
IL NUOVO CIMENT0 VoL. 88 A, N. 2 21 LugHo 1985 

Current Algebra and Nonleptonic Weak Decays 
of Charmed Baryons. 
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(ricevuto il 12 0ttobrc 1984) 

S u m m a r y , -  We have calculated the nonleptonie weak-decay rates 
of A+(c[ud]), A_+(e[su]), A~ and T~ We used current algebra 
and an evaluation of the matrix elcments <B~l//~;C'[Bi> in the context 
of nonrelativistie SU6 wave functions. These matrix elements are eval- 
uated with and without including short-distance QCD effects. The 
results are compared with the available experimental data. It  is found 
that the naive quark IIamiltonian, without short-distance QCD effccts 
included, gives results which are in reasonable agreement with experi- 
ment, whereas the QCD-eorrected IIamiltonian gives widths which are 
much too large. The results are also compared with earlier calculations 
using the MIT bag model and the quark model. 

PACS. 13.30. - Decays of baryons. 

1. - In troduct ion .  

The choice of realistic models for hadron wave functions is crucial for 

analysing nonlcptonie weak decays of hadrons. R~ZUDDIN and FAYYAZUDDLN (1) 
demonstra ted  tha t  the  A / =  �89 rule for the  pari ty-violat ing amplitude in 

nonleptonic decays of s t range hyperons follows from the  use of s tandard current  

(1) RIAZUDDIN and FAYYAZUDDIN: Phys. Rev. D, 18, 1578 (1978); 19, 1630 (1978). 
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algebra  (2) and  nonrela t iv is t ie  S U6 wave  funct ions  for the  ba ryons  (3.~). Fu r the r ,  
SCADRON (6) showed t h a t  the  Riazuddin  and  F a y y a z u d d i n  scale could be  com- 

b ined wi th  the  appropr ia t e  fac tor iza t ion and  pole t e r m s  to give a sa t i s fac tory  

explana t ion  for  all  nonleptonic  s t range hype ron  decays.  

Encouraged  b y  these  successes of the  nonre la t iv is t ie  SUe wave  funct ions  
for  ba ryons ,  HussAn~ and  SC~URON (s) ex tended  the  analysis  (to SUs) to cal- 

culate  the  nonleptonic  weak-decay  rates,  A + --~ A~: + and  A + --~ pK~ for which 

exper imen ta l  da ta  were available.  They  found t h a t  the  nonrela t iv is t ic  S U, 
wave  funct ion,  combined wi th  s t andard  cur rent  algebra,  p rov ided  a be t t e r  fit 
to  the  da ta  t h a n  e i ther  earlier qua rk  model  (7) or IM~IT bag  mode l  calculat ions ('). 

I n  th is  paper ,  we ex tend  the  calculat ion of Hussa in  and  Seadron (*) to  s t udy  

o ther  Cabibbo-favoured  nonleptonie  weak  decays  of the  lower-mass  cha rmed  

ba ryons ,  A +, A +, A ~ and  T ~ 

These ba ryons  are  expected  to  be  s table  under  s t rong and  e lec t romagnet ic  
interact ions.  We  also present  a compar ison  of our  resul ts  wi th  the  qua rk  

mode l  (~) and  I~IT  bag  model  (s) calculations. Section 2 contains the  details 

of our calculat ion;  in sect. 3 we discuss the  fac tor iza t ion cont r ibut ions  and  

sect. 4 contains  resul ts  and  discussion. 

2. - Current algebra and charmed-baryon decays. 

The ground-s ta te ,  J = �89 ba ryons  are  classified, as usual ,  as m e m b e r s  of 

the  20' SU4 representa t ion .  I n  t ab le  I ,  we have  l isted t he  q u a n t u m  number s  
and  qua rk  content  of the  c h a r m e d - b a r y o n  m e m b e r s  of the  20', where  we have  
used the  hyb r id  no ta t ion  of E b e r t  and  Kall ies  (8). 

The  A + and  Zo masses  are  t a k e n  f rom the  Rev iew of Par t i c le  Proper t ies  (') 
whereas  the  A + mass  is f rom a recent  m e a s u r e m e n t  b y  B ~ G I  et al. (~o). The 
values of t he  T o and  S o masses  are t a k e n  f rom the  qua rk  mass  formulae  of ref. (7). 

