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Semileptonic B Decay — Why are they Interesting

= Semileptonic decays / A

= relatively simple theoretically at the parton level b §
= rate depends on CKM elements |V,| and -
the quark masses m,, and m, Vcb\\

T(b— ctv) |V, m2(m, —m,)’

= the leptonic current factors out cleanly,
thus one can probe strong interactions in B mesons
= Sensitive to QCD corrections, OPE
= accessible experimentally, the B — D* | v has the
largest single decay rate.

= A precise determination of |Vcb| with reliable errors
important for
= understanding B decay rates

= testing of the unitarity of the CKM matrix and predictions of CP violation in
B mesons
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HQE Expansions

= Heavy Quark Expansions, tool to correct for QCD effects

= Expansion in terms of 1/my and a(m,)

= Separate short- and long-distance effects at u~ 1 GeV
= Perturbative corrections calculable from my, m. a(mp)
=« Non-perturbative parameters cannot be calculated

= We choose calculation by Gambino & Uraltsev
= Kinetic mass scheme to O (1/ mz)
= E,moments QO (a j)

hep-ph/0401063 & 0403166

= M, moments O(a,)

kinetic

chromomagnetic

}O(l/mlf)

= 8 parameters to be fitted /—

V.,| m, m, BB>XAv) ul pe Ao Ris

NS

\

Darwin

spin-orbit
O(1/m)

= Measure 8 moments, each as a function of minimum lepton energy E,
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Measurement of Electron Energy Moments

| | o P BABAR it
= Inclusive e* spectrum in 3x106 electron- > . H t
tagged (1.4<p*<2.3GeV/c) BB events > o0k 47 9/ |+‘* B
» Corrected for detector effects 7 I i |
= Corrected for non-prompt electrons E J[ JrJf +
— lepton charge correlation and MC :-f 30007 J[H Jf '
» Corrected for B — B mixing ﬁ i 156,000 e* _+
Uu_' o5 L 15 2
= Moments for £, = 0.6 ... 1.5 GeV 0" GeVie|
» Corrected for the final state radiation
= Translated to B rest frame }o .
= Subtracted B — X, (v decays M = ECFB <Il:: Partial BE
Ep — MEH™dT
M= E:{;Efdr M= Ef | : ; (n=2.3) <|I:: Iéepton
[ dr [ dr nergy Moments
Ecut Ecut
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Measurement of Hadron Mass Moments

BB events tagged by a fully reconstructed @ BABAR
hadronic B decays . 7114 Events
« e* or u* with E, > E.; (0.9..1.6 GeV/c) ) — D, D*
» Lepton charge — B flavor correlation f,'>j high mass
= Improve m, measurement by kinematic fit to whole charm states

event, resolution ~350 MeV

To eliminate dependence of moments on .
uncertain BF and unknown masses of high mass c 2 4 6 8 10 12
charm mesons we calibrate m, measurement my? (GeV?)

Calibrate m, based on MC simulation

) ) > | slope =0.995 + 0.011

= Linear relation between m,eas and m,f'v¢ g 2 [Offset=0.010 £ 0.022 |

= \Validate calibration with excl. B— D(*) (v ~__ ool :
Moments corrected for detector effects and bkg £ 28]
£
L e Hadron mass 2]
E=E.. ) o r Tl

My = 5 n=123.4) <,I: t . slope = 0.799 & 0.007

[ dr moments ; offset = 0.256 + 0.016

Ecut e B e e g e g T R,y

1'61.5 2.1 2.6 3.1 3.6

_ _ thrue (GeV)
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HQE Fits to Hadron Mass and Lepton Energy Moments

¥ndf = 20/15

E, moments
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Red line: HQE fit

/ e = used, o = unused
| BABAR M, moments / in the nominal fit
2_10_ T T T |_ 4.5_ T T T |_ 96F T T T ] 22 T T
L_\ 2| A E ol
= 3 1 < - 1 < 9.2f 1 <
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=, f *ﬁ = H = | s
02 . i E 1
2021 M 1 a1} My . 8.4 M3 - 8
-
0.101‘\,\ . § g 0.18} . 0.00
L 1 < 171 SO g 1
. > | / d > r.\ 4 =
08 k. = Q o )] g % o -0.01
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= = F 1 = 010F '\ 1 =
0.06 g = = 15) / | o~ L . | »-0.02
L "'-.._ = ¢ ‘,.// | = L 1 =
0.04f Mg P 14[" M;' | | M, / {1 -003
1 | 1 TR 1 | | 0.02 L Z 1 1 ?‘M 1 | |
05 10 15 05 10 15 0.5 10 15 05 10 15
Ecut (GeV)

