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S u m m a r y .  - -  The nonleptonie decay rates A + --~ pR o and A + -+ A~: + are 
calculated by using current algebra and an evaluation of the matrix element 
by <Bz]H~r using nonrelativistic SUB wave functions. The results are 
found to be in good agreement with experiment. The results are also 
compared with earlier quark model and MIT bag model calculations. 

PACS. 13.25. - Hadronic decays of mesons. 

1.  - I n t r o d u c t i o n .  

I n  1978, RIAZUDDIN and FAYYAZUDDIN (x) deduced the A I  ~ �89 rule and 

the (d/])w rat io in nonleptonie weak decays of noneharmed baryons by  con- 

sidering weak-meson boson exchange graphs as the analogue of gluon exchange. 

I n  this paper  we apply the same s tandard  current  algebra techniques, extended 

to SU4, and obtain a good fit to the known nonleptonie-deeay rates A + --> p~O, 

A + --> A:: + using the same scale parameter  of Riazuddin and Fayyazudd in  (1,2). 

We compare our analysis with quark model results and with a recent calculation 

using the MIT bag. 

(*) To speed up publication, the authors of this paper have agreed to not receive the 
proofs for correction. 
(**) Permanent address: Department of Physics, Quaid-i-Azam University, Islamabad, 
Pakistan. 
(***) Supported in part by the U.S. Department of Energy under Contract No. DE- 
AC02-80ER10663. Permanent address: Physics Department, University of Arizona, 
Tucson, Ariz. 85721, USA. 
(1) ]~IAZUI)DIN and FAYYAZCDDI~ : Phys. Rev. D, 18, 1578 (1978) ; 19, 1630 (1978). 
(2) M. D. SCAD~ON: Rep. Prog. Phys., 44, 213 (1981). 
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2. - Combining current algebra and quark amplitudes. 

The s t andard  point  of our analysis  is the weak H a m i l t o n i a n  densi ty  

G 
(1) H w -  2 %/2 (J~'J+ -~ J"+J')  

with the  hadronic  p a r t  of the  weak V - - A  le f t -handed SU4 quark  cur ren t  (~,4) 

g iven by  

(2) J~ ---- ~7~(1 - -  i75)(d cos 0 c q- s sin0c) - /~y~(1 - -  iT~)(s cos0 c -  d sin0c) 

wi th  G = 1.026-10 -~ m~ -~ and  where u, d, s ~nd c s tand  for the  respect ive  

quark  fields and  0 c is the  Cabibbo angle. As a first  app rox ima t ion  we ignore 
the  shor t -d is tance  QCD effects (5) so t h a t  the Cabibbo-enhanced charm-  
changing effective H a m i l t o n i a n  is 

G 
(3) ~ '  = - -  2 v /~  c~ ~ - i~5)eli [~y~(~ - i:~5)c]. 

This obeys the  selection rule  AC --~ AS = A I  =- :l. La te r  we shall  c o m m e n t  
upon shor t -d is tance  modifications of (3). 

The m a t r i x  e l emen t  for b a r y o n  decay processes can be wr i t t en  as (2) 

(4) M = - -  (B'(p,)  P~(q)[Hw]B~(p~)} = ~B,[iA + Bys] u~, , 

where A and B are the  (par i ty  violat ing) s-wave and  (par i ty  conserving) 

p-wave  ampl i tudes ,  respect ively .  The th ree -hadron  m a t r i x  e lements  of the  
weak H a m i l t o n i a n  m a y  be reduced to ba ryon - to -ba ryon  t rans i t ion  e lements  
of H w by  ~pplying s t anda rd  sof t -meson techniques  (e), to  give 

(5) ~ v / =  ~ (Bq[Qg, Hw]IB~ + M~(q) + M~o(q) . 

Here  Q~ is the  axia l  genera tor  associated wi th  the  meson PJ and  ]p is the  corre- 

sponding pseudoscalar -meson decay cons tan t  (]= = 93 MeV, ]K---- 112 MeV). 

(a) N. CAmBBO: Phys. t~ev. Lett., 10, 531 (1963). 
(4) S. GLASHOW, J. ILIOeOUL0S and L. MAIANI: Phys. Rev. D, 2, 1285 (1970). 
(5) B . W .  LEE and M. K. GAILLARD: Phys. Rev. Left., 33, 108 (1974); G. ALTARELLI 
~nd L. MAIANI: Phys. Lett. B, 52, 351 (1974). 
(~) R . E .  MA~Sl~AK, RIAZUDDIN and C. P. RYAN: Theory o] Weak Interactions in 
Particle Physics (New York, N.Y.,  1969). 
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M~(q) are possible pole t e r m  contr ibut ions  and  M~o(q) represent  the  factoriza- 
t ion (quark  decay diagram) contr ibut ions.  

