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Outline

Semileptonic B decays:
B — hlyy =ep
(B® — 7w, Bt — 7%, B — ptev, BY — )%, BT — wiv, Bt — V)
Leptonic B decays:
B+ E—I'l/g {B+ — ey, BT —>M+VM}
Bt — 1Ty,

We fully reconstructed a B-meson in
order to handle the invisible neutrinos
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Complete tagging of aB in Y(4S)->BB
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—> Constrain the charge, flavor, 4-momentum of the recoil-B

—> Results in very high-purity (but with low efficiency)
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-—> Good continuum (e*e- = u,d,s,c) suppression
—> Reconstructs rare modes with neutrinos
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missing mass of the
recoil-B analyzable

Events / ( 0.001 GeV/c?)

Bt = 71y, analysis N (fag ged BT) comparison.
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- Previous Hadronic
" with 772M BB - Tag with 449M BB
20-1.8 M B* tags - 0.6 M B* tags
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zﬁui New Hadronic Tag
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N(tag, new) = 3xN(tag, old) for 72% increase of luminosity

(1.7x increase in yield per luminosity)

Reprocessed Data: improved detection efficiency for low p; tracks and neutral particles
Modified Hadronic Tag: Neurobayes algorithm + Addition of more B/D tagging modes

=> increased statistics, better sensitivity
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Measurements of |V,;| from Exclusive B — hlv

(h=n",7%p", p°% w,n,n, Lepton includes e and /1)

= Precision measurement of the B — X, /v branching fraction

= With increased and reprocessed data and new hadronic tagging

With exclusive B — w¢™" vy, for instance,
|V.»| can be extracted from the

differential decay rate

dF(B — 7T€+Vg) B G%|Vub|2
dq? 243

PP+ (d)]?

Theory input is needed to determine
the form factor f (¢?).
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B — 7l

= Full Y(4S5) data used (N(BB) = 772M / 711fb™1)
s Signal yield extracted from maximum-likelihood fit to M ?

]\[2 - (EOA[ o EBtag o EBSig)Q o (PBtag T PBsig)z

mMiss

E and Pp,  : Energy and momentum of the tagged-B
£ and Pg_,, : Energy and momentum of signal side B particles

The cleanest measurement of these modes!
B+ — 7T0£+ B % m €+

rF*~TTTrTTTrm;gm'R e @grvrvr
°°.L BeIIe BeIIe
[ Preliminary Preliminary
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. . . miss?
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mMiss

signal
B-->plv

B = > Xc 1 vV
continuum

stat. error only for Ngig

Major systematic uncertainty
from hadronic tag efficiency
~5.0%



Other B — hlv

Bt — pYv BY s p=ev Bt o w(mtm—m0)ey
S0 Belle Belle
20250 Preliminary Preliminary
- 711 fb”
200
150}
100f
| Nsig
50 8
" 338+28

1 2
M?nisw GeVZ/c*

goUuF— T 1 1 ] 1
M zs _ Preliminary

Eo71

Gredt achievements in
CLEAN SIGNAL EXTRACTION

] -= N .
O‘f’ B—b‘olv and B*wﬂ U! IRl continuum
“, - M s GV ] . M2, ., GeVic*
Measurement of BT — 1) /v modes
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Branching Ratios of the B — hfv
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Babar Hadron tag
Belle Hadron tag(2007)
Belle Hadron tag(2012)
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BY — 7T_€+l/l
BT — 7T0€+I/l
BY — p_f—i—l/l
BT — plrty,

S— N e

(1.49 4 0.09 £ 0.07) x 104
= (0.80 £ 0.08 £ 0.04) x 10™*
= (3.174+0.27 £ 0.18) x 104
= (1.86 = 0.10 £ 0.09) x 10~

BT — wlTy) = (1.09 4+ 0.16 £ 0.08) x 1074
Bt — nlTy) = (042 £0.12 £ 0.05) x 1074
Bt = n{ty) <057 x107* @ 90%CL.

[Belle Preliminary Results]

- Significantly improved branching
ratios compared to the past results.

2
B(B — hiv) x 104



Values of |V,;| from B(B — w/lv)

B+ — Wogﬂg _ o
SN E — T Belle ] (|Vu|(CKM fitter 2012) = [3.14192L] x 103) Belle preliminary
&.; 0.3 Preliminaryg
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Calculation of |V | from different
theory input for each g? range.
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A Clean Process for the

Measurement of [z, |Vus|?

Helicity Suppression:

Branching fraction proportional to m?

<standard model calculation> /3 ( B — el/) SM ™~ 10~ H

B(BT = (ty) = M( _ ;Z_%) 3|V |*m8 B(B — ,LLU)SMr ~ 3.5 x 107"

&

D.Silverman and H.Yao, Phys. Rev. D. 38, 214 (1998).

B(B — TI/)SM’ ~ 1074

Deviation from Standard Model
can indicate New Physics such as
2HDM ((type2) or lepto-quark.

