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Motivations

1= 12—

® Non-zeroVub --> CP
violation in B decays

® Vb vs.sin(2¢1) --> strong
constraint on UT.

Direct: sin 2¢, = 0.67+0.03
Indirect: sin 2¢, = 0.76+0.04

Difference: = 0.0910.05
Not statistically significant, but...

Model independent NP in B mixing
Add new amplitude to SM

Ag = AP (14 [ANP /AP 2007

— modifies ¢; to ¢; + o N 20
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Semileptonic B for Vb

V| from tree level processes.

Presence of a single hadronic current
allows control of theoretical uncertainties.

kinematic variables E, = lepton energy
for B = Xlv

2 2
B eie (pé ¥ pl/)
u quark turns into one or Yy 'mx = mass of the hadronic part

more hadrons

4



The “Two Towers”

¢ Inclusive

¢ Exclusive

. * casy at the parton-level
* good suppression of : :
b --> ¢; high S/N * kinematic cuts to cope

with b --> ¢

e but, small BF
need to know non-pert.

e need Form Factor effects (SF)
as a ftn. of ¢°

dI'(B — mlv)
dg?

>, G3
2473

Vi p-? | FH ()|




Electron and Muon identification in Belle

E/p Jrom E.M.Calorimeter Shower Shape dE/dx from Driftchamber
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Track and cluster matching
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scattering in Muon/
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Notable Milestones

® non-zero Vy from both inclusive & exclusive

0.05 GeV/c

CLEO, PRL 77, 5000 (1996)
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systematics. Averaging over the the different models, we
find |V, = (3.3 = 0.2703 = 0.7) X 1073, where the
errors are statistical, systematic (including B lifetime),
and estimated model dependence. This agrees with the
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Novel X, recon. by Belle

v reconstruction by (E,p)

miss

“simulated annealing” to separate
the particles as belonging to signal B and
the other B

see S. Kirkpatrick et al., Science 220, N0.4598
(1983)

arbitrary
arbitrary

arbitrary
arbitrary

good effi. w/ reasonable M, resol.

Belle’s result: PRL 92, 101801(2004)
First result with My & q? cut
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In the PDG(2004) mini-review onV

is systematic, and the third is the uncertainty due to the form factor model variations.
We combine the last two in quadrature.

DETERMINATION OF V,;

Updated December 2003 by M. Battaglia (University of Califor-
nia, Berkeley and LBNL) and L. Gibbons (Cornell University,
Ithaca) . :

d prererelce ol experiiceiival tecinigue. 1m1aeed, we 100K 10rwald

The precise determination of - to a similar (or improved) analysis when a sample of clean

s wolret. welllradenatood et results based on fully tagged B samples have been obtained for

goals of the heavy flavor physics prc all regions of phase space.

and theoretically. Because |Vyp!, t At present only Belle [46] has contributed a result for this
: bl t

CKM mixing matrix, provides a bc region of phase space, so for now we take this result as the

one of the triangles representing tl central value™:

KM matrix 1t nlave a erniecial rol

V| /1073 = 4.63 £ 0.284¢ %+ 0.39y5 £ 0.48;_, + 0.32r¢py

+ owa £ ossF = oLQD - (5)

Additional measurements by the B factories of the rate in
this region of phase space will soon improve the experimental

uncertainties.
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Roadmap forVu - “Morris chart”

Inclusive b — clv
b— sy

Exclusive b — ulv

Inclusive :
b — ulv B —nly ]

alv, niv?

unquenching

17 January 2006 M. Morii, Harvard




Exclusive B — X, v

S/N

good FU” recor

v Tag

-Ba

low middle

dI'(B — mlv) G2
i = V|’ 213 <" |f ()

How well can we measure the ¢* dist. for B2 X,1v ?
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Form-factors for exclusive
- for the non-pert. QCD eftect

Hadronic current-H* for B® — 750 v: HPQCD, PRD73, 074502 (2006)

2.8
— 2.6 revious f,_and f;

H* = (r* (p)lury"81B°(p)) = ST (@) p+P)" 3 |om
1.8F

In the limit of massless lepton,
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Form-tactor models based on
Relativistic quark models (ISGW2)
LLCSR for low g2

LOCD for high g2
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How well can we measure the ¢ dist. for B=>X,1Vv? =



lo tag, or not to tag...