(2) :R. E. M~RSHAK, :RIAzU'DDIN and C.P.  •YAN: Theory o/ Weak Interactions in 
Particle Physics (Wiley, New York, N.Y. ,  1969). 
(s) W. THmRING: Acta Phys. Austriaca, Suppl., 2, 205 (1965). 
(4) D. B. LICHTE~mv, I~G: Unitary Sy~vmetry and Eleme~tary Particles, (Academic 
Press, New York, N.Y. ,  1978). 
(5) M.D. SCAI)XON: Rep. Prog. Phys., 44, 213 (1981). 
(e) F. I[USSAIN and M. SCADRON: Nq~ovo (]imento A, 79, 248 (1984). There was an 
error in one of the calculations in this paper due to a mismatch of phase conventions. 
The sign of the factorization term in the process A + -~ pR o was wrong. This leads to 
a decay width of 0.35.1011 s -1 rather than 1.64. However, this is still within the experi- 
mental error and the general conclusions of the paper arc not modified. 
(7) J .G.  KoRNx2, G. KICAM~I~ and J. WILLRODT: Z. Phys. C, 2, 117 (1979). 
(s) D. E n ~ ' r  and W. K~LIV, S: CERN preprint TII.3598-CERN (May 1983). 
(9) REwv.w OF P~TICLE P2OPE]~TIES: Phys. Let& B, 111, 282 (1982). 
(lo) S.F. BIAGI, M. BOL-RQWN, A. J. BI~TTV,~ ~, R. M. BnowN, H.J. BVRCmIA~T, A. A. 
C~TXIr CH. D0n~, P. EXT~nMANN, M. GAILLOVD, C. N. P. GE):, W..hi.  GIBSON, 
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TABLE I .  - -  Quantum ~wmbers o] charmed baryons in the �89 20 ~ ~U~ representation. 
[ab] and {ab) denote antisymmetric and symmetric ]layout index combinations. 

8Us Label Quark content (I, Ia) Y C Mass 
(GeV) 

6 Z~ ++ cuu (1, 1) 1 1 2.45 
Z + c{ud} ( 1, 0) 1 1 2.45 
2~o cdd (1, --1) 1 1 2.45 
S + c{su} (�89 �89 0 1 2.56 
S ~ c{sd} (�89 --�89 0 1 2.56 
T O css (0, 0) - -  1 1 2.73 

3* ~+ c[su] (�89 �89 0 1 2.46 
• c[sd] (�89 --�89 0 1 2.46 
A + e[ud] (0, 0) 1 1 2.282 

X ++ ccu (�89 �89 1 2 3.61 
X + ccd (�89 --�89 1 2 3.61 
X + ccs (0, 0) 0 2 3.79 

The  s t a r t ing  point  of our analysis  is the  s t andard -mode l  weak Hami l t on i an  

dens i ty  

(1) H,  : 2 ~ [J~J+ + J+J~] 

with G----1.026.10-5m~ -~, where  qn is the  mass  of  t he  pro ton .  The hadronie  

weak  V -  A le f t -handed SU~ qua rk  cur ren t  is (11,1~) 

(2) J~ = ~r~(1--  it5 ) (d cos 0 o + s sin 0a) + ~r~(1-- i ~ )  (-- d sin 0 c + s cos 0z). 

H e r e  u, d, s ~nd e represent  t he  up~ down~ s t range ~nd cha rm qua rk  fields~ 

respect ively ,  and  0 c is the  Cabibbo angle. 
A t  first~ we ignore t he  shor t -dis tance QCD effects (x~)~ thus  obtaining the  

effective Cabibbo-enhanced charm-changing  Hami l t on i an  

G 
H~ - - 2 V 2  

( 3 )  ' " -  eos  0o  - i n ) d }  - + 

+ - - + b . c . ] .  

As no ted  in ref. (8)~ neglect of the  short-dis tance QCD effects gives a be t t e r  

fit to  the  A + -+ A~ + and  A + -+ pKO decays.  Moreover,  in s t range hypcron  decays 

