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Belle detector (@ KEK-B
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KLM: K| and muon detector
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Measurement of |V_ | and |V, |

B physics can determine 2/3 real par.
+

complex phase
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Exclusive |V, |: evidence for B*—>wl*v

Previous exclusive results:

Bt—>oltv

* Events with single lepton (e or )

1+

Br (B'—>n1*v)=(1.33  0.11 + 0.21) -10~* ( 60 fb!)
Br (B*—p"l*v)=(1.44 * 0.18 % 0.23) -10-* ( 29 fb™!)

Prelinmimary

3pmiss = 3Y(4S) - 2 3p

OGP ) ® 140MeV/c

/\

* Reconstructed neutrino momentum from missing momentum

4pmiss =( | pmiss | ’ 3pmiss)

v

¥

® decay reconstruction: ® — T 70

TN

Fully reconstruct the final state

®

Simultaneous fit of the signal

m(nt 1t '), AE, p,
in three lepton momentum bins
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Dy 1.8—-21GeV/e | 21 —24 GeV/ec | 24 —-2.7 GeV/c
data 1990 667 75
Bt — witvy 41 +13 68 £ 21 3511
B — X,lv 61 = 28 82 1+ 28 21 x5
B — X lv 1743 £ 36 415+ 14 0
fake, non B 1943 33+4 3+1
continuum 17£12 61 =23 9+9
sum 1881 + 49 659 £+ 44 68 =15
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Exclusive |V, |: evidence for B*—>wl*v ( 78 fb!)

BELLE

Simultaneous fit of the signal
m(nt t 1Y), AE, p,
in three lepton momentum bins

form-factor signal yield B(BT — wltv)
ISGW?2 144 + 44 (1.00 +£0.31) - 104
UKQCD 145 + 44 (1.20 £0.37) - 104
LCSR 176 = 52 (1.67 £0.50) - 10—
average 155 £47+15 | (1.294+0.394+0.28) - 10~

Prelimminary Svs.
Br (B*—>ol*v)=(1.3 £ 0.4 £0.2 £0.3) 10+

stat.

model

Dominant systematic uncertainty:

B —)Xulv crossfeed
* Neutrino reconstruct.,

track&cluster finding

14%

... 9%
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Inclusive |V, |: the variables

How to suppress B—>X lv, which is approx. 60 times more abundant than B5X 1v?

08  E, for X lv transition:

0.6

7 -
charm allowed r, | <harm
_= =

“{suppres.

1

008 TSRy, cisrm allowed & M, for X,Iv transitign:

charm suppressed region

= parton model
= parton model + fermi motion

1L
0.8 = parton model i
= parton model + femuflnmtion 3
7 ]
7 ]
] = parton model i
7 P 3 0.6
| - parton model + fermi motion

| q2 for X IV transition:

1}

n

"
(]
-l
]

P 1
1

1]

[}

1

0.4 '

0.2

- charm allowed region

R Eepeies i ST : charm suppressed region |°
0.5 1 15 2 10 15 20 25 1 2 3 4 5 6
E,(GeV) q? (GeV?) M (GeV?/ )
C.W.Bauer, Z. Ligeti, M. Luke: PLB 479,395 (2000)
e+
ey’ XX

Part of phase space,

where b—c is

kinematically suppresed

» Hadronic invariant mass M - M _<Mj >
- > 2> (Mmp-my)?
» 1¥v invariant mass q2 q°> ( B D) —>
(mg*-mp?)
» Lepton energy E, > E> —>
ZmB
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What part of
b—u in this
phase space

80%
20%

10%
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Electron spectrum endpoint: the method

v" Using endpoint of momentum spectrum for e* il

* Measurement region: 2.3 GeV/c < p_ < 2.6 GeV/c (CMS) -

* Backg. estim. region: 1.5 GeV/c < p_ < 2.2 GeV/c (CMS) ok
Deal with large backgrounds: . Fox-Wolfram moments oo ’ D
Non BB backgrounds Fisher discriminant: R TR R TR T

