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NON-LEPTONIC HYPERON DECAYS AND THE BARYON SPECTRUM 

A. Le Yaoumq, 0. PEme, J. -C. Raynal 

* Laboratoire de Physique Theorique et Hautes Energies, Orsay, France 

and 

** L. Oliver 

Lawrence Berkeley Laboratory 
University of California, Berkeley, California 94720 

August 30, 1978 

ABSTRACT 

We propose a parallel treatment of S- and P- waves in non

leptonic hyperon decays through the commutator term plus pole contri

butions from the lowest levels of the baryon spectrum as described by 

+ 
the quark model: the positive parity (56,0) for P-waves, and the 

negati ve parity (70 ,t -) '-for S-waves, connected to the ground state 

respectively by. the parity conserving and the parity violating parts 

of Hw' All these contributions satisfy the ~I = 1/2 rule. The new 

piece we introduce, which comes from the (70,1-) intermediate states, 

pr.ovides a natural large correction to the soft pion limit for S-waves, 

of order om ~ 0.5 relative to the commutator (om, SU(3)-breaking 
w 

parameter = pion energy; w, mean baryon level spacing). We obtain 

a simple expression for this new term in the absenc~ of spin-dependent 

perturbations, and we fix its magnitude from the properties of the 

baryon spectrum. We get a significant improvement of the relative 

magnitude of S- and P-waves, correcting the discrepancy of a relative 

* Laboratiore associe au Centre National de la Recherche Scientifique 

** On leave of absence of LPTHE, Orsay, France. 
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factor of 2 which appears when considering only the commutator and 

1/2+ poles. The new piece also leads to a correct D/F ratio for 

S-waves. 

I. INTRODUCTION 

There are three basic problems in non-leptonic hyperOn 

decays: (a) the ~I = 1/2 rule, (b) the absolute magnitude 

compared to the well understood semileptonic decays (the so-called 

non-leptonic enhancement), and (c) the relative magnitude and phase 

of the parity violating and the parity conserving amplitudes, given 

experimentally by the parameters a, S and y. 

(a) Important progress has been made in the past years in 

the understanding of the ~I =. 1/2 rule for baryon decays. In the 

frame of the Cabibbocurrent-current interaction, we have essentially 

two dynamical effects which enhance the ~I = 1/2 amplitude with 

respect to the ~I = 3/2 part: (i) the antisymmetry of the coloI' 

wave function (and corresponding total symmetry in the rest of the 
/ 

degrees of freedom) which ensures that the amplitude is purely octet 
. 1 

when the interaction occurs between valence quarks within the baryon 

1/2 

(Fig. 1); (ii) the color gauge theory enhancement factor due to 

hard gluon corrections to the free matrix elements. 2 Other ~I 

pieces could come from soft gluon exchange and SUe 4) breaking3 

and from qq sea contributions. 4 There are other attempts outside 

the minimal GIM scheme 5 involving a right handed (c, s) current, 
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not ruled out by present experiments. The essential effect seems 

to be (i) or the combination of ( i ) and ( ii ) :. the QCD enhance

ment factor simply multiplies the ~1 = 1/2 piece left by the 

selection rule (i). 

(b) The largest matrix elements come from the interaction 

between valence quarks giving an amplitude proportional to the 

square of the wave function when two quarks are at the same point: 

(t/ls!o(fl -~2)!ll. Estimates of this quantity given by the 

baryon hYPerfine SPlittings7 or from the nucleon form factor
8 

give the right order of magnitude for the non-leptonic amplitude. 

9 However, naive estimates within the bag model or the harmonic 

oscillator model give an amplitude too small by about a factor 

3 to 4.10 The enhancement factor of QCD is then welcome in this 

estimation. Although there is still no firm conclusion, one 

can understand qualitatively why the non-leptonic amplitude 

h • rCA + PTI-) 103 times larger than is enhanced, e.g., W y ~s 

r( A + pe - \i ). 
e 

(c) Current algebra and PCAC allow to express both S-

(Suzuki, sugawarall ) and P-waves (Hara, Nambu and Schechter12 ) . 

. pc 
in terms of the matr~x elements of Hw ' the commutator term 

contributing to the parity violating, and the baryon pole terms to 

the parity conserving amplitudes. The current algebra description 
+ 

of S-waves is satisfactory 'provided 27 is absent (giving A(r.+) = 0), 

and D/F = -0.4 for the octet part. The quark model satisfies the 

first requirement, but also predicts D/ F = _1. 13 On the other hand, 
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it has been known for a long timei4 that there is no consistency 

between the magnitude of the matrix elements of H~c when comparing 

S- and P-waves. Fitting the magnitude from P-waves, one obtains too 

large S-waves by about a factor of 2. 

