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Semileptonic b decays

= Eclusive rates:
«b— D™lv = HQET
«b— D'lv = Vcb
sb— D*lv = V_, (nonews)
2 Ap—> VX = HQET (no news)

# Inclusive rate:
& b e IVXE — Vcb
& b —p I\’xu = Vuh
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CKM mixing matrix

e [n the Standard Model the elements of CKM are fundamental
parameters: their values rmust be determined experimentally

Using the Wolfenstein parameterisation

Vud vua vub
Vni Vcs V.:L. —
Via Vis Vip
l—};—] A : AN} p — in) ;
—A 1—-% AN + O(X)
AN (1 — p—in) —AXN® 1

e V.;, == third best measured CKM matrix element after Vi, Via

e Vi, = improved a lot with the LEFP measurements

Vus = A and Vi, gives A
V., information on p and i
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QCD: AQCD << Mep 3

b — ¢ transition is governed by Vi,
b — u transition is governed by Vi,

e Quarks are inside hadrons bound by soft ghions =
non-perturbative QCD

e Asymptotic freedom

— Energy of soft gluon ~ Agep ~ 250MeV << m.p —
heavy quark

— Range of interactions ~ 1/Agep >> ,!L;‘:’ff“m _—
perturbative (JCD

— Heavy quark properties are not resolved by soft gluon
= Heavy quark properties are preserved

o Heavy Quark Effective Theory (HOE'T ) ==+ simplified description
of processes involving heavy quark to heavy quark transifions 1.e.
torm factor in mg — oo limit
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HQET: QCD in the m,p; — oo limit

W ;
b i clw)
Veb
vulb
q q

e HQET = determination of V., and V,; from semileptonic b
hadron decavs

e Semileptonic B decays = non-perturbative QCD effects can be
described by invariant form factors, depending on the momentum
transfer between hadrons

e Non leptonic decays == no quantitative understanding of QCD
effects

27ch April 2000 Trieste 1LFP E. Barberio
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Two methods

b

#® Inclusive rb+Br{beI)

2_Br(B-> X lv)
}IETB

Vch‘

® Exclusive Br(B—D V)+HQET

1 dBr(BO—D*v)_ 2
3 g =K(w)F z(wﬁvcht

o =
e A S -
ms+m

L IStEs T

%=
a
<3

2m.,.m
Sl F(1) =1 K(1) =0
1 15 "
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V., inclusive

V| = KXT(B = X 1v)°(1-0.24(; 05)
[ &&1
{l’l"ﬂﬁ?}{} 'H}{JEG ”"“0‘024

,ﬁrr— rrfi—

X, any state containing charm
(b— ulv contribution subtracted)

Il 2=0.5+0.1 is assumed (HFWG)

[M(bsXLYy) = Belox L)

<
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Br(b —iv X )

main background: b—c—l|

b
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rating (b — £) trom (b — ¢ — £)

Typical (b — g) MC event in OPAL




Veb Inclusive

s St -, R et e e o
SO e R i
........ S e

# Experimentally

Brb— X[ v)
.I‘h

Nb—-Xl'v)=

where

Bi(b— XI'v)=(1040+024)%, (LEPEW)
7, =(1.56+0.01) ps (LEPWG)

using LEPHF estimation

)10~

theo

Vul::- = (40.75 i0'41ﬂﬁ +2.04
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B’ — D*t¢—v in HQET

« B' — D*tew
- largest branching fraction of B meson decay modes

@ HQET lowest order == one form factor £ {Isgur-Wise function)
as a function of the Lorentz invariant

w = vy X vp+ = D" boost in B rest frame

vig: B four velocity

vp+: D* four velocity

w = 1 for D* produced at rest in the B rest frame (rocoil)

e ¢ af rest in B rest frame == hadronic system is not perturbed

e HQET predicts:

£(1) =1

e maximum recoil w = 1.5
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B - D*¢—v in HQET .

