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. o ABSTRACT

. We lttempt an utlmnte ol' |V..;IV¢| from the recent ARGUS observation of
B* _. pﬁl’* and B° - pﬁr*r by atudymg genanl processes of the type B —
N'N -I- mr (n 2 0). ‘I‘he mnln Ingredlanl.a of the analysis are the pion multiplicity
+ ‘_'dlltribution and a ‘.‘ew modell for lhe lmpin structure of the final state. It is
L - eoncluded quit.e geueully that |V.;[V..| = 0.25 £ 0,10 and [VisfVis| 2 0.08. The
. tal.io mny I:ecome lower only in the event that both the relevant experimental and

theorehul quantilies obtain the afzxtreme values considered in our study, We also

' dlscuu brleﬂy a pouible renlizallun of & A7 =1/2 rule in these processen,
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1. Introduction

The ARGUS collaboration has recently reported’ the observation of the fo%- -
lowing two charmless B decay modes: -—-

B(B* — pprt) = (3.7£ 1.3 14) % 10™*

{1
B{B® — pjx*x~)} = (6.0 £ 2.0 2.2) x 107* ,

These are the first direct indications for & nonzera value of the Kobayashi-Maskawa
matrix element V.s. In this talk? [ would liketo deseribe a way which leads from the
actual measurements to an estimate of the ratio [Wa/Va|. After studying processes @)
of the type B — NN + (nx) {n 2 0) 1 will indicate how to improve this estimate
by further measurements. Such measurements may also slied some light on the
dynamica of this type of nonleptonic weak decays, Due to the shorlage of time
I will not discusa other related topics, such as non-spectator contributions, other
charmless decay modes and CP violalion in the baryonic modes. A discussion of

these subjecis may be found in Ref. 2.
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Twa of the characteristic features of the 32.7:4 7.7 observed events are the back-

24

to-back nature of the pp pairs and their relatively high energies {E,) ~ 2 GeV. The
pions are soft and there seems to be a significant signal of A's or other low-mass

Nx states, | 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 perspectiv.:let us compare them

with the inclusive cliarmed baryon rates”

B(B — charmed baryon + X) = (1.4 £ 2.9)% {2
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- B(u = umn = 4.3% x (M) )

l hwe normnllud l.he ratio Vau/Va by its experimental upper limit of 0. 2!
_ .'- Equltlnnl (2),md 3 yield a fraction of charmed baryons from b — c at the
f.'\ ' L-levul ol (10:!-.4)%. If the sache fractlon applies to baryons from & — u, which I will

" aasume from now on, then
o '.'-_ : .f te ,1

| BB N+X)= (43:41.7) x 10- x (MVA‘ ’ &)

'I.-..

Thil inclullve bunclllng ratlo should be compared with the two exclusive measure-

mantl Of Eq (1).. For such a comparison 1 will study the general processes of the

| type B -o NN-I- nw (n 2 0) To ohtl.m an estimate for |V}, /V| one must analyze

» . T two l‘u:lou. - S

o " a. The ulio of the rate of chumlen baryonic modes with one or two pions to
lha total rate of the mudes ol' thll type

I(B - NNx)+ (8 - NNxx) ©)
Saol(B—= NN+nr)

- b, The rltiul of the observed rates to the corresponding tolal rates of Lhe single

N Ripa

o . and douhle paon modes
S e TUBY s pprt) o B — prte-)
AT R’ T(B* - NW7) | R== r(B" — NNxr) @

| thma.tu nf these ratios will be discussed in the subsequent two sections.




3. The ratio R4z

A simple approach which leads to an estimate of this ralio is to consider 1he
multiplicity distribution for B — NN + (nx). There are various ways 1o eslimate
the average multiplicity of pions. Applying an old mode) of Fermi® to count the
number of aegrccs of freedom in & hadronic state initially confined within radius

he/Eq (at lemperature T'), one finds for B — AN + {n7)

_ eV
Mp 2E~) (8)

=053 ( A

where £y = 0.2 GeV is a typical hadron energy scale. This scheme describes
adequately Lhe average pion mulliplicity in D — K= + (nn). Equation (8) yields
ne2dfor En = My and n = 2 for Ey = 2 GeV, which is about Lhe average
energy measuted for the proton {and antiprotons) in the observed eventa. 1 quite

safely conclude that

2<A<d. (9)

The average pion mulliplicity in pp and (non-annihilation} fip collision at /s = Ma
isa bit largc;' than three and supports our estimate. The relatively high inomentum
protons and antiprotons in the observed events seem lo indicale a value close Lo
the lower value of Eq. (9).

The multiplicity distribution will be rssumed to be Poisson-like ar sornewhal
narrower, as motivated by current. algebra.’ Such a distribution describes ade-
quately the decays ¢ — hadrons and D — K'w + (nw). This distribution with Eq.
(9) imply that®

Riyz=045£0.25 (19)




C " ‘The r;(iu .R,"g‘ depend on the impm ll.ructure of the ﬁnnl states. The free
. '{'I“;-qnuk deny b - ufid is a mixture of 7 = 1 [2 and I = 3/2 transitions. In B~
dauyl it Ieads to I =1,2 ulalu, whercu the final etate in B? decay is made of
I=o,1.2.,._;. ' |

