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At present, the data on two-, three-, and four-body non

leptonic weak decays of charmed baryons are available [1] • 

The deacrlption of nonLep ton í c decays of that so r t in parti

cular of the 11~ :-baryoh, in quark modela [2J has a typical 

difficulty, namely, a complicated calculation is needed if one 

considers the many-body character of the finai state. 

In this paper, we'propose to use the generalized'phenomeno

logical chiral-Lagrangian methód(PCill),includiJ?g the spin-1 meson 

and baryon interactions (:the so-called "hard"-o~son crethod [3).")' 
to find reliable though rough branchi,ng-ratio es t írnate s and to 

I give differeIJ.t distributions of the decay products for .somé 

A~ de cays , The "hard "-!:leson rnet ho'd allowed us to take in to 

{ 
I 

account the q2-dependence ,of the form factors through t he 

pole contributions of the spin-1 mesons.ln ~his very briefly 

1 

described scheme we consider the two-, three-,and four-body 

decays of A: in the "tree" approximation. 

In the generalized PCLM the strong interactions of the 

15-plets of pseudoscalar and spin-1 mesons and the 20-plet 

·_--> - - ._-- of 1/2+- baryons are described 'bY the following SU(4) x SU(4} 

\ -chiral invariant Lagrangians [3] : 

.~ Ls = ~:D,.7iDr7~ +~~J{lf)r8J;(xnBl+ 

\ 
• 

I.. 

(1-(j)Ú- (AL) 'lJ(õr 7t.-11-fl B~ Vi, B tr;
1-~ 'r Ai, f a~.) L = 1-;- 15.

Here _ f( e (jnn] - m )e [Kn] 
[BV.B]d(f) = fB[mn](Vi.)KBe. +1-J8[eni'h KBm J 

(1) 

( (K~e)m)n = 1-:-~) 
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Fx = 93 MeV j fiA =1.25 ; 9-~'t 3L ~ 3 ;
 

Ai.=~J5 ; Vi. e ~L I ,.
 

and /li, are the Gell-r,~ann matríces; cJ..= ~ andj3= ~ are the 

miJO.·E/tn. -e.arameters o~ the d- ~d f-couplings; 7l=V1./F~; 
. ~ L L8= e ,Vi. t ~ and ar represent the fields of the 

1-/2+ -baryons, 0-, 1-- and 1+ - meaon s , respectively. 

1'he weak interaction Lagrangian has the form [4] 

4C=1 G [ 1-L2 13-L14 6ft? ,9-;"10

L ({};r,{}J=ff- R,J,.. J,. -82 ] " <./1" + w

+R3J;-<2J;-L '~ R~ s:J;3-i1: R/J:-Jj'J,,8)J;-i': 

-t-R J;-ij;_i10_ R;rJ;-iS:;,..11-i12+ R. C). 
(2) 

6 

where	 GF = 10-5/ m~ and
 

-2 2 _.-( 2 2) - 2 2
R1 == C C +CS cs -C +5 -s S =0. <695
 

-2 2 .- -( 2 2) --252 96 a
 

R
R2'==C C +CS C -5 +5 =0. D
 

3 
=C~S-CS(C2-t-2CS)-Sts =0.1$6 

()
 

fl~ = c1:S + êS(S2..2CS) -sts =0.236
 

R i2i C
2
CS +2CSCS -S2CS =0.2$5s 

O -2 2 - -( 2 2) -2 2
n6=CS -CS C -5 +$ C =0.032
 
() -2 2 - --(- 2 2) -2 2
 n7 == C 5 +CS -cS +C -s .f-S C =0.105
 

Ct= COS ()1) 5 == suu), } C= cosg1o, s== 5Ln()10
 

2 

j 

1, 

8c.={J'-()10, Qc. is t he Cabibbo ang.l,e , The given weak Lagrangian 

in the	 case ()'7={)10==O strictly aatisfies the /óT/==1 
selection rule ("20-plet-dominance"). 

For taking into account the baryon pole contributiona we 

need the phenomenological Lagrangian describing the' two-body 

baryon	 weak interactions[5] : 

4Cc 1 fi=;o",-,o - o -+ + ;:=;-+r---'I+)
Lvi =	 GBB[;(~ ~e. -rALe. + '[ l\c + 2~c~cc + 

+k(~"2;-E°r:+r +L: )-t-R.C}O(IlT'i' 1· 
(4) 

where G88 = .... 4.45 10-8 cev was fixed from the experiment [5]. 

