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Recently the original experimental data on the semileptonic 
decays of charmed baryon A-te have been obtained 111 • However, 
there is no satisfactory theoretical description of these data. 
For example, in ref. 121 total semileptonic decay width of the 
charmed particles has only been calculated within QCD: there are 
also rather rough estimations 131 based on SU4 symmetry. 

In this paper, we have calculated the partial widths for 
semileptonic decays of ordinary and charmed, A+ , baryons using 
the phenomenological chiral Lagrangian method c /4,5/ (PCLM). To
day a significant progress is achieved in substantiation of the 
chiral Lagrangians from QCD 161 • At first we considered the 
charmless baryons for testing the currents and predicting the 
branching ratios for the decays, for which only experimental 
limitations are available. Then we calculated the partial widths 
for the decays A~ ... Bev, A~ ... BMev, where B and Mare the 
112+-baryon and the o--meson, respectively (as it has been shown 
in ref. 131 

, there are no A~ ... 312+-baryon transitions). 
According to PCLH the strong interactions of oseudoscalar mP

sons and baryons are described by the SU4 X SU4 -chiral inva
riant Lagrangian/51 

F2 . 
L

8 
= _.!!_ tr [ a exp ( i rr I F ) a exp (- i rr I F ) ] + 

4 11 rr11 rr 

-a . [ mn] i -
B( 

1
(1y a -M

0
)B +-

2 
(By v. B)r x 

mn 11 u a 11 1 

tr ( V. exp (- i rr • A I !<~ ) a exp ( i rr • A I F ) ] + 
I 7711 17 

/1/ 

.L g [a (ih A. B) + ( 1- a)( i3y A. B )r ] x 
2 A 11 I d 11 I 

tr [ A . exp (- i rr • A I F ) a exp ( i rr • A I F ) ] , 
I 7T 11 7T 

where g = 1.25 is the renormalization constant of axial-vector 
current~ F = 93 MeV is the pion leptoni.c decay constant, M

0 
is 

the averag:d mass of baryonic multiplet (= M
0 

for charmless and 
= 2.69 GeV for charmed baryons, respectively), Vi =Ail21, 
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A = V
1
. Yr. • 11 = ,\. 11 i ( ,\, is the Gell-Hann matrix). We suppose 

1 f.) 1 1 
th~t the mixing parameter of f- and d-couples, a , defined as 

(BV 3) =_!_B.,a (V )b B[mn]+(-)Bm (V )b 3[an] 
1 d(f) 2 l mnl i a b [ bn] I a m 

has the same value, 2/3, both for usual and charmed baryons. 
s[ik] and "i are the fields of 20-plet of I /2+ -baryons and 
IS-plet of o- -mesons, respectively. 

From the Lagrangian (I) for the 15-plet of hadronic currents, 
we obtained 

Ji = _!_ B a fVi)b 8[mn]_ Bm (Vi )b 8 [an] 
11 2 [ mn a y 11 b [ bn] a yl1 m + 

g [ a ( BA i y B ) + ( 1 - a ) ( BAi y B ) ] - F a 1T i + 
A 11 d 11 f 1111 

i i . k -1 
fik"·a11 " +D(F71 ). 

The week interaction Lagrangian has the usual current-current 
form, 

Lw= __Q_ (J e+ + h.c.). v2 11 11 

with the universal Fermi constant G = 10-
5 
/M

2
, Here e 

1 entnni C' C'nrrent and J has the Cabibbo forri: 
11 

/2/ 

is the 

... 

J
. ('J.l 'J2 'J13 'Jl4) 8 ('J4 'J5 Jll 'J'12)'8 = + 1 + + 1 cos + + 1 - - 1 sm c 

11 11 11 11 11 c 11 11 11 11 

~ is the Cabibbo angle (sin ~ =0.23). , 
Assuming the absence of second-class currents and neglecting 

the lepton mass ( m
6

), we arrive at the matrix elements of beta 

decay 

M = _a_ u c o
2

) [ r
1 
c q2 ) Y - r c q2

) u q + 
v2: 11 2 w v 

g ( q 2) y 11 y 5 ] U ( p l) U e ( k2) y 11 (I + y 5) Uv ( k 1) • 

where q = k
1 

+ k
2 

, o
1

, p
2 

and k1 , k2 are the four-momenta of bary-
ons and leptons.For the case of ordinary baryons, since q is 
small compared to the masses of baryons,the approximations: 
f
1
=f

1
(0), g

1
-g

1
(0) and r2 -0 can be used. The form fac-

tors, partial widths and branching ratios for beta decays charm
less baryons are listed in table I. They are in good agreement 
with the available data 171 , For the case of A+, q-dependence 
of the form factors must be taken into account? using (axial-) 
vector-dominance hypothesis we have 
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f ( q 2) = f ( 0) m; I ( m; - q2 ) , 

/3/ 

g ( q 2) = g ( 0) m! I ( m~ - q 2) , 

wl:ere mvA are the masses of D* ,DA (if L\S=O) or F*, FA(if 
IL\SI = 1 ) which, except for D*.are not available, and we suppo
sed mF* = mF = m0 = m

0
* = 2.01 GeV i?l. \ve must also bww the 

magnetic fo~ fact~r f2(0); from su4 symmetry we have 
r2(0)=(fn_4fP)IJ1) and r2(0)=-fn for Cabibbo-favoured 
(A~ ... Aev) and Cabibbo-suppressed (A+c_,nev) decays, respecti-
vely. Here .rn=1Lni2Mn, fP=ILpi2MP, 1Ln an~ ILp ~re the nuc-
leon magnet1c moments. The form factors, parttal wtdths, theore
tical and experimental branching ratios for ordinary baryons are 
listed in table I. Agreement with the experiment is obvious. As 
one sees from the table decays I- ... I 0 ev and 'S- ... :3° ev must be 
suppressed and sth (3° ... I+ ev) =2. 6 ·I o-4 (whereas B exp < 

< I • I · '! 0 - 3 ) • 

Beta decay of A: have been calculated in the cases: (A)f2 =0; 
(B)f1(Q)=fl0), g(q)=~r(O); and (C) when f(q),g(q) are defined 
by (3), the results ar·e collected in table II, 

Four-body semileptonic decays of A~ when me -0 are described 
by the diagrams shown in fig.!. For virtual charmed baryons, the 
masses of which are not yet known, we have used the mass estima
tions from ref.;:,; . 

