
Z. Phys. C - Particles and Fields 29, 453 458 (1985) Part  �9 r Physik e 

and F =4ds 
�9 Springer-Verlag 1985 

Contributions of Parity-Violating Baryon Matrix Elements 
to Nonleptonic Charmed-Baryon Decays 1 

Hai-Yang Cheng 

Physics Department, Brandeis University, Waltham, MA 02254, USA 

Received 28 June 1985 

Abstract. Baryon-baryon matrix elements of the par- 
ity-violating charm-changing weak Hamiltonian are 
calculated using the MIT  bag model. The changes in 
the s- and p-wave amplitudes of Cabibbo-favored 
nonleptonic decays of charmed baryons due to these 
parity-violating baryon transition elements are in 
general not substantially significant. However, they 
can overwhelm or be comparable to the contri- 
butions arising from the parity-conserving matrix 
elements for some reactions such as the s-wave 
amplitude of A + ~ 3 ~  + and A++K - and the p- 
wave amplitude of A + ~ S ~  +. 

I. Introduction 

Although the study of nonleptonic hyperon decays is 
an old subject, it recently received a lot attention in 
the literature. It has been known for quite some 
time, that though the standard current-algebra ap- 
proach (i.e., commuta tor  term for s-waves and 
ground-state baryon pole for p-waves) successfully re- 
produces the relative sign of the s- and p-wave 
amplitudes, it fails to predict their relative magni- 
tudes. A fit to s-waves yields too small p-wave 
amplitudes (except for A~Nrc decays) when com- 
pared with experiments*. Likewise, a fit to p-waves 
predicts too large s-waves [3]. The absolute magni- 
tudes of both s- and p-wave amplitudes have been 
calculated in the nonrelativistic quark model [-4] 
and the MIT  bag model [5-7]. To have a better 

1 Research supported in part by DOE contract DE-AC03- 
ER03230 
* See, for instance, [1] and [2]. As shown in 1-2] the p-wave 
amplitude is not only too small by roughly a factor of 2, it varies 
differently for different reactions 

agreement between theory and experiment the im- 
portance of including meson-pole contributions [-8] 
(or equivalently, the factorizable contributions 
[-6, 7, 9]), which vanish in the soft-pion limit, was 
also recognized and emphasized. It was then ob- 
served by Le Yaouanc et al. [-10] that the �89 low- 
lying baryon resonance can contribute considerably 
to s-wave amplitudes and the evidence for such cor- 
rections was shown by Pham [11], Milosevid et al. 
[12] also pointed out that the �89 excited baryon 
poles can help to explain p-wave amplitudes. Taking 
into account these �89 and �89 poles and appropriate 
meson-pole contributions, Bonvin [13] concluded 
that individual s- and p-wave amplitudes can be 
reproduced to an accuracy of about 10 %. 

The discussion of two-body charmed baryon 
nonleptonic weak decays is complicated by some 
other features. If the final meson is not light, in 
principle one cannot relate the three-hadron ampli- 
tude (BM[HwLBc) to the baryon-baryon transition 
matrix (B]HwlBc) through the use of current al- 
gebra and PCAC. To study all two-body decays 
exclusively, it would be ideal to have a reliable and 
direct theoretical evaluation of the three-body ma- 
trix elements*. However, a direct calculation of 
(BMI H~ IBc) within the quark model involves some 
uncertainties and is not as reliable as the standard 
current-algebra technique and PCAC [15]. The 
B c ~ B + M  decay (where M is a pion or a kaon) has 
been studied by several authors [14, 16, 17] in the 
framework of the conventional soft-meson technique 
and it was found that in general the theoretical 
prediction of the branching ratios is larger than that 
of experimental results, in particular for A~+~A~ + 
decays. Two potentially important  corrections may 

* Indeed, this is the starting framework employed by [14] 
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arise: As the hyperon decays the low-lying �89 bary- 
on poles for s-wave and excited �89 poles for p- 
wave may change considerably the conventional cur- 
rent-algebra results. Secondly, baryon matrix ele- 
ments of the parity-violating Hamiltonian, which 
can be safely disregarded in hyperon nonleptonic 
decays, are not necessarily negligible in charmed- 
baryon decays since SU(4) symmetry is badly bro- 
ken. Parity-violating baryon transition amplitudes 
for hyperon decays away from the limit of SU(3) 
invariance have been computed by Golowich and 
Holstein [18] and the changes in the usual analyses 
caused by such terms are found to be at the one 
percent level and hence can be reasonably neglected. 
However, a large SU(4) symmetry breaking might 
induce significant baryon matrix elements of the pa- 
rity-violating charm-changing weak Hamiltonian. tt 
is the purpose of this paper to calculate these tran- 
sition matrix elements and explore their effects on 
nonleptonic charmed-baryon decays. 