2HDM(type2)

B(B+ — €+VQ)QHDA{ = B(B+ — £+1/g)sj\,j X (1 — tanQB

2

2
mp
2

H

W. Hou, Phys. Rev. D. 48, 2342 (1993).
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(Loose Tagging) previous results of B2>Inu
B(BT = etr.) <98x 1077 90%C.L. 253fh~!
N. Satoyama et al.(Belle Collaboration), arXiv:hep-ex/0611045 v2 (2007). B+ _> £+V£ (E — e, l’l’)
B(BT — utv,) <1.0x107% 90%C.L. 426fb~!
B. Aubert et al. (Babar Collaboration), arXiv:hep-ex/0903.1220 v2 (2009).
(Hadronic Tagging)

B(BT — etr.) <5.2x 1070 , _
B(BT — utv,) <5.6x107° 90%C.L. 342~

B. Aubert et al. (Babar Collaboration), arXiv:hep-ex/0807.4187 v1 (2008).

Uses full T(45) data (711fb—')/Hadronic Tagging/Blind Analysis
Strategy: Fit the sideband of p? (2.0 ~ 2.5GeV) to extrapolate
the background into the signal region (2.6 < p? < 2.7(GeV/c)).
Signal (x30) MC = ];:i qq@  P\°: the signal lepton’s
Bl b ulv momentum in the signal-
Blb—ds B rest frame.

BT outvy

pl = signal lepton momentum in signal-B rest frame

B = putv, |

~
B+ 2K*79, 7+KO
B+ %Lt*vﬂy

MC study — signal enhanced plot for muon mode
(<<1 expected BG, signal for both e, mu)

Low BG, very clean signal distribution

0%
July 5, 2012
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BT > 0Ty, (E=e, )
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Current results on B =2ty

BT = 1Ty,

I T I I I I I I I i i I I I I I i I I I 0.30 1|°-3| T T | T T T T | T T T T | T T T T I T T T T p-valu% -0
Babar Hadronic r . . . ]
.. . s 1.70:0.87+0.20 | Relation with sin 2. 3 Ros
== - 0.8
Babar Semileptonic C : + ’
T o Aol e Tl Direct Meas. (t10) 3 |Hos
Belle Semileptoni T 1R
B+ S s o 015 |- 3 Bos
1.54%93% ¢ 37 -0.31 E r ]
- . Belle Hadronic o L ] 04
- ¢ T 1.794056 ) 0 +0.46 m o :_ — : :
: ' .. Tension with the
CKM fit WA 005 |- CKM fit.
' 1.67£0.30 R — KM UT
SMT1.20+0,25 0, u_uu:.:m.m.zm...|....|....| :
1 ) 3 4 \ 0.5 0.8 0.7' 0.8 0.4 Constralntsf)
BR(B — t v)x 10 sin 241
> PR S ‘
P + é * Epcor, = Extra energy in ECL
& 5
1Yy ] N(BB) = 449M
5\ +0.56 ;. \40.46 —4
iy + background | ? 5:; [1.79T 5740 (stat) Tg'5) (syst)] x 10
e~ 5|gna| 1 (3.50) PRL 97, 251802 (2006)
£ T P Past hadronic tag analysis from Belle with 1-D fit to Epcy
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B+

— 7V,

* Major differences from 2006 analysis
Reprocessing of full Belle data set (2011)

—> Improved detection efficiencies of low p; tracks and neu

New sophisticated hadronic tagging algorithm

—> Based on neural net & Bayesian interpretation
—> More B/ D decay modes included for the tag

Signal extraction by 2D fit to (Ecc , M, iss%)
—> Improved handling of peaking backgrounds

tral particles

Added 322M more BB data in addition to previous 449M

Definition of variables

T-decays used

Mz = (Ecm — Es,,, — Ep.,,)* — (Pp,,, — P5.,,)°
E and Ppg,, : Energy and momentum of the tagged-B
E and Pp_,: Energy and momentum of signal side B particles
Epc 1, = Extra energy in ECL
aside from those contributed via tagged- B and signal-B constituents

T — € Vls
T — W VulUr
T — T Vs
T —pP Vs

Leptonic & Semileptonic Decays at
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Arbitrary

Events/0.05GeV

m The fitting variables

T — vy

Signal combined e
All Background MC

MC

The most powerful
separation variable!

Arpnrary

T — TV, pV

o .

02 04 06 08 1 1.2
Ecc (GeV)

0 5 10 15 20 25 30

M. (GeVZic?)

Peaking background enhanced sample

90

80

70

60

50

40

30

20

BO-tagged Data

BO-tagged total

without reconstructed KL
with reconstructed KL

Expected signal significance : 6.3c for Br(B->1v)=1.65 X 104

BT = 1T,

Using these variables for 2D
histogram PDF fitting.

