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i Outline

= Introduction to the measurement of |V | and |V |

= Results from the B-factories:
s |V, | from Spectral Moment
« FFXx]|V,| from B=>D®lv

Inclusive |Vl

|V, from exclusive SL charmless B decays

= Summary and outlook



* Constraints on Unitarity Triangle
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A precise determination of -0.5

|V,,/V| IS crucial to be able to
observe deviations from the CKM _4f
mechanism due to New Physics I




i Semileptonic B Decays

V| and |V,,| are determined
from semileptonic B decays.
At tree level everything is nice
and clean.

QCD corrections must be included.

* Inclusive measurements: OPE
e Exclusive measurements: Form

Factors from LQCD
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|V ,| from Spectral Moments




i OPE: Semileptonic Width

G|V |*my

(B — Xetr) = =03 { *‘2@% %%
@%@+ o
Wilson co-efﬁcientscan be calculated in

perturbation theory.

Non-perturbative parameters , ¢ are matrix
elements of local operators in HQET.
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i OPE: Other Observables

« Moments of the lepton energy spectrum in B — X_Iv

T dF Ecu 10
IE?‘L(Ecuta.IE‘E') :/ (Eg —I.i} EdEE: (E?>Ecut = I;’:EE z U;

cut

« Moments of the hadronic mass spectrum in B — X_Iv

{ﬂ!',z'fé-h}E;n:t =

« Moments of the photon energy spectrum in B — X_y
o dr
ar
-/Ecut. d‘E"r' dE-rl

OPE for moments involves same matrix elements
and different, calculable Wilson coefficients.

(B Bew =




i Moment Analysis

Moment
Measurements
‘ é IVcbI M, Me
Hnh Hc Pp P.s
OPE

External input: average B lifetime

EXpressions = (1.585 +/- 0.006) ps

*Kinetic running mass
P.Gambino, N.Uraltsev, Eur.Phys.J. C34, 181 (2004)
*D.Beson, I.Bigi, N.Uraltsev, Nucl.Phys. B710, 371 (2005)

1S mass
«C.Bauer, Z.Ligeti, M.Luke, A.Manohar, M.Trott, Phys.Rev. D70, 094017 (2004)



Electron moments |n=0: E_,=0.6, 1.0, 1.4 GeV
<En> n=1:E.=0.6,0.8,1.0,1.2, 1.4 GeV
n=2: E.=0.6, 1.0, 1.4 GeV
n=3: E.=0.8, 1.0, 1.2 GeV
Bel Ie RZSUH‘S Hadron moments |n=1: E,=0.7, 1.1, 1.3, 1.5 GeV
<M=, > n=2: E.=0.7,0.9, 1.3 GeV
Photon moments |n=1: E_,=1.8, 2.0 GeV
<En> n=2: E.+~1.8,2.0 GeV

Fit in the Kinetic Scheme
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™ Belle Results

g kinetic scheme
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Belle

> 0.043

Kinetic scheme (X_v+X,y data)

|Vl = (41.58+0.69,+0.08 5+0.58, ) x 103 004 ]
m," = 4.543 = 0.075 GeV [
man = 1.055 +0.118 GeV 004 § ]
4.4 I 4[5 | 4.6 | I4.ITI
Results for m, compatible after Ay2 =1 contours ™M (GeV)
scheme translation o —
= Bl
1S scheme (X v+X,y data) conl 1
Vel = (41.56+0.68;+0.08 5) x 103
m,'S =4.723 = 0.055 GeV
(0.041
0.04 4513 II I4.? II |4.IH I4.':J



Bell Moment Analysis not included

‘L |V,.| - HFAG Average

o C T T T 7T T T ]
[3]

1< ¢ T ] Adding X,y Moments

> 2 I ] -

= 0.043- HFAG el - lowers my
K IR _ ]

