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Abstract. Heavy to light baryon weak form factors are investigated in a lightcone constituent quark model. 
In a SU(4) symmetry broken scheme, both charged and neutral weak current-induced form factors are 
calculated at the q: = 0 point including the leading relativistic effects in the spin composition of baryons. 
The corresponding semileptonic decays are described by assuming dipole dependence of form factors on 
q2. 

I Introduction 

With increasing data on heavy baryon decays being avail- 
able at ARGUS, CERN, CLEO and Fermilab, the study 
of heavy baryon decays is becoming more topical. The 
past several years have seen discoveries of many new de- 
cay modes of charmed baryons, including new and high 
statistics measurements of Ac decays [i]. In particular, 
the measurements of semileptonic decay and even form 
factor ratios for the process Ac --+ Ae+L ' have been Carried 
out [I, 2] recently. These new data now make it possible 
to carry out a serious theoretical investigation of heavy 
baryon decays. 

Weak decays involve an interplay between weak and 
strong interactions. The weak form factors of decay ampli- 
tudes directly parameterize the nonperturbative dynam- 
ics of heavy baryon decays and play an important role in 
analyzing exclusive decays, and observing CP violations. 
During the past few years, several attempts have been 
made to study heavy baryon decay weak form factors, in 
particular those for charmed baryons, by using the non- 
relativistic quark model [3], MIT bag model [3] an heavy 
quark effective theory (HQET) [4-7]. In the present work, 
we study heavy baryon weak form factors using the con- 
stituent quark model in the lightcone formalism, which 
was first formulated by Berestetski and Terent'ev [8] and 
has been applied to various hadronic processes [9, I0]. In 
the case of mesons, the lightcone quark model has been 
used to study mesonic weak form factors by a number 
of authors[ll-iT]. Recently, the investigation has been ex- 
tended to light baryons [18,19] where it was found that the 
lightcone quark model sucessfully explained the magnetic 
moments and weak decays of light baryons. 

Weak from factors are determined by wavefunctions of 
initial and final baryons. In principle, baryon wavefunc- 
tions can be obtained by solving the bound state equa- 
tion [20-22]. Unfortunately, due to the nonperturbative 
property of QCD at long-distance, at present, one can 

not determine the wavefunctions from first principle. In 
this paper, the phenomenological wavefunctions, which 
have proven to be successful in explaining electroweak 
properties of light baryons [18,19] and mesons [23], have 
been used. By fitting experiment data for semileptonic 
decay Ac --* Ae+~, a consistent picture can be found in 
a SU(4) symmetry broken scheme of heavy baryon spin- 
flavor wavefunctions. An advantage of our analysis is that 
the constituent quark masses determined by baryons are 
consistent with those determined by mesons. In addition, 
we employ Melosh transformation [24,25] to construct 
baryon states of definite spins, and use an approximation 
of retaining only the leading relativistic effects in the spin 
composition. 

This paper is organized as follows: Following the Intro- 
duction, Sect. II introduces the lightcone formalism and 
baryon wavefunctions. Weak form factors are calculated 
and semileptonic decays of charmed baryons are analyzed 
in Sect. III. The final part, Sect. IV, contains a summary 
and discussion. 

II Lightcone formalism 
and baryon wavefunctions 

In this section, we introduce some necessary notations 
and definitions, in particular baryon wavefunctions on the 
lightcone, which will be used to calculate weak form fac- 
tors in the next section. 

In the lightcone formalism [20, 21, 26], the physical had- 
ton state is defined at the lightcone "time" w : t + z. 
A baryon bound state with total lightcone momentum 
(P+, P±), which is assumed to be consisted of three con- 
stituent quarks qi, q2, q3 in the lightcone constituent quark 
model [8], can be written as 

IB; P+, P± >= (i) 
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[d2]c±] [qlq2q3 : xiP +, z i P ±  + k±i, Ai > 
A~ 

x¢(xi, k±i, ;~d, 

where the sum is over helicities, and xi = lc+/P + is the 
lightcone momentum fraction carried by the i-th quark qi, 
Ai and kzi are respectively the helicity and the transverse 
momenta relative to the momentum of the bound state, 
and 