11+ i+ - 11+ 1+ + The+ de~ay _amplitutes f~r :he_de~ays Ilc-+~ +0 ' / 1c.-+2"+1 , 
"c.~f+O +0 and Ac.-+f+O+O+O can be written as: 

M( t+ O) = GFils(5+pt;)t1At. j 

M(f+ 1-) =GFf~U8rr(A+BYs)I1"r- j 

rir0-OJ=GFusff,+g,fs +Kjf2 + g.z J;)+Kib +9JJ'5gUA< (5) 

M(f 0-0-0-) =GÇ Üs B1T910s +u(Jz+ fJ2 iS) +J{f3 +9JiS)+ 

+uJ..(f~ +9, JS) -t- i fI" ~oL,B fJ-y 2J;. UpJí. (fs -t- g.s JSgliA..J 

wher-e S , P , A , 8 , fn. , gIZ. are form factors; Cf g~+ - Pa ' 
c-

U =.K3 + K "f ,1J=KJ--K'I ' K1 ... Ki/ are the 4-momenta of the 

mesons (R '= Kr ar ; f.~ ia the polarisation vector of the 

'+-mesons. The calculated amplitudes for the two-body decays 

( S, P	 , Aand 8 ) are l1sted in tables 1,2 (in addition, in (3) 

there are given values .of the parameters ~f ... A? ). The calcu

lated three- and four-body partial widths (see Table J) and 
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Table 1. The amplitudes (3, P)'and the partial widths R := rrA:. -+ /\ (j[+) _ [0.6:,;t D. "7 S 
11 1 11+ .,+ - (0.56)

(in 10 s-) for the decays C. -+ 2" + O • In 3 TlIA+_..ni70 ) -"Lo.S1 ± O.62 
columns I ans 11, respectively, the results 

R~ - r(/r:-.l\x1f:Jf-) < 14 (0.2)without ffild with the spin-1 meson contributions ro:-+P K-J[~) . 
are listed. 

= r(!It~ pi(0JfJ["+)
R5 - I -"- An' \ t.. 3.3 (0.5)

J:
 
Table 2. The amplitudes (A, B) and partial widths 

1 1) 11+ .1.+ 1
(in 10 18 - for the decays C. -+ 2 + 

'DeCãy -- R. A B ---- -r-
mode (. 

+ :"'7ffO O 
/\ c~pK fl.2j -0.2 -0.4 11 
+ '0 RI\c. ..3JpK (, I 0.001 0.02 0.01 

~-./\p+ /1.11 -0.2 -0.2 3 

I\~ ~L pt- -I -O.OOS I O 0.4 10-3 

ft -'°K*+; I I -3I'c.-.~ - ! -0.02 O, 0.4 10 
'+po ! :-3

e..~L -, O.OOS I O 0.410I1\+ 

1\;""'l"\J _I O.OOS O i 0.9 10-3 

1\; ..3JL.+1' -/ 0.004 O L 9~__~~~ _ 
corresponding mass distributions (see, as examples, figs. 1,2,) 

Decay I II 
mode 

pRi. r rP 5S 
I 

I+ + 2.S-0,2 0.30,2 1 1.S-0,1~11\c.~!I:r 
0.6~-.pR· 5-0.1fz z 0.4 I 2.9-0.05 

I 
I 

-0.1 3.20.04A~~AKt- -0.06 0.1R.~ 0.03 
1 

0.3-0.1A~-t p-ro 0.03o. 1R.s 0.01 -0.07 

10.03-O.Os0.2 0.7"5 -0.02f:."'P1. 
0.04-0.050.0090.04-0.04/\~...,pKo 0.006Aó 
0.3-0.1A~..3JnJ[t- A.3 0.1 0.03-0.070.009 

0.08 0.09!I~ -tn. K+ 0.04 -0.02 

o 

0.04-OóOOst~ 
1.7 10-2-0.02A~ -'r"I°X+ -0.02 0.7 10-::: 

~ 

o 

are obtained with a computar by uaing the aubroutine TWIST/6/, 
N 

in which the integration of aquared matrix element over 

the phase space of final states has been performed ~ith the 

help of the Monte-Carlo method and Kopylov's procedure. 

Comparison of the calculated resulta (in brackets) and 500 

available experimental data [1] gives: I 

I 

\ 

" 
\ 

I,I + -*0 
I ,IR = r(I1c.~pK) [0.11,:t 0.1 (0.6) 

lf 
I 

'" I I GeV I:' I \; GeV Lr' , GeV1 - ~/A - .... v-J[+) =1-0 .L,2 :t 0.2 ~ 
I,Q 162 182 202 M(fflpK-) 062 082 102 122 MetfIK-'il') 106 126 1'6 166 Mefl (p'il'J 

Fig. '1. The distributions of the decay products 11: -">pK~'"R ~ r(1\~~ pKo) _ 
2 r(lt~ ~PK-J[+) -o.S±O.25 (0.3) Jp The dashed lines correspond~ to the di3tributions
 

1 with phase space corrections added.
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The calculated resulta for R1+5 are obtained in t~e '~ard"

meson method (see Tables ',3). 

