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@® Precise Determination of |V, / V| is important for the test of CKM
mechanism



Measurement of V,

® Measurement is very straightforward, use a relation

GZ
T'(b = x{~9) = d

V| mi(l + %ﬁIEIE)

192712

® Only need to count the number of b — x{™7 events, however in reality



Measurement of V,

@ In reality,

® To get f#H1ETH, we have to know structure of B meson
¢ In inclusive case
= OPE, b and c quark masse

¢ in exclusive case
= form factors



|Vep| from Inclusive Semileptonic



|Vl from Inclusive Semileptonic &

® Semileptonic width in HQE theory

MIEIE = (1+ Aew)AnonpertApert = fOPE (my, m, a;)

@® Two seperate Calculation for fopg

¢ Kinetic Scheme, P. Gambino, et al. Eur.Phys.J C34 181
¢ 1S Scheme, C. Bauer, et al. Rhys. Rev. D70 094017

® Predicted,

o py distribution
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® Experimentalist measure these distributions to get
HQE parameters

~ + data
L —signal + background
Fooe background

Entries / GeV/c?

® use Tagged sample to get mx with good resolution
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|Vep| from Inclusive Semileptonic =

® Measurement of Hadronic Mass Moment
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|Vep| from Inclusive Semileptonic &

® Measurement of Lepton Energy Moments

® Measured 1-4th moments + Branching Fractions
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V| from Inclusive Semileptonic
@® Global Fit to Belle Data (Preliminary)
® Kinetic Scheme

V| = (41.93 +0.91) x 1073
m, = 4.56 + 0.08 GeV
m. = 1.1+0.1GeV

® 1S Scheme

Vel (41.49 + 0.56) x 1073
mtS 4.73 + 0.05 GeV

b
—0.30 + 0.04 GeV?
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|Vub| from Inclusive Semileptonic



|Vubl from Inclusive Semileptonic

® Measure V, using ratio,

Ib > ul? _ [Vl 1

[(b - ct-7)  |V,P2 50

® must deal with 50 times bigger background with

107

identical topology.
® enhance b — uf~ ¥ using kinematic variables,

o Ep: Lepton energy distribution around endpoint

Number of Electrons / (50 MeV/c)

o my and g*

hence We actually measure,
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ABMb - ulv) = f,-B(b - ul™v)

¢ fuis the fraction of phase space

(b)




|Vubl from Inclusive Semileptonic

BaBar g* Distribution Belle mx Distribution
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(hep-ex/0507017)
L(fb™) cut AB(107%)
BaBar| 211 |mx<17GeV, >8GeV?| 8.7+0.9+0.9
Bell -53 mx< 1.7 GeV 12.4+1.1+1.2
= my< 1.7 GeV, 32 > 8 GeV? | 8.420.821.0




|Vubl from Inclusive Semileptonic

@® Calculation by Bosch et al. (BLNP)
Phys. Rev. D72, 073006(2005)

[Vabl = (4.52 & 0.19y, £ 0.27y,)

@® Calculation by Anderson, Gardi (DGE)
JHEP 061:097(2006)

[Vu| = (4.46 * 0.20¢xp * 0.204,)

® Weighting Method (LLR)
Phys.Rev.D62, 014010,2000

[Vabl = (443 % 0.45,, £ 0.29,)

HFAG Ave. (BLNP)
4.52 £0.19 £0.27

HFAG Ave. (DGE)
4.46 £0.20 £0.20

BABAR (LLR)

443 £0.45 £0.29

BABAR endpoint (LLR)

428 £0.29 £0.48

BABAR endpoint (weight) -

4.01 £0.27 £05T

BABAR endpoint (weight BLNP)

4.40 £0.30 £0.47

| SumnlerOG
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|Vep| from Exclusive Semileptonic



|Vl from Exclusive Semileptonic &

® Determination via differencial rate

AT(B = D*tv) G}

dwd cos O,d cos 0, dx 4813

F(w) = F(w,cos by cos 0, x, Ry, Ry, p?)

PB * PD
W = Vg Up = : D* boost

Gw) |Ve|* F (w, ...)*

meg * mp-

® Fit angular distributions, cos 0¢, cos 0,,, x
= Form Factors Ry, R, p*

® simulteniouslly fit w distiribution to get

T(l)lvcbl




Vbl from Exclusive Semileptonic =t

® Seclect D*¢v events, with
o prep > 1.2 GeV

o D" —= D
o DY - Knr, Knmt®, Knmme

® Fit the measured w,cos B¢, cosBO,,x
distribution to the Theory prediction

® ¥ atw =1 is calculated by LQCD

— +0.030
F(1) = 0.919*%%°

(S. Hashimoto et al.)
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|Vl from Exclusive Semileptonic

HFAG 2007

® HFAG Average

F(D|Vse| = (35.8 £0.6) X 1073

DELPHI
(part. reco.)