. + - “— Thrust axis . .o

* Continuum (e*e"—>qq ) o + Subtraction of continuum
* QED processes Visible energy (8.8fb™! of offresonance data)

~ Charged multiplicity

r MC simulation: Acceptance of selection
D**ev (ISGW2) requitements as a funct. of g2

BB backgrounds

Boxly <] DFev(HQET)
ALY Dev (ISGW2)

* Leptons from other decays | oy (Goity-Roberts)

J/wv, y conv.)
’ ¥—— Veto on inv. mass
e Fake electrons

e
i

o e
(X} w

Efficiency

Estimated using K 7 1t

e
-
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q? (GeV¥c!)
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Electron spectrum endpoint: the result ( 27 fb1)

5 10°% . ———— | 3
9o : * ON dat . . . .
> ‘ » 1 Partial branching fraction:
o %9 Scaled OFF data
E 10 4 |:| Total background ) ABI’ =B1' (B%Xue V: 2.3 GCV/C <Pe< 2.6 GCV/C )
= - ABr=(1.18 £ 011+ 0.10)-10*  Preliminary
2 :
% 10 3 A * . |
:E 55 ::‘:’:’:‘:’:’:‘:’:zg§§§E;’o’0‘0’0’;’;’;:0::::::@’0:;":’:’:’o’o‘-’o‘o‘o.’;‘o. R, % SVStematiC uncertaintv:
c B S BRI . . .
S e R Model dependent signal efficiency ... 4.5%
S 6000 - . Bkgd. subtracted | B —>X_lv background estimation ... 4.3%
b= \ - Eff. corrected
O | - Data _
2 4000 * * T BoXev :
- - Expectation .
2000 | Extrapolation to whole momentum space:
i Using B—X_y by CLEO [PRL87,251807 (2001)]
0 %+
2 2.2 2.4 2.6 2.8

Momentum (GeV/c) ¢

stat. Sys. u
Br (B—>X_ev)= ABr /f, =(L.60 % 0.15 + 0.14 + 0.44) - 104
Preliminary | ... sys. f  theo.
V.| =(3.96 + 0.18 + 017 % 0.55 + 0.22) -10°
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N
D®1v tag : the method

« Tag events with both B decaying semileptonically

— oy,

N B — D) lv‘ &(B—)le )

. —v
Tag side ~=-- - Signal side

Requrements:

Reconstructed D) meson and 2 leptons with opposite charge

Kinematics solvable, if:

x2=1 — (cos?0,+cos?0;, — 2 cosOg,cos0y, cos0,,)/sinb,,

Due to experimental 600 [
resol. : cut x2 > — 0.2 500 -
400 -

300 -

X /X_separation by demanding 200 ©
no detected K* on the signal side 100 |

0 b
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D®lv tag : the result ( 78 fb1)

all-charged

mode

mode with reconstructed 7t°

D Kgnm 70

R AN R L L s

N
5]
O [T T T

25 3
(GeV/c?)

After MC (X.) subtraction

{ data - MC (X,)
" MC (X,1v)

Z.MMM

11111

xxxxxxxxxx

t data - MC (X.)
n MC (X,1v)

35
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H’LL“U’I"—'M e 15 wﬁhﬁi
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=18, =
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E_E',rmr includes MF st:nistic§
Ol T S I T (o T [ i

0 0.5

3 0 0.5 1 1.5

x10 3

321 F

21.4

10.7

0

107 B,
0 0.5 1

"hybrid" MC(Xulv) model
normalized by obtained Br

el B (Ut

1.5 2
Eff. corrected My (G=Y)

NB->X Iv:m _<15GeV/c?,p, >1GeV/c, all charged ) =82 + 19
NB->X lv: m <15 GeV/c? p,>1GeV/c, n associat. ) = 92 * 21

Prelinninary

model

b—>
Br (B>X Iv)= (262+063+053+005+041) 10+
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exp. theo.