Improves the signal significance by about 20%

Use of 2-D fitting will reduce
the sensitivity to peaking backgrounds
in EECL-

Background rejection using the K is introduced
—> Effective to reduce the peaking background

Improves the signal significance by about 5%

Belle full data + improvement of analysis



Validation of Analysis
Validated with Data

1. Sophisticated B tagging a'QOVithm} Reconstruction efficiencies
2. Background rejection using K,

BT = 1Ty,

calibrated with Data

. Confirmed with
3. Er~ and M_._ 2 signal/BG shape of MC ——
ECL miss” 519 P Control Samples MC total
B->charm
Continuum
Bo-t d dat b->ulv
Reconstruct > > aggea data | charmless
B — D)y as the signal 2 2 0t hadronic
1607 2 2
p 140‘} i Ii:? g &
s 120
3 1oo+
° 80- } 5wl ~ 120
o g = 3 < 100 |
g % %- 3 00 + 8 sf
S5 40- +...,_,_ = 60t =
z g i+ z 00 2 60p
20~ 71 5 40f 5 af -
r > 30 | > + Y
L. . . . | . w 20 E VT i LT w 20 |
% 0.5 A e & S P U
0 5 10 25 _ 30 0 5 10 1 20 25 _ 30
Ecc, (GeV) M 2(GeVEc?) Miisc(GeV2/C?)
B(B~ — D™~ ) = [5.60 £ 0.22(stat) + 0.28(syst)]% Data-MC consistency is also confirmed with E.¢,
Consistent with the PDG world average: (5.68+0.19)% sideband and wrong charge combination events.
July 5, 2012 Leptonic & Semileptonic Decays at 15
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Unblind the Data ! Bt = 1ty

2D ML fit to Egc -M,,c2 Fit to Data Results.

B signal MC + BG
— 25:— —— Background MC
? O T e
O) % 20:_ —e— Data
S o
2 -— 1 5j
2] = C
= £ 10° Qg
o
> o -
m > =
20 Y
olE = LT T E=a=a—aa—u— 0; I See—==s = Bi; m
0 02 04 06 08 1 1.2 0 5 10 15 220 25 30
Eec (GeV) M ___ (GeVZ/c*)

[Fit Projection for £z, and M, 2

stgnal = 62. 3+3? %
B(B — 7v) = (0.7277 31 (stat.) & 0.11(syst.)) x 10~

Previous hadronic tag result at Belle B = [1.7970:95 (stat) 525 (syst)] x 10~ === 1.9 difference

Leptonic & Semileptonic Decays at
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Babar SL:1.70+ 0.8+0.2

! PRD81:051101(2010)
Babar Had.:1.807)2/+0.26
arXiv:1008.0104

Babar Ave.:1.76+0.49
arXiv:1008.0104

. +0.38 +0.29
Belle SL:1.54 5, 5,
PRD82:071101(2010)

Belle Had.:0.72",27+0.11
ICHEP 2012

Belle:0.96+0.22+0.13
Combination ICHEP 2012

WA (private):
1.14 £ 0.23

3 4

BT = 1Ty,

BR(B — t v)x 10*

Leptonic & Semileptonic Decays at 17
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Summary

With reprocessed data and improved hadronic tagging of B,
Belle extends its sensitivity to semileptonic and leptonic decays.

Many recent results on exclusive semileptonic decays

(clean measurements of B2 1 v, B2 p | v, and related modes).

dI'(B-Tlv) .
(—2) 1s used to extract | Vb| .
dq !

New results for ICHEP2012 on purely leptonic modes:
B2lv(l=e,u)andB2>1v

B =2 1 v : The best constraint to date using hadronic tags.

Un-blinded new B 2 7 v result with hadronic tags.
New result will move the world average much closer to
the result from the CKM unitarity triangle fit.

Leptonic & Semileptonic Decays at
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BACK-UP SLIDES



BACK UP
16 countries “Belle Detector
68 1nstitutes
~400 members

Lopearc = 21.1 nb™

Supete onducting
cavities |[HER

" Aerogel Cherenko
% n=1.015~-1. 030

atral Drift Chamber
nsmall cell +He/C,H;

i S] vix. det.
- DSSD

ARES copper
cavilies (HEF) g M S

p /'K, detectig
14/135 l. B +Fe

>1ab™?
S On resonance:
o (55): 121 b !
Y(4S): 711 b !
A Gev e- 3 1000 Y(SS):Sﬂ)_l
U Y(2S): 25 ™
Y(1S): 6 b
500 Off reson./scan:
~100 b !
600
~550fb!
400 | On resonance:
Y(4S): 433 !
Y(3S): 30 tb !
200 Y(25):14 b "
Off resonance:
~54 fb!
0
199871 2000/1 200271 2004/1 2006/1 2008/1 2010/1 2012/1
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BACK UP

Hadronic Tagging Method

22000

A

Same purity level, more signal BB

20000

M. Feindt, et al., NIM A 654, 432 (2011)

18000

16000
14000
12000
10000
8000
6000

Events per 0,49 MeV / ¢?