3 3 

[dx] = 6(1 - ~ xi) H dxi, 
i = 1  i = l  

a 3 d2k± i 
[d~k±] : 16~3d~)(~ -] k±i) ]] 16~3. (2) 

i : l  i = l  

The baryon wavefunction ¢(xi ,  kmi, Ai) satisfies the nor- 
malization condition 

f [dx][d2k±JIW(xi, k±i, ai)l ~ ---- I (3) 

and the invariant mass operator (without interaction terms) 
is given by 

2]//02 -- k21 + m2 + k~-2 + m2 J- k23 + m32 (4) 
X l  X2 3;3 

where ml, m2, m3 are masses of the constituent quarks. 
In order to construct a hadron state of definite spin, 

the longitudinal components ]%i are defined [25] such that 
the relative momenta ki = (k±, k3)i and the spin satisfy 
vector commutation relations. Thus with 

1 ~ + kL1 
k~i = ~[M0~i ?Z0x~ " (5) 

the total spin operator J can be expressed as a sum of 
orbital and spin contributions, 

J = E (Yi x ki + j i ) ,  (6) 
i 

where Yi are coordinate operators of quarks, and the op- 
erators ji are related to the quark spin si by a Melosh 
rotation [24, 25, 27] 

J{ = RM(x i ,  k±i, mi ,  M0)si. (7) 

The matr ix representation of Melosh rotation is given by 
[25] 

< a ' t R ~ ( z ,  k±, m, M) la  > 

m + x M - i c r .  (n x k ± ) ]  (8) 

with the vector n = (0, 0, I). 
In terms of the eigenvalues of the longitudinal com- 

ponents of operators Ji, the spin-flavor wavefunctions of 

1+ charmed baryons with spin 
nonrelativistic constituent quark model [28] 

IA~ (T) > -  (udc d~)~A, ) >-- ~c~s ,  

1 

1 
IS~+(~) > -  , ~ ( ~ e  ~ ) ~ ,  

Is+'(T) >-- ~ ( u s c +  suc))cs, (9) 

_ 0  I:~(t) >= ( d ~ -  sdc)XA, 

1 
-o, ~ (dse + s~c)xs, I=~ (D >-  

o In~(T) > -  sscxs; 
with 

1 
x~ : ~ [I T i t>  I l tT>] ,  

1 
zs = ~ [21 Tt~> - I  tZt> - I  l t t > ] ,  (10) 

where eigensta~es T>. ' $> of the longitudinal  compo- 
nents of j i  are related to the corresponding quark he- 
licity eigenstates ] T>F, ~>~, by the Melosh rotation 
RM t x~, k±i, mi, M0 j, 

can be written as in the 

(i) >----RM(xi, k±i, mi, M0) ~ (L) >m - (11] 

It should be emphasized that  the above spin-flavor wave- 
functions define our SU(4) symmetry broken scheme. In 
SU(4) symmetry, the corresponding spin-favor wavefunc- 
tions include the extra terms, which are obtained from 
(9) by permutations of the quarks in the first and second 
positions with the charm quark [3]. 

The baryon wavefunction is a product  of the spin-flavor 
wavefunction and the momentum wavefunction. In this 
paper, the momentum wavefunctions of baryons are as- 
sumed to be a simple function of the invariant mass M0 
of the form. 

¢(xi, k±i) -- A e x p [ - M ~ / 2 / ~  2] (12) 

where ~ is a scale parameter and the amplitude A is de- 
termined by the normalization condition (3). It should 
be emphasized that  the above harmonic oscillator wave- 
functions can be obtained directly by solving the equal- 
time B-S equation with a harmonic oscillator potential in 
the rest frame and applying the Brodsky-Huang-Lepage 
(BHL) prescription [22], which suggests that  the valence 
Fock-state wavefunction depends only on the off-shell en- 
ergy variable and the equal-time wavefunction in the rest 
frame is related to the wavefunction in the infinite mo- 
mentum frame by equating the energy propagators in the 
two frames. 

In the next section, we apply these wavefunctions to 
investigate weak form factors and semileptonic decays of 
charmed baryons. 
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III Weak form factors and semileptonic 
decays of charmed baryons 

By Lorentz invariance, the general decomposition of hadro- 
nic matrix element of weak currents is given by 

< B I ( P f ,  S f ) IV~IBi(Pi  , S~) > (13) 

= ~f  [/1 (q2).~. 4- i f ~ ( q 2 ) ~ , q ~ / m z  + fa(q2)q~/mi]  ui, 

< B/(P, ,  Sf)IAuIB~(P~, &) > (14) 
= Uf [g1(q2)7. + ig2(q2)(7 .uqU/mI  + 9 3 ( q 2 ) q . / m I ]  75ui,  

where q = Pi - P f  and mi is mass of the initial baryon. 
All form factors fi and gi are real functions of q2 by T in- 
variance of strong interaction. Usually, the dependence of 
these form factors on q2 are assumed to be either monopole 
or dipole. In this paper, we assume a dipole behavior for 
them, which is preferred since it is close to the calculated 
baryonic Isgur-Wise function. Thus, 

k(q  ~) = (~ _ q: / .~g)~,  ~(q=) - ( , _ ~ / ~ ) ~  (15) 

where mv and mA are pole masses of the vector and ax- 
ial vector meson with the same quantum number as the 
current under consideration, respectively. 

