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ABSTRACT

The decay widths for beauty-meson exclusive
decays into various baryonic pairs are calculated. The
typical decay widths lie in the intervals (B is the light
baryon B. is the charmed baryon ): :

a) Br(B —BB.) ~Br(B —+B.B:) ~(0.03+0.3)% ,
b) Br(B ——B\By) ~(0.5=2)10"*| Vou/ V|2 1075,

All our predictions for various B —>B;B, decays
are much smaller than the famous ARGUS results for
B~—ppn~ and B'>ppatn— decays. We see no possi-
bilities (within the standard model) to obtain the
branching ratios as large as those reported by
ARGUS.

© Hncruryr adepnoii guauxuy CO AH CCCP

1. Very interesting results have been published recently by the
ARGUS group on the exclusive decays of the beauty-mesons
B~ (5.28) into baryons LR

Br(B~—ppn~)=(3.7+1.3+1.4)-107*,
Br(B'—-ppatn~)=(6.0+2.04+22)-10"1*.

These results are of great importance, as they are considered to be
the first observation of direct b—u transitions.
The purpose of this paper is to present the results of theoretical cal-
culations of various two-particle baryonic decay widths oi beauty-
-mesons: a) into two light baryons B,B,(pp,At* p,etc.); b) into
one light and one charmed baryon BB.(pX., pA., etc.); ¢) into two
charmed baryons B.B.(2.E:;, A:E ...); d) the’ b—s penguin
contributions (p=™, pA° etc.).

Below we describe in short the method ol calculations and pre-
sent the typical results obtained for the decay widths. (The detailed
description will be published elsewhere).

2. The following method has been used for calculations. The
beauty-meson is replaced by the local interpolating current, {5, with
the momentum g¢, Fig. 1, and the spectral density in ¢*, 87(g?%), is
calculated. The «sum rule» is written down then, i. e. the spectral
density is integrated with the weight exp{—g¢®/M?* {rom the thre-
shold M; (M, is the beauty quark mass, M, is the beauty meson
mass) up to the beginning of the continuum, Sz. As a result, the
decay amplitude T is:
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s L
r=(~' | dg*67(g?) expf — ‘*’—M;’“i} +(corrections) (1)
Mg

where the constant  is: (0|/z|B). The right hand side in (1) (neg-
lecting corrections) is fitted in M® and the best fit determines the
decay amplitude T,

The eq. (1) without corrections is a kind of «a generalized dua-
lity», rather than a genuine QCD sum rule. The reason is that the
decay kinematics is essentially Minkowskian and, at present, there
is no simple method of calculation of the power corrections in this
case. However, the experience with the usual QCD sum rules
teaches us that the main power corrections are usually due to the

u(€)

Fig. 3. Fig. 4.

quark bilinears (0[g.q,|0). Therefore, to avoide large corrections,
we have used in our calculations only chiral currents, i. e. the cur-
rents which contain light quarks with the definite helicity only.

To check the above method, we have applied it to the simpler
case of beauty-meson decays into two light mesons. Fig. 2, and
obtained results close to those obtained in [2] by the different
method.

3. The diagrams like that shown in Fig. 3, containing the hard
gluon exchange, are the dominant ones in the formal limit My;— oo.
Using the N and Aj; leading twist wave functions found out in [3],
we have calculated these «hard cointributions», and they turned out
to be anomalously small. For instance,

Thara(B~>ATT p)~(3.1072 GeV?) Gp Vi N; Ng)
Br (B >AY " pliura=~4 Br (B'>pp)nara =6+ 1077| Vuf Vil ®. (2)

There are special reasons for such an anomalous smallness of hard
contributions in these decays, but we don’'t touch upon this point
here. Let us note only that we also estimated these hard contribu-
tions directly, i. e. without introducing the interpolating current in-
stead of the B-meson, but using the B-meson mode! wave function.
The results are in a reasonable agreement with (2).

4. At the real value of the b-quark mass the dominant contribu-
tions into the decay amplitudes give the «solt contributions», which
contain no pcrturbative gluon exchange, Fig. 4. (In other words, the
additional qusz - pair is created here irom the vacuum by non-per-
turbative forces:. These soft contributions, although small paramet-

rically in the fcrmal limit My— oo, are enhanced numerically (there

is no loop smaliness ~a/m, etc.).

To calculate these soft contributions, we have used the same
method: the baryon B(ps) was replaced by the suitable interpolating
current v, Fig. 4, and «sum rules» for the double spectral density in
g and p, were written down.

Let us note that because the final diquark (u, Cd,) is produced
locally and is here in the 3-color state, its isospin is zero. In other
words, there is A/=1/2 selection rule for B — BB, decays. As a
result, there are B —AN decays, but there are no. B —NA
decays.

Below we present some results which were obtained with the
help of the above described method.
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5. The decay B"->pp. When the interpolating
n"=(u; Cd, )u; is used for the proton, the result is as follows:

T(B’—>pp) ~(3.4- 1072 GeV?) G Vs N, Np) |
Br(B%—>pp) ~0.8-107*| Vsu/ Vel (3)

current

To check the accuracy of the method used, we have calculated
the same amplitude by wusing other interpolating current;
. =(u, Cyudg)u; . The result is:

T(B°—>pp) ~(5-107* GeV?) GrViu(N, Np) .
Br (B'—pp) =~ 1.6-107% Viu/ Vel % (4)
These two calculations are independent ones, and the compari-
son of (3) and (4) shows the typical accuracy of the method used.

