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* IVCb | precision measurement important to test unitarity
of CKM matrix

Introduction

""TCIJ f

Semileptonic B decays provide the best
method to measure |V_|

+ Simple theoretical description at
parton level

+ Rates depend on CKM matrix
elements and quark masses

+ Poor knowledge of B semileptonic decays into states other than
D,D* dominant background source of exclusive |V _| (e.g. D*alv

background in D*v)

David Lopes Pegna 2 31 October 2006
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B - charm lv decays

» Despite quite large BF, 30% of B—» X/ v affected by large uncertainties

Decay Mode

Eranching Fraction

Decay Mode

Branching Fraction

BY — 1T + anything
BY < D*(2010) — [Ty
BY & DIty
B & .ﬁﬂﬂ_f-l_l.{g
BY & }j*ﬂﬂ_£+yg
BY = p**ity,

B? — D) ngity,

104 £ 04%
535 +£0.20 %
212 4020 %
(0.32 £ 0.10) %
065 4+ 0.15).%

77
77

B(BO->D"nlv)= 1.47+ 0.20 +0.17% (Belle)

BT — [Ty + anything
Bt — D*(2007)0¢tw,
BT — D%ty
Bt = D1(2420)%¢t
Bt = D5(2460)% ¢+,
BT 5 D ntety,
Bt & D*Fxatety,
BT = ]j{*}nqrﬁ+u£

109 £ 04 %
(6.5 + 0.5) %

PDG 06

(215 + 0.22) %

(0.56 & 0.16) %

< 0.8% @90CL

053 £ 010} %

0.64 4+ 0.15) %
27

B(B->D"nlv)= 1.81+ 0.20 +0.20% (Belle)

+ Sum of exclusive modes does not match inclusive B— X/ v :

B(B— X1v) # B(DIv)+B(D*v)+B(D**v)

5(10)% of B— X1v missing for B(B°)

+ What are we missing? B— D*nzxlv ? other charm final states ?

David Lopes Pegna
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Df Decay Distribution for B°—» D*1"v

+» Differential decay rate : @v Factor ﬁ«“se space
dr'(BY - D*~¢ty)  GZ|V.p|?
= F{w,ﬂﬂ,ﬂv,}{ G("!ﬂ]
dw dCEISEf dCI‘JEEV d]{ 43‘;&'3
| B  ME+MEL -
» The shape of F(w,6,8 ,x) can be w=vg-vps = AT

parameterized with R (w), R (w)

(form factor ratios) and p* (slope at w:1).;,- -

+ Curvature constrained by analyticity:
we use Caprini, Lellouch and Neubert

(CLN) parameterization
Caprini, Lellouch, Neuber"r
NPB530 (1998) 153 '

» Goal is to measure R (w=1), R (w=1),p’

David Lopes Pegna 4 31 October 2006
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Form factor and Vcb measurements

» Select D¥["v events, p* > 1.2 GeV/c 3
D* - D", D’ K", Knt*n®, Kttt

¥ Estimate combinatoric BBbar

background from
Am=m (D) -m(D") fit

+ Reduce D** model dependence in
MC by estimating D** background

fraction by fitting cos 6_

distribution on data

M% + M2 - 2EgEy

cosfigy = — ST
BFYY

+ About 69k events, purity ~76.7%

David Lopes Pegna
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iﬁForm factor and V_, measurements

» Simultaneous y* fit to one-dimensional projections of w, cos 6, and
cos 6, ,integrated over y, by using reweighted MC predictions

+» Measure |Vcb| and the form-factor parameters correctly

accounting for the mutual correlations Eg%
Vv

Data vs background|m rake lepton
estimate and fitted |m Uncorrelated D'/

BaBar MC signal B Correlated D'/
.. 1 Continuum
Pr‘ellmmary B Combinatoric
. T T T T T T T T T ] :; """"""""""""""""""""""""""""" 7 %-[][JGG' L L L I ]
i 3 1 Joooo b 13 = :
s000 | 15 | fl Zs000 [ '
i _I_zl—li _5 Yo00 _ : Z o000 s E ]
i 4 = — so00 _ |='=‘
. 1 <000 X COS e —-
1 14 1 x*/ndof=
B
05 :
0k ]
O3 s s ';'_'z.'i"}_'j'"'.r'_}.'s"}_Ii"f_',cfi"}:_. ¥y S s R v R v R B Sy Sy Ry R R TR VI Y TR
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Form factor and Vcb measurements