J. C. GO~DON, R. J. GI~Ay, P. Io0-KEMENES, P. JAC0T-GIJILLXRMOD, W. C. Levis, 
T. MODIS, P. MI:IILEMA~N, :PII. ROSSELET, ]3. J. SAU:N:I)~RS, P. SClIII~ATO, H. W. 
SI]~BEI~T, Y. J. SMITH, K. P. STREIT, J. P. TIIESIs S. ~*. TOVEJ and R. WXlLL: Phys. 
~ett. B, 122, 455 (1983). 
(ix) N. CABIBBO: Phys. Rev. I~ett., 10, 531 (1963). 
(12) S. GLASHOW, J. ILIOrOULOS and L. MAIAXI: Phys. Bey. D, 2, 1285 (1970). 
(13) B.W. LEE and M. K. GAILLAXD: Phys. lr ~ett., 33, 108 (1974); G. ALTAI~LLI 
and L. MAIA~I: Phys. ~ett. B, 52, 351 (1974). 
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a good fit is obtained by  ignoring these QCD effects (5). Hamil tonian  (3) 
obeys the  selection rule 

A S =  A 0 =  1.  

The mat r ix  element for baryon decay processes is wri t ten as (5) 

(4) M = -- (B~(pf)P'(q)IH] B~(p,)) = ~ ,  [iA + Bys]u ~, . 

Here A is the pari ty-violating s-wave ampli tude and B is the parity-conserving 
p-wave ampli tude.  Using s tandard soft-meson techniques (2) we can reduce 
the  three-hadron matr ix  element of the  weak Hamil tonian to the baryon- 
baryon transi t ion element of the  commutator  of the axial generator with H~: 

(5) M = ~ (B I[Qs, H,]] B~) + M~(q) + M~,o(q), 

where f~ is the  corresponding pseudosealar-meson decay constant  and Q~ is 
the  axial  generator associated with the meson PJ�9 M~o(q) are quark decay 
diagram contributions~ i.e. factorization terms, and the  M~(q) are the pole terms�9 
I t  has been demonstra ted (n,~5) t ha t  these terms are also required apart  from 
the commutator  term. 

We can deduce from the V- -  A structure of H ,  t h a t  

(6) [Qi, ~ . ]  = _ [Q~, H . ] ,  

so t h a t  expression (5) becomes 

(7) i 
M---- - - ~  <B~[[Q j, H,]]B'> + M~(q) + M,,r 

Here QJ is the SU~ charge, having quan tum numbers of the P~ meson, and op- 
erates on the baryon states from left  and r ight  like a SU~ generator. 

The commutator  t e rm contributes only to the s-wave ampli tude A and the  
pari ty-violat ing par t  of the �89 baryon pole terms are suppressed (ae). Hence 

1 
(8) A ---- A,~o-- ~- (B'I[QJi TP;:']]B~), B = B,~r -[- B,o,o, 

(in) S. 0~DA and A. WAKASA: Nucl. Phys., l ,  445 (1956); S. 0~WDA, g.C. PATI and 
B. SAKITA: Phys. Bey., 119, 482 (1960). 
(15) M. SVZI:KI: Phys. Rev. Lett., 15, 986 (1965); II. SUGAW~A: I)hys. leer. Lgt., 15, 
879, 997E (1965). See also R. E. MA~SHAK, RIAZUDDI~" and C. 1 ). RYA~-: Theory o] 
Weak Interactions in Particle Physics (kVilcy, New York, N. Y., 1969), p. 96; V. D]~ 
ALr.~O, S. F v ~ I ,  G. F1mLA~ and C. Rossv.'rTi: Currents in Particle Physics (North- 
Holland, Amsterdam, 1973), la. 213. 
(16) B.W. L):): and A. R. Swn,'T: Phys. Rev. B, ]86, 228 (1964). 
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P ~  .~ - 

B ~ B n 

+ 

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

B~o~ can be seen f rom fig. 1 to be (a) 

(9) r I n  , q n l J  F ( g~"~H~"i~ H~ . . . .  
\ 

Boo,o-- - v (:,n;-+ ( m . :  ' 

where g~.j is the  s t rong-coupl ing cons tan t  and  

( lO)  

As Q~ is a gene ra to r  of SU4 a nd  t h e  �89 b a r y o n  s ta tes  are  m e m b e r s  of t h e  

20 '  mul t ip l e t  of SUd, b o t h  ampl i t udes  (s-wave and  p -wave)  are  descr ibed  as 

B H ~'~ a sum of t e r m s  invo lv ing  t r ans i t i ons  of t he  f o r m  < ~[ ~ ]B~>. 

