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The I~II= 1/2 rule in non.leptonic decays of hyperons call he nalurally undcrstood by postulating (J priori mixed physical hadrons. along
with the isospín invariance of the responsible transition oper,llor. 11is shown that rhis operator can he identified with lhc strong inleraclion
Yukawa lIamiltoni,lH. The experimental amplitudes are well rcproouced.

Kt'YlI'urc!.c lIadrons: non.leptonic: decays

La regla lti/j = 1/2 en los decaimientos no leplónicos de hipcrones puede entenderse en forma natural postulando mezclas a priori en
los haúroncs físicos, junto con la invariancia de isoespín del operador responsable de la transición. Se mueslra que csle operador puede
idclllilicarsc nlll el hamiltoniano de Yukawa de la inleracción fuerle. Las ampliludes experimentales se reproducen en forma satisfactoria.

J)escri¡'ftm's: Ifadroncs; no 1cptónicos; decaimicntos

I'ACS: 1.1.30.Eg; I UO.Er: 11.30.Hv; 12.60.-;

1. Inlroduclion

Thc possihilily thal strong-llavor and parity \'iolaling pieces
in the Illass opcralor 01' hadrons exist uoes not violale any
knowll fundamcntal principie of physics. If Ihe)' do cxiSI the)'
\\'ould Icad (o non-pcrturhativc a priori mixings ol" /lavor
and parity eigcnstales in physical (mass cigcnslalcs) hadrons.
Then. two palhs rol' \\'cak dccays of hadrons to occur would
be opcn: Ihe onlinary one Illcdiatcd hy IFI~ (Z¡I) and a
ncw une via the strong.llavor amJ parity conscrving intenlc-
lillll l1amillonians. The cnhanccmenl phenolllellon observed
in IHHl.leptollic decays 01' hyperons (NLDH) could IhclI he
altrihutcd to lhis new tllechanislll. Howcvcr, 1'01' l!lis to he the
case it will he nccessary lhal a priori mixings produce lhe
\VeJl eSI"hlislied p;e<liclions 01' Ihe Ic./I = 1/2 rule 11,21.

In lhis papel' wc shall (i) motivate the existencc 01' (l priori
lllixings, (ji) develop practica! applications of such mixings
via <l1lal1salz \lihich lakes guidance in sorne model, (iii) show
Ihal ¡n<leed Ihe pretliclions 01' Ihe 16/1 = 1/2 in NLOH are
ohlaincd in (his approach, and (i\') give a hrief account 01' the
comparison 01' Ihe amplitudes obtaincJ with their experimen-
tal values.

For lTlotivalioll \Ve shall use the moJel of Re!". 3, in which
lhe Clcl'lrowcak scctor is douhled along wilh Ihe fennioll and

I~iggs content. The gauge group is SU~~ 0 SU:! 0 U 1 0 SU2 0
U 1, lhere v.'ill he ordinary quarks q and hattcd (mirror) quarks
rj ano two douhlct higgscs <pand ~. The lalter will generatc
lhe mass matrix of Ihe (j's and (j's, correspondingly. After
appropriatc rotalions lhe (j's and (j's are assigned diagonal
masses ano strong-t1avors. (See the diagonallcrms in the ma.
tri x hclow.) At this point we go heyond Rcf. J: we assume
the q's and ¡¡'s lO havc Opposile parities and that hisinglct and
hidouhlel higgsses exist. The diagonal lIlass rnatrix oecomes
(Ihe calculation is straightforwartl; the indices naughl, s, and
l' mcan Ilavor. positivc parity, and, negative parity cigen-
stalcs, respectiveJy. and we limil the discussion lo d and s
quarks; lhe '/l, e, !J, and f quarks can he Ireated analogously)

C. O 611 "'X"')- - O 7110.~ .ó.21 .ó.n SOs(dos SOs dop sop) ~.
L\21 ¡ÍlOIl O dop

(1)
11

Do i2 Do:?:! O litOll so"