In order to calculate these form factors, we choose a 
frame with q+ = 0 and put, without loss of generality, 
q± = (q~, qy) = (q~, 0) for convenience. By expressing the 
currents V, and A~ in terms of creation and annihilation 
operators, it is not difficult to obtain 

1 
f l - -  

1 

gl -- 2 p . ~ + p ~  

f2 -- m1 
2 P~+P~+q± 

m i  
92-- 2 p~/+p~+q± 

_ _  < B / ( P z ,  T)IV+IB~(P~, $) >,  

< BZ(P f, T)IA+IB~(P~, ~) >; (16) 

< Bf(Pf,  $)IV+IB~(P~, T) >, 

< Bf(Pf,  $)]A+]~(P.  $) > (17) 

ml 
f~' = --2q. < Bf(Pf '  T)IGIB*(P~' T) >' 

f3 -- m1 If; + fl], (18) 
m i  + m f  

t ?TtI 
g~ = --2q± < Bs(Ps,  $)l&lB~(Pi, T) >, 

m I  ! 
g3 - [g~ + g~]. (~9) 

m i  -- m f  

Calculation of form factors requires evaluation of the 
spin matrix elements. The eigenstates of longitudial com- 
ponents of operators ji can be expanded in terms of the 
quark helicity states as 

f ~.>(~) = rn~ + x~Mo ~>~) 

kR~ I~>~ ~, (20) 
v / ( .~  + ~M0)  ~ + k L  

i ~>(~) = k~ I T>~ ) 

-} mi  + XiMo I ~>~) (21) 
v/(.~, + ~ M o ) :  + k~, 

where kr(R)i = k~i z7 kvi. Hereafter, for convenience, we 

call I T>(~), I T>(~) and I T>~ ), I ; > ~  ) quark spin states 
and helicity states, respectively. Obviously, in the nonrel- 
ativistic limit k±i = 0,'one has I T > (0=  [ T>~ ), [ ~>(i)= 

I +>~). At the same time, one gets f2 = 92 = 0 duo to 
the helicity conservation. However, recent measurement 
of form factors for A~ -~ Ae+u from CLEO found [2] 
that  the form factor ratio R = -0.25 4-0.14 ± 0.08 in 
the framework of HQET. In our definition of form fac- 
tors, the above measured ratio gives f 2 / f l  = 92/gl  = 
-0.28 4- 0.21, which hints that  relativistic effects in the 
spin composition are necessary, i.e., there are necessary 
Melosh rotations connecting quark spin states and helic- 
ity states on the lightcone. On this point, one finds that  
heavy baryons and heavy mesons are quite different; in 
weak decays of heavy meson, no direct experimental ev- 
idence to support such a rotation has been found. This 
explains why BSW model [11] met with such great suc- 
cess. Since in the hadronic bound state, quarks interact 
with each other by exchanges of soft gluons, quark too- 
mentum fluctuates around a very low value, in partic- 
ular, the transverse movementa of quarks on the light- 
cone are highly suppressed. One naturally expects that  the 
main contribution comes from low transverse momenta of 
quarks. Therefore, it is very reasonable to consider the 
leading relativistic effects in the spin composition, i.e., ex- 
pand the Melosh rotation matrix in the quark transverse 
momentum 

~Ri 
I T> (~)-- I T>~ ) -~i + xiMo I t>~) + .... ' (22) 

mi + x iMo ] +[ + .... ' 
(23) 

and keep only the terms up t o  0 ( ] ~ )  1 in the above ex- 
pansion, and also in the expansions of all spin matrix el- 
ements. Under this approximation, the normalizations of 
quark spin states are preserved automatically, <~ I T >(i) 
= <1 [ l >  (i)= 1; and for the individual spectator tran- 
sition, the spin conserving and spin flip matrix elements 
are respectively of O(k±)  ° and O(k±)  1. One can, simi- 
larly, also count the powers of the individual spin matrix 
elements between the decaying and the produced quarks 
in k± under the action of a given current. Therefore,under 
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T a b l e  1. Coet~cients in form factors for weak currents induced charmed to light baryon transitions (in our notation,  
the second spectator always refers to the heavier one, and values shown in the table for all coefficients have been 
mult ipl ied by a factor of ~/3) 

