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For a top quark of large mass certain processes, normally suppressed by the extended
Glashow-Iliopoulos-Maiani mechanism, may proceed at a measurable rate. We examine
the induced decays b—s +v, B,—7+7", and B;—yy and the mixings of B, (B,) and B,
(B;) mesons; the b—s 4y decay and the neutral-meson mixings give sensitive tests of the

top-quark mass.

In the Kobayashi-Maskawa! (KM) six-quark
(and -lepton) model the tree-level couplings of the
neutral gauge bosons (and Z) are naturally flavor
diagonal in the basis of quark mass eigenstates.
Furthermore, this extended Glashow-Iliopoulos-
Maiani? (GIM) cancellation implies that flavor-
changing neutral-current couplings induced at the
one-loop level will vanish if the virtual quarks ap-
pearing in the loop are degenerate in mass [and
similarly for induced mixings of neutral mesons
such as K® <« K° (Ref. 3)]. As such, flavor-
changing neutral currents and induced neutral-
meson mixings provide a measure of the mass
splitting between the virtual quarks involved.

In this paper we will examine the constraints one
may put on the mass of the as-yet-unobserved top
() quark from limits on the mixing or neutral-
current decay of ‘B mesons. This follows the ap-
proach® used to infer limits on the charmed quark
mass from the decays and mixing of neutral kaons.
Examination of these kaon processes in the six-
quark KM model has recently been undertaken*>;
these authors have extended previous treatments by
calculating the induced vertices for arbitrary
intermediate-quark mass, whereas previous work®
considered the limit My /My << 1.

We wish to extend this analysis to the decays
and mixings of b quarks; when combined with the
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constraints from K decays, these processes present
direct and experimentally feasible tests on the z-
quark mass. There have been analyses of the mix-
ing of neutral B mesons previously; however these
utilized expressions for the mixing matrix element
only valid for M, << M, .%°

Consider first those decays of the b quark which
involve the emission of a neutral gauge boson:
b—s +7v, b5—1777; bs—vyy. We estimate the
branching ratios by dividing the computed width
for the decay in question by the total B-decay
width, which we take? to be

L(B)~I'(b—c + W~ —c +X)
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where V). is the (b,c) entry in the KM' mixing
matrix,'® with s; =sin6;, ¢; =cosf;, 0<6; <m/2,
i=1,3. In Eq. (2) we use 0; << 1 to retain only
leading terms in sinf;, and use the explicit solu-
tions of Ref. 10 in the numerical computations.
@) b(py)—s(py)+7(qg,€). This will proceed via

an induced magnetic dipole transition matrix ele-
ment:

2 Vib VgngﬂevﬂPZ)va(MbR +MsL)b(P1) ’ (3)

where L (R) are the left- (right-) projection operators, the sum is over intermediate quark states, we have
dropped terms suppressed by powers of the initial- or final-quark masses (assumed small), and*>
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where Q; =% is the charge of the intermediate quark and x =M;2/My>. The resulting decay width is then
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An inspection of the KM mixing matrix shows that the b-—s +7 decay is favored over b—d +7; to lead-
ing-order in s; the KM mixing angles enter in the samé way for this process (and the other rare decay pro-
cesses) as in the leading-order term for the full b decay width and so do not appear in the branching ratios.
The branching ratio for this process is shown in Fig. 1.

(ii) B>—>7rt7~. The width for the decay is*>
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and x =M,%/My,* for the ith quark in C’(x), and
f B, is the pseudoscalar meson decay constant. The
branching ratio is shown in Fig. 1 by the long
dashed line and would seem to be too small for it
to be seen in the foreseeable future. The decays
B2 —putu~ or ete ™ are further suppressed by the
helicity mass factor.

(iii) B>—yy. The width for this decay is’
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where f (?l)=2—27T2 Bz if 48<1 and f(B)=2 5 FIG. 1. Branching ratios as a function of quark mass
—8B[sin~!(1/v2P)] when 48> 1, and x, =Mp"/ for the decays: b—s +¥ (solid line), B;—7* 7~ (long-
My Again the branching ratio appears to be too dashed line), B,—yy (short-dashed line).
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small for observation at present.