Belle result don’t
show this effect

0.042- = 045

0.041~ 8 0.4

I X, 1v ] i X 1v ] ..
g XIvexy ] G X IveX.y 1 mis m_put to |V, |
0.041 7 0.350 | extraction !
Il 1 Il 1 | Il 1 1 1 | Il Il 1 Il ‘ 1 Il 1 1 1 | | 1 | 1 1 ‘ 1 1 1 1 | 1 1
4.55 4.6 4.65 4.7 455 4.6 4.65 47

Kinetic Scheme ™ (GV)  Kinetic Scheme ™ (GeY)

Input V| (109) m, (GeV) | 12, (GeV2) | y2/ndf
41.67+/-0.43(fit)+/- | 4.601+/- | 0.440+/ Low x*/nd
67+/-0.43(fit)+/- o0T+/- 4aaUt/- - Are theoretical
Allmoments | 0g(r.)+/-0.58(th) | 0.034 0.040 Qe.7/5D correlation

" Iy
| 41.48+/-0.AT(fit)+/- | 4.659+/- | 0.428+/- proper
Xvonly | g 0g(r,)+-0.58(th) |  0.049 0.044 accounted ? ;,
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| FF x]V,| from B—>DWlv |

12



iVCB & Form Factors: B —> D( *) l V

HQET expansion of B —> D( *) | VvV width:

dr(D) _ G 2N13 2 _1)3/2 2 _ PB ‘PD
dW - 487Z'Sh (MB +MD) M D(W 1) |Vcb |G (W) W MBMD
dr(d* G’ ~

d(w ) _ 1o Mg My Mo (% 1) 2w +1)7 | Vi [P0 [ ()

Caprini et al. Parametrization of FF (Nucl.Phys.B 530 (1998), 153):

Gw)=G(1)[1-8p%z+(51p?-10)z% —(252 p% —84)z°] ,_ Jw+1-+2
F(w)=... Jw+1+4/2

Experiments measure:
e |Vcb | *FF(w—1)
* P°p, P°p~ ( Slopes of FF)
* R,,R, : form factor ratios (D*) 13



(D arXiv:0810.1657 [hep-ex]
140 fb?

BELLE

i B —> D ™| v Untagged Analysis

* Decay chain:
B »D™lv D™ —»D°(K " K3m)*
« Measure helicity angles (©,, ®, 1)

. Fit: dv
" dwd yd(cos®,)d(cos®,)

~1.293+0.045+0.029
B(B° - D" 1*v,) =1.495+0.050 +0.062
F(1)|V,, |x10%=34.4+0.2£1.0

o [wum o7 8 shamneia]) [eze t Lo of o chonnela)j
=
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Phys.Rev.D79:012002,2009
207 fb?t

B->D*|v Untagged Analysis

 Select D°(Kn)lvX, D*(Knr)lvX events with p, > 1.2 GeV/c

. Get D/D* rates with a binned .1.-.D prOJectlons fgrl, D lrn.orlnentum ﬁﬂ'ﬂd, cos .E'B‘f,

3-d fit to p,, pp, COSOgy
* Relate BR(B%) to BR(B*)
using lifetime ratio

» Extract from the fit:
P?ps P°p= BF D**

=
=3

=
=
Candidates/ .0

Candidates/100MaV
Candidates/100MeWV

0

 Compute:
|Vcb | *F(1), | Vcb ]| *G(1)

(]

—_

Candidates/100MaV

Candidates/100MeV
Candidatas/ 1.0

G(1)|Vis| = (43.1+0.8+2.3) x 103
F(1)|Vis| = (35.9+£0.2+1.2) x 102, 15



arXiv:0807.4978 [hep-ex]
417 tb1

B—Dlv Hadr'on ic Tag Analysis

« Select D%y, D*lv decays
on the recoil of a fully
reconstructed B

* Event yields from a fit
to MM? in 10 w bins

* G(1) | Vcb] and p?; from a
fit to w distribution

8]

m_rnln:u. Iquu;d [Gu-\"l'n-']: ummln:u. uqmuu ||3-|-1.r*ru-"'|
2 — — 2
G1)[Vy| = (43.0+19+14)x1073 | MM*=(Ps=Pp=P)=[GeV2/ca]
0?2 — 1.20+0.09+ 0.04 2147%+69 signal D° events
G

1108+45 signal D' events

B(B® — DY 4~ 1) (2.17 £ 0.06 + 0.07)%. B 16




B-o>D**lv
Hadr Tag Analysis

26

24

22 |-

18 1

1/2*

1/2°

3/2" :

Important to reduce
systematic in |V |
excl. measurements.