4000
2000

) Signal: ~ 135 000,
using NeuroBayes  Ppurity: ~26%

nl )
“heam ‘UH

Previous algorithm

Signal: ~ 66 000,
Purity: ~ 26%

PR I R R R T A T N

82

July 5, 2012

L I L L 'l L L I 'l 'l | L I L L L L I L L L L I L L L 'l ] L L L
5.245 5.25 5.255 5.26 5.265 5.27 5.275 5.28 5,285

M@ Michael Feindt (2011)
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BACK UP

Signal Event Selection B™ = £7v (£=e,p)

e: electron probability > 0.9 for e-mode study
f1: muon probability > 0.9, x? > 0 for g-mode study
dr < 0.05em, dz < 1.5em
|AE™9| < 0.05GeV: quality of the tagged-B reconstruction
In(N Boutput) > —6: consistancy with N(BB)"*? count condition

[Continuum Suppression)]
For e-mode search: | cos @ st < 0.9
For ;i-mode search: | cos #,,..+:| < 0.8 to suppress fake 7, K’s

M{* > 527 GeV  Epcr, < 0.5 GeV

2.6 < pP < 2.7 GeV: this variable is planned to be optimized.
However for the MC study we assume the cut described.

Leptonic & Semileptonic Decays at

July 5, 2012 Belle @ ICHEP 2012
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BACK UP

Background MC Validation BT = £"v, (£ = e, )

- . B - =T
8 | | L] L] ok L] I | | | | L] L] L] L] | | - T L] L] L] L] n | | L] L] L] Data (“)
| T . 1 (B
bt -

6 K .

r 1 5 ; [ mixedrare
’ of ] [ chargedrare
4 [ ] .

[ ] B mixedulnu
3 L -

- : [ chargedulnu

: ] ] uds
| ]
] [ charm
[l_f 205 2.1 215 2? 225 .23 235 24 245 25 E??J.EFEG.ETM.ETGS.E?E 5.28 5.28%5.28-’15.EEE:].EIE:S.[:._Q .‘
pE(GeVTd) M, (GeVicY) - mixed
[ ] charged
LELELELE BLELELELE BLELE | Bl BLELEL N LN —
el
i s —— -
1 -

3

£ ]
o o

{52001 705 002 0010, 0T 002 003 0.0 005 0 01 0Z 03 0F 05 06 07 08 G 1 7 T 1
AE(GeV cosOp, -log(NBoutput)

comparison of data and MC at p,B sideband region: 2.0< p,2<2.5 (GeV/c)



Background MC PDF Moo

25

20
15[

10

IIII|IIII|IIJI|\I\I‘LI

Nevt = 131 +/- 11

IIIIIIIIIII

eling

BACK UP
BT > {Ty, (E=e, )

Electron mode

b->c (data x5)
b->ulv (data x20)
b->s,d or leptonic

’ (data x50)
P /AP TP PP PR P . exPL AT wov- IR PO AT Y
2.1 22 2.3 24 _, 25 26 2.7 2.8 2.
8 Nevt = 45 +/-7 _z
v =
° E
: 3
: 3
; =
: =
1
l
U )
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g =TT T T T

40

30

[
(=]

—
=)
IIII|IIII|IIIIIIII

o

Background MC PDF Modeling

Muon mode

| Nevi= 61-+/-8

O a N W A o o N ®
LLLL I.I-l-l-l-l-l-l-*l-l-l-l-l-l-l-l-l-l-l-l-l-l-llllllllllllll

b->c (data x5)
b->s,d(data x50)

BACK UP
Bt 4Ty, (L=¢e,p)

| [ Nevt= 132 +/- 11

b->ulv(data x20)
b->pvy(data x500)




BACK UP

Signal Shape Correction with Data B™ — £1v, (£ = e, )

with B>DO%v DO->K-pi+, K-pi+pi, K-pi+pi0, (DO>K-pi+ here)

LIS L R B e

L il takid hicad iabds Rabd okt Mokl iabds Liakd o tiad

h
' ' ] E
H H E E

[ H H ]
} RIS NOUPIRON ([ VR = saE
i \ h m E
o H : H ] 30
Fo H H H ] 3
S0f-r----- -1 --- EEEEEET r----— 25F
o 1 . F
[ H ] E
[ . ] e
Hp-f--m-- a4 iy o 15E-
o H ] E
Fo H H H ] E
F o 1 g
L . e R b — E
Cor E
[ £

______

_____

Py

[ ]
E I:I Charged{4s1)
E F I:l Mixed(4st)
::_ g_ - Charm(4st)
:_ E_ I:I Uldts(4st)
% ool poz 003 ROt 00 o6 007 008 008 0.1 ':'|: 05 ] 0.5 15 '::' 175 ] 1B 1.8 T8 :2 _+_ e
dR (cm) dZ.{cm) my, (GeV/c?)
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Number of events

BACK UP

BT = 1T,

The best B, candidate selection:
Largest Ny, the Neural-network output of hadronic tagging.

x10° x10°
W0l 25001 | 600
10° £ 2000} 2 s00f
3 S i S :
10° £ i i
o E 1500} E 4005
" . g 0%
10 & 1000/ g
e | £ w0
10k = < 1007
1:5. 0' yo— T B - 0: | | A A
-0.05 0 0.05 524 525 5.26 5.27 5.28 5.29
Niog AE (GeV) M,. (GeV/c?)
Variables of the tagged-B
AF = EtaggedB - Ebeaﬂl
y - 2 CaE |2
A'[bc _ \/Ebea.*m ‘pB‘
Leptonic & Semileptonic Decays at 27
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BACK UP

