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ABSTRACT 
. 

: 
We attempt an estimate of IVub/&bI f rom the recent ARGUS observation of 

Bf + Pi+ and B” + pp~ + - T by studying general processes of the type B -+ 

N~+n+~O). Th e main ingredients of the analysis are the pion multiplicity 

distribution and a few models for the isospin structure of the final state. It is 

concluded quite generally that II&,/&,] = 0.25 f 0.10 and lVub/Vcbl 2 0.08. The 

ratio may become lower only in the event that both the relevant experimental and 

theoretical quantities obtain the extreme values considered in our study. We also 

discuss briefly a possible realization of a Al = l/2 rule in these processes. 
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1. Introduction 

The ARGUS collaboration has recently reported’ the observation of the fol- 

lowing two charmless B decay modes: 

B(B* -+ pj%r*) = (3.7 f 1.3 f 1.4) x 1O-4 

(1) 
B(B” + ppn+r-) = (6.0 f 2.0 f 2.2) x 1O-4 . 

These are the first direct indications for a nonzero value of the Kobayashi-Maskawa 

matrix element I&,. In this talk2 I would like to describe a way which leads from the 

actual measurements to an estimate of the ratio IVub/VcbI. After studying processes 

ofthetypeB+NN+(n7r)(n>O)I ‘11’ d’ t h WI m lea e ow to improve this estimate 

by further measurements. Such measurements may also shed some light on the 

-. 
dynamics of this type of nonleptonic weak decays. Due to the shortage of time 

I will not discuss other related topics, such as non-spectator contributions, other 

charmless decay modes and CP violation in the baryonic modes. A discussion of 

these subjects may be found in Ref. 2. 

Two of the characteristic features of the 32.7f7.7 observed events are the back- 

to-back nature of the pji pairs and their relatively high energies (BP) - 2 GeV. The 

pions are soft and there seems to be a significant signal of A’s or other low-mass 

NT states. I will refer to these features when applicable. 

2. Comparison with Inclusive Decay to Charmed Baryons 

To put the branching ratios of Eq. (1) in due perspective let us compare them 

with the inclusive charmed baryon rates3 

B(B + charmed baryon + X) = (7.4 f 2.9)% (2) 
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From B(B + evX) = (11.4f0.5)Y o and standard phase space factors4 one obtains 

in a straightforward manner a total hadronic branching ratio 

B(B + hadrons) N 74% (3) 

The small fraction of this rate which corresponds to b + uiid is estimated to be 

B(u + uud) = 4.3% x (lK$!y . (4) 

I have normalized the ratio VUb/Vcb by its experimental upper limit of 0.2.” 

Equations (2) and (3) yield a fraction of charmed baryons from b ---) c at the 

level of (10 &4)%. If th e same fraction applies to baryons from b + u, which I will 

assume from now on, then 

B(B + N + X) = (4.3 f 1.7) x 1O-3 x (IKp)’ . (5) 

_ 
This inclusive branching ratio should be compared with the two exclusive measure- 

ments of Eq. (1). F or such a comparison I will study the general processes of the 

type B + NT+ nr (n 2 0). To obtain an estimate for )Vzb/Vcbl one must analyze 

two factors: 

a. The ratio of the rate of charmless baryonic modes with one or two pions to 

the total rate of the modes of this type 

R 1+2 = 
I’(B --+ Nrr) + I’(B + N?ihr) 

‘&O I’(B + NT + nr) ’ (6) 

- 

b. The ratios of the observed rates to the corresponding total rates of the single 

and double pion modes 

Rrbs = I’(B+ + pjhr+) ; Ribs = r(BO + pjh+T-) 
I’(B+ + NNT) r(BO + N?ihm) ’ (7) 

Estimates of these ratios will be discussed in the subsequent two sections. 
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3. The ratio RI+2 

A simple approach which leads to an estimate of this ratio is to consider the 

multiplicity distribution for B + NT + (nr). There are various ways to estimate 

the average multiplicity of pions. Applying an old model of Fermi6 to count the 

number of degrees of freedom in a hadronic state initially confined within radius 

&z/Es (at temperature T), one finds for B t NN + (nr) 

Fi = 0.53 
CMB io2EN)3’4 

(8) 

where Eo = 0.2 GeV is a typical hadron energy scale. This scheme describes 

adequately the average pion multiplicity in D + Ii’r + (nr). Equation (8) yields 

n 11 4 for EN = MN and n N 2 for E N = 2 GeV, which is about the average 

energy measured for the proton (and antiprotons) in the observed events. I quite 

safely conclude that 

The average pion multiplicity in pp and (non-annihilation) jip collision at fi = MB 

is a bit larger than three and supports our estimate. The relatively high momentum 

protons and antiprotons in the observed events seem to indicate a value close to 

the lower value of Eq. (9). 

The multiplicity distribution will be assumed to be Poisson-like or somewhat 

narrower, as motivated by current- algebra? Such a distribution describes ade- 

quately the decays 1c, -+ hadrons and D + KT + (nr). This distribution with Eq. 

(9) imply that2 

RI+2 = 0.45 f 0.25 . 
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4. R$ and an Estimate of IVub/Vcbl. 