For the b—s +7 mode, in the rest frame of the
B meson, the final state will involve a strange
quark “‘jet” recoiling against a photon. As the jet
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system proceeds’ ~® by direct analogy to that of the
K-meson system. The CP-conserving piece of the
mass mixing element for the B,? mesons is given by

=0
is of low energy (~Mp /2), it should have dom- AM =2Re(By | — | B;))
inant few-body modes such as K* —K or
Q—Kmm. Hence the signature for b—s +y will _ }_ _GL f Re(E.,)
be B—Kmy or B—Kmmy with the y mono- 3V2 447's1n B oM B B
chromatic and the K (or K7r) system recon-
structing to a K*(890) (or Q) meson.!! (Note: the (10)
analogous decay b—s + G should proceed at an where
even larger rate, but unfortunately does not seem _
to have a distinct final state in which it could be E= 2 ViaVie Vi Vio E(xjx1)
isolated). k
The analysis of mixings in the neutral-Bg-meson with
|
= 1 1 3 1 3 1
E(xj,x )= —xx l (x;—0) 2 -1 4 17 ]lnx] (11
1 1.3 1 3t |3 1
e—xj) |4 2 =1 4 (—12| © 4 (x;—Dlxg—1)

where x; k= M;,; 2/My,? with j,k the virtual quarks. In these expressions we have retained the full depen-
dence*~7 on the intermediate quark mass, including both gauge-boson and Higgs-boson-exchange contribu-

tions to the box diagrams. Renormalization effects from the strong chromodynamic interaction are expect-
ed®!6 to be small and are ignored. To leading order in s; the mixing functions are

RC(E 0)

89)= 512(s3%+25,53c088 +5,%c0s28)E (x,,x, )

—251%(5,53c088+5,%c0828)E (x,,X, ) +5%5,%c0s28E (x,,x,) ,

Re(E o) =(532425,53c088 +5,2c0s28)[ E(x,,x,)—2E(x.,x; )+ E(x;,%,)] .
BS

This mixing will have an effect on the decays of
BJ) meson pairs produced in e *e ~ annihilation'>!3
with the most experimentally distinctive charac-
tenstlc of mlxmg occurring when both members of
the B (B ) pair undergo primary decay semilep-
tomcally The fraction of same-sign dileptons pro-
duced is'>13

_ Ntt4N—~

T Ntt4N- 4Nt 4Nt

_ [4(AM)*+(AT)][8T2+4(AM)* —(AT)?]
B 32[T2+(AM)?

b

(14)

where T is the width of the B;) meson and AT,
which is the difference in width of the CP-even

(-odd) eigenstates of the B,;) system, is small com-
pared to T'.

There are two physically distinct sets of KM
parameters'*~!® corresponding to 8 ~0 (quadrant I)
ord~ (quadrant II). This gives an ambiguity for
R in the case of By (Bd) mixing but, to leading or-
ders in s;, does not affect R for Bo (B, 9 mixing
(nor, as noted above, the branching ratio for
b—s +7).

In Fig. 2 we show the ratio R computed using
the vacuum insertion approximation for AM and
taking a range of pseudoscalar decay constants f B,
spanning the values given by the Dpapers in Ref. 17
From Fig. 2 we see that for B? (BY) mixing, R
rises to within 10% of 1ts max1mum value by a ¢
mass of 0.4 My,. For B (Bd) mixing on the other



1992 BRIEF REPORTS 25

1.0

-

LR

107

w«///\////%
A
|

L} llllll

NTTaNT
NTHeNTT+Nt—+N—t
T

T 'I]llll

L]

T
A

107

N
S
oF

0 8 1 2 3 4

Mt /Mw

FIG. 2. Fractions of dileptons of same sign in pri-
mary decay of B%-B° pairs: BY-B? (solid line), BJ-B J
[short (long)] dash corresponds to KM parameters for
solution with 8 in quadrant I (I)]. The shaded areas be-
tween each pair of lines shows the effect of uncertainties
in the value of the pseudoscalar coupling constants.
Note the change of scale in the abcissa at M,/My=1.

hand, R rises more slowly and is sensitive to the ¢
mass over a larger range; however for this system
the quadrant ambiguity must be resolved before
one can infer the ¢ mass (conversely, if one knew
the ¢ mass from direct measurement this would be
a convincing way of resolving the quadrant ambi-
guity).

In summary, the decay b—s + ¥ is sensitive to
the ¢ mass over a wide range; furthermore, it has
the distinctive signatures B—K*y— Ky and
B—Qy—Kmmy. The mixing of neutral B mesons
is sensitive only to light ¢ masses for B (B-so ) and
for BY (BY) suffers from the present quadrant am-
biguity in the determination of the KM matrix.

Note added. After completion of the present
work we received a paper by Buras,'® in which he
derives constraints on the z-quark mass from the
K; -Kg mass difference and the decay rate for
K, —»utu.
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