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Motivation

expected decay examples of
rates SM amplitudes

O ( 1 0_2) Small hadronic effects;

theoretically clean.

Sensitive to New

6(10+) Physics

poorly known: multiple v's in final states = experimentally difficult !
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Belle event reconstructions [Sa»
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Experimental Technigues

B decay with missing energy

e.g. B*—D*Otv i

reconstruct
B

signature:
D*1/h +
invisible

tag

at B-factories_:
e*e- »Y(4S) > BB

By F€CONstruction: Two ways of B, reconstruction:

tag

> BB event * Reconstruct By, (in exclusive mode)
and check whether remaining particles consistent

: : B. . :
» which particles belong to B with B_.. (,exclusive” B,._reconstruction)

sig ( tag

» kinematical constraints on BSig

= Select B, candiate and check whether
remaining particles consistent with B decay

(,inclusive” B, reconstruction)

tag




Bo1tv

purely leptonic B decay: W- Sensistive to Charged Higgs

mediated annihilation

m, tang+m_cotp | m_tang |

| Decay amplitude o« m, m{ta)?8 |

H* effects on the branching fraction:

BF(B" >1'v,))=BF(B" >1'V,),

> providing T is known ‘
r, = (1 - mf tan® f)’

H

W. S. Hou, PR D 48, 2342 (1993)



B—-1tv - method

signal signature:

X + nothing

Reconstruct B, in hadronic mode:

B —» D™n*/p*/a; /D"

- 783K B* | » MC
g | 535M BB € Signal
g Egc,: residual energy in
= calorimeter Background
for signal: E., =0
B* candidates g Zcl &b 02 04 06 08 1 12 1.4
Eecy (GeV)
55).22 5.I24 5.‘26 5.I28 5.3

M, [GeVic?]



validate E, simulation using
B—D™ v control sample

. Events/0.1 GeV
LA
=)

élll

449 M BB

PRL 97, 251802

sample oT 54 events.

4.60 stat. significance = 3.5c (Syst. included)
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IS

analys

Bo1v,

65/ M BB

D(*)| v Semileptonic tag

3834

arXiv: 0809

visible products of t decay

NEW with 3.8c
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Constraint on Charged Higgs
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Complementarity to hadron colliders



B*0—D0)-tty,

Semileptonic vs purely leptonic

B — D“)71._ has more observables (7 and D" polarizations) than B™ — 71, decay

B — D771, are more sensitive to H~— contribution but experimentally more

challenging than B — D* 771, modes

B° — D* 7", with longitudinally polarized D* are also sensitive to new physics

B° — D* 71, are the main background for B — D7 v,

Hbc and Hbu vertices complementary with Hib searches at LHC

. { mtanBtm cotf3

2

mytanm . cotfs

I m-.,tﬂnﬁ I

B — D)7, B — v,

10



FIRST OBSERVATION - 2007
BF (B > D 1'v_) = (2.02 2% (stat) + 0.37 (syst )) x 10-2\ PRL 99, 191807

(2007)

N /5 MeVic?
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SIGNAL YIELD N,=60 *1¢ 6.7c (5.2c with syst.)

combined data

Mjns = (E ED( ") l/h)2 _(_ﬁtag_ﬁl)(*) _ﬁl/h)2

152 60 .
102 2 |
5; ) | \ MmIS 'I_ DATA
g 5|21 522 523 534"‘525 5.26 527--'.5 "529 5.3 - S|gna|
o M, [GeWc]
W bckgr.
combinatorial  peaying
background  packground °STe a2 e
: 2
(D 'ev) M2, [Gev fc 1
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B—DUt*v, - exclusive B tag 1€C @3““@

: : : Main background:
B.,, reconstructed exclusively in hardonic modes Semileptonic B decays ( D1 )

- BSig the following decay chains are considered e. 11 with lower momentum

D® decay modes £
D - K*'n  K*'nm 7" K+n m+nn° %
K2on°, K_}'*Jr_ﬂr"', Konm—ntaP. -signal
D~ — Kta o ,Kte o n% Kor~. :Bl‘lyv
D** — D°r",D*x° -Other BG