Table 3. The partial widths (in '0'1 s-1) of the decays 
-to + /\+ 4+ - - Ae, -J'f +0-+ 0- , C ~ '2 + 0+0 +0 (I) andwi thout 

with (11) the spin-1 meson pole contributions 

I:DeeayDecay 
~ 

I 

10.1 10-3 

10-2

rr I 

lmodemode 
~ ~___~_.J__ •__

I' ! r~---'--. J1I ! II ' 
! 
I ' 

, 0.5 10-38.7 17.9 It1.~AK+1.A~ ~pK-:r+ 
I + - ~ 0.6 
I + -o 01 

I\~ ...,pK.0~o 0.4 I 11.8 '!tc~p;XJr,0.2 

0.2 10-1+ i< r 12.7 1\r:,~pK K iO.8/1<- ... n :c I 9 
/1+ K+:.--i 3I\~ -t /\ :x.+J[0 1.6 8.5 e.~P "'- '0.9 10- 0.02 I 

0.610-2: 0.2 10:"2/li~pK()Xo:0.4 10-3 0.9 10-2 
II\~~'" K+j(° 

i + 0,,- I -4 . 0.2 10-30.7 : 0.3 l1e~pK ;0.4 10A~-JJpRJr° . + ~ 'fi 
A~ ~nJ[t;é 0.2 ; 0.6 Ar:, -sn« 'X '0.9 10-2 0.2
 

-2 i -~ + K+ o -2
 0.9 10-1
I\~ ~n.K+KO o. 3 10 i 0.7 10 I Ile....n ~ o. 5 10 

+ 11 KlJrf- 0.1 10-1 0.4 11\~-'JnK+1.. 10.5 10-3 0.2 10-2/Ie ..... i 
iItt~11 K+:co 

0.710-1 I 1.9 I ! i 
I 

I1\:....AiJ[+:f; 0. 06 1 
0.4 

0.4 2.5A~~pKOXi I 

In Figs. 1, 2 and 3 are shown the mess distributions af 
+ -.,..
 

the decay products for the Cabibbo-allowed modes I1c -+P K J[
 
+ -o... - A+ I\.J. + - '
 Ar:.. -.p K J[ Jr and 11Co -+ dt. J[J[ ,and we can conclude that the 

pole eontributions of vector mesons play an important role. 

One sees that the ealeulated and experimental ratios of 

the partial widths with a different number of final mesons are 

in a'comparatively good agreement. This fact may be considered 

as e signal that in A~ deeay processes the ehiral symmetry 

6 

plays a role, and we really ean use the generalized PCU~ toJ: 
, I find reliable branehing-ratio estimates for a more effeetive
;j measurement and analysis af experiments. 

~ In additian, we note that the proposed method gives, in 

comparison with other known approaches [2] ~ased on diffe
1\ 

rent quark models, nat only an easy way to calculate the pro

;I bability rati.os for many-body decays af hadrons with a mínimal 

N 
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number of phenomenological parameters, but provides the correct 

description of the relative probabili ty (R.3) of the modes 
+ + +-0/\c, -+ 1I:i: and /\e.. -+P K , too. It is known that quark modela 

predict different values which,aa a rule,atrongly differ from the 

experimentally measur~d value t~. 

Thus, we can say that the PCLM with the "hardness" of 

mesons is a good approach for many-body nonleptonic weak 

d ecaya of I\~ • . .1 

The authors wish to thank V.N.Pervushin for discussions 

and G.G.Takhtamyahev for consultations. 
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KanHHoBCKHH ID.fl. H gp. E2-87-863 
MHorOqaCTHluibIe crraõsre pacrransr oxapoaaaaor-o A~ -6apHoHa 

B paMKax MeToga "JKeCTKHX" KHpanhHbIX narpaHJKHaHOB 
/o606~eHHbIX nYTeM BBegeHHH B3aHMogeHcTBHH nceBgocKanHp
HbIX, BeKTopHbIX Me30HOB c 1/2+ 6apHoHaMH/ BbIqHCneHbI gBYX-, 
TpeX- H xe-rsrp exaac-rn-msie cnaõsre uerren-rorrasre pacnansr A+ 
6apHoHa. lloKa3aHo, qTO TeOpeTHqeCKHe H 3KCnepHMeHTanhH~e 

3HaqeHHH OTHOrneHHH RepOHTHOCTeH MOg pacnagoB HaxogHTcH 
B ygoBneTBOpHTenhHOM COrnaCHH. 

Pa60Ta asmonaena B Jlaõopa TOpHH TeOpeTHqeCKOI~ t1lÚ3HKH, 
QrnH1. 

Ilpenpaar 06'he.nHHeHHOrO HHCTHTyra anepasrx HCCJIe.noBaHHH. }ly6Ha 1987 

Kalinovsky Yu.L. et al , +	 E2-87 ....863 I 
Weak Many-Body Desays of the Ac -Baryon 

The generalized "hard"-meson chiral-Lagrangian method, 
including pseudoscalar and spin-l meson interactions 

. with 1/2+ -baryons, is used to calculate two-, three-, 
and four-body nonleptonic weak decays of. A~. It is shown 
that the theoretical and experimental ratios of the decay 
modes are in fair agreement. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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