for endcaps.)

. = Signal events peak at low E, .
= Background events are distributed toward

higher E¢, due to additional neutral clusters.
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I Amount of background events

= Define the signal and sideband regions for E,.
= Obtain N of events for sideband region of data.

= Obtain N of BG events for sideband region of MC,
and check the consistency to data.

= Extrapolate N of BG events in signal region for data.

ME ME e

_ W, 06  942+80  94+26
e By, 93 0.6+ 8.0  8.6+23

TV, 43 41.3 £6.2 4.7 £ 1.7

7 v, 21 23.3 + 4.7 59*+1.9

Tt v, 21 18.5 = 4.1 42+ 1.6

' T, | 90% = B->DMe |-y
95% = BB, 5% = qq 10% =rare B decay 13




I validation of E., simulation

= B=2>D™/[ v (l=u, e) control sample.

250 . |
= D*Oe DOTEO E : —e— Data
s DK, Krvoetor? S oF emaps ]
L a L
o The sources affecting E¢, g —+- ------- _
= B'B
w

are similar to those for signal, ol B
while the number of events i i
is larger compared to signal.

o

100 N
= Figure shows the - = :
distributions for dataand MC. o[  -¢14 | .

= The good agreement is seen.




I Examination of signal region
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Points: data
Solid histogram: BG MC
Curves: result of the fit

= Sum of the number of observed
events in signal region =N, .

N obs
mov,Y, 13
e v,v, 12
TV, 9
T TV, 11
Tt T, 9

= The significant excess is seen.

= Checks are performed using M, . and

P distributions and K ° veto.
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= Number of signal events is estimated
by fitting E., distribution.

O

O

L

O

PDFs are constructed from MC.
* f.:sum of a Gaussian and an exponential.

* f,: sum of a Gaussian (for peaking BG)
and a second-order polynomial.

Extended likelihood method is used.

e_(n.s‘+n19) N

— l_[(nsfs(Ez) + nbfb(Ei))
=1

N!

l

Obtained Numbers are listed below.

Ns Nb
pwob,Y, 5.631 8.8%11
eV, 4.1733 9.0}
v, 3.8727 3.970%
Ty, 5.4%33 547118
T T, 3.()f%:§ 4.8%14
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I Branching fractions

= Branching fraction =N, /(2 € Ng,p.)
= N, = number of signal events
@ ¢ = detection efficiency = g, X €
2 Npg,. = Number of B meson pairs

£51(%) B(10~%)
noP,Y, 3.64 + 0.02 2.57%138
e, 4.57 + 0.03 1.50*}20
TV, 4.87 +0.03 1.30*089
= 7 v, 1.97 + 0.02 4.54%332¢
mmta v, 0.7 +0.02 6.427738
" B(B2Tv,) = (1.7979%8., ,)) X 1074

= Obtained by a simultaneous fit to the five modes
constraining the five signal components by 5.



Systematic errors

m N2z #2190

= Signal yields: *3% _ .
= Signal shape: data/MC difference on control sample.
= Background shape: BR uncertainty of peaking BG.

= Efficiencies

° Eyq £10.5% (obtained from control sample)

o E_.;: £5.6% (tracking, m° reconstruction, PID,
BR of T decays, MC statistics)
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BR and the signhificance

B(B~ — 7 ;) = (1.797)35(stat) T3S (syst)) X 10~

= The significance is defined as the following.

s L, = likelihood value obtained assuming zero signal events.

= L., =maximum likelihood value.

= The systematic error is included as a Gaussian function,
which is convoluted to the likelihood function.

= The obtained significance is 3.50.
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I Conclusion

= The first evidence of the decay B-=2>t"v_is found.
BB~ — 7 p,) = (1.797035(stat) 7020 (syst)) X 1074

= The significance is 3.50.
= The result is consistent with the SM prediction.
. = Using the known values of G, mg, m_, and T,

fB|Vu| = (10.1775(stat) T (syst)) x 107* GeV
[ = 0.2297 (03] (stat) T 37 (syst) GeV

(First direct determination of the B meson decay constant f;)
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I Constraint on
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I Memo (status at Belle)

» B>1v with Hadronic (Fullrecon) tag

Previous analysis: ~
3.5 sigma evidence (447M BB) [PRL 97, 251802 (2006)]

-

* No significant signal observed in 657M BB sample
after fixing bug in fullrecon module..

+ analysis using full data (772M BB) with
improvements added toward this summer.

Ecc.- MM22 dimensional fit
Tagging efficiency improvement

- By new tracking (caseB data)

- New fullrecon module if it is effective.

Background suppression by K, veto

= 3.60 significance from semileptonic tagging.
= Will be published soon.