+» We measure:

R =1.329: 0.131(stat.) +0.044(syst.)
R, =0.859+ 0.077(stat.) £0.022(syst.)
p°= 1.156+ 0.094(stat.) +0.028(syst.)

79 fb*

hep-ex/0607076

FA)IV, | = (35.03:0.39 +1.15 ) x 10°

‘B(B°— D*I'v )= (4.84+ 0.05(stat.)+0.39(syst.))%

L

Compatible with previous BABAR result and BELLE,

CLEO and LEP results higher!

David Lopes Pegna

ALEPH
5.77+£0.26 £0.36
OPAL (excl)
5.51£0.19£0.39

OPAL (partial reco)
6.20+0.27 £0.58

DELPHI (partial reco)
5.04+0.13£0.36

CLEO
6.29+0.19+0.39

BELLE
474+023+£042

BABAR

DELPHI (exclu)
5.80+0.22+0.46

Average
5.35£020

HFAG
ol

y2/dof 7 14.8/ 7 (CL = 3.8)

——

—

2

4 6
BB’ - D 1'v) [%]
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iﬁ Form factor and V_ average

+ BaBar has also performed a different form factor measurement on

the B°— D*1*v decay (hep-ex/0602023, accepted for publication)

<% Same data sample, statistical overlap between the two analysis is
small (different 0 decay channels, etc.)

<+ Unbinned 4-dim maximum likelihood fit vs 1-d projection y* fit

+ Our Average: = Axi=1 o
R = 1417+ 0061 :0044 | =~ |
R = 0.836: 0037 :0022 | — 40
p?= 1.179+ 0.048 +0.028

F(1)IV, | = (34.68:0.32 +1.15 ) x 10| | arewn

B(B°— D*1'v) = (4.77:0.04+0.39)%

David Lopes Pegna 8 31 October 20069
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¥+ We know very little about D**[v

Abazov et al, PRL 95
(2005) 171803

Abe et al, PRD 69
(2004) 112002

] 140_ -l 4[' D
Q140 * 2120
e : [
S12g 00 Funl B—Druv X 2120} D; .
_ | * = - - BELLE
S 100 460 pb * Data, D'n* ;1 ' ;
S0 [ |Data, D1 ?“51
g a0 — Fit function E
E 60} Rl D(2420) B
: ] e D5 (2460
40 P -
208 Nk
23 54\ 25

26, 27,28
M(D 1) (GeV/c?) .

‘ (GeVic)

=D min

GeV/c?

(R ]

1.8

B —» D**lv decays

o

.
¥ r]

\J P

1/2*

o

1-

1/2 3/2°
'D+ 1+ 1+ 2+
D, D D2

Charm States

Narrow resonances (D 1(2420),D*2(2460)), wide resonances, non-

resonant states D*nnlv ?

Uncertainty on B" — D, /"v measurements larger than 30%

A. Anastassov et al, PRL 80 (1998) 4127

David Lopes Pegna 9
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+ Untagged analysis, reconstruct only D**— D*g*:

B D** D*°x )" v
B D** D°7x) v

lepton (p* >0.8 GeV/c, [ = e or u) and requiring [cos 6, | <1

‘B(B— D**lv) Measurement

B> D**°D'x)l v
B D**°D*7x)l v
+ Reconstruct B semileptonic decays by identifying a high energy

+ Focus only on narrow states— broad resonances require full event

reconstruction

e(D*n7)=(6.54 +0.28)%
e(D*°1")=(5.26 £0.41)%
e(D*n™)=(7.59 +0.67)%

e(D°1t")=(14.77 £1.46)%

David Lopes Pegna

events

50

40

30

Y=D**+] system
I

%%k Ft -+
D** ->D*r

- BaBar preliminary

M Signal
B combinatoric
Il other BB bkg
[]continuum

0
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Events/(
2

o B 8

= T =
Ln =] wd

2 B

Events/(10 MeV/J&)