D*D — Dﬂﬂ'ﬂ, D'{"}f

T decay modes: 7 — €vvV, uvv

Analysis Strategy:

Reconstruct B—=D%Iv . B—D" 7 vtoobtain R(D) = i((g — ?);y;
— Dlv

The method similar to BABAR analysis | arxiv:0902.2660




B—D0Ot*v, - exclusive B , rec S0 a

D T v Signal extraction

Extract signal from 2D fit in missing mass squared (MM?) and extra calorimeter Energy(EecL)

Ic MM?
g %) 2 1 -
q f;rf',L Separate D™y 3 No remaining
F [. and signal 51 particles
J l'*,h -signal £
-Dlv 9 :
-D*l v () -S[,)Ilgnal
-DIV
-Other BG D*ly
-Other BG

0 02505 0.75 {}'EV



B*0—D®™| vy Reconstruction

MM?2 distributions P cut 657 M B_B
oy

1201@data B*—Dlv @data B*—D*l v
o O all fit P all fit
g - — signal < — signal N(B+—)D| Uu ) =1 156144(stat)
s | ©v) N (D) N(B*—D* v ) = 2152+ 76(stat
8 .g-g__ cross feed % 601 — cross feed ( ) — ( )
S eof (DxV) Qo (DIv)
E 8 40}
§ 40f E @&A
o 2o CIC>.> 20} (Q\Q
i o \\
i | %7)
[ - . _- . el — L v -' "~ Wity 8
0F 05 o mfﬁ,f} o3 -0.5 e rcewm“’l'r e\\eQ
<
> 45-. .data . BO_)DI 14 % Sﬂ?.data BO_)D*I 14
é’ 4o} 2l ﬁtI g 7ol ~ all fitl '
8 v035-' signa Q @ﬂ__ signa
S PFDiv) ~ - F(DI* V)
42 F0F - cross feed "g 50F - cross feed ' N(B°—DIJy ) = 338+21(stat)
e 25t (D* v) 3 40DIV) N(B°—D* v ) = 769+ 35(stat)
3{}?—
2(3';- \
Iﬂ;—
a7 X R B < 2

~ - ’ r'Ge'Ir"?.-"c“[}I



MM? @data
-Dtv
-D*xT v
- BG

(EecL<0.2GeV)

EecL

(MM2>2.0GeV?/c*)

@data
-Dtv
-DxT v
- BG

‘Plots are projections in the signal
enhance region

EecL @data
-Dt v
-D¥%xT7 v
- BG
(MM2>2.0GeV2/c?)

EECL
signal
region
0 >
—9 MM2
clear signal seen
Nyield >
N =98.672%(3.8
B"—>Drv 250( ’ O-)
N, .. =99.873(3.90)
&
O
e
Q



Results B°—=DV 7t v &

N\OIO; ‘Plots are projection in the signal
E 9 MM?  @data o EecL @data enhance region
< S8F -Dt v - -Dt v
S 7 -DT v —D¥T v
2 6t - BG - BG
s 5 (EecL<0.2GeV) 2 0GeV2/c
E ECL\V. L. .
4 Clear signal seen
:
2l
It
Ot :
22 8 ) 5. 0. .
GeV2/c* GeV Nyield >
0 7.7
% Bo—D* 7 v] N,  =172""1(2.60)
N 2 S 7 _ B"—>Drtv -
4. MM? @data Sk EecL @data
o -Dt v - 6F -Dt v 7.2
< . O _ +/.
S3 -DxT v Qw —-D¥T Vv N 0 s —250_63(470)
..g - BG ..55 - BG B —>D*rv
2. (Ee<02GeV) & i (MM2>2.0GeV?/c%) : S
3 (Q\Q
1.5 5 >
Q
0.5 I e\\e
- 2 THEES A = TN <



Determination of R(C

-

R(D°) = B(B* — Dv)/B(BT — D%ty) = 7021133 1440 (%]
R(D*) = B(B* - D%rtv)/B(B* - D*%¢v) = 46.8 L1535 755 [%)
R(D™) = B(B°— Dt v)/B(B" - D £+y) =47.6 T35 783 (%]
R(D*") = B(B®— D* 7tv)/B(B® —» D*¢tv) = 48.1 7139 58 (%