Discrepancy between
B->X_.lv inclusive rate
and sum of exclusive
modes.

Decay Mode

Yield eig(x10™") B (B — D**{~m ) x B(D** — D''7x¥)

B~ — DV 5 165+ 1R 1.24 0.20 £ 0.03 £0.03
B~ — D% e 97+ 16 1.44 0.15 £+ 0.02 £ 0.01
B~ — D% 5 142 +21 1.13 0.27 £ 0.04 £ 0.05
B~ — D% e 137 + 26 1.15 0.26 £+ 0.05 £ 0.4
B - pDfe oy BRx14 070 0.27 £+ 0.04 £ 0.03
B - D3tépe 20413 001 0.07 £ 0.03 £ 0.01 (< 0.11 @90% CL)
B - Dt m 86+18 (.60 0.31 £ 0.07 £0.05
B — Dyti—oe 142426 070 0.44 £+ 0.08 £ 0.06

arXiv:0808.0528 [hep-ex]
417 tb1

B >D"nly,

D
o
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I DF v

[l background

1B >Dn Ty,

a
-1111'.'“‘:".'1"'7#.;.5‘ i
15 T
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10 :

E & &

Events/{20 MeVic?)

=
- ]
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= w B o

M(Dt — m(DM) [GeV/c?]
17




C. Bernard et al., arXiv:0808.2519[hep.lat]
M. Okamoto et al., Nucl. Phys. Proc. Suppl. 140, 461 (2005)

Vg & Form Factors: Averages

|v,| =(38.1%0.6__ *0.9

B —> D IV ALEPH (excl) B 3 D *x I
ALEPH i 316+ 1.8+ 13 Vv
38.08 £ 11.80 £ 6.09 .. i — CLEO
i 413+ 1.3+ 1.8 e
i OPAL (excl) |
CLEO : A
44,53 +£5.90 +3.42 —m 369+ 16+ 15 :
i OPAL (partial reco) |
: 376+ 1.2+ 2.4 s
BELLE | DELPHI (partial reco) i
4070 +4.40 +5.14 B 158 144 23 e
§ BELLE (excl) 5
BABAR Global Fit | 3471 02+ 1.0 —
43.80 £0.80 +2.10 e DELPHI (excl)
363+ 1.8+ 1.9 b
BABAR tagged : BABAR (excl) 5
42.30 +1.90 + 1.00 s 339+ 03+ 1.1 A
i BABAR (D*0) ;
Av ; 349+ 0.8+ 14 mE B
42.40 £0.70 £1.40 S BABAR (Global Fit) 5
: 357+ 02+ 12 ik
HFAG
ICHEP08
ldof— 1.2/ 8 (CL = 99.7 %) , X *fdof = 39/21 (CL = 0.01 %)
SR L | | I I
0 20 30 40 50 . 25 30 35 40 45,
G(1) XIV,l [10 ] F(1) X IV_| [107]
— -3
|V,| =(39.7¢1.4_ 20.9, ) 10> (D)

) 103 (D*) 18

theo




iOpen Issues on |V, | Measurements

|V | from Moment Analysis
» Belle recent results in good agreement with HFAG average

* Open guestions on HFAG global fit:
*Inclusion of the B -=>X_ y data lowers the b-quark mass m,
o y2/ndf = 29.7/57 (24.1/46) Too small ?

F() |V, and G(1) |Vl from B-=>DOlv
 Good agreement between experiments

 |Vcb] extracted using LQCD 2c lower than result from
Moment Analysis

19



|V ;] from Inclusive
Semileptonic B Decays

20



Inclusive |V, | Measurement I

Charm background —50x larger than signal
Use kinematics to distinguish X signal from X_.BG (m, >> m,)

I
.

i
a 0.s 1 1.5 2

0.1
006

VTS

004
005

Not to scale!