[
= La

‘B(B— D**lv) Measurement

+ Simultaneous fit to M(D**)-M(D) for the 4 modes
+ Fit in different D* helicity bins

|c059|<025 D*— D*'

fﬁ&w

¢ BaBar preliminary

0.4

M(D*)- M(D) GeV/cz

@ 200

=175

0.5¢|cos 6, | <O75_

{ ﬁa m}i
k N }Hﬁiﬁ

BaBar preliminary
| |

"

0.4 0.6 0]
M(D*r)-M(D) GeV/c

Events/(10 MeV/Jd)

David Lopes Pegna

0.25¢<|cos ehl <0.5

. BaBar preliminary
’ GI4 0.6 'DIR
M(D*r)-M(D) GeV/c @mm
|cos 6, |>0. 75
J( 5000

=
=

Events/(5 Me
S

\

H*~
= .I.—__
W b
1 BaBar pre.!'smmmﬁ:
¥ | |

g
=

1000

M(D'*u)-M(D) GeV/cz

11

D1 polarization

helicity (D,) o sin’ 6,
helicity (D,) o 1+ A cos® 6,

6, angle between & from D** and D*

in D* rest frame
A=2 for unpolarized D-wave decay

B'_) D7'<7'<0( D(:'c)+7-c')l'v

il n'#w"*%
#

| ]
D**O—)DJ'TC_

1

e

"
Global
x*/ndof=698.4/600

BaBar preliminary

M(Dm)-M(D) GeV/C
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i‘ﬁ ‘B(B— D**lv) Measurement

¥ Global fit results from 208 fb! for the 4 modes:

BB D% )= (4.48+ 0.26(stat.) +0.35(syst.))-10° .
BB — D°Iv)= (3.54+ 0.32(stat.) £0.54(syst.)) -10 |  Preliminary
BB~ D,1"v)= (3.64+ 0.32(stat) +0.49(syst.)) -10°3

BB’ D¥ I'v)= (2.70 0.35(stat.) +0.43(syst.)) -10°

‘B(Dy— Dm) = 0.69 + 0.03
Mixing Parameter A = 2.75 + 0.44

B(B— DI vX)= (3.3 £0.6)-10° Compare e.g. with DO , using b—

o 109 B =39% : in Abazov et al, PRL 95
B(B— DU vX)= (4.4 +1.6)-10°% B =397% and isospin (GZZ;(\)’ES 1808

David Lopes Pegna 12 31 October 2006
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!/F(B' — D ly)/T(B — DXlv) Measurement

¢ Measure simultaneously D, D* and D** contributions in a B'— DXIv
sample

» B—> DXlv ({ = eory, p* >0.6 GeV/c) events selected by identifying

the DI system on the recoil of a B fully reconstructed in a hadronic

mode — low efficiency, high purity
+ Inclusive analysis, sensitive to all D*'r states (D**, non resonant...)

hep-ex/0607067

Ymi BaBar 0 A Yo BaBar A
am__ Preliminary & Preliminany by 3
g 3 E
"gmﬁ— B tag: 2409+122 E“f B tag: 1624130  f | -
E  (B"—>DXev) = (B">DXuv) _
‘mﬂg m: n Pl

_IIII IIIIIIIII | T | | T | IIIIIIIIIIIII
E.:sms.ms.nsms.:ss.nﬁs.wmm EEMEHMMS&SE&E&HEHEH

M__ GeV/c M__ GeV/c
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!/F(B' — D ly)/T(B — DXlv) Measurement

+ Global y* fit to : missing mass squared, lepton momentum,
additional charged track multiplicity

» Use exclusively reconstructed B— Div, B— Dlv,B— D"lv

data samples to build Probability Density Functions in order to
minimize Monte Carlo dependence

| Missing Mass Squared Fit |

)

BABAR

3 0

$350 _ D Preliminary
oo}

<300

B— DXlv = B— Dlv

(0.