BT = 1T,

—

/

— [ Velr | T — € Vpylr | T — T Uz T —p Vr

/ /

One signal-side track in [Az| < 3 ecm and |Ar| < 0.5 cm

No extra track in |[Az| < 75 cm and |Ar| < 15 cm

No signal-side 7" One signal-side 7"

< 0.15 GeV

Mo — M, |

No K candidate reconstructed from KLM

—0.86 < cos ... < 0.95

miss

M2, > 0.7 (GeV/c?)?

miss

EFrcr, < 1.2 GeV

Selection criteria for the By, reconstruction.

Leptonic & Semileptonic Decays at
Belle @ ICHEP 2012
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Tagging efficiency calibration BACK UP
Signal EECL’ M2 miss Shape validation B"‘ — 7—‘|‘V7_

» B tagging efficiency is calibrated with the E., sideband data
— Same event topology as signal.

— MC expectations for both signal
and background are corrected.

N
(41
o

N
S
N

—r
(4)]
S_

Y

.
.L: ‘
1, '

f

s
(=]
\I°\\\

i b
ittt a»%; +r ﬁ#ﬁf *L
0’ I ] J.' *’5’
5.24 525 5.26 5.27 5.28 5.29
M, (GeV/c?)

« Confirmed by reconstructing B->D*Inu, D*->D%?, D°>Kp as signal
80F

[4)]
O

Events / (0.001 GeV/c?)

Number of events

160 F \

T g ]
140} a T IL B(B~ — D*I~1;) = [5.60 & 0.22(stat) + 0.28(syst)] %.
1204 § 60% Consistent with the PDG world average: (5.68+/-0.19)%
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80| L +1 H
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S = ok it
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Nomalized number of events

Normalized number of events

1D 0 1 2 3 4 5 B A C K U IP
Mode || D7~ | D=7 | D=7 =7x% | D7~ | D'7=#" | D'z=n— =™
D 6 7 3 0 10 11 B + —S T + .
Mode D*Usz D*UD; DUD;:* DY Dy J/ I~ J/l;i«‘ﬁri A o T
1D 12 13 14 15 16 : HP- : :
Mode | DK~ | D n 7 | DV 7 o7’ | J/uK 7" | J/YKsr™ Tagg Ing effi ciency calibration
o.zf— *i € Vlr g o.zf— ﬂ-_vpy‘r g 0.25— :I: € Vel/r E o.zf— [V, Vr
ors- _*E 015f- i % 50.15; + ¥ g 015 'I':FI:
b +:t e E L '|'+ 'l' E L :I:+
0.1}* - E 0.1}$ # i E 0.1f == :F _E 0.1**
E 5.F .- 1F N T
0.05 = 0.05F - G 0.05]  0.05] :l:
= E r - -+ g [ H:l: - g F -
o | e T e 2 ot | o | ] Z b s TR | e z Q_A_A_A_A_E:Ii'ﬂ;_ﬁ_
5 10 15 5 10 15 5 10 15 5 10 15
Tag mode ID Tag mode ID Tag mode ID Tag mode ID

n.zi— T Ur ;_ 0.2; pil/q. % 0.2; + 7T_1/T g u.zi— # p_I/T
0.155— i +$ 50.155— :‘: *i 50.152— = + go.wf— + + #
0.15—* $ + 5 0.15—1 $ E 0.1;: - E 3 E 0.1:$ i
0.05;—* -_* % 0.053: =i % 0.05;—* = % 0.05? i*
S - S R S WY S R T T
Tag mode ID Tag mode ID Tag mode ID Tag mode ID
Signal MC Correctly reconstructed
EECL sideband generic MC Cross-feeds
EECL signal region generic MC Self-cross-feeds
5 e Ul
z o0z2F . e~ T . .
[P LU, Comparison of the tagged-B mode ratio
£l T
t L+ . M ->Good MC/Data agreement
P ow T Vr —>Common scale applicable
E L = —
5 - P Vr : .
° s ;ag o Frc sideband region: 0.4 < Fgcp < 1.2GeV
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Ecc, Sideband region