II. Calculation 

We start with the improved soft-meson theorem 1 for 
the decay 

<M~(q)BIHw[B~) 

- f~ (BI[Q2'Hw]IB~)+P(q)+R(q)  (l) 

where f~=0.94m~ and fK=l .26f~,  P(q) is the 
ground-state baryon pole term, and R(q) contains 
contributions which vanish in the soft-meson limit, 
such as meson-pole contributions (or equivalently, 
factorizable contributions) and excited baryon-pole 
terms. The contribution R(q) is of vital importance 
since the final meson in charmed-baryon decays can 
be far away from being "soft". Writing* 

< M~(q)B[ H w IBm) = i~B(A + ? 5 B)uso (2) 

where A and B are the s- and p-wave amplitudes 
respectively, we have (apart from meson-pole contri- 
butions) 

A = A ~~ + A p~ + A p~ 

_ l /~ <Bi[Q2,HW]IB~) 
L 

0 t ) .  To write down the general s- * Here 7 5 = -  I 0 formula for 

and p-wave amplitudes, it proves to be convenient to adopt this 
representation for 75 

]/2 (Bc_B)~g3~_7~7.,r BB'bB'Bc b.B'gB'Bc~ 
L ( ~c+~ S ~  J 

r ,B*b.*Sc bBB*g~*B.'~ 
+ ~ ( B ~ - B ) t g ~  + - B ~  j 

B= B c~ 

(3) 

where (*) denotes contributions from �89 low-lying 
baryon resonances for s-wave and from the first 
excited �89 baryon poles for p-wave, a~B'(b BB') are 
baryon matrix elements of the parity-conserving 
(-violating) Hamiltonian, gv and gA are vector and 
axial-vector form factors defined in (A.15). We note 
that A p~ is opposite in sign to the commutator 
term A c~ which reduces the s-wave amplitude [10]. 
Furthermore, the A p~ A p~ and B p~ terms all 
vanish in the soft-meson limit; the only pole term 
which survives in the soft-meson limit is the ground- 
state �89 pole contribution to the p-wave amplitude. 

The relevant QCD corrected effective weak 
Hamiltonian for Cabibbo favored charmed-baryon 
decays is 

H = GF w 2]f2 c~ 

O_+ = ~-7.(1 +Ts)cffyu(l +Ts)d 

+ gTu(1 + ys)dffyu(1 + 75)c (5) 

where Oc is the Cabibbo angle, and c =1.80~2.10 
for AQCD=250 MeV~500  MeV. The penguin opera- 
tor does not contribute to Cabibbo favored chan- 
nels. Since O+ is symmetric in color indices it also 
does not contribute. 

It is known that if the meson-meson transition 
amplitude <MllHwlM2)  is evaluated in the vacuum 
intermediate state approximation (i.e., the vacuum 
insertion), the vector meson- and pseudoscalar me- 
son-pole amplitudes are then related to the factoriz- 
able s- and p-wave amplitudes respectively through 
PCAC, VMD, and the Goldberger-Treiman relation. 
Nevertheless, the calculation of meson-pole contri- 
bution is in some sense more complete and reliable 
if the weak transition element (MIIHwIM2>, which 
contains contributions from all intermediate states, 
can be taken directly from the experimental data or 

+ B p~ + B p~ 

- - ~  (BI [Q~, HVq IBm> 
L 

] /2  (B c+B*) g@- a - ]  (4) 
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reasonably evaluated in the quark  model,  for in- 
stance using the M I T  bag model. The well-known 
example is the matrix element <~] H ~ I K }  which can- 
not  be fully explained by the vacuum insertion and 
Q C D  corrected Hami l ton ian  and hence has to be 
taken from the experimental ampli tude for K--*2n 
decays. For  charmed-baryon  decays, there are F or 
D pole contributions (depending on the final-state 
light meson) for the p-wave ampli tude and F* or D* 
pole terms for the s-wave amplitude. In the absence 
of experimental information on the transition 
<~]HwlF}. . .  etc., we rely on the factorization meth- 
od with vacuum insertion. The factorizable contri- 
butions are given by [16, 17] 