Transition (a/, a s ) 

£~++ - ~  p 1, -½ 
1 1 

Z J  ~ n > /5 '  6,/5 

~ c  --+ A 2 ~ 2-,/3 
~ +  ----+ A 1 1 ~c ~.~z+ ~70 21' 21 

~ c  ~ 2' 6 
=+ __. ~o  ,/g ~5 
~ c  2 ' 2 
~I0 I 1 

= °  --~ £7 -  V/~- X / ~  a - 
1 Y2 ° - ~ S -  -1 , 5 

A+--+ A 1 , 1  
Z ++ -~ Z + 1 , - - !  
~+ _~ ~o 1 -~- , 

~°  ~ ZT- 1 , - - 5  
~",'+ ~'0 1 1 
~ c  ~ ~ , /5  ' 3-,/~ 

z :  z° 
~tO 1 1 

1 1 
Z+ ~ P ,/5 ' >/5 
~o ---+ n -1,  ½ 

,~1-I z~+ 1 1 

= + - ~ +  V/~ V~-~ 
~,o __~ A -,/g 1 

=o _~ A i2 ~ c  2 

~'tc ----+ 2 ~ 6 
~o _~. z,o ,/5 ,/5 
~ c  2 ' 2 
o o ~ ~o -1, 

( a l ,  a2, a3 ) (bl, b~, b3) 
' , /g ' , 2 g '  v~ 

- ~ - - g ,  0 
1 3 '  ~ 3 1 1 1 

6 q '  6~3~ 16~/2 6v~2 ~ I  2~/2'12M'21 
' ? ~  ~ ,  2,/3, 2 ~  

21~'i 1 i 

6' 6' 6 6' 2' 2 
1 1 V~ 1 1 

, , ~g, ~-g 
- 2 a 7 6 3 '  g 6'1 O, 0 

1 , 0 , 0  1 , 0 , 0  
1 2 2 1 

,~,~ - ~ , o , o  

- - ' ~ '  ~ - i ' ° ' °  ,53 - - , o  0 3 ' 3 
1 1 1 1 1 

3 ~  ' 3 x / 2  ' 3 , / 2  3 x / 2  ' v ~  ' , / ~  

, ,/g 1 ~ ' ~ 1  1 
3~3 ' 3x/2 ' 3~/2 

,,/g, ,/g 

, , 

~ '  ~ ~,~ 
1 3 ~ 131 3 5 

3 ~  ' s ~ '  s ~  x/~ 1 
, ~ , ~  

2~ ' 2~ ' 2 

1 2 ' 1  2 ~ 2 5  
6 ~ 6  ' 6 

1 
.3 ~ ,3 ~ 3 

3, /~ '  , / 7 ,  ,/~ 

' , ? g '  v~ 

' ' 1"~ ~ ; ~ ,  ,~ 
g , 0 , 0  

1 1 1 

V~ ~ , ,/g ,/g 
1 1 1 

~,/5 , >/5 , ~v5 
1 1 1 
2 ' 2 2 

I 1 1 
6 '  2 ~ 2 

2 , 2~/g ' 2 - Jg  
i g , 0 , 0  

(e,,  e2, c3) (dl, d2, d3) 
~ I i I 

,Tg, ,/g 
1 i~ 1 -5,  0, 0 

13~ -3 5 I I i 

V/3 I 1 1 

5 2 ,  2~ 21 1 ~' 2 '1 - -21  
6 ~  2 '  6 6 I 2 '  2 

I I ~/3 1 1 

¢~'  s¢~' 3,/5 3¢~' v~' ,/~ 

' ~ ?  ~' ~ , ~  
- 1 ,  $, 5 g , 0 , 0  
1 , 0 , 0  1 , 0 , 0  

~ _1 0 , 0  
1, 23, 32 - ~ ' 0 , 0  

~, a,  ~ i , 0  0 1 ,  3 ,  3 - - -  , , 
i 1 5 I 1 1 

,/7 ' av~ ' 3,/5 s~/~ ' ,/~ ' ,/5 
f f  1 1 ~23_i 1 1 

' 3~/~ ' 3x/2 3x/2 ' , ~  ' ~/2 

, ~ , - ~  , , ,/g 

v/2 3 2 ~  2 3~/2 3x/2 '1 0 0 
-1, a ,a g ,  , 

1 ~ 1 1 1 1 
' 3~/2 ' 3v/2 3x/2 ' v~2 ' " ~  

V ~  1 1 ~k/f~ 1 1 ' , / g '  ,/g ' , / g '  ,/g 
~/3 i ~ 1 i I 
2 1 , 2 ~ ,  12  2 ~ ' 1 > / 5 /  ~ 