BACK UP
BT = 1T,

250° ] 16007
: Data JFFT 1400~ 5}( Data amourﬁ{
200~ g g . . - . 5
3 | g OTME Tagging efficiency calibration
- 150~ pi 1000 R :
8 ;f"‘: 3 g 800- o 200l total signal
g L | G £ ° | w/contamingtio
% ﬁ"ﬂéﬁlhﬁ]’;wéﬁ- L 200;.% i m*ﬂw * o 150
24 525 526 527 528 529 N L ol
M, (GeV) \ N be (GEV) L1005 LAY A
III \\\ \\\‘x E i
1208 Crystal Ball g7 o Bifn.;\?gated lﬂ \\\\\ EEE i Jr% +{ } g 0
oo fneion V| g o | '
2 soo; i e N 2 140l Ly # (2= T
2 s00 [ 3 \J 1 | EEE ;\‘ i 524 525 526 527 528 529
@ E ] E @ rgus T
2 ool ] i ﬂf““ﬁ i 9 b M, (GeVic?)
i T % FPM&% L QE . Charged particle contamination
5.24 5.25 SMEh:{GEE‘E")f 5.28 5.29 524 525 SM“:(GSE\Z!;’ 5.28 5.29 524 5.25 EMiGtGEE&)T 528 529 | Slngle Photon COﬂtamInatIOﬂ
________ o -------  Two Photon contamination
No contaminaton 2> Photon contamination
-------- Photon contamination Total Signal
-------- Others
Group ID Modes Correction factor
A Dr—. D% —. DV~ 1.07 =0.07
B D=7V, DD?-T_T'D 0.79 = 0.07
C D= xt, Dr=n—nt, DYn—n~, DV n—ntx® 0.50 =0.04
D DD, DD, D“D;“, D‘]D;? 0.96 + 0.12
J/WK=, JJvK—nta=, J/vK=n°, J/YvKsn~
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Events / (0.3 MeV/c?)

BACK UP

K, efficiency calibration Bt = 1tu,

It is essential to estimate the K, reconstruction efficiency with KLM in data.
— The dominant component is the low momentum K from D decays in the background of B 2zv.

The K efficiency in data is calibrated using D*™* =2 D°%z*, D® 2 ¢ K, ¢ 2 K K| decays

Typical K| efficiency at 1GeV/c ~ 11%

July 5, 2012

L I | L L I I
0.15 0.15%
mg.-my, (GeV/c?)

Reconstructed mp.-my distribution in data
a F
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0.15 0.155
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Events/0.002GeV/c?

Estimated K reconstruction efficiency
confirmed with the B decay including K,

BO= D**r, D* D%+, D 3K, 70

I I I I
5.2 5.22 5.24 5.26 5.28 §.3
M,.(GeV/c)
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K, rejection efficiency correction

Number of events

160
140
120

100F
80|
60"
40¢
20"

:

T

+
T_F+$I+3EF.I'+

Efficiency o
Data: 0.860
MC: 0.824 -

BACK UP
BT = 1T,

f K Rejection
+ 0.013

- 0.005

Data/MC: 1.04 4+ 0.02




Events/0.05GeV
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160
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Events/1(GeV?/c?)
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Background MC Validation

Egc, Sideband

ity gy gt P g e e R (AT g
0 0.2 0.4 0.6 0.8 1 1.
Ecc (GeV)
g MC total
- B->charm
a Continuum

20

M?mss (GeV2/c

43(

Events/0.05GeV

Events/1(GeVZ/c?)

70
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40
30
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0 =

BACK UP
BT = 1T,

Wrong charge combination

02 04 06 08 1 12
ECI_(GeV)
0 5 10 15 20 25 30

Leptonic & Semileptonic Decays at

Belle @ ICHEP 2012

Mass (GeVZ/c)
The MC E¢, and M, .2 distributions are confirmed by the BG control samples.
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Events/0.05GeV

Events/1(GeV?/c*)

BACK UP

Background MC Validation BT = 17y,

Mbc sideband - : BO-tagged
)
0 £
o g
S 5
I E
[
()] -
> :
L :
0§=--:-:JJ|.‘1..|1\..1.
0 0.2 04 0.6 0.8 1 1.2
EECL(GeV)
9 MC total ‘f'; 120 ]
80 B->charm <, 100 -
%ontmuum & 80 _
Al L. SEE PR
F . [ 40 B (.
| g o ¥
E -t e T 20
0_-.".'_1' | T T L oL ET T ey VP R P T ettt L
0 5 10 15 20 > 25 > 43( 0 5 10 15 20 5 25 5 430
Mriss (GeV</c™) Mmiss (GEVT/C)

The MC Eg¢ and M

miss
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2 distributions are confirmed by the BG control samples.
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BACK UP
BT = 1T,

Corrections for data/MC differences

e Hadronic Tag efficiency correction
e K} rejection efficiency correction

e Branching fraction of peaking background modes, event by event correction

Leptonic & Semileptonic Decays at

July 5, 2012 Belle @ ICHEP 2012
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Systematic Uncertainties

BACK UP
BT = 1Ty,

source error (%) source error
Signal Yield 11.2 PDF Histogram MC Statistics J_rgg
‘N-BE 1.3 Signal EEC?L Shape -I__gg
Reconstruction efficiency PHOTOS radiative correction -'_'82
MC statistics 0.4 Peaking BG, generic B +1.3
Br. of 7 0.6 Peaking BG, rare B +19
PID efficiency 1.0 Peaking BG, b — ufv +0.4
0 eﬂﬁciencyd 0.4 Efficiency ratio, MC stat fﬁ%
Tracking 0.3 7 branching fraction 4—_0:0
K9 veto 73 70 efficiency +0.3
L : . PID efficiency +04
Tagging efficiency 8.5 ' ) -6
Total 150 KE veto efficiency "_'2:3
' Tagging Efficiency in BG +0.1

Total e

[Multiplicative uncertainties]

July 5, 2012

Leptonic & Semileptonic Decays at
Belle @ ICHEP 2012

[Additive uncertainties]
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Fit Consistency Check

In the fit for signal yield extraction, ratio between tv components is fixed.