5250
+ B— D*lv §200
+ B DFnly | o

-----------------

.
_______

‘e
-m
...............

= TTTT III|II|I|II|I|I|I||I|I|||III|IIII|II|I

Missing Mass Squared (GeV?/c?)
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!/F(B' — D ly)/T(B — DXlv) Measurement

BaBar
» We measure: Preliminary 211 fb™

(B — D°lv)[T(B — DXIv) =0.210+ 0.017(stat.) +0.021(syst.)

I'(B — D*¥*Iv)[T(B — DX1Iv) =0.611+ 0.021(stat.) +0.027(syst.)

['(B — D**Iv)/T(B — DX1v)= 0.173+ 0.017(stat.) +0.021(syst.)

“* Relative branching ratio I'(B — D**°[v)/T'(B — DX v) sensitive

to non resonant states B — D*®nrlv with nsl

Decay Mode EBranching Fraction
BT — [Ty + anything 109 4+ 0.4 %
Bt — D*(2007)%¢F
PDG 06 Bt — D%ty (215 £ 022) %>

Bt — D1(2420)% (0.56 4+ 0.16) %
Bt — Do(2460)%¢ 1y 3% (@
BT o D ntity,
BT - D*tntéty, 064 +015) %
BT = Dnnity, 7

David Lopes Pegna 15 31 October 2006



i‘f The B(B— D*lv)Puzzle
+ BaBar measures:

B(B— D*1v)= (4.77 + 0.39)%

- *x07- - o)
B(B'— D*°I'v )= (6.81+0.39)% B> D" v)(B " DXIY)
B(B— D*'nlv) = (1.93 £ 0.30)% measurement
» Disagreement between charged and neutral B— D*[v,

Form-Factor and Vcb

measurement

+ BaBar results compatible with BELLE:
Liventsev et al, PRD 72 (2002) 051109

B(B°->D™Iv )= 4.70+ 0.24(stat.)%

B(B->D™lv )= 6.06+ 0.25(stat.)%
B(B->D"nlv )= 1.81+ 0.20 +0.20%
Combined
RD*=$(B—_) D*OZ+VZ)/$(BO—) D*—Z+Vl) = 1.32+ 0.07 | BaBar and

Belle
% t(B")/7(B°)=1.071 :Puzzle?

David Lopes Pegna 16 31 October 2006



F Summary

ALEPH
» New BaBar |V_| and form-factor pesaoss T
parameter measurements reduce total |ora o -
uncertainty to less than 5% DELPHI (partal reco) ]
] ii?;;lgi 1.7 .
T(l)lv bl = (34.68to.32 i1.15 ) X 10 3 427+ 13+ 1.6 e
¢ BABAR .
DELPHI (exclu) I
. +OO3O 378+ 18+ 1.9 E
- With hAl(l):f(l):O.919_0.035 g
Hashimoto et al, PRD 66 (2002) 014503 B | |
35 40

45
F(1)x |V_| [107]

IV_| = (37.74:0.35(stat.) £1.25(syst.)" >, ) x 10°

-1.44

» Inclusive analysis: IVcbI = (41'961'0'23@)(,9. io'35HQE‘+O'59FSL) x 1073
» High accuracy measurement of PRD 73 (2006) 073008
BB— D, Jv) and I'(B— D IIv)[T(B— DXlv) will help to understand

disagreement between inclusive rate and sum of exclusive modes

David Lopes Pegna 17 31 October 2006
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%% Form factor and V_ measurements