12 ' 5 2 ' 21 12 1 12 112 
2 ~ 6 ' 6 6 ' 2 1 2  

,/5 1 1 ,/5 1 ,1 

0 , 0  - 1 , 5  .5 5 ,  

this approximat ion,  for form factors f l  and g l ,  which cor- 
respond to spin conserving transi t ions  at the hadron level,  
only  those  subprocesses  in which all individual  quark spins 
are conserved are considered while  processes  involving si- 
mul taneous  spin flip of the two quarks are ignored. For 
form factors f2 and g2, which correspond to the spin flip 
transi t ion at the hadron level,  only  those  processes  in 
which one quark spin is fl ipped are considered while  all 
processes  wi th  s imul taneous  three quark spin flips are ig- 
nored. Similarly one can find the corresponding transi t ion 
picture of the  form factors f3 and 93 at the quark level. 

Under  this  approximat ion,  the  c o m p l e x  spin matr ix  
e lement  calculat ions get great ly  simplified. Form factors 
at q2 = 0 are given by 

f l  = af  . f f  [dx] [d 2 k±]@ e l ,  (24) 

gl = % " / [ d x ] I d U k ~ l @ @ f ,  (25) 

g2 = - / [ d x ] [ d 2 k ± ] @ O f [ b f X 1  ÷ b2A2 + b3:~3], ( 2 7 )  

-F(mq--To.Q)[c1.)tl-]-c2~2-F. c3..~3]}, ( 2 8 )  

, r r:,2k l _ {] 
xz .... ~'f i 

-~-(?T/~q-}-?T/.Q) [dii.~l @ d2/~2 .@ d3A3] } ,  ( 2 9 )  

where 
' ~'2 1 - x l  kx l  

-~q + z lMs Ms(-~q +,XlMS) 2 



C.W. Luo: Heavy to light baryon weak form factors in the lightcone constituent quark model 239 

~ l [ ? 7 t Q  -Tytq Ji-xl(]~i-]~f)] 
/~Xl(?T~ q -~- 2glMf )(Trt Q + XlMI)' 

(30) Tab le  2. Form factors for weak currents induced charmed to 
light baryon transitions 

and  

A 2 -  
X2 X2]~lx]~2x 

m~ + z~Mf x~M~(m~ + z~M~) 2 

x2(~/fi-Mf)~xl~x2 
+ + 

X3 X3~xl~x3 
~3 = _ _ _  

m3 + x 3 M f  x l M f ( m 3  + x3~V[f) 2 

z3(Mi-Mf)~x l~x3  

~ I  - -  i - -  X l  k~l 
mq + x]_Mf M f ( m q  + xl]~[f) 2 

+ + + 

+ x MD(. Q + 

@ = A ~ e x p [ - M ~ / 2 / ~ ] ,  

M ] - -  k ~ _ ~ + m ~  + k ~ - 2 + m  2 ÷ k ~ 3 + m ~  

X 1 322 X3 

+ k L  + M }  - -  k ~  + mq + + (35) 
X l  X2 X3 

Transition fa f2 fa 91 g2 93 
A~ + --+ n 0.34 -0.24 -0.11 0.34 -0.04 -0.35 

Z ++ - + p  0.28 0.35 -0.30 -0.09 0.006 0.09 
~+  --~ n 0.10 0.12 -0.11 -0.03 0,004 0.03 

(31) ~'+ ~ -~ A 0.24 0.29 -0.26 -0.08 0.02 0.10 
~+ --~ A 0.14 -0.12 -0.06 0.14 -0.03 -0.18 ~ e  

~,+ ~,0 ~c -+ -0.14-0.18 0.14 0.05 -0.002-0.04 
~+ --+ r ° 0.24 -0.19 -0.09 0.24 -0.04 -0.29 ~ c  
~,~0 ~o -~ Z -  -0.20 -0.25 0.20 0.07 -0.003 -0.19 
=o _+ ~ -  0.34 -0.26 -0.13 0.34 -0.05 -0.41 ~ c  

X2 ° ~ ~ -  -0.27 -0.33 0.29 0.09 -0.009 -0.12 
(32) A + ~ a 0.35 -0.22 -0.08 0.35 -0.03 -0.32 