1 
Afac t - -  3 ] / 2  Gvc~ + - c - ) ( B ~ - B ) g ~ n  

1 
B f~r GFCOS20cs +_c ) (S~+S)g  B~ (6) 

3 ] /2  

where the + ( - )  sign is for n+(/~o) emission. 
For  numerical  estimates we use the following bag 

parameters  [19] 

m u = m d = 0 ,  

co, = 2.0428, 

R = 5  GeV -~. 

m, =0.279 GeV, m c = 1.551 GeV 

cos = 2.8523, co~ = 8.2965, 

(7) 

The values of 
fined in (A.l 1) 

a = 1.82 x 10 3 

b=0 .41  x 10 3 

c=0 .36  x 10 . 3  

the four-quark overlap integrals de- 
and (A.13) are* 

GeV 3, a = 1.12 x 10 3 GeV 2 

GeV 3, /) = - 1.54 • 10 3 GeV 2 (8) 

GeV 3, ~=  -3 .61  x 10 -3  GeV 2. 

The relevant pari ty-conserving baryon  matrix ele- 
ments are (see Appendix for details) 

1 A + a ~+ -- (3a - b  + 4c), a A~176 - - a  y'+A+ 
r 

zoZo 1 
a ~ = ~ ( 9 a + b + 8 c ) ,  

~o ~o  1 
a-" - ' ~ = ~ ( 9 a - b +  lOc) (9) 

1 
a z~176  ( 3 a + b + 2 c )  

where A~ and E~ are SU(3) 3 and 6 states, 
respectively. Our  result for a s~176 disagrees with 

[16, 17], but  satisfies the U-spin relation 

- o - o  1 aXOXO ] / 3  
a'- -%=~ ~+ 2--aA~176 (10) 

The corresponding parity-violating baryon  transit ion 
elements are computed  using (A.14) 

1 
b ~ + A+ --  (a  + 2 5 - 2 ~'), 
- 3 1 / 6  

_bAOZO= 1 ( a - 2 5 + 2 ~ )  

1 1 
bx~ 3 ] /2  a, b s ~ 1 7 6  (b -c ' )  
_ _ 3 l / 2  

b z~176 (2a + / ~ - g )  _(12) 
3# 

where b 8B ' -  8mBmB' b BB'. 
m B + m B, 

The vector and axial-vector form factors are 

gAAe =0.95, g~":  = ] f ~  (0.88) 

gAa~+ = 0.86, gAPag = ~ 2  (0.77) 

g5 +A = --gaa:s~ a_~ gAr+Z~ (0.65) 

1 1 Z+A++ Z+Eo geff + = gA - -  ga 
2 ] f6  5 

1 1 
A~176 (0.71). 

= ] ~ 3  gA --  3 
(12) 

In this paper  we consider the following Cabibbo  
favored A + decay modes:  A + ~ A ~  +, p R  o , A + + K  , 
Z~ + and f f~  +. A m o n g  these channels, only the 
first two decays receive factorizable contributions. 
The process A + ~ A + + K -  (also A + - , E ~  +) is of 
part icular  interest since it receives pole contr ibutions 
alone given by* 

Apole 1 r+ A+ + bS+ A+ 
= L  gA A + _ Z +  

1 a Z+ A+ 
B p~ "~+a+ + - -  (13) 

fK gA A + _ X + "  

The W-exchange diagram is the only mechanism re- 
sponsible for A +--*A + + K -  decay. Unlike charmed-  
meson decays, the W-exchange in charmed-baryon  
decays is neither helicity nor  color  suppressed since 

* Although we use the same values of bag parameters as in [16], 
our numerical results for the overlap integrals a, b, c, and for 
form factors are slightly different from theirs 

* Since the Goldberger-Treiman relation for g~ +A++ is poorly 
satisfied, the p-wave amplitude is not written in terms of the 
pseudoscalar coupling constant gz+ a + + K- 
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Table 1. Numerical values of A + decay amplitudes in units of c G v cosZ0cx 10 z. Branching ratios for various reactions and experimental 
values are given in the last two columns 

Decay mode A e~ A p~ A fact A t~ B c~ B p~ B fact B t~ Br(%) Expt(%) 