025 002

\

—u
o 1 2 L 5 1w 15 20 O
E g (GeV) q’ (GeV?)) my (GeV) P* (GeV)

e E .» = lepton energy
e g° = momentum transfer squared = (pg-py)? = (P,*+p,)?
e m, = mass of the hadronic system

e P* = E,-|px| = light-cone component of X momentum
21



Inclusive |V | Measurement IT

Cut away B — X_lv == loose some B— X lv signal

We measure:
2

I'B—=X/v)x f.=

Vi

total rate

fraction of signal that pass the cut

Must be corrected for QCD _ Use HQE parameters from
—> B—>X.JIvand B> sy to

extrapolate to full phase

BLNP - B.O. Lange, M. Neubert and G. Paz, space and extract IVubI
Phys. Rev. D72:073006 (2005)
DGE - J.R. Andersen and E. Gardi, JHEP 0601:097 (2006)
GGOU - P. Gambino, P. Giordano, G. Ossola, N. Uraltsev,
JHEP 0710:058,2007
BLL - C.W. Bauer, Z. Ligeti and M.E. Luke,
Phys. Rev. D64:113004 (2001) 22




PRL 100, 171802 (2008)

Hadr'omc tag Techmque

M,cmscvn:*

B — X, | v (outside : : B :
selected region) ' - K 1 oo

Background subtracted -

-100F

WA SaiT sy

AB(B — X 7) (10-%) Vsl x (10-2)
1271016 £0.13 1030 BLNP
456+ 017+0.14+032 DGE
388+ 010016 £0.28 B NP
3.00 + 0.20+0.16 £ 0.24 DGE
457022 £0.10£030 BLNP
081 +0.08+0.07+002 464+023+019+025 DGE

403+024+020+036 BLL 23

M,<1.55 GeV/c? 1.18+0.09 +0.07 £+ 0.01

P,<0.66 GeV/c?2 0.95 4+ 0.10 + 0.08 + 0.01

M,<1.7 GeV/c?
Q2>8.0 GeV2/c?
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o

Presented at CKM

Belle Multivariate Analysis

W L TToror T E [ : T — 1 r T T
« Hadronic Tag € | : e [ - B* data
L 1B —=X,lv
oot ] g [ OB—=X_Iv |
. . w %00- [ClSecondaries |
« Boosted decision tree 1500 4 - CiCombinatoral
based selection, use —20 - 604 b
event parameters 1000; Fﬁ 1000F ; -
500; = 2z
* 2D fit to M,, g* with —v—"ﬂ ; e ALY
backgrounds and signal b 1 2 3 4 0 10 20 z30
floated M, (GeV) R (GeV?)
2D fit in g2 mx. (projections shown)
Kinematic B(B—Xulv) x 107 mpy |Ves| (10%) % error
Region A stat.  sys.) Y
(kinetic) 4.613 GeV, 4.42 (+3.1 + 5.1) GGOU (thanks P.
i ) — T T Giord
Pm(";"eff 0 {496 x (1 +0.088 + 0.076) | — MUR=0-440 GeV” ordanc)
{MSbar) 4.243 GeV 447 (+ 6.7) DGE (thanks E. Gardi)




Belle multivariate analysis not included

o Inclusive |V,|: HFAG averages

CLEO (E,) , HFAG Ave. (BLNP)
3.77 £0.44 +0.26 - 0.39 T 439 £0.16 4032 - 0.27 —————

. 2. !