~c ++ ~ Z + 0.35 0.42 -0.29 -0.12 0.006 0.11 
~ +  __+ Eo 0.35 0.42 -0.29 -0.12 0.006 0.11 
~o __+ ~ -  0.35 0.42 -0.29 -0.12 0.006 0.11 
~ - - ~  0.24 0.27 -0.20-0.08 0.02 0.12 
=+ --~ =o 0.41 -0.30 -0.11 0.41 -0.05 -0.47 
~-~o ~ ~ -  0.24 0.27 -0.20 -0.08 0.02 0.12 ~ c  

(33) =o ~ -~ ~ -  0.41 -0.30 -0.11 0.41 -0.05 -0.47 
A~ + -+p 0.34 -0.24 -0.11 0.34 -0.04 -0.35 
~+ --+p -0.20 -0.25 0.21 0 .07  0 .29  -0.07 
Eo __~ n -0.28 -0.35 0.30 0.09 -0.006 -0.09 

~'~+ ~y7 + ~ ~ -0.20-0.25 0.20 0.07 -0,003-0.05 
~+ --~ ~+  0.34 -0.26 -0,13 0.34 -0.05 -0.41 ~ a  

~,~o _+ A -0.24 -0.29 0.26 0.08 -0.02 -0.10 ~ c  
(34) =o ~c -* A -0.14 0.12 0.06 -0.14 0 .03  0.18 

~0 ~0 ~c ~ -0.14 -0.18 0.14 0.05 -0.002 -0.04 
~o Go ~ -~ 0.24 -0.19 -0,09 0.24 -0.04 -0.29 

~ 2 ~  ° -0.27-0.33 0.29 0.09 -0,009-0.12 

wi th  mQ, mq being the  masses of the decaying and  the 
produced quarks respectively, and  rn2, m3 the masses of 
the spectators.  In  the above expressions, cons tants  af  and  
% have values as in the  nonrela t iv is t ic  quark model  as 
explained earlier. The  spin t r ans i t ion  terms Ai(i = 1, 2, 3) 

and  A1 are the basic ones, all spin ma t r ix  elements can be 
reduced or related to them.  They  have a direct physical 

meaning:  the terms Am and  Am jus t  correspond to the spin 
t r ans i t ion  only between the decaying quark  and  the pro- 
duced quark  while spectators  remain  unaffected under  the 
act ion of the "plus" componen t  of vector and  axial vec- 
tor currents,  respectively. The  terms A2, A3 respectively, 
are related to the spin t rans i t ions  of the  second spectator  
quark  and  of the th i rd  specta tor  quark  wi th  other quarks 
r emain ing  unaffected under  the act ion of "plus" compo- 
nent  of vector current .  In  Table 1, we show all calculated 
coefficients a f ,  a9, ai, bi, ci and  di for weak current  in- 
duced charmed to light ba ryon  t ransi t ions .  

W i t h  these quant i t ies ,  numerica l  calculat ion of form 
factors can be carried out  directly. All integrals  can finally 
be reduced to ones in two or three dimensions.  Before do- 
ing the numer ica l  calculat ion,  we have to de termine  the 
parameters  in ba ryon  wavefunctions,  the scale parameters  
fli, fir, and  masses of the cons t i tuen t  quarks m~, ma, ms 
and  rn~. For light baryons,  by f i t t ing the  magnet ic  mo- 
ments  and  semileptonic  decays, it was found [18,19] tha t  

Tab le  3. Semileptonic decay rates of charmed baryons into 
light ones (in units of 101°s -1) 

Process Decay Width 
A + -~ ne+u¢ 0.81 

S++ --+ pe+u~ 0.32 
S + --* ne+u~ 0.039 
~c --* Ae+u~ 0.19 
~'+ -* Ae+v~ 0.14 ~ c  

~t-~- ~c -+ Z°e+u~ 0.049 
~+ -~ ~°e+u~ 0.31 ~ c  
~,t0 ~c --+ E-e+u~ 0.10 
~ 0  ~c -~ Z-e+u~ 0.63 
X? ° --+ ~ -e+u~  0.20 
A + -~ Ae+u~ 7.0 

Z '++ --+ r+e+u~ 3.3 
~ +  --+ ~°e+u~ 3.3 
~o ~ Z-e+u~ 3.2 
~-} -  
~c --~ ~°e+Ue 2.3 
=+ --+ ~°e+u~ 9.7 ~ c  
~ t 0  ~ --~ ~-e+u~ 1.5 
~ 0  ~ --+ Z-e+u~ 9.7 



