D

<o

Exclusive |V |[and |V |
ub cb

8 May, 2008

H.Kakuno
Univ. of Tokyo

Flavor Physics & CP violation 2008, NTU Taiwan



Outline

Introduction
IV_| from B—D*Iv

Study of D** states in B—D**lv decay
|V .| from B—nlv (and other exclusive charmless SL decays)

Summary



Motivation

Test of unitarity of the CKM matrix

Overconstrain the unitarity triangle by various parameters

- Two of the important variables are [V _|and |V _|
- |V | and |V_| constrain sides of the unitarity triangle

[ T T T | T T T T T T | T T T T T | T T T ]
E e ¢3 Al itter E
06 —2 Am, + m EK\\ Sur:metrtzm? ]
i% £ X =
0.5 = o : ) -
-8 X st 0]
04 — 3 —
= ) o =
0.3 = 3 | 0 -
& | 2 E
0.2 —
0.1 =
(0) o

0 L 9 | | T

0.4 0.2 0 02 _ 04 0.6 0.8 1



How to measure |V _[&|V |

Use semileptonic B decay

Clear lepton signal, tree level diagram but...
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Use different two approaches
Inclusive analyses

Needs: extrapolation to the full phase space by theory
Exclusive analyses
Needs: prediction of form factor by theory




Experimental technique

The event contain missing neutrino(s)
Various method according to the size of luminosity and expected BF
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Complementary to D**e’v analyses




V| from D*"Tv
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F(1)IV._ |= (36.1840.55)x10°
0? = 1.17+0.05

Lattice calculation predicts:
F(1)=0.919+£0.033

V| = (39.37£0.60£1.41)x10°
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Error is dominated by the
uncertainty in the lattice
calculation




B—D**lv:Introduction

- Not directly used for |[V_| extraction but is
important for systematics for e.g. [V_ | measurement by D*lv

- D** spectroscopy itself is interesting:




B—D**lv:analysis method

B tag method to obtain good MV2 resolution

reco
Distributions of MV2
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Calculate missing mass squared MV2 ,_
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B—-D**lv:D** states from Belle
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HQET prediction
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Broad resonance(B—>D' lv) is not seen

arXiv:0711.3252



B—DIlv/D*Iv/D**Ilv from Babar

Measurement of branching fractions by B tag method
Mode B(B~) [%)] B(B) %]  °%°
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B—-D**lv:D** states from BaBar
Study of the D**lv states

270 B4BAR
& 60 preliminary
%5
@ 40

1 1 1 1 1 1
0.4 06 08 1 12 14 &
M{D*? +) M{D*") :Ge\.l'fcl]

M(D™ 7t)-M(D™)

M(D* t-)-M(D+)

'E — =

3 Em o

g » [ A
" u 1 o.»
& 20 N
g = 0.1
3.t B ./
--------- = o,

o AP Gevich® [ backgroun d

MDP7)-M(D®) BF(B->D,%v) = 0.42 + 0.04 = 0.04 %
BF(B->D,"/v) = 0.47 + 0.06 = 0.06%
BF(B-->D,"/v) = 0.29 + 0.05 = 0.03%
§ BF(B->D,%/v) = 0.52 + 0.07 + 0.06%

T 12 n'l!-i &
M(D® wj-h{D i{Ge'u'H:!]

-Large Br for wide states(D” Iv,D’ Iv)

disagree with HQET prediction
-Large Br for D' Iv

disagree with Belle result (>60)
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Exclusive |V |

Experimentally various modes can be measured:
- B—orlv, plv, olv, nlv, n'lv

Currently, only B —nlv can be used for [V _ | extraction:

/

Form factor calculation from various methods:
- lattice QCD (HPQCD, Fermilab,...)

- Light-Cone Sum Rules(Ball & Zwickys,...)

- quark models (ISGW?2,...)

Recent results:
CLEO untagged method: Phys.Rev.Lett.99:041802 (2007)

BaBar untagged method: Phys. Rev. Lett. 98:091801 (2007)
Belle SL tag method: Phys.Lett.B648:139-148 (2007)




B—onlv/plvinlv/n'lv: untagged method

CLEO 17MBB

Lepton momentum projection
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8-16 ~1-1 0.56+0.09+0.05
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all phase space 293 +£0.37 +0.37
all phase space 0.44 £0.23 £ 0.11
all phase space 2.66 £+ 0.80 + 0.56




B—rlv: untagged method

BaBar 227MBB

LLoose neutrino reconstruction
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Phys. Rev. Lett. 98:091801 (2007)




B—nlv/plv: D(*)lv tag method

- B—D(*)lv tag Belle 275MBB

- to handle two neutrinos, use a kinematical variable: sz
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V| from B—mlv

BABARSLtag: B " — 1" vx 21 /1,
137 +0.34 £ 0.15

BABARB,_ tag B = n°1" v x 21,/1,
154 + 041 +0.21

BELLE SLtag: B * — n° I" v x 21 /1,
145 +0.26 + 0.15
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1.12 +0.25 +0.10 —e—
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133 £0.18 +0.11 —"
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Average: B - w I* v
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Ydof=2.4/ T (CL= 94 %)
T L M I

-2 0 2

BB’ - m 1" v)[x 10"

Many measurements that are not
covered in this talk

Average
B(B°—r1"v) = 1.38+0.06+0.07

More results will be coming soon:

e.g.
B tag analysis from Belle

reco

SL tag analysis from BaBar



V| from B—mlv

Ball-Zwicky "2 < 16
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Summary

V.| from B—D"lv:
IV | =(39.37+0.60+1.41 X107

- new measurement w/ form factor parameters

- uncertainty of F(1) is dominant

- ~1.50 difference from inclusive |Vcb|=(42.O4i0.34i0.59)x10'3
Study of D** states in B—D™**lv decay

-Measured branching ratio(s) contradicts the HQET prediction
-need theoretical and experimental effort for understanding

|IVub| from B—nilv:

- Many measurements from various techniques
more results will be coming soon

- Progress of the form factor calculation: “unquenched” lattice QCD
IV, | = (3.47+0.20+0.60-0.39)x10° (HPQCD, g*>16GeV?)
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D**lv analysis

Dr invariant mass is fitted in bins of helicity and w
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