» Select D¥’e*v events, p* > 1.2 GeV/cy, [ | [ BaBar
e ! Sl /8 Preliminary
D* - D", D’— Kn 3 / \
» Estimate combinatoric BB background £ |/ [t
. = - 1
from Am=m(D°rt)-m(D°) fit - %ﬁyy |
» Reduce D** model dependence in MC o4 '62'5'('6' L
by estimating D** background _ 'C;GBY,' <1.2
. . . . . . - +D
fraction by fitting cos 6_ distribution ***° =
on data ”,_’_2000:_ Signal
9 9 2 - Combinatorial
— 2 £ Other peakin
cos EET- _ _ .HrfE + .Hrf}r EEEV %1000_— er peaking
2pp Py :
% B

cosOgy

hep-ex/0602023

David Lopes Pegna 19 31 October 2006

- 16k events, purity ~85%
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Da
iB"—) D¥*1l*v Form factor measurements

+ Perform maximum likelihood fit to the four-dimensional cross sections

- one-dimensional projections of fitted distributions: BaBar
1000 ] Preliminary
m 00l 1000 EDDM
ma{m_ - oo 2 600 N
600 [ S 800t S 600 | e S [
%400_ {5.: i £ 400 | :“;’ w0r
& > 4001 9 5
0 200 | w (0 i g 200 -
T R T idhe 0 R SR
2+ 2 [ i ¥ 2 [
NESNE o s (N1 A T S B AT OE I St s
SHTE AT T S S M ] o P
1 11 12 13 14 15 4 06 02 02 06 4 06 02 02 06 1 o 05 1 15 2 25 3
w cost, cosh, »
29 fb! Signal MC vs. bkgd.-subtracted
+ We measure: datq

R =1.396+ 0.060(stat.) +0.035(MC stat.) +0.027(syst.)
R,=0.885+ 0.040(stat.) £0.022(MC stat.) +0.013(syst.)
p°= 1.145+ 0.059(stat.) +0.030(MC stat.) +0.035(syst.)

David Lopes Pegna 20 31 October 2006
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‘B(B— D**lv) Measurement

+ Systematic error dominated by limited Monte Carlo statistics and
background modeling:

Source AB(B — D" {v)/B(B — D" {v)|%|
DY Dfu D+ D;+
Efficiency MC Statistic 5.9 54 8. 8.1
Tracking .3 14 08 0.7
Particle identification 3.3 3.9 4.1 2.2
a-elliciency 0.1 0.1 41 0.3
Number of BB L1 14 05 0.7
B(D** — D"xt) 0.9 0.3 0.1 0.1
B[.D*U—J' Duﬂ_u] 0.1 0.2 6.6 0.4
B(D" — K) 27 0.6 33 1.9
B(D* — Kur) 0.2 0.5 1.1
Modeling 3.1 @ 3.0 13.3
Background parameterization 2.2 Z 2.7 1.8
Total 7.8 15.2 13.5 15.9

Relativistic Breit-Wigner for signal peaks, third-order polynomials
for background

David Lopes Pegna 21 31 October 2006
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a1 (B — D“"lv)/T(B —» DXlv) Measurement

+ Systematic error dominated by reconstruction efficiency
measurement and fit variations:

Systematic uncertainties in the measurement of (B~ — D)% 5, /T{ B~ — DX i ).

Systematic uncertainty on (&5 « Jale.=edlp ey « PN E™ 0]
B™ — D%, | B~ — D*"u, B~ — D%y,
Tracking efficiency (0059 (1OMH .04
Nentral reconstruction (.00 00003 ENININE
Electron 1D LML (.02 00007
MMuon 1D IERNLNLH .02 L
[nclusive Reconstruction
Cascade decay hackgronnd (.01 (1 (1
Conversion and Dalitz decay bhackgronnd (.00 (1.004 (.001
MO statistics and Mg fit <4 0.012 .01 TN —
Cross-feed corrections i (1.002 .04
Exclusive Reconstruction
Feed-down and feed-up corrections (L0035 0.002 0.002
MC signal shapes </ﬁm (0.002 D
D**% track multiplicity (.05 (002 (.00
M fit CLO00T IINES (00
Cross-feed corrections (.00 LG Ch AR
Fit Technigue
Missing mass and lepton momentum PDF (L007 (.02 0.008
Total Systematic Error 0021 0.027 0.021

+ Limited systematics from MC D** modeling due to analysis
technique, which relies on data

David Lopes Pegna 16 31 October 2006