23+045+034-0. O
: 4.26 £0.14+0.19-0.13
BELLE (E,) i
4.61+0.43 +0.23- 031 A HFAG Ave. (GGOU)
BABAR (E,) i 3.96 +0.15+0.20 - 0.23 ———
413 £0.23 +0.23- 0.34 — HFAG Ave. (ADFR)
BELLE m, 3.76 £0.13 £0.22 e
3.93 +0.26 +0.19- 0.22 " HFAG Ave. (BLL)
BABAR my i 4.87 +0.24 +0.38 *
4.07 £0.20+0.27 - 0.29 =
BABAR m,-q° §
429 £0.28 +0.34 - 0.36 i &——
BABAR P* i
3.52 £0.23 +0.30- 0.31 g
yYdof =7.0/ T (CL= 43 %) ;
P. Gambino, P. Giordano, G. Ossola, N. Uraltsev | Different |V | values from
THER OTIRORA0 (GCOD) ! different calculations
| | | | | i L_ICHEPOS , . . . . ICHEPOB
2 4 62 3 4 5

Nice agreement of |V ;|
measurements

IV, | [x107],



|V ;| from Exclusive
SL Charmless B Decays

26



‘L Exclusive |Vub| Measurements

\"% | dTB-'*Jl’fF . 2 oal e aa
‘ ub‘\‘ ( J- F;‘th‘ p. .fJff *'
T , dq’ 24
B {ﬂg r@»@ﬁf’h ]{@f" 2 Ly
strong interaction \y?igﬂ \'

- form factors X = mnn,p 0
Complementary exp approaches:

« Untagged (with v reconstruction) Different systematic errors
« Semileptonic tag :> and independent samples

 Hadronic tag

Different form factor : Perform measurement in g2 bins to
calculations reduce model dependency

See Talk of R. Sommer
27



Still most precise measurement PRL 98, 091801 (2007)
206 fb1

B— wlv untagged

Reconstruct neutrino from full event: (ﬁmiss, Emiss) = (ﬁbeam’ Ebeam) - (Z f’i , Z Ei)

Extract signal yield in 12 g2 bins from fit to AE vs. m_¢ distributions
0<q <16 GeVys 16 < @ < 26.4 Ge\?

3 ™0 ] B"—sxiv signal % »

O coob I b—ulv bkg -

8 F[other BB bkg <

o “F Hll continuum bkg I ]

;m * data i

e
100

-

S c) d)

S B(B" — 7 {v) = (1.46 £ 0.07 £ 0.08) x 10~*
300 i

Em i 1 i
100 " Used by FNAL (arXiv:0811.3640 [hep-lat])

e P e A to extract |Vub] = (3.38 +/- 0.36)x10-3

AE (GeV) AE (GeV)



arXiv:0805.2408 [hep-ex]
348 fb1

Analysis Strategy:

e Tag one B in DMIlv and look for signal in the recoil;

* Ildentify a signal lepton (right charge) and search for a:
ett, =, ©°
‘'n—yy,n—>n"n"n°,n— n°x°n°
U i A

* No additional tracks and low neutral energy;

» Extract signal yields with unbinned maximum likelihood fit to cos? ¢ 5. g



arXiv:0805.2408 [hep-ex]
348 fb1

n’ | v Semileptonic Tag

events /(L8

B(Bt — n"ttyy)

134 £+ 20.

B(Bt — nftuy)

0.6 +39

cus*d:n

B(B® — = £+v) = (1.38 £0.21 £0.07) x 104
B(B* — m®*vg) = (0.96 £ 0.15 £ 0.07) x 10~

Using isospin relation

l

BB = 7 6+us) = (154 + 0.17 + 0.00) x 10-4,

B(B* — nf*vg) = (0.64 +0.20 £ 0.30) x 102

3.2 o significance

1| B(B* — q'f%ug) < 0.47 x 1074

(90% CL)

CLEO (PRL 99,041802(2007):
B(BY — r/ft1) = (2.66 + 0.80 + 0.56) x 1074




Ly > arXiv:0812.1414 [hep-ex]

<O 605 fb-1

BELLE

ﬁ B—m, (p, ®) | v Hadronic Tag

 Fully reconstruct the B,

 Know kinematics and flavor of signal B

0 —1+ _ -4
« Extract signal yields from M?_,..&% M?, g(B" —>1lv)=(1.12£0.18+£0.5)x10
distribution in 3 2 bins 2(B* — 1P1"v) = (0.66+0.12+ 0.3) x10™*

v Data v Data
= 7 . =
E T | 4949 |5 ot mecrguounce

- 31
Miszing mass squared [Gev?) Mizsing mass squared (Gev’)



i |Vub| from B — nlv: HFAG average

BABARSLtag:B "~ — n’1" v x 271,
1.81 £0.28 £ 0.13

BABARB  tag: B~ — " 1" v x 27,/1.

