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The V_, element of the CKM matrix
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Determination of V., allows the determination of A, which is

important for indirect constraints on the CKM triangle. For
example, the CPV parameter € is proportional to A%,
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Inclusive Approach to b—>¢
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Hadronic effects are restricted to the
lower part of the graph.

Sum over all final states: only detect the
final state lepton.



Inclusive Approach to b=>c¢ (single leptons)
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Either cut at p*;, >1.4 GeV and accept large model dependence or
fit: the correlation between b 2c (direct) and b->c 2s [ v (cascade)
component leads to model dependence e.g. BF': 10.42% to 10.98%



Inclusive Approach to b=>c 1 v (dileptons)

To overcome this problem, ARGUS introduced a
new approach using dileptons.

Idea: tag with one high momentum lepton p™>1.4
GeV (to guarantee that it is from a primary b=>c¢
decay). Then examine a second lepton with
p>0.6 GeV.

The charge correlation (opposite for direct
leptons and same for cascade leptons) eliminates
correlation problem. The angular correlation
between the two leptons removes the background
due to leptons from the same B meson.



Application of the dilepton method to b>c1v
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Application of the dilepton method to b>c1v
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B->c | v with Fully Reconstructed B Tags
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BaBar: semileptonics from B tags
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» Branching fractions (preliminary) :

~ BF(B"-X e v) = (10.3 £0.6,,, +0.5, )%
~ BF(B® - X e v) = (10.4 £0.8 , +0.5_ )%
BF(B- X e v) = (10.4 0.5, +0.5, )%

BF(B*-Xev)/BF(B’-Xev)=0.99 +0.10

stat

=674+34

+£0.04,,.

(stat)



Determinations of BF(b—>c¢ 1v)

Eid, tracking,
and low p
background
subtractions

Good agreement between Upsilon(4S) and LEP results.



Conversion of BF(b>clv)to V

m=) | ){Vch|” OBr(B — XIv)/ 1

Using the Belle result
Model IVeb|x10~°
ACCMM 4.10+0.10 + 0.40
ISGW2 4.00 £ 0.10 + 0.40
M.Shifman 4.04 £0.10£0.20
P.Ball 3.95+£0.09£0.19

This type of determination also assumes quark-
hadron duality i.e. that the inclusive quark-level

rate reproduces the sum of a few exclusive states
(B=>Dlv, B2>D*lv, B2D"" [v)



OPE Expansion and Moments
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A, A, 4, are non-perturbative parameters.

A, (-) kinetic energy of the b-quark (a.k.a p_?)

A, hyperfine splitting from B*-B mass difference, A,
=0.12GeV2 (a.k.a p?)

A=mg—my+(A; -3A,)/2mg ... (energy of “light DOF”)

—Additional parameters enter at higher orders (p,,p,, Ty, T,,
15, T, ); use theoretical estimates

A, A, 4, are the main sources of theoretical
uncertainty in inclusive V , (calibrate y ).



Conversion of BF(b=>c1v) to |V

ldea: The non-perturbative parameters A, 4,,

A, can be determined from other experimental
measurements.

b->s y photon energy moments, - t Data
b—>c 1 v lepton energy moments, |
and b—>c¢ 1 v hadronic mass
moments.
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Events/83.3 MeV

BaBar: Moments of the M, Distribution
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d from two sets of moments:

determine

OPE parameters

CLEO °

&y = 0.236+ 0.071+ 0.078Ge V2

A=0.35£0.07 £ 0.10 GeV



BaBar: Problem with E; cut dependence of moments.
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Using the measured OPE parameters, can
determine a more precise V , value.

Ve = (40.4 £0.5(exp)+0.5(1,,A)+0.8(theo)) x 1073




V,, from B 2D 1 v at zero recoil

The differential rate for B>D [ v at zero
recoil is related to Vcb:

dar
dw

2
Veb FD(*) ’ (Cl.))

o: relativistic y factor of the D* in the B rest frame
(0= Ep+/mps)

o=v « v , the dot product of B and D™ 4-velocities.
Other notations are used including: w, y

1

—_ 2 2 2
W= (my+mp.—q°)
2mym,,.




V,, from B 2>D® 1v at zero recoil

dar
dw

2
Ve F " (@)

In the zero-recoil configuration, HOET symmetry

implies F(w =1)=1 with small theoretical
COrrections.

Luke’s theorem: the corrections to 1 are O(1/m?)

for B>D* 1 vin HQET. From models and lattice,
F(1)=0.91+0.04 (PDG)



Initial B meson

Light degrees of

freedom are not <
disturbed D F(1)=1 !