657 M BB

Deviation from the SM
expectation

Branching fraction

B —=D7Tv:160
B—-Dt v:050

Consistent within errors

BF (B* = Dr'v.)=1.51"0% (stat )'33% (syst ) £ 0.15 (D(*)] v BR error )[%)] . \(\fa‘*
BF (B > Dt'v.)=1.0170% (stat )13 (syst) £ 0.10 (D(*)] v BR error )[%] ‘é\\@

BF (B — D™t*v_) =3.04 702 (stat )"y 4s (syst ) = 0.22 (D(*)[ v BR error )[%]) Q)Q,\\Q’Q

BF(B° - D t'v,)=2.56 21 (stat ) "33} (syst) £ 0.10 (D(*)] v BR error )[%]




Comparison with others results

Babar full reconstruction tag : 232 x 10° BB
B(B~ — D% v;.) = 0.61+0.37(stat) £ 0.11(syst) £0.07[%] 180
B(B~ — D7 v.) = 2.2540.48(stat) £ 0.22(syst) £0.17[%] 530
B(B° - DYt v) = 1.04%0.37(stat) = 0.15(syst) =0.10[%] 3.30
B(B° — D*'r 1) = 1.1140.51(stat) & 0.04(syst) + 0.04[%] 2.7 0
- Belle incl.
- Belle f.rec.
Statistical errors only e | BO— D*1ty,
—— | B*— D*rty,
—— 1
am B> Drttv,
_|-—|— | Bt— _DDTWE
+ -
<SM
; i (o)
2 4 0 1 2 3 4 5 Br(]



SUMMARY

Rich program of B—>E

Bo1tv

qis Studies is being pursued in Belle
- first evidence (3.50) of purely leptonic B decay (hadronic tag)

* new result with semileptonic tag (3.80)
* constraints on H* competitive with direct searches

= BD(*)tv

* new results with "exclusive" B, reconstruction method are presented.

tag

- observation (5.2c) of inclusive B decay in the B>>D™tv_mode Belle and

B-—D™0tv_mode for Babar.




Backups



7>
KEKB / Belle /DO

BELLE

L peax = 1.78x103
Integ. Lum. ~850 fb-!

-




KEKB

Status of KEKB and Belle:

Integrated Luminosity(log)

1000

Esl-l-
1.2 :

800 World’s Highest Luminosity | _/_/ -
L.~ 1,78 x 1034/cm2/sec (crossing angle '
peak ~ 1,10 X : (crossing angle) - Have ~50 fb' on

. Lok ~ 1,68 x 1034 /cm2/sec (crabs+lower current) the 5S. B, physics
In addition, 5 fb-' on 1S,
7fb-1on the 2S

400

200

Jan/1/00 Julf1/01 Jan/1/03 Jul/1/04 Jan/1/06 Jul/1/07 Jan/1/09

KEKB/Belle will resume in April/09 and run through the fall09

l&. ] aumy pear]



Belle detector: multi-purpose, large-solid-angle
magnetic spectrometer

Aerogel Cherenkov cnt.
n=1.015~1.030

SC solenoid
1.5T

Csl(Th1
6X,

TOF conter

8 ' ’ Central Drift Chamber
Si vtx. det. |
3/4 lyr. DSSD WK, detection

14/15 lyr. RPC+Fe



Bo1v,

purely leptonic B decay: W-

mediated annihilation

B detay constant

BF(B" —1t'v.)=(1.59+0.40)x107*
/5=0.216+0.022 GeV from LQCD

Sensistive to Charge il providing fg is known

H* effects to branching fraction:

BF(B® —>1'v.)=BF(B" >TV.),,, @

2
= (1- s tan> B)’

2
H

m tang+m_cotfg | m_tang | i

| Decay amplitude o m, mC@)?,B | W. S. Hou, PR D 48, 2342 (1993) |
. —




D
B°-»D™t*v, - method <o

verify B

clean signature
tag
reconstruction

Control sample :
B%;, > D" m*

extra leptons,
N =0 ‘ apply all the tag-side

-0.25 GeV<AE,,;<0.05 GeV selection criteria

Signal sub-decay modes:

Rineba $~signaimc [| | 37+
T —> evv, :DO — K*mr % = gna 5 - Data
T — evv, D® - K*rnO = z . LI MC
T —>nv, D°— K'mt N | +
T—>uvv not used; (m- —— /:”:,le —‘ _ Ziu.—;gttiﬂ‘*l‘{ i

5.2 522 5.29 25 528 5.3

ID inefficient for soft leptons) M,oq [GeVic") M, [GeV/c’)

tag



SIGNAL YIELD Ng=60 *12 6.7c (5.20 with syst.) ‘ 535 M BB
from & combined maximum likelihood fit (with a single BF) to 3 M, distributions ‘ PRL 99, 191807
(2007)

Y
=]

FIRST OBSERVATION - 2007 ‘
BF (B* — D" t'v,) = (2.02 705 (stat ) £ 0.37(syst)) x 10 2|

CROSS-CHECKS

= seaparate fits to sub-channels SM channel BF fit variable
= check look-back plots

N /5 MeVic?

(7]
2]
TTTTTT

7]
=]
T

= [X] [
o =3 o
TTTTTT

=
o
1 L

gE = s .| | = signal yield from signal-side varibales
2 521 522 523 534 525 526 527 5 529 53
N M, I-_GeVIc]
R 60 ' 2 I ' ¥ Mtag
combinatorial - | Muis -~ DATA
background peaking | %' | signal s
0
background | 4 B bokgr. MC .
(D*ev) 2
coso, ,,,
0 I__:_ 0 2 4 6 8 10 12

e 2 3t Br(B°—Dt'v ) [%
|Gevfc1 r(B"—Dt'v_)[%]

ﬂ'li'l:



Bt — D< +7 ,0+fﬂ+/ﬂ — Tmodes )
DD °/ D%y D D~ — 6modes Total
B° - D™~ 4« ,0+,/a, /D) N B*—147 modes
\ Ly por—/p-n° Lepty Ds —2modes  B—~133modes
fully recopstruct BOB*657x10°BB  x 10°
(Belle prellmlnary) (Belle preliminary)
N=6.05x10°
1600 loff. = 0.18%
1400 FPurity = 58% HPurity = 51%
1200 :
1000
800
600 '
400
200

L M 2 1 L 2 2 1 2 V| L 1 2 :|x " L 1 " 1 M [ 2 L 2 | L
922524 526 s €22 524 526 G

[JBeam constraint Mass My = £/ E} - P?a 27



Significance of signal yield<S Pl

BELLE
P
< 25F
3, | -Statistical error only
= 20; - Statistical + systematic
' 15}
10}
5 2= '\/_ 21nﬂ(£'ﬂ/ Lmax)
O PR PRI 0: L ] a
0 100 200 0 50 100 150 200 Z
B+—*D’W signal yield B+—’D'TV signal yield syst
EM Fg;g B'—=Dt7 v :380
212 : (First evidence)
~ ;
= 10 = ool B*—D*T v :390
T8 S
20¢
6 15k BO_)D T V: 26 0]
! IO? 0 *
) o B—D*T v : 470
L T E _ = (Belle preliminary)
=0 20 40 90 20 40 28
Bﬂ_'m signal yie BG—FD*T\F signal yie



Systematic

€rror

B*—D 7 v [%]

B*—D*x T v [%]

source
MM? shape +9.1/-7.9 +10.0/-5.8
EecL shape +10.6/-7.6 +7.0/-9.7
Br(B—D**| v ) +0.4 +0.8/-0.0
D2Dx* cross feed +7.1/-6.9 +5.1/-5.3
Br(z—lv v) +0.3 +0.3
Total 15.7/-12.9 +13.2/-15.4
source B°—D 7 v [%] BO—Dx* T v [%]
MM? shape +6.4/-5.8 +5.8/-6.1
EecL shape +9.0/-7.3 +9.8/-5.0
Br(B—Dx**| v ) +4.5/-2.6 +0.6/-0.3
D=2D* cross feed +5.8/-6.0 +3.5/-3.4
Br(t —lv v) +0.3 +0.3
Total +13.3/-11.4 +12.0/-8.6
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