Not much attention has been paid in the literature to this 

15 problem of the relative magnitude of S- and P-waves. A sensible 

fit to both S- and P-waves was made a few years ago by Gronau,13 who 

pointed out that the D/F = -1 prediction of the quark model was in 

qualitative agreement with experiment for P-waves. The D/F problem 

for S-waves and the relative magnitude betw~en S- and P-waves was 

cured then by invoking a large correction to the soft pion limit for 

S-waves, the so-called K*-pole term,16 which cancels in part the 

commutator contribution. However, if instead of fitting .this new 

term one computes it in the quark model (Fig. 2), it turns out that 

. 118,9,17 ( t 1 b a· it is about one order of magn~tude too sma up 0 a ge r ~c 

. . f d G; e factors, 1 t 1S 0 or er . ~ SlD 
>,2 c 

cos e fTICr. - N». On the other hand, c 

this small .value is welcome since the Pati-Woo theorem does not hold 

for this type of diagrams, leading to 61 = 3/2 amplitudes at the 

level of 10%. 

Mainly for the sake of simplifying the discussion, and since 

the essential contribution to baryon decays comes from th~ diagrams 

of Fig. 1, we will neglect in the following all other contributions, * 

which are small relative to this one. We will discuss when necessary 

how our results should be modified when. considering other contributionE;. 

VIe 'will not consider the possibility of right-:handed currents. 

* Even i.f penguin diagrams would be important,3 they do not affect 

the relative magnitude of S- and P-waves. 

* 

... 
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We will see in this paper that the problem of the relative 

magnitude of S- and P-waves as well. as the D/F ratio for S-waves can 

, be understood by taking into account an important correction to the 

S-waves which comes from the first negative parity level of the 

baryon spectrum (70,1-). These states are the natural intermediate 

states to consider when computing S-waves, since the parity violating 

part of Hw connects them to the ground state in the v81ence approx

imation. Current algebra and PCAC provide in fact a simple way' of 

summing these'and the contribution of higher levels through the 

commutator term. As we will see, we are still left with corrections 

to the soft pion limit which are given by these intermediate states, 

and which are of order 0: (om, SUe 3 ).,.breaking parameter = pion 

energy; w, baryon level spacing). With om ~ 200 MeV, and 

w ~ 400-500 MeV, we expect large corrections to the commutator term. 

These turn out to ~ in part the commutator contribution, 

improving the comparison between S- and P-waves and the D/F ratio 

for ,S-waves. These contributions do not suffer from the drawbacks 

* of the K -pole term, since they satisfy the ~I = 1/2 rule (the 

Pati-Woo theorem applies to them). We have then a rather symmetric 

description of S- and P-waves: th e commutator term, and pole contri-

butions from the lowest levels of the baryon spectrum: (56,0+) for p_ 

waves, and (70,1-) for S-waves. The commutator terms vanishes for 

P-waves in the SUe 3) limit, and we are then left with the baryon pole 

terms, which are of order k
1T

/om "" o( 1). F S or -waves, the commutator 

term gives the largest contribution, but we get also a term of order 
om 
w' which is not negligible. 

-6-

The evaluation of the sum of the contributions of the (2£,1-) 

level would seem impossible or highly ambiguous, since the SU(6) 

spectrum is severely broken and the baryon wave functions are mixed.
lS 

However, in the limit of spin-independent forces, the quark model 

provides a simple and successful classification of all these states 

19 in the frame of the shell model.. We will see that we can get a 

simple answer in the absence of spin-dependent perturbations, which 

shows clearly the order of magnitude and· the general trend of the 

effect. 

This paper is organized as follows: in Section II we show 

in a general framework how the (70,1-) provide a natural correction 

for S-waves. In III we review the description of S- and P-waves 

with the commutator term and 1/2+ poles alone, pointing out the 

successes and problems of this approximation. In Section IV we 

compute the (70,1-) contribution in lowest order of the internal 

quark velocities and in the' exact SU(6) limit. We esti~te the mag

nitude of this new term from the properties of the baryon spectrum. 

In V we conclude. 

II. GENERAL FRAMEWORK 

To see how the new contribution.to S-waves appears very 

naturally, let us start with the general formula giving the amplitude 

of non-leptonic hyperon decays in the soft pion limit,14 

(1) 
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where M i in the second term is given by 
~ 

+ 

(2) 