1.54 =041 £0.21
BELLESL tag:B * — 71" v x 211,
1.45 £ 0.26 £ 0.15

BELLEB . tag: B * — n’1" v x 211,
1.24 +0.23 + 0.06

BABARSLtag:B" > w1 v

1.38 £ 0.21 +0.07

BELLESLtag:B° 5> w1tV

1.38+0.19 £ 0.14

BABARB __ tag:B" - w1'v

1.07 £0.27 £0.15

CLEO untagged:B — w1l v
1.37 £0.15 £ 0.11

BABAR untagged: B — w1l v
1.46 = 0.07 + 0.08

BELLEB,__ tag: B’ 5> mw1*v
1.12 £ 0.13 £ 0.05

Average: B > w1t v

1.34 +0.06 + 0.05

¥fdof = 3.5/ 9 (CL = 94 %)

i —{—a

H——{—H

1
1
1
H—Tk—n

i
|—j,-§—|

I—:.—I
—

T
-
-
N
-

HFAG

ICHEPOB |

Ball-Zwicky q* < 16
3.34 4 0.12 4+ 0.55 - 0.37

HPQCD q° > 16
3.40 £ 0.20 +0.59 - 0.39

FNAL q°> 16
3.62+0.22 +0.63 - 041

Consistent results
lziaY€1 Form Factor systematic dominates
More exp g? data to constraint FF

-2 0

BB’ S 1tv)[x10Y

2

2 4 ;
IV, | [x 107

32



iOpen Issues in |Vub| Measurements

Inclusive measurements:

 Nice consistency of |V, | measurements extracted using the same
calculations

» Different |V | values are obtained when using different calculations

* ONVwl/IVipDexp—=4% @Vl Z/I1Vup)mh — 6-7%

Exclusive measurements:
* Uncertainties from Form Factors are the dominant systematic
* ONVuwl/IViDexp=5%  GVuwl/IVipDeer=1+17% -11%
 Need more data to constraint different calculations

* Looking for progress from LatticeQCD

Exclusive measurements give a lower |V, | than inclusive ones 33



‘L Conclusions

* Progressing in the understanding of B SL decays

Inclusive |V, | precision now at 2%o level

« Still remaining issues on global fit and B->X_y data inclusion

Many new results on B->D®Ilv decays
* Precision on |V | measurements limited by form factor knowledge

 Lower value (2 o) than from inclusive analysis

Inclusive |V | measurements now at 8%b precision

 Limited by calculation of theoretical phase space acceptances

Exclusive |V ]| measurements limited by form factor knowledge
* Need more data and progress on theoretical calculation

e Puzzle of exclusive vs inclusive |V | values not yet solved
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BABAR Detector
o

SVT Measures origin of charged particle trajectories
DCH Measures momentum of charged particles
DIRC Identifies particles by their Cherenkov radiation
EMC Measures energy of electrons and photons

IFR Identifies muons and neutral hadrons

Instrumented Flux Return (IFR)
(resistive plate chambers)

Superconducting Solenoid
(1.5 Tesla)

Electromagnetic
Calorimeter (EMC)
(Csl crystals)

¢ AN
=5 - ‘
-
4

et (3.1 GeV) &
Cherenkov radiator (DIRC) , S

(quartz bars) ' ., & =
Drift Chamber (DCH) — P4 6 \
(multiwire gas chamber)

Silicon Vertex Tracker (SVT)
(silicon module)