A final rotal ion leads lo the priori rnixed physical (mass
eigcnstate) quarks, namely d,,/¡ = dos + I'1S0.~ + óSo" + ' .. ,
81'11 = ,<;O,~-ados +6' dop+' .. ,tI,,/¡ = (10,.+07sOp-ósos+'
:~{,J¡= .<iop - af1ol' - ó'(l{Js + .... and similar cxpressions for
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and

= 9 /\,);0 ••0' 9t:+ ,E+ "o =
YE-.o'- /V2 =
= Y,-.20.-/V2,

[
J:' ",opA; = fJ q

, }.;+,/\ ••+

A(l = ¡j'y"""
l:+,/\ ••+

B" = ,,(V2Y"".,h._ + .j3/2'1E+.h.+ + YE+.E+.O/V2),

!J, = U(Ji.'I", ..o + .j3/2yE+.h.+ - YE+.E+.o/V2), (3)

[h = 0(9
J
,.""u - 9l:u",J,- - !Jl:+.E+"O),

lJ, = -u(-V3g + '/ - '1 )/V2
p,p ••O •. \,1''''.- , /\,:1:+ ••- ,

A" 103".•, '( •.•• ..")
1 = ()v 09 + fJ!1 . -!1 I

",p ••o /\,p'" - /\,E+ ••-

A, = J(V2y::',,_ + .,j3fiY:::h'+ + Y:::E+'O/V2),

A, =-J'V2!t.,o +á( .j3/2!t" -y'." /V2), (2)
",p"V E+ ,1\,,+ 1,;+ ,t:+ ••O

A, = -[J'V3!t.,o + J(!t... - y'." )]/V2
,'.J'" .\,p"'- I\,E+ ••-

Y=.- ..\1,- = -51=.0,.\1<0' and 9.\ ..",0 = O, Similar relations are
valid within cach set ofupper indcces, e,M,. 5/,01' = _[/,oP ,

1"1' ••0 ",,, ••O

etc,; Ihe reason fm Ihis is, as \Vediscusscd in Refs. 4, mirror
hadrons may he cxpectcd lo have the same strong-l1avor as-
signmcnts as ordinary hadrons. Thus, for cxamplc, nlt~,¡r8s'
and rr~~form an isospin triplet, although a diferent one fmm
the ordinary n¡t,. rr811' and ¡rO/J isospin lriplel. Thesc latter
relations have been l/sed in Eqs. (2).

Thc slIbindeccs 1,. , , , 7 correspond to A -t }J¡r-, A -7 7l¡ro,

E- --+ 'I¡r-, E+ --+ Hn+, E+ -t p¡ro, =:- -+ A¡r-, and
:=:0 --+ .\nO, respccrively. The y-caostants in these equa-
tions are Yukawa coupling constants (YCC) defined by the
matrix elemcnts 01' Jl1' helween llavor and parity eigen-
slales, f,,, cxample, hy (Bo,Mo"IHyIAo,,) = y'." . \Ve

A,IJM

have omittcd the upper indeces in the g's 01' the B amplitudes
hecause the states involved carry rhe normal intrinsic pari-
ties of hadrons. In Eqs. (3) we have used the SU:? relations

'1 = -,/ = Y /V2 = y /V2 y =• I',P"O • ",,,,,o 1"""+ ••,p •• -' E+,"'''+

The {I priori 11lixed hadrons will lead lo NLDH via
lhe parity and l1avor conserving strong interaclion (Yukawa)
hamiltonian H,v. The transition amplitudes \ViII be givcn

hy the malrix elemenls (B"h A!""IH,. lA",,), where A"" a"d
[JI//¡ are Ihe initial amI final hyperons and ''\[p/¡ is the cmil-
led llleSOll. Using Ihe abo ve rnixings these amplitudes will

have the form tlJJ(.rl - 8')'5)UA, \vhere /lA and HH are fOllr-
component Dirac spinors and Ihe amplitudes A ami B corrc-
spond lO the parily violating anJ the parity conscrving am-

plitudes 01' Ihe 11',; l11ediated NLDH, aIthough with n priori
Illixings these amplitudes are bolh uctuully parily und llavor
cOl1serving, As a lirst approxirnation we shall neglect isospin
violations, i.e., we shall assullle that l/l' is 'ln SU2 scalar.
lIowevcr, we shall not neglect SU3 breaking. Qne obtains rOl"