O tagged with
- Hadronic B (“Full Reconstruction”)

- Semileptonic B

® untagged

- loose neutrino reconstruction




Tagging with hadronic B (“Full Recon”)
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Tagging with semileptonic B

B = Dl = s

Fig. 1. Kinematics of the double semileptonic decay.




B — wlv with D*/v tagging

calibration modes
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Fig. 1. Kinematics of the double semileptonic decay.
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. % . k . *k %k < %k
Zp = COS 931, yp = (cos 932 COS 932 cos6;,)/sinb,,
1

sin“0%,

for true signal, 0 < 2% < 1 - 2-fold ambiguity for 7z

v =1— (cos®0p, + cos 0, — 2cosbyy, cosOy, costyy)




B — wlv with D*/v tagging

® Because of the 2-fold ambig. in the B

direction, g% is not exactly measured
Use modified C|2 q2 <~ (Ebeam — EXU,)Q T |ﬁXu‘2
02 1 0.95 ~ 0.32 GeV~

Detection efficiency matrix based on the LCSR model in units of 1073

Generated mode True g2 (GeV?/c?) Reconstructed g% (GeV?/c?)
<8 8—16 > 16
<38 1.71 0.05 0.00

8—16 0.21 1.82 0.03
> 16 0.00 0.24 1.89

<38 1.50 0.10 0.01

8—16 0.08 1.71 0.08
> 16 0.01 0.13 1.82




B — mwflv with D*/v tagging

8 < q* < 16 GeV¥c? g° = 16 GeV-/c?

S§ Branching fraction (x 10_4)

\ 1.38£0.19£0.14 + 0.03
> . 0.36 £ 0.10 £ 0.04 + 0.01
S == 1.02£0.16 £0.11 £ 0.03

— .t 0.77 & 0.14 =+ 0.08 = 0.00
Beat<18GeVict | gylat 2 0.20 % 0.08 = 0.02 = 0.00
0.57 & 0.12 = 0.06 = 0.00
2.17 4+ 0.54 + 0.31 + 0.08
1.334+0.23 £0.17 + 0.05
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Signal yields and the X2 values for each q2 region

Mode N_g Ng_16 N>16

Ity 64.84+11.9 63.2 +12.4 40.6 +11.3
p I Ty 22.1+38.0 53.2+13.5 30.9 4+ 16.0
701ty 18.1+5.1 34.5+8.3 18.6 + 6.5
oVt 4724+ 11.2 68.3 + 16.5 32.54+12.3
x2 /ndf 172.4/(200—4) 190.7/(200—4) 172.1/(200—4)




B — wlv with D*/v tagging

M

—
w

PLB 648, 139 (2007)

=1
T

dr/dg’®/ T, x 10

Mode V| (x1072)

Ty 3.59 + 0.51 + 0 FNAL
5% ' 152 AN, 3.63 +£0.70 £ 0.20 557

q(GeVic) VOV ety 4 7y 3.604041+02000% |

o
o

=1 | = A ARY, 4.02 = 0.57 - HPQCD

~-# FNAL

e s et w00ty 1.06 4+ 0.78 = U.22 ¢ 1

0ty + 100y 4.03 % 0.46 + 0.22795




B — mwlv with Btag

S
———

e Hadronic tag

S
———

— charge/flavor correl. for 7 & ¢

Events/0.275 GeV?
N A O ®
==

— NO (small) add’l neutral energy
- | < 0.3 GeV?

mlSS

O T T

e Semileptonic tag

Events/0.5
N
=

— DY)y for By,

— no (small) add’l neutral energy

N LI
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— max-like. fit to cos® ¢ 5

[—
S
Cma—

¢B = b/w the B and the plane of (D™*)¢,7/()



B — wly Wlth Btag

PRL 97, 211801 (2006)

B B*sltag ® B° sl tag
m B hadtag @ B°hadtag

8<q’<16 g>>16 (GeV?)