TArsi. I I .  -- Contributions o/the various terms to the decay aml)litude. 

t ) r o e e g s  Commutator Intermediate Factorization 
term in A- pole terms in term (A- and B- 
amplitude B-amplitude amplitude) ~/k 

A + ~ A~. + o (2: +, 2: o ) �89 

A ~ + - + z %  + (1/f,~) + ~'~ + <2: [H,, IAo> (Z +, 2: +) 0 
A+~ ~ X+,: ~ (-- X//,:) <2:+IW:;~ (Z +, Z~ +) 0 
A+ --)- pY,- ~ (1/V~ ]K) <2:+I//~'~ Z + 1/(2 vr6) 

A + -* E~ + 0 (X+, S ~ A ~ 0 

A.+--+ X+~o (-- 1/V"2/K) <2'+[~r~4~ (2:~+, A~ +) 1/(2v'g) 
A+--,- Eel+ (-- x/V'~ &) <-~~162176 (A ~ 5 '~ x/~/(2 ~/~) 
A o __. AKo (V,~/2/x) <~O]H~.r > (~o, Zr 1/12 

Ao ~ ZoKo (1/2/x) <~oi.U.iAO > (~o 2:0) 1/(4V~) 
.g. ~ ~ E + K -  ( - -  I / 'V"2  f~-) [<~IH~~176 + (~o A~, Zy) 0 

+ p .o .  + - <z' [r 4 IAr 
X ~ --* Eo= ~ (-- 1//n) <~I~ '~ ' IA~  ( ~ ,  A ~ S e) o 

A o --,- ~-~.+ (l/v'~ 1~) <~I~'~176 ~ v ~ / ( 2 ~ )  
TO .-. ~o~o ( - -  x /& )  <z~ (s e, A ~ - -  I/O 
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In considering the operations of QJ on the baryon states and for all sub- 
sequent calculations we follow the convention of ICabl, Campbell and Wali (xT) 
and Licbtenberg (4). We choose the phase conventioi~ tha t  the SUs operators 
I_+, U+ and K• have positive matrix elements. 

The first two columns of table I I  list the commutator terms in the ampli- 
tude A and the intermediate states appearing in the pole term contributions 
to B for the processes considered. We thus need to evaluate the transition 
matrix elements 

+ L c .  <x IH,, IAo>, 

0 p.c. 0 lzo>, 

A H "p'~ ~ , < I , ]'L> 

RIAZUDa)IN and FAYYAZU])DIN (~) computed the matrix element <B,[H~'~ 
for the noncharmcd hyperon decays using nonrelativistic quark wave functions 
for the baryons in the context of SU3. We do simi]ar calculations using the 

C COS 0 r $ 

�9 >' 

d COS 8 C U 

Fig. 2. - W scattering of quarks in the charm-changing nonleptonic weak Hamilto- 
nian density. 

quark wave functions for the charmed hyperons given by LIOHT~:~B]~I~ (~) 
which are consistent with the phase convention defined above. The quark 
scattering diagram is shown in fig. 2. 

(11)  
1 

H~.r ~ a cos ~ 0o Z (~7fl7 + fl,+~7)(1 --a,'a,)6'(r) 

is in leading order the Fourier transform of the nonrelativistic limit of fig. 2. 
Here a~ is the operator which transforms a c-quark into a s-quark and ~ is 
the operator which transforms a d-quark into a u-quark. We also see tha t  

HP'"= 0 in this limit. vr 

(17) V. RABL, G. CAXPBELL jr. and K. C. WAT,I: J. Math. Phys. (N. :Y.), 16, 2494 (1975). 
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Using nonrelativistic SU, wave  functions (') and working out the spin and 
uni ta ry  spin components of the various const i tuent  quark baryon transitions, 
we get 

(a2) 

and 

(13) 

p . C ,  0 (I+]/P;c']A~+) = --  (A[H,  1,V,~ > = 

1 . . . .  <3ol .o.l o > 

1 
(I+IH~ ~" IA~ +) = ~ ctg Oo(pltt~; ~" IX+). 

(p]H~'r was al ready evaluated by  RIAZUI)I)II~- and FAYYAZUDDI_N (x) to be 

(14) --27GsinOccosOo (-1 m~ 
<Pl~"~ = s V ~ = ~ .  -(• ~-Vn/mJ . . . .  " 

Here ~ ~ 0.34 GeV and m. = 0.51 GeV are the  const i tuent  musses of the 
nonstrange and strange quark, respectively. I and A represent the masses 
of corresponding baryons and  ~8(q)- 0.5 at  q----1 GeV. 