In (1) and (2), the pari ty conserving HPc and parity violating HPv 
. w w 

pieces contribute respectively to the parity conserving and parity 

violating amplitudes. The e~ression (2) is singular when the 

+ 
intermediate states are the ground state baryons 1/2 (belonging 

+ 
totheSU(6) multiplet (56,0 », and gives the main, contribution to 

P-waves, since the commutator in the SU(3) limit vanishes. For S-

waves, the main contribution comes from the commutator. But because 

of the relative order of magnitude of the SUe 3)-breaking parameter 

om ~ 200 MeV, and the hadronic level spacing w ~ 400 MeV, the second 

pie~e in (1) gives an important correction coming from the nearest 

intermediate states, the negative p~ty baryons belonging to the 

multiplet (70,1-) of SU(6). Although this contribution vanishes 

in the soft pion limit, we can expect a rather large correction of 

order om ~ 0.5 relative to the commutator term. w ' , 

Calling A~ 70) this new contribution, we have the following 
1 

expression for S-waves (using the chiral commutation relations), 

-8-

+ 

To better understand the relative magnitude of this new term and the 

commutator and to get also some insight on the role of PCAC in the 

sum over the intermediate states, let us consider the integral 

(5) 

to which the parity violating part of the amplitude is proportional 

oncePCAC is used. In terms of intermediate states, this quantity 

can, be' written: 

,., • i(2,)3 ~{'(Pn -P, - 0) 

(6) 

We can see now how PCAC provides a way of , eliminating the dependence 

on the energy of the intermediate states, since the matrix elements 

of the divergence of the axial current can, be written 



• 
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i(p -p) <nIAi(O)la> a njl jl 

From (5.) and (6) and noticing that we get factors 

o 
-1 + ---..:!q~-

o + qO - Pn 

which are opposite in sign (up to the qO) piece, we get 

1 + 

(7 ) 

000 
Pa -Pn - q 

(8) 

(9) 

The first term gives just the commutator in the soft pion limit. 

The quantity Mjl is expression (2). The term qDy? in (9), which 

comes from the qO terms in (8), is just the new term we will consider 

up to the first level (70,1 ). This level will presumably give an 

important (if not dominant) contribution to the sum in Eq. (6). From 

the above expressions we see that if we saturate the commutator 

term with the lowest level (70,1-), without using the chiral com

mutation relations, the correction term is of relative order qO/w. 

We are aware of the fact that the new term (4) is not the 

unique correction to the soft pion limit. We will however retain 

only this, since it is important and has a transparent origin. Other 

SUe 3) breaking effects can be present, as for instance differences 

in the wave functions between the hyperons and the nucleon, which 
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could lead to a non-vanishing commutator for the P-waves. These 

SU(3)-breaking effects are smali (in contrast to the case of SU(4) 

breaking in processes involving charmed particles20 ) and we will 

neglect them, computing all matrix elements of Hw and of the axial 

current in the exact SU(3) limit. In the calculations we will, 

moreover, make the follovnng approximations: we will limit ourselves 

to on-shell contributions (1/2+ states for P-waves, 1/2- states for 

S-waves), and we will compute the matrix elements in the lowest 

order in the internal quark velocities, using SU(6) wave functions. 

In the computation of the (70,1-) contribution, we will moreover use 

the harmonic oscillator potential (the only reliable model of the 

higher states of the baryon spectrum19 ), and we will neglect spin

dependent perturbations of the spectrum (degeneracy of the supermul-

tiplet and no mixing between the states). 

Before computing this new contribution, let us review the 

description of S- and P-waves in the commutator and gro~ld state 

pole approximation. 

III. S- AND P-WAVES IN THE 'COMMUTATOR AND GROUND STATE POLE 

APPROXIMATION 

Both S- and P-waves are given in terms of the matrix elements 

of HPc between ground state baryons. To make easier the discussion 
w , 

we will reproduce the expressions of S- and P-waves following Ref. 13 

(using the result of the absence of 27 from the' quark model). 
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S-waves: 

A«() 
12 C (-D + F) 

'IT . 

+ 
A( E+) 0 

+ 1 
A( EO) - (D - F) (10) 

f'IT 

A(A~) 1 (D + 3F) 
I3f'IT 

A( ==) 1 - (D - 3F) 
I3f'IT 

P-waves: 

B«() 2g(N q) [ f(F - D) 
(E - N)2E 

·d(31'.D) J 
3( A - N)( E + A) 

+ [Cf+d)(F-D) f(F-D) d(JF+D) 1 
2g(N E) (E _ N)2N - (E - N)n - 3(A - N)(E + A) . 