240 C.W. Luo: Heavy to light baryon weak form factors in the lightcone constituent quark model 

Table  4. Predictions of different models for some semileptonic processes (decay 
width F is in units of 101°s-1; NRQM refers to the nonrelativistic quark model, 
and MBM to the MIT bag model) 

Transition 
A + ~ Ae+u~ 

~ c  --+ S - e + / / e  

fl  f2 f3 gl g2 g, f 
0.35 -0.22 -0.08 0.35 -0.03 -0.32 7.0 this work 
0.35 -0.09 0.25 0.61 0.04 -0.10 18.0 NRQM [3] 
0.46 -0.19 0.00 0.50 0.05 -0.44 14.8 MBM [3] 
0.36 -0.17 -0.17 0.47 -0.22 -0.22 9.8 [4] 
0.29 -0.14 -0.03 0.38 -0.03 -0.19 7.1 [5] 
0.41 -0.30 -0.11 0.41 -0.05 -0.47 9.7 this work 
0.48 -0.08 0.26 0.76 0.04 -0.12 28.8 NRQM [3] 
0.59 -0.31 -0.03 0.63 0.05 -0.74 23.9 MBM [3] 
0.40 -0.23 -0.23 0.50 -0.30 -0.30 8.5 [4] 
0.31 -0.19 -0.04 0.39 -0.06 -0.24 7.4 [5] 

experimental  data  could be explained well with the fol- 
lowing parameters:  ~Jv = 0.56GeV, ¢/A = ¢/z : 0.60GeV,  
and ¢~a = 0.62GeV; light quark masses rn~ = m d =  
0.27GeV, ms = 0.40GeV, which are in good agreement 
with light quark masses determined by electroweak prop- 
erties of light mesons in [23]. Inspired by the result that  
the consituent quark masses are the same for both  mesons 
and baryons as suggested by the above investigations, we 
have chosen to fix the charm quark consituent mass at 
the value mc = 1.45GeV,  which is detrmined by the elec- 
troweak properties of charmed mesons [23] with the same 
ansatz for meson wavefunctions. In addition, we assume 
that  scale parameters  for all charmed baryons under con- 
sideration are also the same. By fitting the central value [1, 
5] of experimental  semileptonic decay rate for Ac --+ Ae+u, 
we find/fi = 0.80GeV.  Obviously, this is a consistent scale 
parameter  for charmed bayonic wavefunctions. However, it 
should be pointed out tha t  in the SU(4) symmet ry  scheme, 
no reasonable scale parameter  can be found. Indeed, the 
favor suppression factor in the SU(4) symmet ry  broken 
scheme, which was first noticed in [4, 29] and particularly 
emphasized by [5, 28], is important  for finding the reason- 
able parameters.  

In Table 2, all weak current-induced heavy to light 
baryon transit ion form factors are calculated at q2 = 0. 
The corresponding semileptonic decays widths are given 
in Table 3. In numerical calculations, we use V~d = 0.222, 
V~ = 0.9745, and the pole masses mA = 2.536 GeV, 
m y  = 2.11 GeV for c --+ s transitions and mA = 2.423 
GeV, m v  = 2.01 GeV for c -+ d transitions [1]. The 
charmed baryon masses are respectively mAc = 2.2851 
GeV, ms++ = 2.4531 GeV, rn~$ = 2.4538 GeV,m~o = 
2.4524 GeV and rn~+ = 2.4651 GeV, rn~o = 2.4703 GeV 
, = 2 . 7 0 4 a e 7  [1] and m s ,  = 2.563 GeV [30]. 

Now we make a comparison with other model calcula- 
tions [3-5]. As in [4, 5], our calculation is also in a SU(4) 
symmet ry  broken scheme where wavefunctions defined in 
(9) and (10) are used while in [3], the SU(4) symmet-  
ric heavy baryon spin-flavor wavefunctions are employed. 
This introduces a flavor suppression factor of l / x /3  in our 
calculations. As a result, our semileptonic decay ratios are 