: In l limple slntiltiul model one may assume that the multipariicle decay am-
pllluﬂu Into a glven isospin state are independent of the j isoapins of subsystems
, u:d add up incnherently . In mother model one may adopt Al =1/2 dominance
(lee dilculllon In (he next section) and ﬁnally, one may assume that the multipar-
l.if.la mm lre dnminlled by B% — AN 4 (n — 1)x. The detailed prediclions
rof lhela ld:lemu l.l'e gl\'en in Ref. 2 The overall range allowed for RPS* may be

" summarized as follows:
A =05£025;  R{™=0254005, (1)

% .l l‘ Cnrlib:lnlngl Eqs. (1), (55- (llll)).lmd(ll) one finds |

B(B— NNw)+B(B —+ NNxx)
‘ - ‘ 1
= (3.1 1.4) % 107 = (0,45 £ 0.25) (4.3 £ 1.7) x 10- ('ﬁ#! .
o : - (12)
N " errors ite added in quadrature. This implies
; |Via/Via] = 0.25 4 0,10 . (13)

! Allowing a 164 deviation from the central value we oblain s “80% c.l.” limit
IVas/Va) 2 0.08. (14)
Since pert of the uncertainly in Eq. (13} is theorelical, this Jower value shiould not



be considered to kave a 90% cl. in a staticticel nense, It rather represents our own

judgement,

5. Al = 1/2 and Dynamics of B — NN + (nr)

The effective weak Hamiltouian for b — wuiid, which includes ehort-distance

QCD corrections, is"

H=-V3Vu 2%% i. & [(@b)o(du)e + (1) (db)e(Gu)e] (15)
where ¢;fe; = 1.5 — 2 o7 the bottom quark mass scale. Thie implies some AJ =
1/2 enhancernent, since the opermtur which is antisymmetric in & « d is a pure
AT = 1/2 operator, while the symmetric one iezds to both AJ = 1/2 and 3/2
transitions. The aclual enbancement depends also on the relative sirengih of the
matrix elements of the two operators in a particular process. In the baryonic decay
modes of B there seems to be ap additional relatjve enbancement comning from the

matrix elements.
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‘Condtler l.l:e dlagnm ol' Fig. 1 in wl:ich the ud pnlr of qnnrl.n turns into a
7 b’;yon‘hy gld:ing np a qunl: g from a ﬂlctuated o pair and aumlarl} the pair
of 8 lm:thuulu tum to. an antibnn'on. Thm states may luluequenlly emit pions.

%- .
Sucllra scheme._wu propuetl by Bigi“ to lead lo & sizeable baryonic decay rate

. i;ile B melonl An old ugmmﬁt. appliecl ariginally to bypemn decays, used
, _he V-A clm'ent-cmenl. siruciure to cmu:lude that the bnl'yon—lo-bnrynn matrix
‘ é!ﬁmenu obey a AI = 1/2 rule, The same arsument mey be apphe:l here, The
- :'.: _ud pail ls in s sme symmetric in (flavor) x (mlar) If embedded directly in a
: ?"“‘7{ “hnr}'on it rrlull. be in & color 3° and I an isospin singlet |Iate. This implies that
ilha lranlltlun In pure AJ = 12, 'I‘here in, of course, the pouibllil.y that the ud

L pnir was r.reated by the weak interactions in a color 6 siate, One of the quarks
. ,'emlu 2 gluon, whlch aubuquenlly radiates the qq pair to make a baryon. In this
Co ‘cue tlle &! = 1}2 rule wonld not npply. Some arguments’® seem (o indicate that

B 'tha ﬁnt mechaninn. in which the ud pair is directly embedded in a baryon with

no color and spin flip, should prevall, A mt of this mechanism is the absence of
e A in conttul. to the existence of K in the decays of B mesons cantaining a & (and

‘not 5) quarlt

. " At thb point 1 wish to make lwa remarkl In passing about the model-depen-

| - d:nne of A% dlacuued in Secl.lnn 4. Iis |tmghtforwud to show” that if B~ —

' N is dominated by N5, with AT = 1/2, then R = 3/4. This should be

" compared with the value of 1/3 obtained in 2 statistical isospin model and explains
the relatively ’;nrge range of values in the firet of Eqs. (11). This model does not
enlm‘:.!ce B;‘;; ‘I“!arl.hermore. the NB A7 = 1/2 scheme Jeads to®

(B~ — ANx)=2I(B® ~ NNx) (16)
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whick illustrates the passibilily that decays of B~ and B? ta a given multiplicity

may nol occur at the same rale.

6. Conclusions.

Our analysis of the ARGUS data leads to [V.s/Vis| = 0.25 £ 0.10 and we (eel
quile confident with [14./Vis] = 0.08, similac to ARGUS' own estimate’ of 0.07.
A more precise value can be obtained by further experimental studies which may
help specily Uhe shape of the multiplicity distribution. Measurements of 8° — pf,
B* - ppxtztzr— or obtaining useful bounds far these modes beyond the exisling
ane may serve such a goal, Detection of neutrals may reduce 1he uncertainty
discussed in Section 4. An allernative way to approach the problem, which is
casier lo study theoretically, is to search for n corresponding charmi{ul baryonic
decay mode such as B — Agfint. Signnlto-background ratio is expected tn be
worse than in the charmless mades, since one is looking for the decay products of
Ac, but the expected rates are not hopelessly small. Finally, as we have illustrated
in our discussion of Al = 1/2 enhiencement, baryonic decay modes of B mesons

offer an interesting field for studies of Ihe dynanics of nouleptonic weak decays.
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