I2g(N + E) [(f+ d)(F - D) 
(E - N) 2N 

2f(F-D)j 
(E - N )2E 

B(A~) Yf g (N + A) [(r + d)(JF + D) 2d(F - D) 1 
3 . (A - N) 2N (E - N)( E + A) 

B(=:) = -If g (A + =) [- 2d(F + D) + (d - f)(JF - D)j 
(= - E)( E + A) (= - A) 2= 

(11) 
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The other amplitudes follow from the 61 = 1/2 rule 

- - - (12) 

In the preceding expressions the particle symbols account for the 

masses, f'IT = 0.95 m'IT' g is the pion-nucleon coupling constant 

2 g /4'IT = 14.6, F and D are the two independent couplings of the 
. . pc 

octet part of the parity conserving weak hamiltonian HW. to baryons, 

and f and d are the SUe 3) baryon-baryon-pseudoscalar meson 

strong couplings (f + d = 1). For S-waves one gets, empirically, 

·D/F = -0.4, and if one extracts the absolute magnitude from S-waves, 

one gets too small P-waves by a factor of about 2. In the quark model 

one predicts D/F = -1, and d/f = 3/2. 1£, on the contrary, following 

Gronau,13 one makes a fit to the P-waves, one obtains 

( 13) 

i 
D/F = -0.85 d/f = 1.8 

In Table I we plot the results of this fit as we11,as the algebraic 

prediction with the absolute magnitude (13). P-waves are in reason

able agreement with the algebraic predictions of the quark model. 

Moreover, the small departure of D/F from -1 can be understood 

as an effect of the sea. 4 This agreement fo~ P-waves is rather 

remarkable, since there are strong cancellations between the 

various pole terms. On the contrary, S-waves are too large by a 

• 
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factor of '" 2, and moreover their relative magnitude does not 

follow the quark model result D/F = -1. One must retain however 

certain successes' of this approximation: the signs of the parameters 

a and y , 

a = 
* Re(S P) y 

which measure the relative magnitude and sign of S- and P-waves 

are in agreement wi th experiment. 

Moreover, as we have shown in Ref. 7, the absolute magnitude 

of P-waves seems to be given successfully by the quark model. In 

the lowest order in the internal quark velocities, the matrix 

elements of HPc are given in terms of the square of the baryon wave 
w 

function at zero interquark distance: ABa 

simple and useful introduction to the more complicated matrix elements 

involving HPv and the (70,1-) level, let us repeat here the 
/ w 

calculation of a typical matrix element of H~c between ground state 

baryons, <nIH~·c·(O)IA >. We first perform a non-relativistic 

expansion" of the matrix elements of the parity conserving part of 

the weak hamiltonian (a, B denote color indices)14 

G 8 8 [ ( ;:;'a Y ]J (1 + Y 5 )s a)( dB Y]J ( 1 + Y 5 )uS) + h.c·1 H - ~ sin cos w c c 

(14) 

between quark states i, j (Fig. 1), 

-14-

(15) 

Only the 1.1 - VoVo term survives in the non-relativistic limit, 

leading to the simple operator between quark states (with the minus 

sign in front of (14)), 

The SU(3) matrices in (16) act on quark states as follows: 

,(-)u = d, v(+)s = u. 

(16) 

Calling ~s the spatial baryon wave function in momentum 

space, we get, owing to the total symmetry of the wave function in 

flavor, spin and space (the color matrix element is just equal td 1), 

(17) 

where I is the spatial integral . 

I 

(18) 
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which is just equal to 

I 
(19 ) 

in terms of the spatial wave function in configuration space: 

J 
iEP .;. 

1 S .... 1 E.... R, R, R, 
--3 1jJ ({r.}) IT dr. 0(-3 krk) e 
( 21T) l j J 

(20 ) 

The remaining matrix element in (13) is understood in terms of the 

SU(6) wave function of the octet 

1 I I "" 
?r(X</> +X</» 

where </>'S and X's are respectively the SU(3) and spin pieces. 

The prime and double prime denote mixed symmetric wave functions, 

respectively antisymmetric and symmetric with respect to the indices 
I I 

1, 2: in </> (X), the quarks 1,2 are in a 3 (spin singlet) 

n " state, in <P (X), they are in a 6 (spin triplet) state. The 

spin matrix elements read 

4, 

so that only one SUe 3) matrix element is left: 

This is nothing else but a consequence of the Pati-Woo theorem: 

only the antisymmetric pieces in flavor indices survive, ensuring 

the 6.1 = 1/2 rule. We end with the expression: 

-16-" 

(22 ) 

Computing another independent matrix element, one gets, easily, 

D/F -1 

F ( 23) 

We have proposed in 7 a determination of the quantity (15), in terms 

of the electromagnetic or strong hyperfine splittings, given by the 

Fermi spin-spin interaction, which is of contact character, 

-..~ -+ -+ It 
'V 0

1
• 0 20( r 1 - r 2)' We obtained good agreement between the e ec ro-

magnetic and stronghyperfine'splittings (with a; = 0.3 and 

m = ~/3) 

6. - N 

and the value of F (1]') obtained from (23) for 

G 
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8 ' 
On the other hand, Schmid has proposed an estimation of 