The V - -  A s t ruc tu re  of H w leads to [Qg, Hw] = - -  [Q~, Hw] , so t h a t  

(6) 31 = --  ~ <B'I[Q' , Hw]IB'> + M,(q) ~- Mf:o(q) , 

where QJ is the  S U4 charge wi th  the  q u a n t u m  number s  of the  meson PJ and  

opera tes  on the  ba ryon  s ta tes  to  i ts  lef t  and  r ight  as a S U~ generator .  
1+ 

The s-wave contr ibut ions  of the  ~ ba ryon  pole t e rms  are suppressed,  

whereas  the  c o m m u t a t o r  t e r m  contr ibutes  only  to the  s-wave ampl i tudes  A, 

so t h a t  

A -- A~ao-- ~v(BfI[Q J, H~~ ~) (7a) 

(7b) B = B ~  + B~ol~ , 

where  B~o~ is ob ta ined  f rom fig. i as (~) 

[ gl.jH~'~ ~ H~7. .... Y ~  ~" 

with  (nlHw~ = H ~'~'~ . Here  g1.J is the  s t rong-coupling constant .  

,+p1 / /  pJ 

/ I / / 

Fig. 1. - Rapidly varying baryon poles in B ~ ---~B~P J. 

1 + Note  tha t ,  because QJ is a genera tor  of SU4 and the  ~ ba ryon  s ta tes  we are 

considering are m em ber s  of the  20 mul t ip le t  of 2U4, bo th  ampl i tudes  are 

descr ibed as a sum of t e r m s  involving t rans i t ions  of the  fo rm (B~]H~~ 
~inal ly ,  using S U4, the  fac tor iza t ion contr ibut ions  can be specified in 

t e r m s  of the  measured  form factors  of cur ren t  t ransi t ions  be tween  known 

baryons ,  us has been discussed b y  BtrRAS (7). 

3. - Charmed A + ~ AT:+ and A + ~ p~O decays.  

Since the re  are expe r imen ta l  da ta  on only two cha rmed-hype ron  decays 
A + -+ Avr+ and  A + -~ p~O, we shall  give the  details of the  calculat ion and  the  

(7) A. J. BURAS: Nucl. Phys. B, 109, 373 (1976). 
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resul ts  for jus t  these  decays. 

are:  

tha,t 

(9a) 

(9b) 

(loa) 

(10b) 

The re levan t  fo rmulae  for these two processes 

i) A + - + A =  +. I n  this case the  cur ren t  c o m m u t a t o r  t e r m  vanishes,  so 

2 [ <2+]H~c_jA+> 
B = B ,~o- -~  dg(A ~+ A) [(Ao--X+)(m + X+) 

2) A+ -+ pK~ 

1 + p.c. +k 
A : A,~o + ~TK <~ IHw IAo j, 

(A~ + + e ) ~ / ~ ( ]  + ,.o. + --d)g<X IHw IAo> 
B = B,~o + (A + _  X+ ) ( r  + @ p)  

<A[Hg,~176 "~ 
0 ~  0 '  " (Xo - A)(Ao + X~)] 

Here  the  masses  of the  ba ryons  are denoted  by  the  corresponding par t ic le  

symbols .  ] and  d denote  the  usual  S Ua a n t i s y m m e t r i c  and  s y m m e t r i c  meson- 

ba ryon  coupling wi th  ] + d = 1 and //d = ,z-~ g = 13.45 is the  pion-nueleon 

coupling cons tant .  

The t a sk  now is to  compute  <BpIHw~ Rmnzvm)i~ and FAYYAZUDDIN 
calculated these  m a t r i x  e lements  for noncha rmed-hyperon  decays using non- 

re la t ivis t ic  SUp quark  wave funct ions for the  baryons .  We repea t  the  same 
calculat ion not ing t h a t  the  wave funct ions for A + o o, X~ are ob ta ined  f rom the 
corresponding s t range hyperons  by  mak ing  the  r ep lacemen t  s - +  c (s). The 
quark  sca t ter ing  d iag ram is shown in fig. 2. 