BACK UP
BT = 1Ty,

Result of simultaneous fit floating each yield of tv components

Mode

Number of signal

Efficiency

e Telr 155754 2.98 x 10~*
A 25.6115% 3.12 x 1074
Uy 7.870% 1.76 x 10~4
p Uy 13.67137 3.37 x 1074
e T Ur P vy

Belle Preliminary (stat. errors only)

ICHEP 2012

—e—

1 1 I 1 1 1 1 I L1 1 1 l 11 1 1 I 1 1

T—pv
0.52*0-72

-0.62

T —= Vv

0.571-0.70

-0.59

T — UV

0.63
1 '06:].58

T —= evy

0.49
0'68-‘;0.41

Combined Fit

+0.27
0.727

0 1

2 3
B(B — t v)x 10°

Consistent results obtained.

4as5f 25
> o > % >
8% 3 w0l [ 8%
g 5 E: so} iy [ g 15
S g + i g
g 15 g 208/ + g 10
i 10| @ ol w5ty
SF. 2 N
[ e T R P T S | 0 R LU T A P T T | ol i L EE T R PR O | 0! ,'h-rr,.4&.;1‘A,‘,LLLAJAAJ
0 02 04 06 08 1 1.2 0 02 04 06 08 1 12 0 02 04 06 0.8 1 12 0 02 04 06 08 1 12
Eecy (GoV) Eecy (GoV) Eecy (GoV) Eecy (GoV)
16 10,
P = o~ N
2 2 2 0 2
B T 10 12 <
g g s g g 9
- & - - 8 -
z g0 ie P
£ 1 ar £ 1
& & g 87 & 9
A 4 Eaylt o LT et
o [T, fiCa 1 Vlecte
5 10 15 20 25 30 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
M., (GeVi/c?) M, (GeViic?) M., (GeViic?) M2, (GeVi/c?)
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Fit Consistency Check
: 1 1-D Fit...
Comparison with different data range > 120 f
Q [
0.25?03 g 100 |
: £ sof
0.2 i, E
—_— : 60 L
£ 015- s
é N 40 1
5 01 20
0.05 T ) s .
0 150 e
Exp7-27 Exp31-39 Exp41-49 Exp51-65 g
100 3 0¢
- - - , 50 % 10
Comparison vv_|th _1—D fit(Egc M iss”) > Ll 1
and no K ° Rejection 0002505075 1 000" ?39
Erc (GeV) M, 2 (Gewc
Method/sample  Number of signal  Signal Eff.  Br. (x1074) Significance (stat. only)
Nominal 2D fit 62.37572 1.12 x 1072 0.72755¢ 3.16
Egcr only 87.175:% ditto 1. 03+° 32 3.57
M2, only 67.97050 ditto 0. ~8+g gg 1.16
without KY veto 65.37252 1.29 x 1072 0.65153¢ 2.81
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Fit Consistency Check BT > 1Ty,
Comparison with 1-D fit(Egc M) | 8 T ' g T
and no K, ° Rejection §°0 §°r |
Sa | : S4 [ o
o | o |
Q I Q .
2 [ 2
Toy MC pseudo experiments generated e A
from_theylelds_of5|gnaland BGs de"zm_ﬁ'_”é' Duilﬁ"lz"'_a't'_'_'é'
obtained from fit to the data. Eo, Significance M__ 2 significance
® :
g T
Performed for 2-D and 1-D fits g6 [
54 [ |
3 fEgen : DATARESULT
Correlations of Statistical UID podesss v
Significance between 2-D N N

4 6
2 significance

Fit and 1-D Fits

M

mis
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BACK UP

+ +
MC distribution of E., and M2 BT = 1Ty,
all signal BG Ivv
4 4 4
< all BG < <
0 02 04 06 08 1 12 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Ezc, (GeV) M2, (GeVZ/c?) M2 .« (GeV/c?)
Reconstructed from Reconstructed from Reconstructed from
t=21vv, v, and pv. t=21vv. t>7v and pv.
EECL

Signal (red): four signal tau modes combined.
BG (blue): all expected BGs for four signal tau modes combined.

Ivlmis.sz
t=2>1vv signal (magenta): reconstructed as t—=>1vv (left), reconstructed as t>nv (right).
t>7v, pv signal (brown): reconstructed as t=>xv and t>pv.

Leptonic & Semileptonic Decays at
July 5, 2012 Belle @ ICHEP 2012 “



BACK UP
Peaking BG Bt — 7-"‘1/,,_

* At least one of E., and M, ...2 distributions have difference
from signal. Result is less sensitive to peaking backgrounds.

« If BR is known, error of BR and MC statistics in Syst.