The strong-interaction coupling constants appearing in eq. (9) are related 
to g=oVX and the strong lid ratio, using the  Clebsch-Gordan tables of ref. (~7). 
We take  f/d = -~- and  g~:ovx ~ 13.45. 

3 .  - F a c t o r i z a t i o n  c o n t r i b u t i o n s .  

The factorization, quark diagram or vacuum saturat ion contributions are 
of two types  as typical ly  given in fig. 3 and 4, respectively, for A + -~A~ + and 
A + _> p~O. The decay ampli tude for fig. 3 is given by  

(15) 
G 0 ~ +'J1+~'O" 13+114 + M,.o(A+~ -+ A=+)---- 2~fi2cos~ o~:~ I ~,5 I ; (A IJ , ,  IAo> , 

i where we have wri t ten J~ = J~v- - J~5 ,  where ~ J~v(Jus) is the  vector (axial- 
vector) current and  i is the S U4 index running from i to 15. We use now the  
definition of pseudoscalar-decay constant  

(16) (0  IJ~5(x)IP'(q)> = ~"i]~ q,, exp [ -  iqx] , 

where ]p = ]= or ]~ depending on whether  PJ(q) is a ~-meson or K-meson. In  
eq. (16) i, j are the  appropriate SU3 indices. 
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U "]~ U 

d > ct 

Fig. 3. - Quark diagram for A+--* AT: +. 

Fig. 4. - Quark diagram for A+--* pR ~ 

Thus eq. (15) reduces to 

(17) M,.o(Ar --> At+  ) iG ],~ cos 20oq~,<A [Jy+'I'[A+~> -----~- 

where q is the  momen tum of the  7~-meson. 
The ampl i tude  for fig. 4. is obtained by  performing the  Fierz  t ransformat ion  

3 3 

(is) Z (~'a')(~,e~) = ~ (xd')(~cO, 
I,~=i l,J=l 

where i, j are colour indices and where we have suppressed the  Dirac matrices.  
This equat ion is valid for V -  A currents  and Fermi  statistics of the  quarks. 

I t  t ransforms the  Hamil tonian  to  a form containing neut ra l  V -  A currents .  

Because the  physical  particles are colour singlets, we have  to average over the  

colours leading to the  effective Hami l ton ian  

(19) 
H$,f  = 1 ~ 1 

~/~ G cos 0c ~ [(~d)(~e) + (~e)(~d) + h.c . ] ,  

f rom which we obtain the  ampl i tude  for fig. 4 as 

(2o) ~(~ 2 9+t10 -I- M,,.(A+ __> p:~O) • -6  cos 0c/Kq~,<P[J~, [Ao >. 
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I t  is obvious t ha t  the  factorizat ion diagrams exist  only when the  outgoing 
pseudosealar  meson is a ~+ or Ko meson. 

The current  ma t r ix  elements arising in the  faetorizat ion diagrams (eqs. (17) 
and (20)) have  been re la ted by  BlmhS (is) to  the  measured form factors of 
current  t ransi t ions involving noncharmcd baryons.  The qS ----- 0 values of the  
form factors ~r (~) and ~rr are fixed f rom the  vector  and axial-vector  form - -1  ~ t t  

factors  of known baryons .  Following BVltAS (is), we have  

~ ( o )  = ~ ' ( o )  = 1 ,  ~ "  = - g , (L  + ~d~) and ~ . (0 )  = g ~ ( d , - / , ) .  

We take  gA -= 1.254 and the  weak axial-vector  ]/d ra t io  as ] J d  A = ~. Following 
KORNE~ et al. (7), we use the  invar ian t  form factors ~r(~) and rr~-) to  continue ~ 1  ~-~ 

where m,  is the  mass of the  re levant  pseudosealar f rom q ~ =  0 to q ~ =  mr, 
meson, i.e. m,~+ or m~.  We use the  s tandard  dipole form factor  of the  form 

(1 
with  mr. : 2 .14  GcV and m. .  = 2.006 GeV. 

Since nothing is known about  the  mass values of the  axial-vector  mesons 
/~x and D A t h a t  appear  in the  axial  form factors  ~(~) ~a , we u s e t h e  same mass 
values for these  as for D* and  F*. 