q” (GeV?) Al (ps™') Vo (1077)

Ball-Zwicky [5] <16 544 %143 32+02+0.1722

HPQCD —} Gulez et al. [0] >16  1.46 = 0.35

Okamoto ef al. [7]  >16  1.83 +0.50 4.0 = 0.5 + 0.3707
Abada et al. [8] >16  1.80 = 0.86 4.1 = 0.5 = 0.3*)6
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o @
B — mlv with full-recon. By,

v Data Data
[ Signal [ Signal
[ b->ulnu background C [ b->ulnu background
[ Other backgrounds [ Other backgrounds

w
o
I

N
o

N
\o T 17T T 1T
Events / 0.2 GeV?

- =t

Events / 0.2 GeV?

preliminary (hep-ex/06100564) '
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g
a
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Missing mass squared (GeV?)

BB — ) =
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Measurement of the B® — 7w~ ¢7v Form- anching Fraction,
Determination of |V,,;| with oose Neutrino Reconstruction Technique

™ am & Wetvana, All Rights Aeserved

loose requirement on 7~ /T
cuts optimized as a ftn. of g?
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eff. up by ~4 times

~4 times more than in the
previous untagged analysis
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Measurement of the B® — 7w~ ¢7v Form- anching Fraction,
Determination of |V,,;| with oose Neutrino Reconstruction Technique

™ am & Wetvana, All Rights Aeserved

binned max. lik’d fit to (mes, AE, g?)

~ 0<qg’<16GeV® ~ 16<¢*<26.4 GeV? signal
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FIG. 1: Yield fit projections for (a,b) mgs with —0.16 <
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Vb €xclusive summary

BABAR SL tag: B " — n’ " v x 27 /1,

1.36 £0.33 £0.15 —— .
BABARB, tag:B " > 1’1" v x 21, /1, ! Ball-Zwicky q2 < 16
1.52 +0.41 +0.20 R
BELLE SL tag: B * — n’ 1" v x 21,/1, | 3.41 £0.13 +0.56 - 0.38
143 £026£0.16 . H—h—

: X
LozomTon Y HPQCD q2.> 16

397 £0.25+0.59-041

BABARSLtag:B * —» w1 v :
1.12 £0.25 £ 0.10 : FNAL q2 > 16
BELLESLtag:B ° 5> w1 v |

1.38 £0.19 £0.14

BABARB,__ tag:B’ > w1y

1.07 £0.27 £ 0.15

CLEO untagged: B — 1" v APE q2> 16
1.33 £0.18 £0.11

BABAR untagged: B — wl" v | 3.58 +0.22 + 1.37 - 0.63
1.46 £0.07 £0.08

BELLEB,  tag:B’ > m1*v
1.49 £ 0.26 £ 0.06

Average: B’ > w1 v

1.39 £ 0.06 £ 0.06

y/dof = 3/9 (CL = 95 %) HFAG HFAG

| : | | Sumn|7er06 | | Summler06

-2 0 0 2 A
BB - w1 v)[x10"] V.| [x107]

3.55 £0.22 +0.61 -0.40

Experiments starting to measure form factor shape
from data; allows elimination of some theory models




Not to scale! l

b — c
b—u b —

>

q m 5

q® and My requires info. on missing v --> how?




Inclusive b — clv

® Global quark-hadron
duality

- Vb : excl. vs. incl. (OK)
Exclusive b — ulv ® Weak annihﬂ.

Inclusive B — ity ]

b— ulv &
olv, niv? - q2 distorted ~ me

(Lest (LoD > g - but, UL. from CLEO
17 January 2006 M. Morii, Harvard 36 PWA /Fb_>u < 7 4 %

e need SF for non-pert. effects \
b-quark

e SF parameters ‘

- E, from B — X7
- Ey, Mx from B — X/lv_

2800 —

e sub-leading SF?