C COS e S 

1 . 
~1. COS 0 U 

Fig. 2. - W scattering of quarks in the charm-changing nonleptonie weak Hamiltonian 
density. 

The effective H w is the  Four ie r  t r ans fo rm of the  nonrela t iv is t ic  l imi t  of 
fig. 2. This gives in leading order  

(11) 1 
H ~ ' =  ~ O cos 20c~>(~Tfl + + ~+~7)(1 --  a~.~.) ~3(r) 

(s) J. FINJORD and F. R-~VNDAL: Phys. Lett. B, 58, 61 (1975). 
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and H ~ " =  0. He re  ~7 and  fl+ are opera tors  which, respect ively ,  t r ans fo rm 
a c -quark  into a s -quark  and  a d -qua rk  into a u-quark .  Working  out  the  spin 

and  un i t a ry - sp in  components  of the  var ious  cons t i tuent  qua rk  b a r y o n  transi-  

t ions,  us ing the  nonrelat ivis t ic  SUe wave funct ions (9), we find 

(12) 
1 

+ p.o. + p.c,  0 <2: lHw lAp> = <AiRw [Xo> = etgOo<p[~tr176 

where (PlHw~ +) is the  t rans i t ion  m a t r i x  e lement  eva lua ted  by  I~IA~Yl)DIN 
and FAYYAZ'U'DDIN (1.2). Thus 

(13) <Z+jH~.[A+) _ 27G cos 2 0c (Z--A) ( m= 

where a. (q ~ 1 GeV) ~ 0.5, Z, A denote  the masses  of the  respect ive  baryons ,  
d, ~nd m, are the  cons t i tuen t  masses  of the  nons t range  and  s t range quarks,  

respect ively ,  wi th  ~h = 340 MeV and  m, ---- 510 MeV. 

s 

U ta 

Fig. 3. - Quark diagram for A + -+ A~ +. 

d 

The  fae tor iza t ion  or qua rk  d i ag ram contr ibut ions  to  A~ +-+A~ § and A~ +-~p~~ 
are given in fig. 3 and 4, respect ively .  The decay ampl i tude  for fig. 3 is given 

C S 

hc+ u p 

d ct 

Fig. 4. - Qllark diagram for A + ~ pK ~ 

(9) W. THIRRING: Acta Phys. Austriaca Suppl., 2, 205 (1965). 



NONLEPTONIC WEAK DECAYS OF CHARMED BARYONS 253 

b y  

(14) M~.o-- iG eos~Oo l=q.<A[j,~o.~(~o)lA+ 
2 

To obtain  the  ampl i tude  for fig. 4 it is convenient  to perform the Fierz 
t ransformation 

3 

(15) (~d')(~Jc ~) = ~ (~Jd~)(~c~). 
i ~ ' = 1  i , j = l  

This equat ion is val id for V - -  A currents and Fermi  statistics of the  quarks. 
I t  t ransforms the t tami l tonian  to a form containing neutral  V - - A  currents.  
Because the particles are colour singlets, the ampli tude corresponding to fig. 4 
is obtainable from the effective t tami l tonian  

1 l 
(16) 2~/~ G cos ~ Oc~ ((~d)(~c) + b .c . ) ,  

where we have included the  colour suppression factor �89 Thus the ampli tude 
for fig. 4 is 

(17) M ~ r  
iGcos  ~ Oc 

h:q~,<p IJ~~162 

The current  mat r ix  elements in (14) and (17) have been related by  B ~ A S  (7) 
to the  measured form factors of current  transit ions involving known baryons.  

4 .  - R e s u l t s .  

Final ly we get 

1)  A~  + --> An + : 

(18a) A _ G~" cos 2 0c tt~*(q~)(Ao--A), 

(18b) B = ~:cos2OoH~*(q2)(Ao+ A) + 

+ 34 G cos ~n~, O~ A)(Z--A)  1 --m/m,]- - ~  ' . . . .  