11 and B Ihe reslIlts:

di/h. etc. Since ncccssarily '1zOd.,ños, lilos - fnOd » mOdo

1110", 'ó'¡j, lhe angles in lhe last rotation can be kcpt lo first
ordcr. Thcre are six angles, thTce for t::J.S = O anu thrcc for
luSI = 1 mixings. The laller we have caBed u, J, and J'.
Thc dais stand fm olhcr rnixings which \ViII nol be relevanl in
whnt follows. Thc aboye mouel shows how non-pcrturhativc
a prior; mixings can arisco An extended and more dctailcd
discussion of lhe abovc approach is prcscnlcd in Rcfs. 4.

Por practical applications of lhe aboye ideas one faces
Ihe problcm of OUT current inability (o compute wcll with
QCD. In orucr lo procccd, one has no remedy hUI lO t.Ic-
\'clop an ansatz. This ¡alter will be nascd 011 the ahoye
mollel and il \Viii consis! of two steps: (a) take Ihe above
Illixings ami (h) replace thcm in the non-relativistic quark
model (NRQM) wave funcl;ons. This ansalz wiB yield (1

priori mixings at the hadron leve!. We get at the meso n

level 1\"'~1 = f{ri,J - a¡r tI' - 15'Ir~ + "', Ii:Zh = 1\"S" +
u"8,,/ V2+J'''8,/ V2+' . " ":h = ,,~,+u KiI;,-JKt, +. ",

"~,, = "8" - u(J\8" + /(8,,)/ V2+J(J\8. - ¡{8.)/ V2+
¡r¡-;/¡= ¡r(~,+ a I\o~J+ ~f{0s+ ' , " I{~}¡ = ¡(Sp + arr8,J J2-
ó'n8.JJ2 +"., and 1(;;'1 = ¡':":op - aJr~, + ó'nos + ... , At

Ihe baryon level we get 1'1"1 = POs - aEcis - ó~~)+
""" = "o, + ,,(~8,/V2 + .j3/2Ao.,) + J(~8,./V2 +
MAo/,) + ,. " L.~h= L:t'i + apos - r5/pop + " ., :S~f¡ =

~8, + ,,(~8., - l1o,)/V2 + J~gp/V2 + J'"o,,/V2 + "',
E;'I = Eos +a=os +ó=op+' .. , Ap/¡ = Aos+a)3/2(:=:8s-
/Io,~) + r5 J3/2:=:gl' + ó' )3/2nop + "=~h = =X'i
u(~g,/V2 + .j3/2Ao.) + <5'(~gp/V2 + .j3/2'\o,,) +.
ami :=:;h = :=:O:'i - aEos + ó'1:op + .. '. Our rhase conventions

are those 01"Ref. 5, Notice thal the physical mesons are CP-
cigcnstates, e.g., CPK~1 = -K;;'I' ele., because we have
assumcd CP-invariancc.
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PrcJictions for (he A amplitudes, along with the accompanying: prcdiclions fm the B amplitudes. obtained by assuming that the magnitudes
ol' the YCC 01' Eqs. (2) match their corresponding counlerparts in Eqs. (3). The values of (he YCC are Jisted in Rcf. 9. Al! amplitudes are
given in units uf 10-7.

o
Dccay Bexp 8th Aup A,h

,\-+¡nr- -22.09 '" 0.44 -22.36 -3.231 :lo0.020 -3.263

.\-+Hir° 15.89," 1.01 15.81 2.374," 0.027 2308
~- -+Hrr- 1.43:100.17 1.35 -4.269," 0.014 -4.264
~+--tnrr+ -42./7 '" 0.18 -42.10 -0.140 '" 0.027 -0.153
~+-+prro -26.86 ~ ~:~~ -30.72 3.247 ~'g:~~~ 2.907
:=- ---tAir- -17.47," 0.50 -17.28 4.497 '" 0.020 4.521
:=:0-+.\11'0 -12.29:10 0.70 -12.22 3.431 '" 0.055 3.197