Yellow band: theory errors
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HQE Fit Results (kinetic mass scheme, scale p=1)

/

V,[= (414204, +0.4,,+0.6,)x107
B, = (10.61+0.16,  +0.06,;)%

Uncalculated
corrections to I

= (4.61£0.05,, £0.04,, £0.02, )GeV
m, = (1.18£0.07, £0.06,,, £0.02, )GeV

w2 =(0.4520.04, £0.04,,, £0.01,)GeV’
pZ =(0.27£0.06,, £0.03,, £0.02, ) GeV?
p3 =(0.20£0.02, £0.02,, £0.00, )GeV"
prs =(=0.09£0.04, £0.07,; £0.01, )GeV’

m, GeV)

4 8l BABAR

44F

' H'-acron All
(@)

~ Lepton 1
e Moments_'

Moments I\/Ioments'_

040 041 042 043
|Vew | (167)

%

»» Separate fits to hadron and lepton moments give consistent results
* ug2 and p g3 are consistent with B-B* mass splitting and HQ sum rules

% Considerable improvement in precision for |V| (£2%) and B, (1.6%)
and quark masses (factor of 6), as well as HQE parameters
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Decay Distributions for B0 — D* I+v
< Differential decay rate depends on 3 helicity amplitudes

dl(B—D*{v)  6GE|VaPM M. ry/(w? — 1)(1 — 2wr + %)
dw dcos 8y deos By dy 8(4m)4

{H+E|:1 — cos fg)%sin? By + H_2(1 + cos ;)% sin® Ay
+4Hy? sin? Hy cos? By — 2H H_ sin? #; sin? 6y cos(2y)
—4H Hpsin Bj(1 — cos fy)sin fycos By cos y
+4H _ Hpsin (1 4 cos 6y )sin ycos By cos y }

<« Amplitude are expressed in term 3 form factors
. ‘m’ 2 - _ Mj+Mp. -4
Aglzu:l o R*Q T _I_ ]_AI[LL:I 1 |: R*q L —|— 1All:u} = 2;1[3;1_{}]*

Perfect HQ symmetry implies R;(w)=R,(w)=1, i.e. A, and V are identical
A,(w) can be related to the Isgur-Wise function

haay(w) = ha,(1) (1 -w —1) HDo —1)2 + )

« Goal is to determine Ry(w), Ry(w), p?, C:
limited data: R;(w)= R;(w=1), Ry(w)= R,(w=1), ¢c=0

R/
*
R/
*
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B9 — D* I+ v Background Subtraction

a0

< Select: D™ I+ v: e p* 1.2<p* < 2.4 GeV/c

D*— DO TS, DO—s K* n, K*n'n®, K+mm
% estimate bkg separately in 10 bins of w
= Control data samples: AM= M(D° rc) — Mp

Fwvents/ 1014 /0.5 MeV

= Signal in [AM - 145.5 MeV| < 2.5 MeV 10+

» Background contributes both to peak
and sidebands

= MC simulated signal and bkg: cos@®gy
= assume missing particle in the decay

140 145 150

— Signal 1 BG
] Contimmam 1%
B Fake leptons
T Lake D*

155 160

163

A M (MeV)

Is a neutrino.

M3 + M3 — 2EgEy
20B Y '

2
=

-

Events/10°/0.5
|

cosgy = —

signal confined to |cos Ogy | < 1.0, 0
= 71k events, purity 76%
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Extraction of |V4| from B9%— D* I+ v Decays

» The decay rate integrated over angles is
dl’
T X Q(-LL-‘)F(R-‘)E

% extrapolate rate to w=1 and compare with HQET predictions.

>

) G(w) phase space factor

Val®,
o F(w) form factor, predicted at w=1 or g2,

*» With the FF definition of Caprini, Lellouch, and Neubert Nucl. Phys. B530, 153
_ Mp.y

. - — 1 — 2uwr + r? .
_,F(ILT)QL;(IL-‘) ='LL= - l(w + 1)2 {2 ! (1 _ ?,)2 ] I ﬂ-:'rrgu
2
w—1 w—1
1 ] 1+ (1
(1) + [ ()i |
We use measurements by CLEO:

R,(1)=1.18 + 0.32
R,(1)= 0.71 + 0.23

< and
Ry(w) = Ry(1) — 0.12(w — 1) + 0.05(w — 1)%,

Ro(w) = Ra(1) +0.11(w — 1) — 0.06(w — 1)?