V,, from B 2D 1 v at zero recoil (theory)
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Experimental issues for zero recoil:

The D" is nearly at rest i.e. slow pion from

D*2D © has a very low momentum.

o
i

(8]

Slow Pion Momentum (GeV/c)

o
i
o

e
-t
()]

e
-t
(=)

o
o
G

I I LI I 1 LI I LI 1.00_! LENLENL I LR BNL RN |3|0|71IOP1|-?3|6_
[ (b) i

o

0.75- L) ¢ -

- 'Y . -

- . —

» * -

S0 —

(0 o w9 5 2 o & o ﬂz

Y -

0.25— —

-9 -

ill‘ 1 Lol Ll Ll O_II III IIII IIII 1 I L.l ]
1.1 12 13 14 1.5W 1.0 11 12 13 14 15

Rate 1s proportional to ppy«. (At zero
recoil there 1s no rate). Measure the
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functional form for F(w) and
extrapolate.

But at LEP
eff 1s flat.



CLEO 2002: B QD( ) lv mgnals
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CLEO 2002: V, from B >D® 1v at zero recoil
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Belle: Sensitivity of |V | to FF parameterization.

0.05

0.045 — Dispersion relation

----- Linear form factor
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Summary of fit results according to different form factor (FF) parameterizations,
where the errors are statistical only. Our main analysis uses values of R;(1), H2(1)
from QCD sum rules.

FF shape & Ri(1), Ra(1) |V | F(1) - 102 Ph, P, B(BY -+ D*te~p)  x?%/ndf
Dispersive & QCD sum rules 3.5440.19 1.35+0.17 : (4.59+0.23)% 3.38/8
Dispersive & CLEO value 3.58+0.19 1.4510.16 : (4.60+0.23)% 3.79/8

Linear & Heavy quark limit 3.4240.17 . 0.8140.12 (4.57+£0.24)% 2.23/8




B—->D"1 v Form Factor Parametrization Issues I

: >
di(B ~ D1v) _ CF M (M =M P NW =1(w+1)> g(W) |V, [ Fo.(w)

4w 1-2wr+r’° _M .
where & )_{+(1+w) 1-r)’ }’r_ %43

First round of measurements assumed a linear
functional form for F(y).

Flw)=F()[1-p* (o-1) + O(w?)]



B—->D"1 v Form Factor Parametrization Issues 11

dr(B - D'lv) _ G% /
( dw ):48§3MZ*(MB‘MD*)2 w=1(w+1)*gW) |V, [ F . (w)

Using the axial vector form factor A (y), form factor ratios R,(y) and R,(y)

gWF2 (w) = Hl _(?W’”;’”z j(l +R*(w) W_D +(1 +(1-R,(w)) W_lj }Af(w)
-r

w+ 1—r

Dispersion relations give model-independent bounds on form factors
(Caprini, NP B530 (1998))

R,(w) ~ Ry(1) - 0.12(w-1) + 0.05(w-1)? ) w+1+4/2
R,(W) ~ Ry(1) - 0.1T1(w-T1) - 0.06(w-1)7
A, (w) ~ A (1)[1-8rz+(53r2-15)z2-(231r2-91)z3]



V., from the end

Note strong V,, p?

correlation ‘ s |

point of B ->D® 1 v
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experiment F(1)| V| (><103) p? Correat
ALEPH 33.84 2.1+ 1.6 0.74+ 0.25+ 0.41 94%
DELPHI 36.1+ 144+ 2.5 1.424 0.144 0.37 94%
OPAL 3854+ 094+ 1.8 1.354+ 0.12+ 0.31 9%
Belle 36.0+ 1.9+ 1.8 1.45+ 0.164+ 0.20 90%
CLEO 4334+ 1.3+ 1.8 1.614+ 0.09+ 0.21 6%
World average | 38.3 £ 0.5+ 0.9 1.51+ 0.05£ 0.12  86%

Exp error is only 2.7% , limited by theory

Artuso and
Barbieri.



Uncertainty in B ->D"" 1 v background

15000 —2071101-039 | |
i I Explains the difference between
CLEO and other results.
1910000} .
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1

BF(B D" 11 v )= (0.64+0.08+0.09) %



B—>D 1vversus B>D"1v forV

(+)Detection efficiency for B=2D is higher
than B=2D" (no slow r).

(-)Background is worse for B=2D (no
D™ mass constraint) .

(-)B=2D v has a p,’ suppression while
B2D" [ v has only a pp« suppression

(-)Luke’s theorem does not apply to B>D 1 v. There
are O(1/m,) corrections. (See Ligeti’s talk).



Variables for exclusive semileptonic analysis via v
reconstruction (used for B=2D [v)

p miss - = Z pi
) miss = 2 E beam - Z Ei
M s = E 2 niss — P 7 iss

pv = (pmiss 3 pmiss )
Can then form AE and My
AE EEbeam _(EIT+EZ +EI/)

‘2

M, E\/Ezbeam ~lp.tp tp,

where Ebeam = 5.29GeV



Belle: B=>D1v

Signal :1099+57
Corr: 983 £ 22
Uncorr: 35 £4
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Results on V,, and p?from B2>D® 1v

BO->D [Ty BO-> D* [ty

All using a linear model All using a dispersion relation
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Test HQET: B=>D 1v versus B>D"1v

From the results of B® — D*te~i analysis at Belle, the ratio of Fp(1) and
Fp+(1) and the difference between p%, and p}. are measured to be

Fp(1) F 1.12 4 0.12 + 0.12 (Linear form factor)
= 3
Fp+(1) 1.16 £ 0.14 £ 0.12 (Caprini et al. form factor),

,

—0.12 £ 0.18 + 0.13 (Linear form factor)

= e = i
—0.23 £ 0.29 + 0.20 (Caprini et al. form factor),

The size of O(1/m) corrections is not large.