From the ahoye rcsults one readily obtains the cqualitics:

These are Ihe predielions 01' Ihe It.II = 1/2 rule. Thal is.
(l1,rior; mixings in hadrons as introduced aboye ¡ead lo the
predielions 01' Ihe It.II = 1/2 rule, bUl nOliee lhallhey do
nol lead lo lhe It.II = 1/2 rule ilself. This rule originally
rcfers lo the isospin covariance properties af the effective
non-lcptonic interaction hamiltonian to be sandwiched he-
lween slrong-Ilavor and parily eigenslales. The 1 = 1/2 part
Oflhis hamiltonian is enhaneed over lhe 1 = 3/2 parto In con-
trast, in the case 01'a priori mixings Hy has becn assumcd to
he isospin invariant, i.e., in this case the rule should be cal1ed
a t.! = O rule.

lt musl he slressed lhal lhe results (4) and (5) are very
general: (i) lhe predielions 01' lhe It.II = 1/2 rule are oh-
lained simultaneously for lhe A and D ampliludes, (ii) lhey
are independenl 01' lhe mixing angles rJ, J, and J', and
(iii) lhey are also independenl 01' particular values 01' lhe
ycc. They will be violaled by isospin breaking correelions.
So. lhey should he quile accurale, as is experimenlally lhe
case.

Although (l priori mixings do not violate any fundamental
principie. lhe reader may wonder if lhey do nol violale some
importanllheorem, speeifieally lhe Feinberg-Kabir-Weinberg
lheorem [6J. They do nol. This lheorem is useful for defining
conscrvcd quantum numbers after rotations that diagonalizc
the kinctic and mass terms 01' particles. It prcsupposes on
mass-shell particles and interactions that can be diagonalized
simultaneously with those terms. This last is sometirnes not
c1early stalcd, but it is an obvious requirernent. Quarks inside
hadrons are off mass-shel1: so Ihe Iheorem cannot eliminale
Ihe non-diagonal el-s lerms which lead lO non-diagonal terms

A, = -AI/h,
A7 = A6/h,

D, = -B1/h,
D7 = B6/h.

A, = (A, - A3)/h,
(4)

D, = (D, - D3)/h,
(5)

in hadrons. lt has nol yel been proved for hadrons, bUl one
can speeulale: whal if il had? Hadrons are on mass-shell,
hUllhey show many more inleraetions lhan quarks, albeil, ef-
fective ones. The Yukawa inleraction cannot be diagonalized
along with the kinctie and mass terms, as can be seen through
lhe YCC 01' lhe ampliludes ahoye. Therefore, lhis lheorem
would nol apply lo lhe lasl rolalion leading lo a priori mix-
ings in hadrons. Anolher example is weak radiative deeays,
it is intercsting because it is a mixed one. The charge form
factors can be diagonalized while anomalous magnetic ones
cannol. The lheorem would apply lo lhe former bUlnollo lhe
laller.

The reader may wonder where speeifieally lhe predielions
01'Ihe 1t.!1 = 1/2 eame from. They can be lraeed down lo
lhe eoefficienls 01' rJ. J, and J' in lhe mixed hadrons, l/h,
.j3j2, ele., and the lattcr in tum carne from reconstructing
the NRQM wavc funetion. In this respeet, Ihere is an impor.
tant eornment we wish lo make. The faetorization of these
eoeffieienls and lhe angles from lhe NRQM wave funelions
should he preserved by QCD, beeause QCD did nol enlervene
al all in lheir fixing and illreals all quarks on an equal footing.
In olher words, lhe effeel 01' forming eompound hadrons hy
setting the quarks in motion and in interaction with one an-
olher will go inlo rendering lhe NRQM wave funelions inlo
realistie strong-tlavor and parity eigenstate wave functions,
bUl should nol break Ihe aboye faelorizalion. One may ex-
peel Eqs. (4) and (5) lo remain eorreel afler QCD fully oper-
ales. The imporlanl queslion is whelher one has results lhal
are valid beyond lhe parlieular models one has laken for guid-
anee. This argumenl SUppOrlSlhe cffirmative answer.