A + ~Arc + 0 -0.34 -5.87 -6.21 0 0.87 15.46 16.33 8.2 

A + __, p/~0 2.35 0.09 1.49 3.93 -0.99 - 1.64 -3.10 -5.73 2.2 

A + ~A++K 0 0.33 0 0.33 0 2.49 0 2.49 0.72 

A + ~X~ + -4.09 -0.3l 0 -4.40 1.72 -1.79 0 -0.07 2.3 

A + ~Z~ 0.03 -0.40 0 -0.37 0.10 4.31 0 4.41 0.12 

0.6 • 

1.1 • 

0.45• 

a d iqua rk  subsys tem with spin zero can be present  
inside a baryon.  Hence,  W-exchange d iagrams  can be 
i m p o r t a n t  for decays of cha rmed  baryons ,  and  a 
measu remen t  of the decay rate  of A + ~ A + + K  - pro-  
vides a direct  test of such a pic ture  [20]. The  role of 
the W-exchange process  in the inclusive non lep ton ic  
decay  of cha rmed  ba ryon  has been discussed by 
many  au thors  [21]. Since the decay mode  
A + ~ A  + + K -  involves a Rar i t a -Schwinger  par t ic le  
A + +, its decay  rate  is 

/ ' - -  q3 

12re 

. { [ A I z ( A c - A + + ) Z - K 2  (Ac+A++)2-K2"~ 
(A+ +)2 ~-IBI 2 ~ 2  j (14) 

where q is the center-of-mass  m o m e n t u m  of the de- 
cay part icles.  

Results  of ca lcula t ions  of s- and  p-wave ampl i -  
tudes and b ranch ing  rat ios  for var ious  decay modes  
are  shown in Table  1, where use of c _ = 1 . 9 6 0 ,  c+ 
=0.714,  and  Ftot=4.348 x 1012s  -1  has been made*.  
I t  is clear  f rom the table  that  con t r ibu t ions  from the 
ba ryon  mat r ix  elements  of the pa r i ty -v io la t ing  H a m -  
i l tonian  are  in general  not  i m p o r t a n t  except in the s- 
wave a m p l i t u d e  of A c + ~ 3 ~  +, A++K and the p- 
wave of A+-- ,S~ + (Even so, the par t ia l  decay rate  
is essent ial ly unaffected). This  can be unde r s tood  as 
follows: The  ra t io  bRB'/a BB' ranges from 0.1 to 0.4 for 
var ious  c h a r m e d - b a r y o n  decays.  (For  hype ron  de- 
cays, it is typica l ly  of o rder  0.1 or  less [18].) Fu r -  
thermore ,  for bo th  s- and  p-wave ampl i tudes ,  contr i -  
bu t ions  from the pa r i ty -v io la t ing  ba ryon  mat r ix  ele- 
ments  re la t ive  to that  from the par i ty -conserv ing  
ones are  suppressed  by the factor  (mBc--ms)/(mBc 
+roB). Consequent ly ,  the effects of the ba ryon  t ran-  
s i t ion e lements  from the pa r i ty -v io la t ing  Hami l -  
ton ian  on c h a r m e d - b a r y o n  non lep ton ic  decays are in 

* Both [16] and [17] use c =1.96 and c+=0.64 

general  not  significant.  The  except ional  case occurs 
if there  are some large cancel la t ions  among  par i ty-  
conserving terms,  for example,  the s-wave c o m m u -  
ta to r  term in A+-- ,S~  +, and the p-wave pole  te rm 
in A+ ~Z~ +. 

Al though  the p red ic ted  b ranch ing  ra t io*  for 
A + ~ p / ~ 0  and A + + K -  is consis tent  with 
exper iment**,  the ca lcu la ted  b ranch ing  ra t io  for 
A+---,Arc § is still too  large by a factor  of abou t  10. 
As po in ted  out  by Eber t  and  Kal l ies  [17], the com- 
m u t a t o r  term vanishes and the factor izable  t e rm 
seems to be overes t imated.  This might  be cured by 
the correc t ions  due to the 1 -  poles of (70, 1- )  or 
(168, 1 - )  mul t ip le t  for the s-waves, but  a huge cancel-  
la t ion between A (fact) and A p~ is required,  which 
thus does not  seem very promising.  An independen t  
way of checking this fac tor izable  te rm is th rough  the 
ca lcula t ion  of meson-po le  t e rm for which, unfor-  
tunately,  we do not  have re l iable  est imates at  the 
present  time. Anyway,  the decay rate  of A +--,ATz + 
still remains  an open problem.  