The factor izat ion t e r m  contr ibutes  to  bo th  the  par i ty-violat ing and par i ty-  
conserving ampli tudes.  For  a generic process B~ --> BfTz+(K~ the  factorizat ion 
contr ibut ions  to  the  A and B ampli tudes reduce to  

= cos OcH3 (B, + B,) ,  (22) B,~o ~/~G1~ 2 c~ 

where Wk are l isted in the  last  colvmn of table  I I  and ]k is e i ther  ]~ or ]K de- 
pending on whether  a ~+ or ~o is emit ted.  ~ = 3* or 6 depending on whether  

the  init ial  charmed ba ryon  is in the  3* or _6 representa t ion of SUs. H e r e ,  we 
only have  one case of _6 decay, i.e. T O -+ ~~176 

I t  is easy to check t ha t  t he  ampli tudes listed satisfy the  isospin relations 

(23) (A ~ ':-> 3 - ~  + ) + ~/2 (A ~ --> S O ~z ~ -~ (A + -+ S0~z +) ,: 

(2~) (x o -+ 2+K-) + v'~ (Ao -+ 2o~o) = (A+ -+ 2+K,). 

In  contras t  to  K o l ~ , ~  et al. (~) we make  no predict ions for decay modes 

involving ~, ~' mesons because these involve ext ra  SU~ invariants  and hence 

ext ra  unknown parameters .  

(18) A . J .  BU:RAS" Nq~(~. P h y s .  B,  109, 373 (1976). 

15  - I I  N t t o v o  ~ i m e n 2 o  A. 
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4 .  - R e s u l t s  a n d  c o n c l u s i o n s .  

Tab le  I I I  l i s ts  ou r  ca l cu l a t ed  p a r t i a l  w id ths  a n d  a s y m m e t r y  p a r a m e t e r s  a, 

a long  w i t h  a c o m p a r i s o n  w i t h  a q u a r k  m o d e l  c a l c u l a t i o n  (7) a n d  a ~ I T  b a g  

m o d e l  ca l cu l a t i on  (s). As p o i n t e d  ou t  i n  ref.  (e), our  m o d e l  fits t he  k n o w n  ex- 

TABLV. I I I . -  Partial width (in units o] 1011 s -1) and asymmetry c~ in current algebra 
(present calculation), quark model and MIT bag model. 

Current  Quark 
algebra model (7) 
(present 
calculation) 

MIT bag (s) Experiment  (~) 

A+---~ A~ + 0.76 --0.89 0.8 0.86 - -  - -  0.54 -j: 0.5 
A + ~ Z~ + 2.22 0.087 0.9 --0.99 1.39 --0.27 - -  
A + --,- E+~ ~ 2.22 0.089 0.9 - -  1.00 - -  - -  - -  
A + --~ laK ~ 0.35 - -  0.77 8.9 - -  0.68 1.4 - -  0.4 1 nn+o.se ~'" 'J--0.78 

A + --+ ~~ 0.22 0 2.2 0 0.06 --0.057 - -  
A+ --)- Z+:K o 1.63 --0.82 9.8 --0.86 - -  - -  - -  
A.+ --~ E~ 0.30 0.55 0.8 --0.96 2.91 --0.83 - -  
A ~ --~ AK. ~ 1.41 - -  0.33 2.7 - -  1.00 - -  - -  - -  
A .  ~ - - ~  Z ~  ~ 0.66 0.36 3.9 0.38 - -  - -  - -  

~ o  ~ : Z + K -  0 . 6 5  0 4 . 3  0 - -  - -  - -  

A .o  ~ ~ o ~ : e  2 . 5 8  --0.52 0.8 0.92 - -  - -  - -  

A ~ --~ ~-~+ 3.34 --0.76 2.4 --0.03 9.35 --0.92 - -  
T O ._~ ~o~o 4.40 0.66 68.7 0.38 4.58 --0.26 - -  

p e r i m e n t a l  resu l t s  for A + -~ p~O a n d  A + --> A~  + b e t t e r  t h a n  e i t he r  t h e  q u a r k  

m o d e l  or t h e  ~ I T  bag  m o d e l  ca lcu la t ion .  The  q u a r k  m o d e l  ca l cu la t ions  of 

K o r n e r  et aL (7) ser ious ly  o v e r e s t i m a t e  t h e  w i d t h  for t he  p~O mode ,  whi le  t h e  

M I T  b a g  m o d e l  c a l cu l a t i on  (8) o v e r e s t i m a t e s  t he  A~: + m o d e  b y  a fac to r  of 3-5. 

o u r  r e su l t s  a r e  wel l  w i t h i n  t h e  e x p e r i m e n t a l  er rors  for b o t h  modes .  I t  is re- 

m a r k a b l e  t h a t  c u r r e n t  a lgebra  c o m b i n e d  w i t h  t h e  one-scale  p a r a m e t e r  

(p[H~'C'lX+) fits v e r y  wel l  a l l  t h e  s t r a n g e - h y p e r o n  n o n l e p t o n i e  decays  p lus  

t h e  two  m e a s u r e d  c h a r m e d - b a r y o n  n o u l e p t o n i c  decays.  W e ,  therefore ,  expec t  

t h a t  our  p red ic t ions  for t he  r e m a i n i n g  processes will  t u r n  ou t  to  be  fa i r ly  good. 