® with (1) = 0.919%0-030

—0.035 1, AVERAGE

HFAG

Vel = 39.0 £0.77

x/dof = 33.7/14
. I . I I . I
3OO 0.5 1 1.5 2
p2

@® Error Dominated by lattice QCD



|Vub| from Exclusive Semileptonic



|Vub| from Exclusive Semileptonic &

® Determination via differencial rate

G2 |V |”
dI'(B — mtfv) ub 3
= — AMP): |fo )|

dg? 1927‘(2mi

2

® form factor, |f,(g7)|, from 5 | | | | |
ivisti 2.6 ious f_and . E

e Relativistic quark models 25 |0 previousfandt, i

22K * B

(ISGW2) 2 | new] :

e Light cone sum rules for ¢* < 14 GeV?
(Ball-Zwicky)

e Lattice QCD for g*> > 16 GeV?
(HPQCD, FNAL)

E.F. from HPQCD2006
(Phys.Rev.D73, 074502 (2006))



|Vub| from Exclusive Semileptonic =t

® Experimentally, there are three different analyses by tagging method

No Tag | Semileptonic | Full reconstruction
Signal eff High Middle Low
Background | High Middle Low
Ldr (™Y | ~10 ~ 100 ~ 1000

® Neutrino Reconstruction to calculate p, — q2

® Tagged analyses better with higher Luminosity



|Vl from Exclusive Semileptonic

BaBar Untagged Analysis (hep-ex/0612020)

® No requirement on the other B

@® ].00se neutrino reconstruction

AB(q?) / 2 GeV?

® Unfolding g* distribution

B

(1.46 £ 0.075¢5¢ % 0.085y5¢) X 107

AB = (0.38 £ 0.044,¢ % 0.034y5) X 107
(° > 16GeV?)

BK Fit to DATA

® DATA

| 15 | | | 20 | | | \25 |
Unfolded g2 (GeV?)



|Vubl from Exclusive Semileptonic

Belle Full-reconstruction analysis (hep-ex/0610054)

® Full-reconstruction of other B
@® Very good S/N

@® Nice g° reconstruction

BB - nttlv) =
(1.49 £ 0.264¢4 * 0.065yst) x 104

BB - ) =
(0.86 £ 0.175¢a¢ £ 0.065y5) X 107
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|Vup| from Exclusive Semileptonic &

1.36 £0.33 £ 0.15
BABARB . tag:B " = 1’1" v x 21
1.52 £0.41 £0.20

0

1.43 £0.26 £0.16

1.60 £0.32 £0.11

BABAR SLtag:B " — 7’1" v x 21 /1,

—

T,

et

BELLE SL tag: B * — 1’1" v x 27,/t,

o

BELLE B, tag: B " — 7’1" v x 21,/1,

Wyt

BABAR SLtag:B * > w1t v
1.12 £0.25 £ 0.10

BELLE SLtag:B " » 1" v
1.38 £0.19 £ 0.14
BABARB, tag:B’ > 7w 1"V
1.07 £0.27 £ 0.15

CLEO untagged: B — ml" v
133 £0.18 £ 0.11

BABAR untagged: B — w1l v
1.44 +0.08 £0.10

BELLEB,, tag:B’ > 1" v
1.49 +0.26 * 0.06
Average: B’ 5 w1t v
1.38 +0.06 * 0.06

x*/dof = 3/9 (CL = 97 %)
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Ball-Zwicky g2 < 16

3.55+£0.20 +0.61 - 0.40

APE @2 > 16

34140124056-038
HPQCD q2 > 16
3.97+0.22+0.59 - 0.41 -
FNAL q2 > 16
- .

3.58+0.20+ 1.37-0.63

. . Summtlerob‘

q
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|Vub| (10_3)

LCSR
HPQCD

< 16GeV?2
> 16GeV?2

3.41 £ 0120 *5

3.97 + 0.22exp . th

Theory Error Dominated

IV b| [x 107



EX)

® Summary of the Measurement

|Vcb| (10_3)

|Vub| (10_3)

Exclusive

394+1.6

4.0+0.6

Inclusive

41.5+0.6

45+ 0.3

® Good consistency

o Different schemes

o Different Theories

0%o3

0.0035 0.004

0.0045

\'

0.005

ub

® Some says inconsystency between inclusive and exclusive |Vi|

® Need both experimental and theoretical effort for more Precision