V.| =(5.0 * 0.64% 0.53) -10°3



" A
Advanced v reconstruction tag : the result (78 fb™!)

by minimising:
W = PDF(random)

PDF(rand.)+PDF(correct)
PDF(pg, Eg, M

miss ? "')

¥ X))
-

exchange of particles

T

B“‘ig 3 Biag

2
Ngents/ 0-05 GeVic

After MC(X lv) subtraction

150; T | v expectat ‘\% T
L o [ R
r o L MC(m, = 4.65 GeV/c")
I \ SR i MC( 4/95 Cev,/c?)
[ " | m, = 4. eV/c
100- L ex B | ‘
MC(m, = 4.65 GeV/c*)| =Z [

- MC(m, = 4.95 GeV/c7)

al
9 o
e
p—
— e
F—
JR— —
——g——|
& ——
et
EZ

100+ ‘

15000‘5‘11‘5‘22‘523 W s B, ‘\‘/2‘30
M, (GeV/c aA(GeVAic?)

m_ for q> > 7 GeV?/c* K ) q? for m < 1.5 GeV/c?

NB->X lv:m _<1.5GeV/c? q2>>7 GeV?/c*)=1148 + 98

e — model
|_L E'Q::MJLLHQJIL)Y Stat. Sy b%c b%u

S.
Br (B—>X lv)=(1.64 £ 0.14 + 0.36 * 0.28 + 0.22) -10-*

exp. theo.

V.. | =(3.96 + 0.47+ 0.52) -10°3
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B—Xlv using full reconstruction of the other B

b—c - Measuring B flavour/ lepton charge correlation
p \reconSthted . Lepton momentum measurement in B rest-frame
’
I/ \ * Subtraction of continuum (8.8fb-! of offresonance data)
I v « Taking into account other background:
\
\ * Leptons from J /vy, v conv., upper vertex charm
\ - . . .
\ X, * Numbers corrected for mixing in the B? case
\
\
‘ L]
Reconstructed channels: Beam constrained mass: \/(Ebeam sPg )?

B SD*r- / D*+p_ /D*+al' s D*r / D+p- /D+a1' 6000% 7000?

B->D*01- / D¥%- /D*a,- ; D'
(B-—> D*p /D" a; not used due to low purity) 3000%

4000 [
3000 F
2000 |-

D* - DOTC 1000%

D° —->Kn / KTCTCO / Knnn / KSTCTC 82 5.225 5.25 5.275 s 82 5.225 5.25 5.2

275 53
[GeVic] [GeVic]
Mb Mb
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2000 |

1000 |-
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B—XIlv using full rec. of the other B: the results
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(78 tb)

stat.  sys.
Br (B*—>Xl1v)=(10.32 + 0.32 £ 0.29)%
Br (B*—>X1v)=(11.77 * 0.26 * 0.32)%
Prelinmimary stat.  sys.
Br (B—>XIlv)=(11.19 * 0.20 * 0.31)%
Bt (B*)/Br (B%)= 1.14 + 0.04 * 0.01

Consistent with B*/B?lifetime ratio

Prelimmimnary
|V, | =413 £ 0.07 = 0. 25) -10-2

exp. theo!