IlL Conclusion 

We have ca lcula ted  the b a r y o n - b a r y o n  mat r ix  ele- 
ments  of the pa r i ty -v io la t ing  cha rm-chang ing  weak 
Hami l ton ian .  Con t r ibu t ions  to the s- and p-wave 
ampl i tudes  of  Ca b ibbo - f a vo re d  non lep ton ic  decays 
of cha rmed  baryon  due to such terms are es t imated  
and found to be smal l  in general .  However  for some 
reac t ions  such as the s-wave of A + ~ ~  +, A++K - 
and the p-wave of A + ~ N ~  + they could  overwhelm 
or  be c ompa ra b l e  to con t r ibu t ions  arising from par i -  

* As in [17], we also have different relative signs of the pole terms 
in the p-wave amplitudes of A+--,S~ +, when compared with 
[16] 
** The branching ratios of the two-body decays given in the 
Particle Data Group [22] are determined by the measurement of 
the decay rate of A+-*pK ~+, which itself could be under- 
estimated [16] 



H.-Y. Cheng: Contributions of Parity-Violating Baryon Matrix Elements 457 

ty-conserving baryon matrix elements. The large dis- 
crepancy between theory and experiment for 
A~ +--,ATz + decay is not accounted for by such parity- 
violating transition matrices and a reliable estimate 
of the meson-pole contribution is needed to check if 
the factorizable term is overestimated. 

It is also expected that the low-lying �89 baryon 
poles (for s-wave) and excited 1+ poles (for p-wave) 
would play the same important role as in hyperon 
decays and this should be investigated in future 
study. 

Appendix 

In this Appendix we give the general expressions for 
the baryon matrix elements a BB' and b BB' of the 
parity-conserving (pc) and parity-violating (pv) weak 
Hamiltonian respectively 

( B(p)I H m I B' (p') ) = a ~B' ff n(p)uB,(p') 

(B(p) l H pv IB'(p')) = bSB'ffB(p) 75UB,(p') (A.1) 

within the context of the MIT static bag model. In 
this model the static baryon bag s t a t e  IB)bag  is not a 
momentum eigenstate, and the baryon bag matrix 
element (BI H(x)IB'>bag is related to 
(B(p)I H(0)IB(p')) by the following relation [23]. 

m B 
( BI H (x) IB')b~g = S d3 p ~ Z*(p)e -~vx 

�9 ~ d~p ' ~ Z(p')e~P":'(B(p)l H(O)[B'(p')) (A.2) 

where the momentum wave function Z(P) is subject 
to the renormalization condition 

1 = ~d3p ~ IX(p)12(270 3. (A.3) 

Approximating E ~-m and using ZB(P)=)~8'(P) we find 
that 

~d3x(BlH(x)lB')b~g~(B(p)lg(O)lB'(p)) .  (1.4) 

Therefore the parity-conserving baryon matrix ele- 
ment is given by 

a BB' ~- ~ d3x(BI HVC(x)]B')bag. (A.5) 

Unlike a Bn', b Bn' is not simply related to the bag 
matrix element of the parity-violating Hamiltonian 
integrated over space; such an integral vanishes due 
to the parity argument. As pointed out in [18], one 
may consider instead the following quantity 

F ( q) = S d3 x e-iq'x(BI HVV(x)]B')bag. (A.6) 

Again in the nonrelativistic approximation and to 
the lowest order in q such that )~B,(p')~)~n,(p)~ZB(p), 
it turns out that [18] 

F(q)~ - b  BB' mn +mn' Z~ a'qxB, (A.7) 
4mBm B, 

where X + and X are the two-component baryon spin- 
ors .  

In the MIT bag model the quark spatial wave 
function is given by [19] 

N(x) [ i jo(xr/R)z rz ~ ] 
(4rcR3) ~ \ - ~ j ~ ( x r / R ) a "  

_ [ i u ( r ) x  
\v(r)a " r z !  

q(r) 

(A.8) 

where x=(co2--m2R2) 1/2 for a quark of mass m 
existing within a bag of radius R in mode e), e=(co 
-mR) / (co+mR) ,  and N2(x)=x4/([2o.)(~o--l)+mR] 
�9 sinZx). In terms of the large and small com- 
ponents of the quark wave function u(r) and v(r) 
respectively, the matrix elements of the two-quark 
vector operator V,(x)=El'7,q and the axial-vector 
operator A,(x)=Yl'7,75q are given by [15] 

(q'l Volq)=u'  u+v ' v  

(q'[ Ao Iq) = - i (u ' v  - v ' u ) a .  