Vb from Inclusive Methods

® endpoint of E(lepton)

- using SF parameters from moments

® tagged: for (Mx, %)
- using SF parameters from moments

- LLR (“weighted”) -- reduced dependence on SF




Vu from Lepton End-point

PR D73, 012006 (2006)
S PLB 621, 28 (2005)
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(4.44 £0.257 3% £0.22) x 107° (5.08 & 0.47 £ 0.427753) x 107?

BLNP with X,v and X_./v moments BLNP with X,y moments




Ve from Inclusive w/ (Mx, g°)

250

e Why cut on (Mx,¢?)?

200[

— high ¢?: favorable for OPE e
e Data 100F
— low Mx: controls 1/m? blow-out g e iy

[ b — ulv (out)

e use Full-recon. tagging b hveather o

50f
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Vb | Belle B X o (5.00 4 0.275tat £ 0.264yst + 0.465F + 0.284,) x 1072,
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(b) 125 [
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60 |

) 50 |
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40 | 75 |

Events / 140 GeVZ/c®

30 | _ 50 |

20} 25:

B .
10 | B
-25 [

A® |V, xX10® Stat Syst b—u b—=c SF " thecar M., (Gevic)

My/q* 470 50 44 31 27 42 8

5
My 409 46 35 31 11 45 133




8§ Vs Inclusive (LLR method)

e mx,K (B— X, fv)and E, (B — X;v)
e To reduce dependence on SF modelling

e two methods

* mx, in full range (U, HLM)

* mx, < ((<1.67GeV) (LLR)

‘Vub‘2 B Xsz)
D(B = Xutv) = 25 [ W(E dE,

V] {6a(1+H7 )(C)2

mix SR ({) 1/2
AL + 1] O 5}

1 dr,.,

o (€)= [ A G Wan ()

Wo(4): accurate up to O(a2) and O (Amp/({my))

|Vts|




™ mec £ Natana, Al Rights Asesred

& V.o Inclusive (LLR method)

PRL 96, 221801 (2006)

a) e Data
- & EEboulv
Cb—>clv

Events / Bin
Events / Bin

m, [GeV/c]

o0
R

on
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—
X
~ o
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>
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1 | 1 1

N
1 1 | 1 1

: 2 3 mx accept.

C [GeV/cz]
LLR : My < 1.67 GeV: |V,,| = (4.43 £ 0.38,,,+ 0.25_ ., + 0.29, . ) 10% 12% 72%

OPE: M, <2.50 GeV: |V,|=(3.84 £0.70,, * 0.30,, * 0.10,,.,) 10 20% 987%




Vb inclusive summary

CLEO (EB\epresentative theory ex?mple (BLNP)

4.09 +0.48 +0.37 - .
BELLE sim. ann. (my, q°)
437+0.46 £0.29

BELLE (E,)

4821045 +0.30

BABAR (E,)

4.39+0.25 £0.32

BABAR (E,, s™)
4.57+0.31 £0.42

BELLE m,

4.06+0.27 £0.24

BABAR (m,, ¢°)

475 +0.35 £0.31

Average +/- exp +/- (mb,theory)
4.52+0.19 £0.27

y*/dof = 6/6 (CL = 41 %)
OPE-HQET-SCET (BLNP)

Phys.Rev.D72:073006,2005

m, input from b—|> clvand b— sy moments
I I I

BLNP: Bosch, Lange, Neubert, Paz (2005)

| DGE:Anderson, Gardi (2006)
LLR: Leibovich, Low, Rothstein (2006)

HFAG Ave. (BLNP)
452 £0.19 £0.27

HFAG Ave. (DGE)
446 10.20 £0.20

BABAR (LLR)
443 045 10.29

Sumn]er%‘

2

VI [x107]

;
V I [x107)




Vblinet = (4.52 £0.19 £ 0.27) x 107°

Sum mary Vb lexel = (3.97 £ 0.2570-27) x 1073

—0.41

@ Vuw from inclusive avg. give O(6%) error
- restricted phase-space is much better understood
— check with many complementary measmts.

@ Exclusive analyses catch up
- powerful B-tagging
— improved v-recon. --> fine-binned q2 dist. (BaBar)
- unquenched L-QCD

@ Systematics (esp. for SF param.) will improve
with more statistics
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