Full reconstruction tag: |V , | pre-release

100

50

Hy: 93. H;: 21.
G,: 166. ©,: 452. (Mev/c®)
b%c MC X,: -77. x,: -255. (Mev/cz)

: 105.
: 186. (Mev/c?)
: -87. (Mev/c?)

o(M,) ~

M, > 15GeV/c®

190MeV

Good M_ resolution

Observed excess of events in the low M,

1.5
M, (Gev/c?)

\

M, resolution
r D 100 100
160 - L .
r Entries 618 F Aftel' Xclv MC SUbtraCtlon
140 Mean 0.9170 80
c RMBS 0.5593 L
120 > n
60 |-
100 L N B b—uMC I
B == B bocMC I
80 |t B data or
60 :> . be%uMC
20 B n deala_beacMC ‘~‘
40 |
:i;ﬁ_‘l |
20 f ° 1 | I T+T—|—
0 AT ‘ L P S H AR R HU N L B
1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5

. . M, (cev/c?)
M, for b—u enhanced sample (joined bins)
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3
M, (Gev/c?)
M, (b—cMC subtracted) for b—u enhanced sample (joined bins)
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| V.., | Results

BELLE ITIIIII]IIIIIIII'El'l'lII]rIIl]T
endpoint
BELLE R
D"Iv tag | |
BELLE | | o]
annealing
BABAR L ey |
endpoint ! |
BABAR |_,_._|_‘
L
CLEO | o] |
endpoint
CLEO| | ., |
mx-qz lI]lI]IIIlIIIIIIiIIII]IlIIIII
1 1.5 2 2.5 3 35
BR(B — X, 1v) x 10°
Exclusive:

1.66+0.1410.48

2.6210.63+0.47

1.64+0.14+0.51

2.051£0.19+0.55

2.14+0.29+0.37

1.77+0.12+0.51

1.71+0.15+0.72

Br (B*>ol*v)=(1.3 £ 0.4+ 0.2 + 0.3) 10
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T
ALEPH
412 +£0.67 £0.76
L3
5704 1.00 £1.40
DELPHI
4.07 £0.65 £ 0.61
OPAL
4.00£0.71 £0.71
LEP Average
4.09 £ 0,37 £0.56

CLEO (endpoint)
4.08 £0.22 £ 0.61
BABAR (endpoint)
4.43 £0.26 £ 0.67
CLEO (m, —Q")
4.05+£0.61 £0.65
BELLE (my with D 1v tag)
5.00 + 0.64 £ 0.53
BELLE (m, -Q")
3.96 £ 0,47 £0.52
BABAR (m )
4.62+0.38 £0.49

BELLE (endpoint)
3.96 + 0.25 £ 0.50

;.0
V| [x107]
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|V, | Results

this analysis (XIv)

this analysis (Xpv)

this analysis (Xev)

BELLE
PLB 547, 181 (2002)

BABAR
PRD 67, 031101 (2003)

CLEO

PRL 76, 1570 (1996)

LEP average
PDG2002

M
H_._H
e
e
’_¢_._H
|
’—M—{

11.191+0.201+0.31

11.08+0.33+0.31

11.25+0.26+0.30

10.90+0.12+0.49

10.87+0.18+0.30

10.49+0.17+0.43

10.59+0.09+0.30

10 10 5 l
BR(B - X 1v) x 10°

115

12
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o T T T
this analysis (XIv) H
this analysis (Xuv) '_._’
this analysis (Xev) H
BABAR }.—’{
hep-ex/0204001
PLB 399, 321 (1997) | : i i
0.8 0.9 1 1.1 1.2 1.3

BR(B" - X_1v)/BR(®B’ = X_1v)

Prelimmimary

1.14£0.0410.01

1.10+0.0740.01

1.17+0.0610.01

0.99+0.10+0.03

0.95+0.08

| V| =(4.13 £0.07 £ 0.25) 102

theo!

exp.
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E 28888 8
8 8 8 8 8 8 8

hep-ex/020764
trad.

V recon.

middle

Conclusion =
| Vub | 7
Inclusive measurements by _
. 5 Resolutign(M,, ,q2)
using M_ / q -
. d
Lepton endpoint measurement =
. + mod.
Exclusive result for @17V
poor
low
| Vcb |

Inclusive measurement on fully recon. sample

high

Efficiency

Future

Finalise the analyses + use the whole data set

Preliminary number for |V _, | with full reconstruction method out soon
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