e HQET = V,;, from B" — D*T€~ 7 at w ~ 1 with little model

dependence
e Measure
ar _ 1 dBr(B'-D* e w)
die = Ti0 dw
atw =1

o Differential decay rate:

dr
— = K(w)Fiw)| Vi
dw

e K(w) = Known function of w
K(1) = 0 = phase space D at w = 1
e F(w) = Form factor

Fw)|Ven|

-
1 (1) 1.5
dl R - :
e Extrapolate 5= tow = 1 from 5~ measured in 1 < w < 1.5

— Form factor shape is important

27ih Apedl 20000 Trieste LTF F.. Barhwrio




= B? produced at rest:
. Good resolution: o ~
Eps/Mpx
» poor efficiency at o~1

@ LEP (Z9)
» B? produced with large boost
(~30 GeV):
» poor resolution
. good efficiency at o~1

g-April-1994 E Barberio



Extrapolation of dll" at w =1 7

e Differential decay rate;

ir
= K(w)F(w)|Vi|?
dew

e the phase space is 0 at w = 1
e extrapolate from % distribution (1 < w < 1.5)
¢ Flw) = F(1) x g(w)

o Fit for F(1)| V|2

27th April 2000 Trieste LEP [1. Barberio




Form Factor

= New form factor:
RO R e e = P2

where

Vw1 -—-I-Jf

theoretical predictions:
0.14<p?*<1.54

F(4)=0.0810.05

8B-Apni-1999 E.Barbano



Kz* K3r Krr' Kza'(n") incl

Cleo x
Argus x x
Aleph x x x

Delphi x Xx X
Opal x XX
B —Dlv
LDﬂ:fr”—r- K7

Cleo X
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D“‘ba,c»kgtgumot
Mreatement
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(L.-_-—Punote,J

2z Total rate:
s Br(B%—D**+Iv)=(3.04+0.44)%

# decays involving D*:
» Br(B%;—D"*n'lv)=(0.58+0.08)%
» Br(B%—D*+K‘lv)=(0.61+0.22)%

= Narrow states:
» Br(B%—D"*;Iv)=(0.63+0.11)%
+ Br(B%—D",Iv)=(0.23+0.09)%

2 R** = 0.37 + 0.16 < 0.6 @ 95%CL

» from HQET naive expectations 1.6
=> 1/m_ corrections
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D" model

s ’ L o
e

2z Old model overestimate the
D** rate @ w=1

« New model = (w?-1)
suppression @ w=1

» different form factors:
3-parameter dependence s
4 -Pq,ra.-rﬂe»l'&r' VUty Semsctrve to R

» systematics = 0.5 of the
difference of the most estreme

case
{one parameter varied at a time)
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Vcb Exclusive

s e e

# Main experimental limitation:
B— D"*Iv background

2 new decay models (Ligeti et al)

= larger systematics ( P\“ <4 L. QEZQ)
BUT

new R** value = constraints on decay
models

6%(OPAL 95)=>2%(OPAL 00)"

*(same analysis)

CLEO will try to fit the model

= wide D** resonaces?
# future = average with CLEO

E.Barberio
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Vcb exclusive

ALEPH'

DELPHI

OPAL(mD

( ]'PAL{EKE'I]EWE]*

LEP average
* modified by WG

V., Working Group
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Vb Exclusive

Veb Inclusive

LEP average

V., Working Group
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39.741.942.2

40.810.41+2.0

40.5+1.8
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Hadronic mass
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: : g
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Br(b— X_Iv)

........

—  statistical + detector error

— b — ¢ error

—— b — u modelling error

ALEPH
1.7310.561+0.5110.21

DELPHI
1.5610.4610.440.22

L3
33+1.3£1.440.5

LEP average
1.67+0.35H0.38+0.20

8-April-1994
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LEP = inclusive v

z, and Br(b — ulv) o

b

zzBr(B—er”!u)

Val =—7,
V| =(4.0411-17)x1073

CLEO = B—splv

V,; inclusive = theoretical error more under
control

Future = do a global average with CLEO

7 March 2000 E. Barberio/CERN-EP 13




Condlsons
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