The ratios RF,\ depend on the isospin structure of the final states. The free 

quark decay b + uiid is a mixture of I = l/2 and I = 3/2 transitions. In B- 

decays it leads to I = 1,2 states, whereas the final state in B” decay is made of 

I = 0,1,2. 

In a simple statistical model one may assume that the multiparticle decay am- 

plitudes into a given isospin state are independent of the isospins of subsystems 

and add up incoherently .8 In another model one may adopt A1 = l/2 dominance 

(see discussion in the next section) and finally, one may assume that the multipar- 

title states are dominated by Bat- + ZiN + (n - 1)~. The’detailed predictions 

of these schemes are given in Ref. 2. The overall range allowed for Rr,p may be 
. 

summarized as follows: 

Ribs = 0.25 f 0.05 . RTbs = 0.5 f 0.25 ; 

Combining Eqs. (l), (5), (lo), and(l1 

B(B + N%) + B(B + N?ih) 

.) one finds 

(11) 

= (3.1 f 1.4) x 1O-3 = (0.45 f 0.25) (4.3 f 1.7) x 1O-3 x ( lK;b/Kbl)2 . 

(12) 
errors are added in quadrature. This implies 

I&&,( = 0.25 f 0.10 . (13) 

Allowing a 1.64 0 deviation from the central value we obtain a “90% c.1.” limit 

IKb/&bl 2 0.08 . (14) 

Since part of the uncertainty in Eq. (13) is th eoretical, this lower value should not 
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be considered to have a 90% cl. in a statistical sense. It rather represents our own 

j udgement . 

5. AI = l/2 and Dynamics of B + NT + (r-m) 

The effective weak Hamiltonian for b + uiid, which includes short-distance 

QCD corrections, is 9 

H = --v;bvud 5 kc; [(ii&@+ + (-~)‘@J)L(uu)L] (15) 
i=l 

where cl /cz = 1.5 - 2 for the bottom quark mass scale. This implies some AI = 

l/2 enhancement, since the operator which is antisymmetric in E * d is a pure . 
AI = l/2 operator, while the symmetric one leads to both AI = l/2 and 3/2 

transitions. The actual enhancement depends also on the relative strength of the 

matrix elements of the two operators in a particular process. In the baryonic decay 

modes of B there seems to be an additional relative enhancement coming from the 

matrix elements. 

Figure 1 
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Consider the diagram of Fig. 1, in which the ud pair of quarks turns into a 

baryon by picking up a quark Q from a flactuated qq pair and similarly the pair 

of antiquarks turns to an antibaryon. These states may subsequently emit pions. 

Such a scheme was proposed by Bigii’ to lead to a sizeable baryonic decay rate 

for the B mesons. An old argument:* applied originally to hyperon decays, used 

the V-A current-current structure to conclude that the baryon-to-baryon matrix 

elements obey a AI = l/2 rule. The same argument may be applied here. The 

ud pair is in a state symmetric in (flavor) x (color). If embedded directly in a 

baryon it must be in a color 3* and is an isospin singlet state. This implies that 

the transition is pure AI = l/2. Th ere is, of course, the possibility that the ud 

pair was created by the weak interactions in a color 6 state. One of the quarks 

emits a gluon, which subsequently radiates the QQ pair to make a baryon. In this 

case the AI = l/2 rule would not apply. Some arguments l2 seem to indicate that 

the first mechanism, in which the ud pair is directly embedded in a baryon with 

no color and spin flip, should prevail. A test of this mechanism is the absence of 

A in contrast to the existence of ?% in the decays of B mesons containing a b (and 

not b) quark. 

At this point I wish to make two remarks in passing about the model-depen- 

dence of R,“b, , discussed in Section 4. It is straightforward to show2 that if B- + 

NNr is dominated by Na, with AI = l/2, then Rfbs = 3/4. This should be 

compared with the value of l/3 obtained in a statistical isospin model and explains 

the relatively large range of values in the first of Eqs. (11). This model does not 

enhance Ribs. Furthermore, the Nn AI = l/2 scheme leads to2 

r(B- --+ N%) = 21’(B” + N%r) (16) 
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which illustrates the possibility that decays of B- and B” to a given multiplicity 

may not occur at the same rate. 

6. Conclusions. 

Our analysis of the ARGUS data leads to IVub/Vcbl = 0.25 f 0.10 and we feel 

quite confident with IVub/Vcbl 2 0.08, similar to ARGUS’ own estimate’ of 0.07. 

A more precise value can be obtained by further experimental studies which may 

help specify the shape of the multiplicity distribution. Measurements of B” + pp, 

B+ + pp?r+7&- or obtaining useful bounds for these modes beyond the existing 

one may serve such a goal. Detection of neutrals may reduce the uncertainty 

discussed in Section 4. An alternative way to approach the problem, which is 

easier to study theoretically, is to search for a corresponding charmful baryonic 

decay mode such as B + &pa+. Signal-to-background ratio is expected to be 

worse than in the charmless modes, since one is looking for the decay products of 

A,, but the expected rates are not hopelessly small. Finally, as we have illustrated 

in our discussion of AI = l/2 enhancement, baryonic decay modes of B mesons 

offer an interesting field for studies of the dynamics of nonleptonic weak decays. 
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