36



I
D
< b
BELLE

Belle Detector

Siv
3 lyr. DSSD

Aerogel Cherenkov cnt.
n=1.015~1.030

u/ K, detection
14/15 lyr. RPC+Fe

37



Experimental Methods

0
JTJ*\B D Hadronic Tag:
- - (4S) Jt*  Fully reconstruct hadronic decay of one B:
v /-\ B — D™ + (x*,n,K*, K’ = 1000 modes
I T — know kinematics of other B

T D* Semileptonic Tag:
\B - . Reconstruct B — D™ £v and study recoil
- — =0 (ST T v - Full reconstruction of D*)
\Y / - Partial reconstruction of D* (only L, )

i | Two v — tag-B kinematics incomplete
T No Tag:
E rB_/_ " High statistics
v -IIA"'"/ (35N - High backgrounds and cross-feed
A — Fully reconstruct signal side (v reco.)



+ B—Dlv

CLEO

G(1)x IV, I [107

50

40

30

HFAG

ICHEPOS8
¥ fdof=1.28

1.5

F(1) X IV_ | [10”]

B->D*lv

40 Ax°=1
B OPAL
DELPHI (excl)
(excl.)
38
B DELPHI
L (part. reco.)
| OPAL JAR (Global Fit)
(part. reco
36—
B FRAGE
B BAR (D*0)
34—
B BABAR (excl.
dl HFAG
i
L xrdof = 39721
32 | ! I ! |
0.5 1 1.5 2

©



arXiv:0805.2408 [hep-ex]
348 fb1

|Vub| from B—>nlv SL Tag

- a < AB is the partial branching fraction
=—
T\ XS
AL calculated using:
* LCSR for g°<16 GeV?
Lo =15 3€0)0 QS e Lattice QCD for q2>16 GeV?

g AL |Vus| (1077)

Ball & Zwacky [12] < 16 544+ 143 3.6 202+ 'Ill_l_ﬁ:;

Gulez et al. [17] = 16 207+ 057 3.8+ 04 :ngfﬂ'é
Okamoto et al. [18] = 16 1.83 £ 050 4.0+ 05 £ 0.2,

Abada et al. [19] > 16 1.80 £ 0.86 4.1+ 0.5 npSes:
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* Data * Data * Data
% af = % °F —L 30 I s o
A S | § % sos0 B, 5 012548 Bl
‘é 51:' g g f -E -
i uf 0 40 @ 20
“é aauf 15|f—
ilf 2‘"5 “'f—
1lf 'Wf 55_
ol ok oFt
Mizsing mass squared (GeV'’) Misging mass squared (Gav") Miszing mass squared [GeV?)
AR [l[l_‘"] B [lﬂ“]
Maodc Deg <8 Bo g < 16 T = 16 Sum
{E—n\-’ﬂ} {Ge\"i‘} {Ec\-’ﬂj [Ge\"gj
Bt 0433+011 £002 042+011 002 0262008 +0.01 112 +£0.18 +0035
Box% 026+009 001 017+005 £001 0224006 £001 0B6+0.12 +£003
B—pth 0744029 +004 101+028 +£005 0814021 +004 256+046 +0.12
B &% 072+015 2003 070+013 £003 039+011 002 18230+023 007
B — wiy 023017 =001 064 +021 £003 0322017 =001 1.19 +032 +£0035 1
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|Vub| from B— xnlv Hadr. Tag

‘E 15 n? I il
] ane- —- - | .
£ £ To extract |Vub] use:
= T we LCSR for g2<16 GeV?2
) P — Lattice QCD for g2>16 GeV?
l |
a2 | _:.— |
Tt w w = = & W % = =
o [2eV oY o (oe oY)
Mode ¢ [(GeVe|  AC [ps )] V| [1077]
Ball-Zwicky |30] xt < 16 544+143  32+03=x01703
Gulex ct. al. [31] xt = 16 207 +£057 29+05+0.1704
Okamoto ct. al. [32] xt = 16 183 +050 30+05=+0170
Ball-Zwicky 30| xt + ol < 16 544+143 31020133
Gulez ct. al. [31] xt 4+ a0 = 18 207057 31x03=x01735
Olamoto ct. al. [32] =t 4 oF = 16 183050 33x04x01735
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