W e  now t u r n  to  a n  aspec t  of t h e  p r o b l e m  which  we h a v e  igno red  up  to  now.  

W e  h a v e  n o t  i nc luded  poss ib le  sho r t -d i s t ance  effects of s t r o n g - i n t e r a c t i o n  QCD. 

W e  h a v e  seen t h a t  we get  a good fit w i t h o u t  i n c l u d i n g  these  effects. H o w e v e r ,  

t o  see how m u c h  these  effects m o d i f y  our  p red i c t i ons ,  we h a v e  r e p e a t e d  our  

ca l cu la t ions  i n c l u d i n g  QCD effects. The  a p p e a r a n c e  of a n e w  t e r m  (~d)(~e) 

( n e u t r a l  cu r r en t )  i n t e r a c t i o n ,  is expec t ed  f rom t h e  sho r t -d i s t ance  e x p a n s i o n  

of t h e  W - b o s o n  exchange  a m p l i t u d e  i n  a n  a s y m p t o t i c a l l y  free gauge  t h e o r y  
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of coloured quarks. Oae obtains the effective Hamiltonian (~") 

( 2 5 )  1 / ~ , "  = - -  
1 

2 v/~ a cos * Oo [c~((~a)(~c) + (~e)(~a)} + 

+ V~((~a)(~o) + (~c)(~a)} + b.c.].  

The new effective Hamiltonian changes the factorization contribution term 
for the charged current (~+ emission) by the factor C~ + �89 C~ and for the neutral 
current (H ~ emission) by the factor C, ~- 3C~. However, by far the most im- 
portant effect of employing H:', of eq. (25) is in the evaluation of the matrix 
elements <B~IH~'r I t  turns out that ,  although relations (12) are main- 

27+ H~-r + rained by the effective Hamiltonian, < ] ~ IAo > is increased by a multi- 
plicative factor C~-  C2. Using the values of G~ and C~ preferred by KORNER 
et al. (7), C~ : 1.315, C~ = - -  0.585, we find that  the matrix clement 

+ p.c.  4- <27 ]H~ [Ao > is enhanced by a factor of 1.9. Partial widths and asymmetry 
parameters, including these QCD corrections, are given in table IV. 

T.~Br.~ IV .  - Partial width (in units o] 10 n s -x) and asymmetry ~ in current algebra 
including Q C D  short-distance cheers. 

A + --~ A =  + 1.56 - -  0 .75  

A +--~ Z~ + 8.02 0 .087 

A + --~ Z%:  ~ 8 .03  0 .089  

A+--+  p K  ~ 3.69 - - 0 . 8 5  

A+--+  E ~  + 0.81 0 

2k+-~  )2+Y~ ~ 2 .71  - - 0 . 7 4  

.A.+ --+ E~ + 2 .06  - -  0 .049  
A. ~ --~ A K  ~ 3 .80  - - 0 . 1 8  

A ~ --~- Z ~  ~ 1.50 0 .86  
A ~ --~ Z + K  - 2 .35  0 

A. ~ --+ E~176 9.31 - - 0 . 5 2  

~o  __+ E-7~+ 8 .62 - - 0 . 7 1  

T O --~ E~ ~ 21 .4  0 .63  

The effect of including these short-distance factors is to significatively increase 
the widths for the two experimentally measured modes A + -+ An + and A + --> pK ~ 
which now become too large as compared to the experimental values. The 
conclusion we reach is tha t  the unmodified IIamiltonian combined with a 
current-algebra approach gives a better fit than the QCD-corrccted effective 
ttamiltonian. I t  is also known that  the modified Hamiltonian does not give 
as good results for charmed-meson decays as obtained by ignoring short-dis- 