'(19) from the nucleon electromagnetic form factor, obtaining a 

satisfactory value for S-waves, i. e., a value roughly a factor 

of 2 smaller than our estimation (25). Two comments are in order 

here. Our estimation of the absolute magnitude (23) as well as 

Schmid's does not include the QCD enhancement factor c which 

should in principle multiply the expression (23). It couid be 

possible however that similar enhancement factors (due for instance 

to Coulomb attraction at small distances) should be included 

implicitly in expressions (23) and (24). In fact, as we have 

pointed out in 7 , the value (25) is much larger than what one 

naively expects from the harmonic oscillator potential for currently 

accepted values of the ground state radius: it seems to be a 

deformation of the wave function at small distances. In any case, 

the eventual multiplicative factor c does not affect the problem 

of the relative magnitude of S- and P- waves. We will for the 

moment consider as satisfactory the description of P- waves, and 

we turn ourselves to the S-waves. 

IV. CONTRIBUTION OF (70,1-) INTERMEDIATE STATES TO S-WAVES 

We will now compute expression (4), adding the contributions 

of the intermediate states of spin-parity 1/2- which belong to the 

first excited level (70,1-) predicted by the quark model. 

-18-

,A 70 multiplet of SU(6) contains the following multiplets 

( SU(J ), 2S+ 1 ) 

70 J ( 8, 4) + (8, 2) + (1, 2 ) + (10,2). 

For (70,1-) the total quark spin S must be coupled with: the 

orbital angular momentum L = 1 to give total J. This gives for 

~ = 1/2-, 3/2- two octets, one singlet and one decuplet," and 

one octet for ~ = 5/2-. All non-strange states and many of 

strangeness -1 have been observed as predicted by the model. We 

are here interested in the 1/2- states. Among the well established 

we have N( 1535), N(l700), lI( 1650), 11( 1405), 11( 1670), a.Tld 

E(1750). As for the rest of the states 1/2- predicted, 

there are a number of candidates not so well established with masses 

within the same range.19 In Table II we indicate the states which 

contribute to each transition. 

The SU(6)-space wave functions of the (1£,1-) are more 

complicated than those of the ground state. In addition to the 

SU(J) wave functions (singlet, antisymmetric ¢a; octet mixed 

, " 
symmetric ¢ and ¢; decuplet symmetric ¢s) and the spin 

, " 
wave functions (mixed symmetric X' and X for spin 1/2, and 

symmetric s 
X for spin 3/2) we have now two independent mixed 

, " 
symmetric space wave functions ~ and ~ corresponding respec-

tively to the relative coordinates 

We give the SU(6)-space wave functions of the (70,1-) in Appendix I. 
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We now perform a similar calculation to the one of Section 

III for the parity violating part of (14)., We will now have spin or 

matrix elements of the type 

which will give, after some algebra, the following operator 

between hadron states to lowest order in vic (with the minus 

sign in front of (14)), 

1 
2m 

~ -+ -+ +'-+' 
cr.) • [(Po - pol + (p. - P.)] + 

J 1. J 1. J 

(26 ) 

-P.)-(P.'-P.')] .(~. X~')]T~-)/+) ( 27) 

J 1. J 1. J 1. J 

(this is the analogue of ( 16) for the parity violating part). 

Some details of the calculations of the matrix el~ments of (27) 

is given in Appendix II. These are given in terms of the quantity 

cos e 
c 

J ( 28) 

where J is the spatial integral (the analogue to (18) for the 

parity violating part), 

(29) 
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For the harmonic oscillator potential there is a simple relation 

between (19) and' (29): 

J 
1 

12 
(30 ) 

As for the matrix elements of the axial current in (4), 

the spatial component of the expression between quark states 

(31 ) 

gives no contribution, since it is of the form and we 

now need linear terms in the internal quark momenta to get matrix 

elements different from zero. We are then left with the AO 

component which leads to the following operator between 'hadron 

states 

.... ....' • (p. + p.) , 
1. 1. X (32) 

i 

respectively for TI+, TIo and TI- emission (T(-) U = d). 'The, 

expression (4) i? linear in the pion four momentum, and we will 

neglect higher powers ofi t. We pullout the dependence on 
.... 
q 

-+- -+ ' -+ (p. = p. + q) in (32). In the calculation of the matrix elements 
1. 1. 

of (32) we will use the total symmetry of the SU(6)-space wave 

functions and 'the symmetry properties of their ,various pieces. 
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Some detail of the calculations is given in Appendix III. 

various matrix elements are given in terms of the quantity 

K 

which, for the harmonic oscillator potential, is equal to 

K 

where -2 R, = mw. 