�9 0 -~ ~ A~-- ~r+-)(A § Z+) (Zo--A)(Ao ~- Z"~) 

17 - I I  N u o v o  C i m e n t o  A .  
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0 9 a )  

(19b) 

2) A + ~ pK.~ : 

G f K  3~ 2 A - 2 C 6  c~ ( q ) ( A o - -  P )  - -  

27 
]6%/-6 

B = o ~  c~176247 P)  § 

9 

§  

G cos' 0o ( Z -  A) ( 4,2 
z~,t~ 1 - -  ~ / ~ /  .... ' 

~ .  \1 - -  m:~-/m:l . . . .  (A+~ - -  Z+)G+ § P)" 

As desc r ibed  in  ref.  (7) t h e  q2 = 0 va lues  of t he  for ln  fac to r s  H~* and  H~* 

are  f ixed f r o m  t he  vec to r  a nd  axia l  vec to r  f o r m  fac to rs  of k n o w n  b a r y o n s  

(20) 3* H~/(0) = 1 ,  ~ (o) = g~(l~ + 1 ~d  A) �9 

W e  t a k e  gA = ] .254  a nd  ]x/d A = 3. Fol lowing  K o ~ E I ~  et al. (1 ~ we use t he  

i n v a r i a n t  f o r m  fac to rs  H31"(~ ~) a nd  3, 2 2 H 3 (q)  to  con t inue  f r o m  q2 =_ 0 to  q2 = m~, 

where  mp is t he  mass  of t he  r e l e v a n t  pseudosca la r  meson,  i.e. e i the r  m= or  m K. 

W e  use  t h e  s t a n d a r d  dipole  f o r m  fac to r  of t he  f o r m  

(] y2 

w i t h  mr.  = 2.14 GeV a nd  m , .  = 2.006 GeV. Since n o t h i n g  is k n o w n  a b o u t  

t he  mass  va lues  of  t he  ax ia l  vec to r  mesons  Fx and  D A t h a t  a p p e a r  in t he  f o r m  

fac to rs  H~*, we use  t h e  same  mass  va lues  for  these  as for  D* and  F*. 

The  theo re t i ca l  va lues  of t he  pa r t i a l  w id ths  _P for  A7:+ and  p K  ~ are  com- 

p a r e d  wi th  t h e  e x p e r i m e n t a l  va lues  a nd  wi th  o t h e r  ca lcula t ions  in t ab le  I (11). 

TABLE I. -- Partial widths for A+~--+ An + and pR o in ~tnits o] 1011 s -1. 

F Experiment Quark MIT bag (11) Current 
model (lO) algebra, 

present 
calculation 

A + ~ AT:+ 0.54 4- 0.5 0.8 too large by 0.77 
a factor of 
3 §  

.5+ ___, p ~ o  ~1 .~-o.Ts~+~ 8.9 1.40 1.64 

(lO) j .  G. KOI~NER, G. KnAMEI~ and J. WILLRODT: Z. Phys. C, 2, 117 (1979). 
(it) D. EBERT and W. KALLIES: CER~, T preprint TH. 3598. 
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We see t ha t  our  model  fits the  known exper imenta l  results  be t t e r  t han  
e i ther  the  quark  model  calculations of Korner  et al., which seriously over- 
es t imates  the  width  for the  p~O mode, or the  MIT bag model  calculation, which 
seriously over-est imates the  A~ + mode by  a factor  of 3--5 .  Our results are well 
wi thin  the  exper imenta l  errors for bo th  modes. 

However ,  there  is a caveat  to these claims. We have not  included possible 
short-distance effects of s t rong-interact ion QCD. The appearance of a new 

t e r m  (gd) (~c) (neutral  current)  in teract ion is expected from the  short-distance 

expansion of the  W-boson exchange ampli tude in an asymptot ica l ly  free gauge 
theory  of coloured quarks. One obtains the effective Hamil tonian (~) 

1 
(21) H~w~- 2 V'2 - -  - -  G c o s  2 01j ( C l ( U d ) ( ~ e )  - ~  ~ 2 ( s d ) ( i i e )  -~  h.e.}, 

The new effective Hami l ton ian  will change the  quark  diagram ampli tude for 
A + -~ AT: + (fig. 3) by  ~he factor  C~ ~- �89 C~ and the  ampl i tude  corresponding 
to  fig. 4 by  the  factor  C~ ~- 3C~. Though these effects are apprceiable~ they  
are not  as significant as the  effect of employing H w~ff of eq. (21) in evaluat ing 

the mat r ix  c lement  (2;+[Hwr Using the  values of C~ and C2 preferred 
by  KORNEI~ et al., C~ ---- 1.315, C~ = - -  0.585, we find t h a t  the  ma t r ix  e lement  
(Z+IHwr is enhanced by  a factor  of 1.9. The to ta l  effect of including these 
short-distance factors is to significantly increase the widths for bo th  decay 
modes to 

/'A,~" = 1.61" 10 ~ S -~ and / ' ~ .  = 2.87.10 ~t s -~ , 

which are too large as compared to the  exper imenta l  values. However ,  we 
notice tha t  the rat io  of the decay widths still ve ry  fits well (table II) .  