With more data, we will start to observe
these corrections to HQET.



Motivation for B>D®™ 1 v form factor analysis

HQET which is used to extract V_, also
predicts ratios of form factors.

Form factors are a major source of
uncertainty in |V ,| analysis.

Imagine B>D1vand B>D"1v as two body B>D W
and D" W decays. The first is a p-wave while the latter
can be either a s, p or d-wave



Definition of angles for B>D™ 1 v FF analysis

Fig. 34. Definition of the angles 6y, ¢;, and x in the decay B — D*¢{~». (These angles
are used for any P — V{vr in which the vector meson decays into two pseudoscalars.)
The lepton and neutrino are drawn back to back because they are shown in the W rest
frame. Similarly, the D and the 7 are shown in the D* rest frame. The angle 6; is thus
measured in the W rest frame, while fv is measured in the D* rest frame. The azimuthal
angle y is measured between the W and D* decay planes. In the literature, the angle &,
is sometimes defined as the direction between the charged lepton and the recoiling vector
meson, measured in the fv rest frame.



Differential rate for B=>D" 1 v

The differential decay rate for P(Qg§) — V (¢'9)¢ 7, V — PP can be expressed in terms
of these four kinematic variables ¢2, 8;, 6y and x (Gilm90, Korn90b):

dl'(P — Viv, V — PP, 3 ?
cgq_zdcos 6y dcosf; dy ) B 8(4ﬂ)4G%|%IQ|2%B(V = PiP)
x {(1 — ncos@,)?sin” By |H . (g*)|?
+ (1 4+ ncos 8y)% sin? 8y | H_(¢*)|?
+ 4sin” 0, cos® By | Ho(g?) |?
— 4nsin (1 — ncos B;) sin By cos By cos x H. (g*) Hy(q?)
+ 475in 6,(1 + 1 cos B;) sin By cos @y cos x H_(g*) Hy(q?)

— 2sin? @y sin? @y cos 2x H (*)H_(¢*)}, (113)

Involves three form factors H, (q?), H. (%), H, (g?)
corresponding to the three possible W helicities.



The w dependence of B>D*1v FFs.

12 T T T

10

Interference terms
integrate to zero 2




The w dependence of B>D"1v FFs
including interference.

Interference 4
terms integrate
to zero




MC simulation of B>D™1 v Dalitz plot
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CLEO: B->D" 1 v FF analysis
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Helicity amplitudes and HQET B->D" 1 v FF

mpeinp»
q*(w)

)(1 = Ro(w))]

Ho(w) = (mp — mp+) (w+ 1) ha, (w)

w—1
1—17r

x [1+(

Tt p«~
g% (w)
1—2 2 —1
x\/ wr —+r [1:F w
1—7r

H_(w)=(mp— mp+) (w—+1) ha, (w)

Measure hay (w) M +my)? | Ai(e®) |
R — hAS (’UJ) + (mV/M)hAz (’UJ) R1: I{ZZ1 m the
2{w) = hox () infinite mass
B [1 B 72 ] As(q?) 1mit
B (M +mv)?| Ai(g®)

Measure ratios, since h,, determines overall norm.



Helicity amplitudes and usual B>D" 1 v FF

The helicity amplitudes can, in turn, be related to the two axial-
vector form factors, A;(g?) and As(¢?), and the vector form factor,
V(g?), which appear in the hadronic current (Eq. 7.47):

Hola?) = g g (M? —miy — ) (M +mv) A (4”)
—4%@@2)1 (7.59)
and
Ho () = (M +my) A (@) F —2y (), (7.60)
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ok T .
R, wmp . - Ky
) DL o peedenies
A 4-dimensional fit is used to find the ratios R, R,
Ri(w=1) Ro(w = 1)
CLEO 11T 1.18 £ 030+ 0.12 0.71 £0.22 £ 0.07 .
Neubert 1.3 0.1 0.8 0.2 - Test corrections
Close & 1.15 0.91 to HQET
Wambach

ew2 1.27 1.01




Conclusions on V

Inclusive approaches give high precision results
(1.2% exp) limited by errors on OPE parameters,
theory and quark-hadron duality.

V,, = (40.4 £0.5(exp)+0.5(1,,A)=0.8(theo)) x 10-3

HOQET based approach to B-=2D* [ v gives

increasingly precise measurements (2.7% exp)
also limited by theory errors.

V., = (38.3£0.5(exp)+0.9(theo)) x 103

Check with complementary measmts (FFs, B=2>D 1v,..)