1 
- 1.3 

1 
mR 

The 

(33) 

In Table II we give the contributions of each intermediate 

state to the expression under the summation sign in (4) in terms of 

the dimensionless quantity (we have dropped out higher powers in 

om/w which appear in (4)), 

c ~ G sin e cos e 
413 c c 

< ljJs 10(1\ _ 1) IljJs) 

m
2
R

2w 

We see that each separate contribution satisfies the 61 = 1/2 

rule (12). This follows simply from the fact that the interaction 

takes place between valence quarks within the baryon, and the Pati-

Woo theorem follows for this type of diagram: only the wave functions 
f 

of the type ~ (antisymmetric in flavor for the interacting quarks 

(1,2)) contribute to the matrix elements. This explains also 

why one obtains a vanishing contribution from the decuplet states 

-22-

(symmetric flavor wave function). We get also the 

contributions cancel for this transition. We get then the same 

result as for the commutator term plus the absence of 27 given by 

the quark model. This is not surprising since we are in the exact 

SU(6) limit. In fact, as we will see at the end of this section, 

one could compute the commutator itself by saturating it by the 

first negative parity level (70,1-), without using the chira1 

commutation relations. SiDce this is the unique multiplet which 

can contribute when considering one excitation, it is natural to 

obtain the same algebraic result. Moreover, and for the same reason, 

we get the same D/F = -1 ratio as for the commutator for the expres-

sion under the sign sum in (4). 

When adding the commutator and the new correction to the soft 

pion limit given by the term we have computed, we get the following 

expression for S-waves, 

A( l:=) 
12 12 - N) 1813 C -(-D+F)--(l: 
Irr Irr 

A«) 0 

+ 1 !2 (l: - N) 9.,g- c A( l:o) (D - F) + - ( 36) 
Irr Irr 

A(A~) _1_ (D + /2 3F) - - (A - N) 9,12 c 
;;/ Irr rr 

A( =.-) 1 3F) + 112 (=. - A) 18/2 C 71'- (D 
Irr rr 
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with c given by expression (35). The other S-waves follow from 

these through the ~I = 1/2 rule. The new contribution is negative 

relative to the commutator: There is an intuitive way of understan-

ding this relative sign which we will expose later. 

As for the magnitude of the new term, we cannot expect, in 

view of the approximations involved, anything more precise than a 

rough estimation of its value from the.general characteristics of the 

hadron spectrum. 

The relation (23), which gives the magnitude of the commu-

tator, is of a more general character than (35), which gives the 

magnitude of the new term, and holds only in the case of the harmonic 
" 

oscillator potential. We will however assume that the relation which 

follows between F and C in the case of the harmonic oscillator 

C 
F (37) 

follows also for the true wave-function, deformed at small distances., 

To get an· order of magnitude, we will consider the general 

characteristics of the hadron spectrum. 

We can use the relation between the harnomic oscillator 

radius, the quark mass 'and the level spacing, R-2 
= row, 

C 
F 

613 m 
(38) 

-'24 

We must however notice that (38) is certainly an overestimate, since 

the quark mass iIl; this relation could also be the strange quark mass. 

On the other hand, all the contributions to the sum (4) come from 

the second term: there is an exact cancellation of all the non-

strange intermediate states in the exact SU(6) limit. The energy 

denominators of the strange particle contributions are equal to 

Nt - ME* - wn ' which differ from -w by an amount equal to the 

SUe 3) breaking parameter. We can expect, then, a range for C 

given by_ 

F 

61] m (1 
s 

which gives, with 

om 
+

W 

~ c ~ F 
6vJ m (1 + om) 

w 

m =)36 MeV, ms 540 MeV, 

(39 ) 

-= 
w 

om 
0.5, 

(40 ) 

, This is the magnitude we need, since a reasonable fit to S-waves 

with expressions (36) gives (Table I) 

c -9 5.4 x 10 , 

We cannot expect a better agreement than to' within a factor of 

(41 ) 

2 in view of the approximations involved: non-relativistic 

limit, contribution of higher levels in expression (4) neglected, 

etc. 

c 

c 
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We see that the new term we have introduced plays the same 

ro;Le as the * . K -pole term lnvoked by Gronau, cancelling in part the 

too large contribution from the commutator. The corrections to the 

commutator are of order 30% to 50%. Moreover, since the mass 

differences in (36) are not equal, we obtain a nice improvement of 

the D/F ratio for S-waves: A - N, being smaller than E - N, we 

get a smaller correction to the A than to the E transitions, etc. 

One must notice, however, that this may not be very significant by 

the following reason. The E - A splitting is due, according to 

the quark model, to a spin-spin and SU(3)-breaking interaction,2l 

and in our' calculation we have neglected other high order effects, 

for instanc~ the SU(6) breaking effects in the energy denominators 

in (4). 