(q'l V Iq> = i(u'v + v' u)a • ~ - ( u ' v - u v ' ) F  

( q'] A [q) = i(u' u - v' v)a + 2iv' vhr . L (A.9) 

The four-quark operator O_(x)=(~c)( f fd)-(~d)( f fc) ,  
where (s163 can be written as 0 (x) 
= 6 [(3-c)1(ffd)2-(3-d)l(ffc)2 ], where the subscript i in- 
dicates that the quark operator acts only on the ith 

quark in the baryon wave function. It is then 
straightforward to show that 

S d3r(q'l q'21 (g-c)1 (ffd)~ e Iql q2) 

= ( a + b ) - l ( 3 a - b + 4 c ) a  1.a 2 

d3 r ( q'l q'21 (gd)l (ffc)~ c Iqx q2) 

= ( a - b +  2c) 1 - 5 ( 3  a + b + 2C)~" 1 " a 2 (A.10) 

where use of ( a  1.~a2-~ ) 1 . = 5 ( a  1 a2) has been made 
for s-wave baryon states, and a, b, c are four-quark 
overlap integrals given by [16] 

2 Uc Us ) a=~d3r(dZuucu~+vu 

b = ~ d3r(u 2 vcv~+ V3UcU~) 

c = ~daruuvu(UcVs + v c Us). (A.11) 

To determine the parity-violating baryon matrix ele- 
ments we expand F(q) in powers of q and retain the 
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lowest order nontrivial term, F(q) 
-i~d3rq " r(BI H v~lB')bag. Hence the relevant tran- 
sition matrices are 

~ d3r ( q'l q'2l q" r(Kc)~ (ff d)~ ~ I q l q2)  

i 
= - 3  [a(~l + a 2 ) ' q  - i ( b  -- c)(rr 1 x ~2)" q] 

d3r(q'~ q21 q" r(sd)l (uc)~ ~ [q~ qe) 

i 
-- 3gl[(al  + t r 2 ) . q + i ( a l  x a 2 ) . q ]  (A.12) 

where 

gt = ~rd3r(u 2 +v2)(GVc - G u t )  

b =  ~ r d3r(u 2 - v2 ) (usvc  + VsU c) 

? = ~rd3r(UsUc - G v ~ ) 2 u , v , .  (A.13) 

It  is easi ly seen tha t  in the  l imi t  of  SU(4)  s y m m e t r y ,  

all  p a r i t y - v i o l a t i n g  m a t r i x  e l emen t s  vanish ,  as they  

shou ld  be. 

T h e  f l avor - sp in  w a v e  func t i on  of  the  b a r y o n  in 

the  bag  m o d e l  is the  s a m e  as tha t  in the  n o n r e l a t i v -  
istic SU(6)  mode l .  T o  c o m p u t e  b Bw it is c o n v e n i e n t  

to cons ide r  the  sp in -up  s ta te  for bo th  ini t ia l  and  

final  ba ryons .  F r o m  (A.7) a n d  (A.12) the  b a r y o n -  

b a r y o n  m a t r i x  e l e m e n t  of  the  p a r i t y - v i o l a t i n g  par t  of  

O_  b e c o m e s  

bBB'=8 rnBmB' <B~IOIB'T>fl . . . . . .  pin (A.14) 
m B q- m B, 

0 = (11 + b J 2 + G . [ a ( , r l  + ~2)~ - i ( b -  c)( 'h x ~2)3  

-d+sblad~ub2cgl[(tr l  q- ~ + i(~1 X 0"2)z3 

where blc is a charm quark destruction operator 
acting on the first quark in the baryon wave func- 
tion. Similarly, a Bw can be easily calculated from 
(A.5) and (A.10). 

Finally, the vector and axial-vector form factors 
gV, A at zero momentum transfer 

( B(p)[ V u IB'(p)> = g~v w ~B(p) 7 . UB,(p) 

(B(p)l A u [B'(p)) = g~W fiB(P)7.75uw(P) (A. 15) 

are determined in the bag model by virtue of (A.5) 
and are given by 

gBB'= S d3r(u, u + v' v ) f  BTI d + b q, [B'~'>f I ....... pin 

g~B'=  S d3r(u,u - ~v'  v) ( BT] d + b q, a;] B'T}fl . . . . . .  pin(A'16) 

where the nonrelativistic approximation 
ffB~?sUR,~Z+aZW is used. 
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Noted Added in Proof. After this work was completed, we became 
aware of a paper by D. Ebert and W. Kallies (Yad. Fiz. 40, 1250 
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