T,~Br,E II. - 1?atio o] partial widths 17 = _P(Ar~+)/F(pKO). 

Experiment Without short- With short- 
distance factors distance factors 

17 ~/'(Ar:+)/F(pK ~ 0.54 0.47 0,56 

The conclusion we reach is t ha t  the  unmodified Hami l ton ian  gives ve ry  
good results,  whereas the  QCD-corrected effective Hami l ton ian  does not  fit 
the  exper imenta l  rates.  The modified Hami i ton ian  a~so does not  give as good 
results of charmed-meson decays as obta ined by  ignoring short-distance correc- 

(12) M. K. GAILLARD, B. W. LEE and J. L. ROSNER: 1?ev. Mod. Phys., 47, 227 (1975); 
J. ELLIS, M. K. GAILLAI~D 3,11(:l D. V. NA•OPOULOS: Nucl. Phys. B, 10O, 313 (I975); 
G. AIJ~ARELLI, N. CABIBBO and L. MArANI: Phys. 1?ev. Lett., 35, 635 (1975). 
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t i o n s  (13). As  s u g g e s t e d  b y  GImEI~II~A et al. (1~) one  pos s ib l e  s o l u t i o n  w o u l d  

b e  t o  i n c l u d e  t h e  effects  of sof t  g luons .  H o w e v e r ,  ou r  r e s u l t s  a r e  a s ign i f i can t  

i m p r o v e m e n t  on  e a r l i e r  c a l c u l a t i o n s .  

T h e  a u t h o r s  a r e  g r a t e f u l  to  P ro f s .  ~IAZUDDIN a n d  FAYYAZUDDIN for  v e r y  

h e l p f u l  d i scuss ions .  T h e y  a lso  t h a n k  P ro f .  ABDUS SALAd, t h e  I n t e r n a t i o n a l  

A t o m i c  E n e r g y  A g e n c y  a n d  U N E S C O  for  h o s p i t a l i t y  a t  t h e  I n t e r n a t i o n a l  

C e n t r e  for  T h e o r e t i c a l  P h y s i c s ,  T r i e s t e .  

(1~) M. D. SCAI)RO~: Univers i ty  of Arizona prepr in t  (1983). 
(14) B. GUBERI)rA, D. TADI6 and J. TRAMP~TI~: Z. Phys. C, 13, 251 (1982). 

�9 RIASSUNTO (*) 

Si ealeolano i tass i  di deeadimento non leptonieo A + -+ p R  o e A + --~ At: + per  mezzo 
del l 'a lgebra  delle corrent i  ed anehe una valutazione dell 'elemento di matr ice  

Hp.r <BII w tB~> usando funzioni d 'onda  S U  e non relat ivis t iehe.  Si t rova  e]le i r i su l ta t i  
sono in buon accordo con l 'esperimento.  I r i su] ta t i  sono anehe confrontati  con pre- 
cedenti  ealcoli del modello dei quark e del mode]lo a saeea del MIT. 

(*) Traduzione a cura della Redazione. 

He~enTOHHMe CYm6bm pacna~bi oqaposaunbIX 6apHOHOn. 

PeamMe (*). - -  Bbiartcaamzca I4HTeHCHBrlOCTrI ttenenTorlrlblX pacna~oa A + ~ p K  ~ rt A +--> 
--> A=+, rmuom,3yH a . r e6py  TOry n OKeHKy MaTpaaRoro aaeMeHTa <Bs[H~ r c noMom~m 
HepeJI~TItBIICTClCh'X BOYlHOBBIX qbyHtcJ2m~. 1-IoJIyqeHHble pe3yJIbTaTBI cor21acyIoTC~ c 3Kclle- 

pHMeHTOM. Pe3yJ~bTaTbI T a r ~ e  CpaBHHBalOTCrt C BblqnCJIeHrlffMH 13 paMKaX Mo)IeJIH r.sap- 
KOB I,I MIT MoRe,rlH (( M e m x a  >>. 

( ' )  flepeaec)eno pec)amluef~. 