Let us make a last remark on the role of the lowest negative 

pari ty baryon level (70,1-) in S-waves. We could in principle 

compute not only the correction (4) but also the commutator itself 

by saturating the sum (6) with this lowest level, since it will 

presumable give a large (if not dominant) contribution. We obtain, 

for a typical S-wave, 

9/2 r, w (1 -~ ) 
w 

( 42) 

and similar expressions for the other S-waves which follow from 

this through D/F = -1 for the quantity multiplying the 

parenthesis . 
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This expression shows clearly the, cancellation between the dominant 

term and the correction to the soft pion limit. With the value (41) 

we get for the first term in (42) about 60% of the value obtained 

using the chiral commutation relations and (13). This seems ,to us 

reasonable for the contribution of this lowest level, and is a 

further consistency check of the magnitude we have obtained for 

the correction to the soft pion limit. 

V. DISCUSSION AND CONCLUSION 

We have considered the lowest levels of the baryon spectrum. 

One could wonder however how P-waves would be modified when consider-

ing the next positive parity multiplets of SU(6) 3 0(3). To the 

2 + + 
same (vic) order, the multiplets (56,0 )N=l and (70,0 ) could 

contribute, although in principle their magnitude will be smaller 

since we Dave now two excitations (energy denominator ~,2w). On 

the other hand we find that the Pati-Woo' theorem implies no contri

bution from the (70,0+). There is the N(1470) (56,0+) left which 

could give an important contribution if the Roper resonance is 

classified in this multiplet, because, of 'its low mass. However, 

the status of this state in the quark model is not clear, and no 

strange partners of it have been observed. On the other hand, 

we find for the contribution of this multiplet something pnoportional 

to the magnitude of the ground state, but which is of opposite 

sign. This means that the commutator contribution for S-waves will 

be relatively bigger than the preceding estimation, i. e., the 

(70,1-) correction is more badly needed. 
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In conclusion we have shown that the lowest negative parity 

level of the baryon spectrum (70,1-) provides the natural intermediate 

states to be considered when computing parity violating amplitudes 

in non-1eptonic hyperon decays. MOl~over, these'states provide a 

natural correction to the soft pion limit, specific to S-waves, which 

improves significantly the relative magnitude of S- and P- waves and 

leads to the correct D/F ratio for S-waves. We do not want, however, 

to overamphasize the quantitative success of this calcUlation, since 

other contributions to the soft pion limit (as for instance a non-

resonant continuum) could be important. 
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APPENDIX I. Wave functions of the (70,-1) multiplet 

The (SU(J) )2S+1 mUltip1ets contained in the (70,1-) 

. f t· 22 have the fo11oWlng wave unc lons: 

where the ~'s, X's, and ¢'s are respectively the space, spin and 

flavor wave functions defined in the text. 

The notation [~] ~ means the coupling of ~he total quark 

spin S with the orbital angular momentum L = 1: 

Some of our results are particular to the harmonic oscillator 

potential. The ground state and L = 1 wave functions are, in momentum 

space, 

~s N 
(Cp/ + P/)R

2
) 

s exp - 2 

, ( C'- 2 + + 2)R2) 
~' N1 1f~ (pl) 

PA Pe 
exp -

2 

( t 2 • + 2)R2) 
~" Nl !?j~ (i\R) exp 

_ PA Pe 

2 

c 

~J 

c 

() 
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.... 1........ 
where Pp = 72 (Pl - P2)' and are 

normalized according to 

ji~12 IT 
->- 6(k p.) dPi 1 

i j ., J 

so that Ns ~~3R)~ Nl =.fi: N 
, 3 s 

Since the SU(3) wave functions are seldom tabulated, it is worth 

while to give them here. The decuplet wave functions ,being symmetric, 

are trivial. The two independent octet wave functions read: 

</>" </> 

-../fc uud - ~ C duu + udu» 
I udu) P ~ (duu -

jf 1 1 
n 3 (ddu - 2 (dud + udd» 7! C dud - udd) 

.,-
k+ -v1""Cuus 

I -'2 (suu + usu» 
1 /'Z (suu - usu) 

tJ 1 1 1 71 (uds + dus - 2 2 C usd + dsu - sud - sdu) 

C sdu + sud + usd + dsu» 

- fi 1 1 
k 3 (dds - 2 (sdd + dsd» 7.! C dsd - sdd) 

II 1 2 C sdu + dsu - sud - usd) 
1 7,f2' (sud + dsu - usd -.. 