much smaller than  those in [3] for most of the channels but 
quite close to those of [4, 5] with the nonrelativistic quark 
model in HQET.  In Table 4. we list the results for those 
processes common to [3 5]. As seen from Table 4, all re- 
sults are close to each other except those of [3]. Also. differ- 
enr models predict different ratios of form factors, f 2 / f l ,  
f3/fl, 92/gl and g3/9 l. Therefore. experimental  informa- 
tion on the ratios of form factors will be very useful in test- 
ing different models and refining the model calculations. 
Here we want to emphasize that  for the ratios f 2 / f i ,  92/91 
in A~ --, Ae+L '. all calculations shown in Table 4 disagree 
with the result f 2 / f l  = 92/91 = -0.28-4-0.21 predicted by 
the recently experiment data  [2]. This implies tha t  there 
are indeed large 1/mc corrections to these ratios. In addi- 
tion. while in [3 5] all form factors are calculated at the 
zero-recoil point, and form factors at the q2 = 0 point are 
obtained by an additional extrapolation assumption, our 
form factors are calculated directly at the q2 _ 0 point. 
Also in our calculation, baryon momentum wavefunetions 
are flavor dependent while in nonrelativistic quark model 
calculations of [3-5] they are assumed to be flavor inde- 
pendent.  Since at present no experimental  data for other 
processes are available, we hope that  future experiments 
will test our calculations directly. 

IV Summary and discussion 

Heavy to light baryonic weak form factors are investigated 
in the lightcone constituent quark model. With  Melosh ro- 
tat ion to contruct the spin state of baryons, all weak form 
factors are directly calculated at the q2 = 0 point. As- 
suming a dipole dependence of form factors on q2, the  
corresponding semileptonic decays are also predicted. It  
should be emphasized that  all our calculations are in a 
SU(4) symmetry  broken scheme for spin-flavor wavefunc- 
tions of baryons as defined by (9) and (10). 

The experimental  measurement  of form factor ratios of 
process Ac ---, Ae+u lends support  to the notion that  there 
are relativistic effects in the spin composition of baryon on 
the lightcone. In our calculations, an approximation that  
only the leading relativistic effects in the spin composition 
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of baryon need be considered has been used and proven 
to be very useful in simplifying the numerical calculation. 
We would like to emphasize tha t  in the frame with q+ = 0, 
the contribution from instantaneous interaction vanishes 
for the 'plus'  component.  However, for other components 
of the current, this is not true. Naturally, one would expect 
that  our calculated form factors fa and g3 could be less 
reliable than  f l ,  f2, gl and g2. I t  is conceivable that  exper- 
iments can test  the present results soon and provide more 
information about  the higher order contributions thus en- 
abling us to refine the model. 

In our lightcone quark model, as in studying proper- 
ties of light baryons and mesons, the momentum wave- 
functions of baryons are assumed to be a simple function 
of the invariant mass square Mg, i.e., a harmonic-typed 
wavefunction. By fitting experimental  data  on semileponie 
decay Ac ~ Ae+~, we determine the scale parameter,  
which is assumed to be universal for all charmed bary- 
onic wavefunctions. It  is expected that  as more data  are 
accumulated, the present simple picture will be improved. 
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Notes added: 16. 
After this paper  was submit ted for publication, we be- 
came aware of new data  [31]. Reference [31] lists, Br(A~ ~ 17. 
A/+~z) = (2.3 i 0.2)%, which leads to F(A~ + Al+~t) = 18. 
(11.2=L 2.5) x 101% -1. Obviously, it is different from value 19. 
used in this paper  and [5], F(Ao ~ Al+yz) = (7.0 4- 20. 
2.5) x 101°s -L, which comes from Br(A~ -~ Ae+L,~) = 
(1.4+0.5)% by assuming tha t  the process Ac ~ A e + ~  sat- 
urates the inclusive mode Ac --+ Ae+X with [1] Br(A~ -+ 
Ae+X)  = (1.44-0.5)%. In order to accomodate this new re- 21. 
sult, by changing/~i in our model from 0.7GeV ~ 1.0GeV, 
one finds tha t  in the SU(4) symmet ry  scheme, fli = 0.70 GeV, 
F(A~ ~ Al+~z) = 18.4 x 101°s-1;/% = 0.90GeV, F(A~ ~ 22. 
Al+~,z) = 22.2 × 101°s-1; fli = 1.0GeV, 
F(A~ --~ Al+r,z) = 21.6 × 10108 -1. Obviously the flavor 

23. 
suppressed factor is still needed. However, new data  in 
[31] seems to be in conflict with their listing Br(Ac ~ 24. 
Ae+X) = (1.6 + 0.6)% and B r ( A  -~ Ap+X)  = (1.5 ± 25. 
0.9)%, tha t  is, the branching ratios of the inclusive chan- 26. 
nels are smaller than  tha t  of the corresponding exclu- 27. 
sive mode A~ --* Al+~fl For this reason in this paper, we 
have continued to use the old data  F(A~ ~ Al+~l) = 
(7.0 :~ 2.5) x 101°s -1 in our analysis. 28. 
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