300 1000 | F 200 E
C + +++—|+++ E ey = .
200 i +++_|_+++ -|—++ 750 £ ++ +++ Zz #_V 150 F +++++++ MC: data|x 20
o [+ MC: datax 10| s £ - " ok ! ﬁ RS S for hu.
: forb=>c.| *° ;_ - +++ 20 F ++++++++ + T + 50 ; ++++++
C 1 1 1 | 1 1 | - C n +H
%0 i %0 20 e 0 gy
* 2
DOy EECL I\/lmiss 7y EECL Mmi552

* |f BR is not known, assume SM value in the nominal fit.
SM value =50% and MC statistics in Syst.

“t + 150 fﬁ MC: data x 50 ol MC: data >< 50 Hﬁ
w + w [y, for B2lvymodes. al for b=»s,4mode .ﬂH +
ol ol Hﬂ% ok " b, i +
; +++++H+ + H g +++++++ ) 7 ! -|_|—+H+++++ E+++++++H+ +
ZVV EECL |vlmissz stv EECL Mmi552
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PRL 97, 251802 (20(i?

Comparison with 2006 resu

BACK UP
BT = 1Ty,

PRL 97 (2006) ICHEP 2012 conservative comparison
Analysis hadronic tag hadronic tag(new) _ o
1D fit to Eg, 2D fit to (Egep , Mpiss?) 1. Only with statistical error.
N(BB) ( x 10°) (set A) 771 2. Assu_mlng a_1|| the signal
449 _ candidates in the old
(a1 257 analysis become signal
Efficiency (x 10) 3.0 11.2 candidates in the new
N(signal yield) 24.177¢ 8.61139 analysis.
0. 2412'31}*9 : 1.60
Br(B*>t*v) (x 104) 1.791935 New analysis based on improved
0.72+027 tag, loose event selection, and re-
T ' processed data.

SET A: the data-set used in 2006

SET B: corresponds to the data-set not used in 2006

Old (set A) vs. New (set A’) :

Old (set A) vs. New (set B) : 2.5¢ difference :
New results. set A’ vs. set B : 1.6c difference 0.2f
1.2c difference

All events used for the New Analysis

0.95 x107

*0Old result (set A) vs. New (only for non-overlapping events in the set A)
BF(non-overlapping events) = (0.6 + 0.4)x10"-4 - 1.9 ¢ difference

1
-
|

July 5, 2012
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=1,
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Babar Hadronic
1.70+0.87+0.20

s
o
—_
It @ | P
Babar Semileptonic %
H ® H 1.80+957 5 ., +0.26 m
: : £c
FH— e , Belle Semileptonic o
1.54+038 g 3;40.29 5 5, ©
— - ,_, Belle Hadronic
1.79+0:56 g 49 046 4 5,
WA
CHMVEE 1.68+0.31
1 L ISIM ] .2101i0r2$ 1 l 1 1 1 1 l 1 1 1 .5 2 2.5 -4
1 2 3 4 BR(B—1v)[107]
BR(B — tv)x 10°
D —— 2 2
[ T T T y i it mpg 2
| 2HDM (typeIl) 1 BBT—=71v)=BsMmXx |l——5—tan"
800; 0 _‘ mH+
i i W. Hou, PRD 48, 2342 (1
< | : for this plot, we use o 48, 2342 (1993)
3T E B, (B*>1*v)=(1.20+0.25)x107*
£ - using fz (HPQCD), |V | (HFAG)
=0 g Note:
o | il Bsy = 0.83 £ 0.08 (UTfit)
: : Bsm = 0.73370 523 (CKMfitter)
0

80 100
Sensitivity to H* is complementary to LHC direct searches
Belle @ ICHEP 2012



100
80
60
40
20

= K, % Rejection

OLD P14.

Toy Monte Carlo study with and without K Rejection
(Input B(B* — 7v) = 1.65 x 10~* for signal MC)

XA ndf
tant

9.968 / 10
94.26
6.321
1.058

H Signal combined
All Background MC
ey
©
= The most powerful
g separation variable!
v by ey by by sy |
0 02 04 06 08 1 1.2
Egc. (GeV)
July 5, 2012

sigpificancc—;, smgared
<With rejection>

100 2 /ndf 8.959 / 10

80 | ofystant 93.61

E ea 6.058

W E Sig 1.065
40 |
20 [

O ! Il | ! 1 L

0 2 4 6 8 10 12 14

significance, sr_neare_zd
<Without rejection>

BT = 1Ty,

Considers... Statistical uncertainty,

Systematic uncertainties for MC PDF statistics,
K?! Rejection uncertainty,

and Peaking Background uncertainty

Expected Significance = 6.32(6.06) with(without) K Rejection

m The fitting variables

Arbitrary

(For Eg <0.2 GeV)

MC

T = {ru

0 5 10

M2

15 20 25 30
(GeV?/c) —>

Leptonic & Semileptonic Decays at
Belle @ ICHEP 2012

Using these variables for 2D
histogram PDF fitting.

Use of 2-D fitting will reduce
the sensitivity to peaking backgrounds
in EECL .
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