0

% with w dependence of the FF as function of single slope parameter p,;?

ha, (w) 2 2 2 2 3 Vw+1-v2
~Al—8 + (53 —15)z° — (231 —91 e r———— —
hoa,(1) pa, + (53p4, ) (23104, )2 vw+ 14 2
10
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Extraction of |V | from w Distribution

*_

'-‘_

Perform 2 fit to w distribution, with backgroL ?g E‘%SVIV 5 e tuf,)_y}
estimated from AM and cos ©Og, distributions 10. g Take leptops M Take D _
< Fit separately et and u*, and adjust — - , f o= .
efficiencies for data/MC variations g b ! . E
S~ ’ - = u
+ Results of the fit: = - . :
E 5.0 - 55,000 Decays -
hA1(1)|VCb|=(35'5 :I:O'3stat :|:1'6syst) x10- § E
pAlz - 1.29 :I:O'O3stat:|:0'27syst \ w > s N

: 0.030 Hashimoto etal.
s With 2,(w=1)=0.9197 < PRD 66, 0145\1 L TR

e 35
| b|_(387+0 3stat—1 7syst—13A)X10 ™ E
o L
= 30
<+ Branching fraction fal.
B (B~ D™ I* v)=4.90 % 00745 + 0.365,5)% = 25 |
S
<« Syst. errors dominated by error on Ry, R, ;é 00 o |
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B - D*1|v: Fit to Differential 4-dim. Cross Section
Perform unbinned max. likelihood fit to 4-dim. cross sections

/7

% Projections of fitted distributions

L Dominant syst. uncertainties:
Data restricted to: e*, D°—K-r* BABAR Preliminary

Background subtraction

3000 ' 2000 I T T [c:‘.l_
o 200 N 2000 , 1500far " .
= S 2000 o &t i
: 1000 : - 2100 l
|- g g 1000 - 1 5 - .
g E: 4
l% ;7 1000 it I | @ spof 1
0 L ] L l 0 0 ] l 0 l
1.0 12 14 -10 05 00 05 10 -1.0 0.0 1.0 0 180 36
s W cosh; costh, ¥
RR T We assume: ¢=0.0; our results are also consistent with
* Pre“mmary Results R,(w) and R,(w) parameterization by Caprini et al.
R,= 1.328 £ 0.060 g, + 0.025 R,=1.18+0.30+0.12  CLEO
R,=0.920 £ 0.048 1, + 0.013 4 R,=0.71+0.22 + 0.07 PRL 76 3898 (1996)
p2 = 0.769 £0.043 i, +0.032 p?=0.91%0.15 + 0.06

/7

% stat. errors dominate (data &MC) — though improved by factor of 4 - 5
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Conclusions

< Based on 80/fb, ~30% of the current BABAR data, we have made significant advances in the
analysis of semileptonic B decays.
< HQE fits to moments hadronic mass and lepton energy moments yield

|V, |=(41.4104, +04,,,106,,)x10°| BB X.I v)= (10.61 +0.16,,, +0.06 1iqe)%

Also high precision measurement of m, and m., and exp. determination of HQE parameters.

< Analysis of B — D* I+ v result in (still based on CLEO FF)
\V,=387+0.3,,  £1.7

L)

+3,)x10° B(BO—D* I* v) = (4.90+0.07,,, + 0.36,,,) %

Syst

The dominant errors remain the large uncertainties in R1 and R2.
Substituting the FF with the preliminary BABAR measurement we obtain

| ch |_ (37 0£0. 3staz_1 3sysz —13A)X10 -

The shift is due to change in acceptance (lepton spectrum) and w dependence, including
some subtle differences in the definitions of the FF

< Present experimental accuracy requires further increase of precision of theoretical calculations
to realize its potential in determination of fundamental Standard Model parameters.
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Summary of BABAR Results on |V4|