Because our purpose is to obtain the characteristic values of various
decay widths, such an accuracy is sufficient for us.

6. For other decay widths we have obtained:
Br (B_—rﬁ_Jf‘-"_ p)=0.25Br(B"—>pp),
Br (B'>A* p) 221075 Vou/ Vil (5)
Br (B~ —+pn) ~0.6 Br (B"—pp) ~2 Br (B"—nn) ,
Br{E“—»ﬁffﬂlM})) ~ 1.5 Br{B">pp) ~1.5 BF{B_—}pN‘}( 440)) .
In summary, our main result concerning the decays into two

lightest baryons in the following. The typical decay widths lie in the
interval:

Br (B —BiB3) ~(0.5+2)-10"* Vyu/ Vel

At | Viu/ Vel <<0.2 these numbers are 40— 100 times smaller than
the ARGUS values (1).” We see no possibilities (within the
standard model) to obtain so large values as those reported by
ARGUS [1].

_ 7. Using the same method we have calculated alsc the
B —BB. decay widths (Fig. 4 with the u-quark replaced by the
c-quark). Some typical numbers are:

")  There are the arguments and estimates showing that
Br (B™—ppn~)<<Br (B">pp) for a non-resonant pion and that
Br (B~ —ppn~)<<few Br (B">pp) on the whole.
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Br(B'—>p2. ) =3-1073, Br(B'—pA. ) =4-107",

Br(B~—AT* 5 )=1.107% . Br (BT>A*t+ A )~15.107%, (7)
Br[:B_-ﬁ—ﬁZE}ZE'IU_E.

Therefore, the typical widths for the B —> BB, decays lie in the
interval:
Br(8 -—BB.) ~(0.03+0.3)%. (8)

Comparing the B —BB. decays (see (7), Fig. 4) with the
two-meson decays (Fig. 2) one sees that the decay widths are
approximately the same, i. e. the ami)lltude for picking up the
light-quark pair from the vacuum is ~O(l) for B ——>BB." On
the other hand, this amplitude is ~O(1/10) for B —BB, decays.
The reason is that the light quark carries only a small,
~0(My/M.), fraction of the B.momentum, and it is much more
easily to pick up softer quark from the vacuum. At the same time,
there is no additiona! parametrical enhancement when the second
light baryon (B in Fig. 4) is replaced by the charmed one. So, the
hierarchy of amplitudes has, roughly, the form:

T(B' —>BB.) ~T(B —>B.B.) ~(5=10) == T(B —>B,By) . (9)

8. Since the charmed baryon wave functions are unknown at
present, to obtain the characteristic values of the B ——B.B. decay
widths we have used the Fig. 5 diagrams, i. e. we have replaced all
hadrons by suitable interpolating currents. We have obtained:

T(Eﬂ—»z? 5, )= A al R gpER 31
A~(0.37 GeV) GV, Bz=(—0.23GeV) GV,

Br (B'>2 B )~ 049/~Br(3— A g (10)

BI’(B_U"-PE‘:- = ) BF(B —-X :Ej:[},Q%,

Br (B-—>A;+ B0)~0.1%.

Therefore, the characteristic values of the Bt BB decay
widths lie in the interval: (0.1+0.5)%. The number of such modes
is, however, very limited due to a small phase space.




9. The inclusive yeld of charmed baryons is known experimen-

tally [4]:
Br(B—B.+X)=(7.4+2.9% . (11)

Comparing (7) —(10) with (11) we see that a given exclusive
mode constitute (0.5=5)% of the inclusive baryonic yield. There-
fore, one should expect that there are ~20— 30 exclusive baryonic
modes which constitute in a sum a bulk of the inclusive yield (11).
Moreover, the B—B.B. modes constitutes a sizeable part of the
inclusive yield (11).

From our point of view, these are the reasonable numbers, and
they don’t look as being underestimated. (The typical two-meson

: >0,

Fig. 6.

Fig. 5,

branching ratios also lie in this interval. One should remember also
that although baryons are heavier than mesons, their spectrum is
much more dense). The above results (7)— (10) are of importance
for us, as they indicate that the B—BBs; decay widths (3) — (6),
obtained by the same method, are also not underestimated.

10. We have calculated also the typical exclusive decay widths
induced by the b—s penguin contributions Fig. 6 (the b—d penguin
contributions are negligible): .

Br(B'—pSt) ~2Br(B~—p2") =Br (B~—>At+ 31 )~
~Br (B"—~A~ X~)~3Br (B~>A° 37 )~06-107%, (12)
Br (B~—p=% > Br (B~ —pA) .
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It is seen from (12'} that these widths are small.

11. The main conclusion which follows froni all the above
results is that the typical exclusive branching ratios for the beauty-

L3

-meson decays into two light baryons are™:
Br(B —»BBjy) =(0.5--2.) 10~ Keu/Via|?,

and these numbers are much smaller than the ARGUS values
~3.107% We see no possibilities to obtain (within the standard
model) the branching ratios as large as those reperted by ARGUS.

We are grateful to A.E. Bondar, M. Danilov, B. Gittelman,
M.A. Shifman and A.l. Vainshtein for useful discussions.
We thank A.A. Ogloblin for the help in numerical calculations.
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