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ABSTRACT

We show that, within the standard left-handed six-quark model, the
lifetime of the B-meson (lightest meson containing a b-quark) must be
between 10_11 sec and 10--14 sec. The upper bound is new, and may be
useful to experimentalists who consider measurements of. the B-lifetime.
The derivation is based on a trivial calculation, using an expression for

the ¢ parameter in the CP-violating decay KE > 27,
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In the standard left-handed six-—quark model,1 all charged weak

-

transitions as well as some CP-violating amplitudesz’3 can be expressed

in terms of four parameters: Three Cabibbo-like angles 0 8., and

10 %2 %3
one phase §. The lifetime of the lowest lying meson containing a b-quark
(the B-meson) depends on these parameters. One of the angles (61) is
known. One constraint between 62, 63, and 8 is provided by the e-para-
meters of CP-violating Kz decay.3 In addition, we have upper bounds for
92 and 63. It is a simple matter to derive the upper limit and the lower
limit for the B-lifetime, subject to these constraints. We do so in this
14 <

note, and find that for m, " 15 Gev, 10 sec ~ Tb S 10_11 sec.

The parameters 61, 62, 63, are defined1 by the charged current:

d
J = (uct) Yu(l = ¥s) A(s) ‘ - (1)
b

A is a 3x 3 matrix given by:
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where
c, = cos 8, 5 s, = sin 0, H j=1,2,3 .
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We know that:l’4
6, = 13.2 ¢ 0.5° (3)
8y % 16° (4)
m
tan”0, 5 —= (5)



Assuming m > m the b-quark can decay only into u or c quarks.

We assume that there is no significant enhancement of nonleptonic B-decays.

Consequently, we may write the following expression for the total width:5
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Each of the factors Ku and Kc contain 5 terms, representing decays into

) ) ) 2 c i . We neglect m m m m m
e ve, u vu, T vT, du, sc, respectively e glec e My Myo Bgs Wy

. 5
with respect to m . f(ﬁ) and ¢(m1,m2;M) are kinematic factors™ relevant
to the decay of a fermion with mass M into one massive and two massless

fermions, or two massive and one massless fermions, respectively. We

have:

F(x) = (1-x7)(1-8x2+x7) - 1257 90 (x%) (12)



The function ¢(m1,m2;M) is simplified for my = my:
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Assuming:
m = 4.5 GeV ; m, = 1.4 Gev ; m = 1.8 Gev (15)
We obtain
P =6.3x103 sec™d 5 K =6.8 ; K =3.1 (16)
o u c -
We can therefore write
r, = 4.3 x 1014 X G845 6,5 O <S)se(:-l (17)
b . 1’ 2’ 3’ .

where
G(B8,56450,58) = (s,8 )2 + 0 45[(c CAS )2 + (s,c )2 + 2¢c.c,.s.c.5,c08 §
1°92:83 1%3 ' 15253 523 1%252%3%3
(18)

Since 61 is known, G depends only on three unknown parameters. One

relation between 92, 93, and § can be obtained from the CP-violating

decay KE - 21r:3

e = 2 89C,S4 sin ¢ P(ez,n) (19)



where

P(,ez,n) (20)

2
t .

and n = mczlm
This expression3 for € is probably valid only within a factor of 2 or so.
It depends on the assumption that the "vacuum' intermediate state dominates

the K°-K° mass matrix. We can now substitute Eq. (19) into Eq. (18),

obtaining:
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For any given value of m, we can compute the allowed range of P(Gz,n),
and using that range, find the upper limit and lower limit of the ex-~
pression (21), for all 62,93 values subject to the bounds of Eqs. (4) and

(5). Using the obtained value of G we can then compute Fb and Ty

The results of the calculation are given in Fig., 1. They depend on m, and,
to a lesser extent, on m, . Any change in the expression for ¢ (Eq. (19)) would
yield a similar change (by approximately the same multiplicative factor) in our
upper limit, but  no substantial change of the lower limit. For most reasonable

values of these



parameters, the allowed range of values is around:

10“14 sec £ 1, < 10—11 sec (23)

For m, " 15 GeV, the longest allowed lifetime is achieved for:

lezl o 20 : ‘631 n 29 3 6, v -0 3 § 170 (24)

while the shortest lifetime is obtained for

m
o C
63 v 16 5 62 N oare tan ’?t‘ (25)

and is almost independent of §.

It might be tempting to try a ''best guess" for Ty Several authors

have tried to express the angles 91, 62, 6, in terms of the quark masses.

3
While all of these attempts make many unjustified assumptions and suffer

from many defficiencies, one of the obtained estimates6 for the three

angles is aesthetically appealing to us:

m
tan29 N d H tanze n =S HE tanze n =2 (26)
1 mS mt

Using these values we may calculate Ty producing an "uneducated
guess." It turns out, however, that the result is very sensitive to the
(unknown) relative sign of 6, and 63. We therefore have two such guesses,
both shown in Fig. 1. Note that both guesses are far below the predicted
upper limit of Ty
Our upper and lower bounds are calculated entirely within the frame-

work of the standard model.,, Any of the following variations of the model

may eliminate our upper limit:



(i) 1It is possible that CP-violation is partly or entirely due to
other effects such as Higgs couplings or right-handed currents. Eq. (19)
would then be inapplicable.

(ii) Additional quarks may exist, leading to a proliferation of
angles and phases.

(iii) Right-handed currents mediated by heavy vector mesons may
exist, contributing to b-decays and to Ki > 2m,

For any of these variants, other bounds may be obtained, but the
number of possibilities is so large that we do not find it useful to
pursue them here.

If our bounds are valid, the lifetime of the b-quark (or B-meson)
can be measured only by techniques which, at present energies, can
detect tracks (or gaps) whose length is of the order of 1 cm or less.
The only presently available experimental upper limit7 on T, is 5><10"8
sec, several orders of magnitudes above our upper limit.

We have learned that crude estimates of the upper bound for L were
mentioned by Glashow8 and by Ellis.9 Our results, based on detailed
calculations are different, but are essentially based on the same simple
procedure.

I thank J. D. Bjorken and L. Wolfenstein for discussions, and

Mark Wise for pointing out two algebraic errors in the manuscript.
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Fig. 1. Upper and lower limits for the lifetime of the lightest

The bounds are plotted as a function
of my. The shaded area for each bound represents its sensitivity
to the variation of my between 4.5 and 5 GeV.

meson containing a b-quark.
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T and II represent '"guesses'" based on Eq. (26) in the text:
(I) 6,6, < 0; and (II) 6,6, > O.
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