B 
ue. 
~~B 

v 

B-=~-

I 
I 

I 

M 

B' 

Three-approximation diagram. ( s) and ( w) corres
pond to stron::r and weak interactions. 

Partial widths have been calculated by the integration of 
squared matrix elements over phase space by using the Monte
-Carlo method and Kopylov's procedure18~ortran subroutines for 
the procedure are contained in the simulation program TiviST 19 ~ 
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The data ' 1 ' available on semileptonic dec<lys of A~ are 

B (A~ -. A eX)= ( 1.1 ± 0.8) % • 

B (A~ -. p eX)= ( 1.8 ± 0.9) % • 

B (A c -. eX) = ( 4,5 ± 1. 7) % • 

One sees from table II that the branching ratio of A~-. A ev 

(i) 

(ii) 

(iii) 

is in a reasonable accord with (i)in (B) case.It follows that 
the A~ _,a-transition magnetic moment must indeed be too small. 
~·or decays A~-.pevX from the table we have sth =0.08%, much 
smaller than (ii). Summing the partial widths of all decays 
(further everywhere we use the results for (B)) we have obtained 
I'sl = 2. 3 • 10 11 sec .-1 whereas the QCD predictions 121 are (I. 9 ± 
± 0.5) ·10 11 sec - 1 • Using f'sl and (iii) we have estimated the 
A~ lifetime, rA.c = (2.0 ~ 0.7)·10- 13 sec. 

Authors are ~ndebted to V.N.Pervushin for useful discussions. 
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KanHHOBCKHH ~.rr .• CapHKOB H.A., TaxTaMhlWeB r.r. 
IloJiyJieTITOHHbJe paCTI<iAbl 06bJqHbJX H oqapoBaHHbiX 
A~ 6apHOHOB B KHpaJibHOH TeopHH 

E2-85-737 

MeTOA clleHOMeHOJIOI'HqecKHX KHpaJibHbiX JiarpaHJKHaHOB npHMeHJieTCH 
AJIH onHcaHHH noJiyJienTOHHbiX pacnaAOB o6bJqHbJX H oqapoBaHHOr.o A+ c 
6apHOHOB, B&JqHCJieHHble napJ.VfaJibHbJe IDHPHHbl /HJIH OTHOCHTeJlbHble Be-
pOJITHOCTH/ p<J.CllaAOB 06bJqHbJX 6apHOHOB COI'JiaCYJOTCH C HMeJOJJUfMHCH 
sKcnepHMeHTaJibHbiMH AaHHbiMH, qTo noATBep~aeT TeopHJO Ka6H66o 
C KHPaJI~HbiMH TOKaMH H ll03BOJIHeT npeACKa3aTb BepOHTHOCTH TeX pac~ 
naAOB ce-· ... E0 ev. I-' ... I 0 ev • go ... I+ ev ) t KOTOpble eme TOqHo J 
He H3MepeHbl. )trrH A: B&JqHcJieHbl Tpex- H qeTblpexqacTHqHbJe noJiynen 
TOHHble paCTiaAbJ, BepOHTHOCTb KaOH660BCKH-pa3pemeHHOI'O pacnaAa 
A: ... A ev corJiacyeTCJI c 3KcnepHMeHTaJibHbJM pe3yJibTaTOM AJIH 
A+ ... AeX B TO BpeMH KaK BepoaTHOCTb pacnaAOB A+ ... p!Tev c • c 
H A~ ... pKev 3Ha~TeJibHO MeHhme 3KcnepHMeHTaJibHoro 3HaqeHHH 
AJIH A+c ... peX, CAeJiaHa ou;eHKa BpeMeHH JKH3HH A +c , KoTopaH 
paBHa (2,0 + 0,7)·Jo-13 c. 

Pa6oTa BbJTIOnHeHa B ITa6opaTOPHH TeopeTHqecKOH IPH3HKH mum. 
Coo6.eHHe O&beAHHeHHOro HHCTHTYTa KAePHWX Hccne~oBaHHA. nY6Ha 1985 

Kalinovsky Yu.L., Sarikov N.A., Takhtamyshev G.G. E2-85-737 
Semileptonic Decays of Ordinary and Charmed A~ Baryons 
in Chiral Theory 

The phenomenological chiral Lagrangian method is applied for 

describing the semileptonic decays of ordinary and charmed 
A+ baryons. The calculated branching ratios of ordinary ba-
ryon decays agree with the experimental data available. That 
confirms the Cabibbo theory with chiral currents and permits 
to predict the branching ratios of such decays /'a-'.. E0 ev , 
I- -.I 0 ev,a<>-.I+ev/not yet measured. For A; three- and four
body decays are calculated. Branching ratio of A~ -.Aev is in 
agreement with the data on A;-. AeX , whereas for A: ... PIT ev and 
A!-. PK ev calculated branching ratio value is smaller as com
pared to the experimental one for At ... peX. The lifetime of A~ 
is estimated to be equal to r + = (2.0 ± 0.7). :10-1Ss. 

Ac 
The investigation has been performed at the Laboratory of 

Theoretical Physics, JINR. 
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