- sdu + 2( dus - udS» 

=0 j2 1 - 3 (ssu - 2 (sus + uss) ) 1 
~ (uss - sus) 

- v1 C ssd - ~(SdS + dss» 1- (sds - dss) -

";30-

and the singlet is given by 

</>a ;k (dus + usd + sdu:" uds - dsu - sud) • " 

Note that in the table we have taken into acc~unt the phase convention 

of Ref. 14 for the states: 

- ~, y = 0, 13 +1>, 1=- ) 

APPENDIX II. Weak matrix elements 

Let us call W = k W.. the operator C 20 ) . We will hav"e 
itj lJ 

matrix elements of the form 

Using the total symmetry of the SU(6)-space wave functions we can re-

write 

We take now into account the fact that the operator W
12 

is 

antisymmetric in spin and antisymmetric in space (in the exchange 

1 ~ 2). Then, only the symmetric piece of the flavor operator 

- + 
TI v 2 will contribute. Only some pieces of the wave functions (16) 

and of Appendix I will contribute: 
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( 
I" M ss 'M. s \ 

[lj! X] ~IW121x lIJ / -4./2 J 

-8 J 

ss where W12 is the spin-space part of W12 , and J is given by 

expression (29). The flavor matrix element are: 

1 
7b 

o 
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APPENDIX III. Axial-current,matri.x elements 

Let us call . A ~ A. the operator (32). We have matrix 4- 1 
1 

elements of the form: 

<~/ 

Let us call t. the isospin ope~ator on the i-th quark in (25). 
1 

Using the total symmetry of the wave functions, we have 

. 2~1. For the dlfferent (SU(3)) multlplets we find: 

where A~s is the spin-space part of A
3

• One finds, for the 

different matrix elements, 

1, .' 
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-13 K 

where K is given by expression (33). 

The flavor matrix elements are given in terms of: 

<>P~ I TZ
3 14>~.) <' z ' > 4> 1:+ IT 3 14> 1:+ = 1 

<4>;ITZ3 14>; > <" Z " > 1 
- 4> 1:+ IT 3 14> r:+ = -} 

<' Z I ' ) <" Z ") 
1 

4>1:0 IT 3,4>1: 0 - 4>]\IT 314>:1\ = 73 

(" "") 12<" Z s ) 
2 

4>",0 I T
Z
3 1iJ>,,9 - 2 4>= 01 T 3 14> =0 } 

< s Z ") 4>1:0 IT 3 1iJ>]\ fi~ s Z " ) - 3 4> 1: + I T 3 14> E+ ={f 

<' Z ') 4>= 0 IT 3 1iJ>=0 0 

< s Z ") 
212 

4>~IT 314>n "3 
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FIGURE CAPTIONS 

Fig. 1: Two quark interaction within the baryon 

Fig. 2: One quark pion emission 
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S-WAVES A (in 105 m-tsec-!) 
1T 

P-WAVES B (in. 105 m-~sec~i) 
1T ' 

Comniut at or Corrnnutator Corrnnutator +1 . . D/F = -1 D/F = -0.85 

Transition D/F = -1 D/F = - 0.85 (70,1-) I Exper1nlElnt d/f = 3/2 d/f = 1.8 Experiment 

~ - 4.6 4.2 2.0 1.93 ± 0.01 4.0 -0.4 -0.65 ± 0.08 -

~+ -3.3 -3.0 -1.5 -1.48 ± 0.05 12.9 14.6 12.04 ± 0.59 
0 

~ + 
+ 0 0 O. 0.06 ± 0.02 22.2 20.3 19.06 ± 0.16 

A 0 1.9 2.0 1.4 1.48 ± 0.01 9.0 11.6 10.17 ± 0.24 

-
- -3.8 -3.6 -2.2 2.04 ± 0.02 8.1 7.7 6.71 ± 0.38 -

'-- -- -

TABLE I 

S- and P- waves in the commutator and 1/2+ baryon pole approximation, and taking into account 

the correction to the soft pion limit given by the (70,1-) intermediate states . 

. N( 82 ) N( 84 ) ti.,'102 ) 1:( 82 ) E( 84 ) E(102 ) A(82) A( 84 ) A( 12) Total 

~ + 
+ 8v3 C -8v3 C 0 5/3C 413 C 0 vJc -413 c -6 v'j c 0 

~ + 
0 4,/b C -416 c 0 5,/b C 4~C 0 9/6c 

-
~ -51.3 c -413 C I3c -413 c -613 c -18/3 c - 0 0 

0 
-412 c 412c 3/2 C -1212 c -912 c A _ 0 0 -

0 
A 0 4 C -4 c 0 -3 C 12 C 0 9 C - ----- -

;::c 82 ) . ;:: ( 84 ) ;:: (102) E (82 ) E (84 ) E (102 ) Total 

- 212 C 1612 C 0 0 0 0 18/2 C -
-'0 -2 C 16 C 0 0 0 o· -18 C = 0 

-- - -_.-

TABLE II 

Contribution of the different intermediate states (70 ,1-) to the correction to the soft pion 

limit (the expressiOn under the sign sum in (4) multiplied by (21T)3). 

I 

I 

I 

I 
W 

-;J 

I 
W 

Cf 
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