Recent Measurements of |V |

Exp. Determination of Quark Masses

Hi] @+ BABAR (OPE)
H— i —H CLEO-1 (OPE)
-+ CLEO-2 (OPE)
—— DELPHI (OPE)
——+——EBABAR (Ey)
- Belle (E,)
-e_——’— BABAR (D*1v)
—+@—+——  HFAG (excl. D*)
30 41 43 103

> |inc|usive

> | exclusive
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()= 4.22 £ 0.06 GeV BABAR
ALEPH 00 : 5
OPALO1 | 5 |
DELPHI98 | 5 |
099 | 5 |
| | | |
35 40 45 50
m,(my,)[GeV]
Mie(o)= 1.33 £ 0.10 GeV BABAR
NOMAD 00 : |
CHARM 99 5
| | |
1.0 15 2.0
o m(m)[GeV]

8700402

Conversion to MS scheme (N. Uraltsev)
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Back-up Slides
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*) Private communication:
O. Buchmdiller,
P. Gambino, N. Uraltsev

Scale Dependence of HQE in the Kinetic Scheme

< Variation of the scale dependent HQE parameters simultaneously in the

range n=[0.5-1. 5] GeV. (except c-quark mass p=[0.6-1.2] GeV). ®

—— scale variation
B AtheciBABAR Fit)
[ ] +10% O(1im,2)
:+ and £10% O{1/m,3)

| |
| |
204 i
202F | !
i T T
0.6 EIE 1 “IE 111
scale 1L in GeV
#q 1 III|III|III|III|I
e !
= 102} !
W |

IJE: L'IE

1

scale 1L in GeV
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12 111

W

<Mxt=

485 -
48| -

4.55 _
4.5

4.45
44
435
a3f -

a2s | -
Wl NN BN RS TR i
e o8 A 12 1.4

ascale 1 in Ge¥

SRARERRRE RRRN RN RS
23 f | ! =
225
22
215
21
20.5

20
18.5

L'IE‘- IJE-

1

12 1-.1.

ascale 1 in Ge¥

F—— scale varmtmn
- Atheo{BABAR Fit)
FC 1+ 10% O(1/my,2)
E- and £10% 01 .fmbﬂ:l

: 1.2 14 e 08 1 . .
scale 1 inGeV scale 1 in GeW

oe 08 1

1.2 14

scale 1 in GeW

DPF2004 Riverside

[=]

-

]

[=.=]
|

IIIIIIIIII IIIII
1.2 1.4

Theoretical
uncertainty from fitted
HQE parameters

+10% variation of O(1/m,2)
and O(1/m,3) terms
Corresponds to 0.1x10-3
uncertainty in |V |
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Scale Dependence of HQE in the Kinetic Scheme *

The observed scale dependence of the predicted moments in the kinetic
scheme is very small and even for scale variations in the range
n=[0.5-1.5] GeV (the default is p=1GeV),

the observed moment shifts are covered by an uncertainty of the O(1/m,?)
and O(1/m3) contributions of +10%.

Such an uncertainty translates to an error on |V, | of 0.1x103, compared
to the assigned theoretical error of A |V,| (theo-BABAR) =0.7x10-3.

*) private communication: O. Buchmuiiller, P. Gambino, N. Uraltsev
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|V | Measurements based on B — D* | v Decays

MF_‘ 7
ALEPH i Ayi=1
337+ 21+ 16 H——H 2 *
OPAL (partial reco) ! e 45 -
385+ 124 24 '_"H:'_'_' __.:5
OPAL (excl) | - DELPHI
393+ 164 18 I—Fl—l—l—i — 7 (excl) OPAL
DELPHI (partial reco) ! X (excl)
369+ 144 25 T :40_
BELLE ! — Y
ST il i OPAL 7 YAVERAGE
! Yart, reca.
CLEO : ‘ DELPHI
436+ 131 18 : ——e— (part. reco.)
DELPHI (excl | ALE
R S 35 ALEPH BELLE
BABAR ——

Average |
37.8+ 09 e

HEAG | RN HFAG

|

o Hidof = 25.3/14 ! i % 25,

| ' | ' | ' T ' T ; i ' i ' I ' I .
25 30 35 40 45 0 05 1 1.5 2

F(1) x [V ] [107] 2
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Back-up Slides
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[ B=X v | o BB (OPE fit)

i average HFAG
@+  BABAR (e tag)

—g— Belle (4 tag)

—i— CLEO (f tag)
BABAR (breco)

L0

——8-+ Belle (breco)

ARGUS
11 %
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