(1~) .'V[. K .  GAILLAI~D, ]3. W .  L~:E a n d  J . L .  ROSN~I~: Rev. Mod. Phys., 47 ,  227 (1975) ;  

J .  ELLIS, :V[. K .  GAILLARD a n d  D . V .  NA~OrOULOS:  Nuel. Phys. B, 100 ,  313 (1975) ;  

G. A-LTAI~V.nLL N .  CABIBBO a n d  L .  MAIANI:  Phys. Rev. ~e t t . ,  35 ,  635 (1975).  
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t a n e e  cor rec t ions  (~0). As sugges ted  b y  G ~ E R I ~ A  et al. (~), one poss ib le  so lu t ion ,  

o the r  t h a n  i g n o r i n g  QCD effects, wou ld  be  to  i nc lude  t h e  effects of soft  g luons .  

Clearly,  before  d r awing  f i n a l  conc lus ions  a b o u t  t he  successes of t h e  va r i ous  

approaches ,  one has  to  wa i t  for more  de t a i l ed  d a t a  w i t h  b e t t e r  s ta t i s t ics .  

(20) M.D.  SCAI)RON: Univers i ty  of Arizona prepr in t  (1983), 
(21) ]3. GUBERII~A, D. TAI)I6 and J. TRAMPETI6: Z. Phys. (7, 13, 251 (1982). 

�9 RIASSUNTO (') 

Si ealeolano i tassi di decadimento debolc non leptonieo di A+(e[ud]), A+(e[su]), 
A~ e T~ Si usa l 'algebra delle correnti  e una  valutazione degli elementi 
matriciali  <B~IHD~'~']Ei> nel contesto delie funzioni d 'onda non relativistiche di SUB. 
Questi elementi matrieiali sono valutat i  con e senza inehdere  effetti a breve distanza 
di QCD. Si eonfrontano i r isul tat i  con i dati sperimentali  disponibili. Si t rova che 
l 'hamil toniana dei quark sempliee, senza inehdere  effetti delia QCD a breve distanza, 
d~ risultati  che sono in ragionevole accordo con gli csperimenti, mentre l 'hamil toniana 
corretta delia QCD d~ ampiezze che sono troppo grandi. Si eonfrontano anehe risultati  
con precedenti ealcoli usando il modello a sacca del MIT e il modelio a quark. 

(*) Traduzione a eura della Redazione. 

Am'e6pa TOKOB H se:lenToHm,ie cna6bm p a c n a ~  oqapoBamm~x 6apHoHom 

Pe3ioMe (*). - -  M~I BLIqt~C~I~eM rlItTeItcnBHOCTrI HeaenToam, Ix cnaSJ, m pacnanoB A+(e[ud]), 
A+(e[su]), A0(e[sd]) ~r T0(ess). MJ, I HCtlOm,3yeM anre6py TOXOB a otteal(y MaTpriqm, ix 
~neMeHTOB <B,I//~.'~ B KOHTelCCTe Hepe~mrmmcrcr, rtx SUe BORUOBJ, rx ~bymoalat. DrrI 
MaTprtmmie ~JleMelrrl, i otteritmamTc~ c y'mTOM a 6e3 y,lera ~I~tImKTOB KsaHroBoli xpo- 
M O ~ I f f H ~  Ha MaJlbIX paccTomm~x. Ilony~erIm, ie pe3yrmrar~,I cpasm~aloTcn c mMe- 
~OIIIaM~C~ 3Kcrtepr~MeHTaJibm, IMr~ ~ammmm. Ilony~ieao, ~IrO i~apKom, ll~ FarcmaswonaaH, 
6e3 y~era 3(1)(lleKrOB ImaaTOBOfi xpoMo~maMmcrI Ha Mare, IX paccTo~nm~x, naeT pe3yJIb- 
TaTS, I, Koropl, ie cornacymrc~ c 3i(cnepm~teHTOM, ro rna  i(ai( FaMmlSTormart c y'teTOM 
3~bqbexTOB XBaltrOBOi~ XpOMO~,LqaMI~iH 2Iaer 3aBbillleHI-lt,ie pe3yJIbTaTl, I. Yloay~eam, m 
pe3y3IbTaTM TalOKe cpaBrmsalorcn c npejil, ijiymmvirl BbI~cJIermmmL I, I C H O J I b 3 y l O ~ H  
Mo~enI, MIT ~( MemKa >> n x~BapKoBym Modem,. 

( ' )  Hepeaebeuo pec)walue~. 