A delailed comparison wilh all lhe experimenla! dala
availablc in these deeays requires more spaee and will be
presenled separalely [7J. Neverlheless, we shall briefly
mention a few very important results. First, the experimen-
lal B ampliludes [SJ (displayed in Table 1) are reprodueed
wilhin a few pereenl hy aeeepling lhal lhe YCC are given
by lhe ones observed in slrong inleraelions [9J, an assump-
~ionwhich cannot be avoided in this approach. The best pre-
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dietions for these amplitudes are Bl = 22.11 X 10-7•

I3, = -15.G3 X 10-7, I33 1.39 X 10-7,

I3, = -42.03 X 10-7, I35 = -30.G7 X 10-7

I3. = 17.45 X 10-7, and B7 = 12.34 X 10-7• The only un-
known parameler a is determined at (3.9"= 1.3) x 10-6. Sec-
ond, alIhough the A amplitudes involve new YCC, an impor-
tant prediction is already made in Eqs. (2). Once Ihe signs of
(he n amplitudes are fixcd, one is free (o fix the signs of fOUT

A amplitudes-say, A, > O, A3 < O, A, < O, A6 < 0-10
nW.lch the signs of the corresponding experimental o: asyrn-
melries, namely, "1 > O, "3 < O, ", > O. "6 < O [8].
Then the signs of.4, < O, A5 > O, and.47 < O are fixed by
Eqs. (2) and the faet that lA, I « IA31. In turn the signs of
¡he corresponding o's are fixed. Thcsc three signs agree wilh
the experimentally observed ones, namely, ", > O, "5 < O.
"7 < O.

Thc above prcdiclions are quite general bccausc only as-
sumptions already implicd in the ansatz for the application of
(l priori mixings have becn useo. A detailed comparison al'
¡he A amplitudes with experimcnt is limited hy OUT currenl

inability lo compute well with QCD. However, one may try
simple and argumcntablc new assumptions 10 make prcdic-
tiaos for 5uch amplitudes. Sincc QCD has beco assurncd lO
he common to hOlh ordinary and mirrar quarks, it is not un-
reasonable lo expect that the magnitudes ofthe YCC in Ihe A
amplitudes have the same magnitudes as their eorresponding
eounterparts in Ihe ordinary YCC of the I3 amplitudes. The
relative signs may differ, however. Introducing this assump-
lion we obtain the predietions for Ihe A ampliludes displayed
in Table l. The predi el ions for Ihe B ampliludes must also
he redone, beeausc determining the A amplitudes alone may
introduce small variations in tbe YCC that affecl imporlanlly
the I3 amplitudes, i.e., both the A and I3 amplitudes must
he simullaneously determined, the B's aet then as extra eon-
slraints on the determination of the A 's. The new predictions
for the I3's are also displayed in Table l. In obtaining Table I
we have aetually used the experimental deeay rates r and o
and! asymmetries, hut we only display the experimental ano
lheorelical ampliludes.

The predictions far the A's agree very well with experi-
ment to within a few pereent, while the predictions for the B's
remain as befare. The a priori mixing angles are determined
to he J = (0.22"= 0.04) x 10-6, J' = (0.25"= 0.04) x 10-6•

and a = (4.G"=0.8) x 10-6• This lasl value 01'a is consis-
lent with the previous one. The more detailed analysis 01'the
eomparison 01'Ihe A.'s and B's with experiment is presented
in ReL 7.

Permanent Addrcss: Departamento de Física Aplicada. Cen.
lro de Investigación y de Estudios Avanzados del IPN, Unidad
~1érida. Apartado postal 73, Cordcmcx. 97310 f\.1érida. Yu.
ca(án. Mexico.

The above resulIs, espeeially those of Eqs. (4) and (5)
and the delermination 01' the amplitudes, satisfy some of the
most important requirements that a priori mixings must meet
in order lo he taken seriously as an alternative to describe
lhe enhancement phenomenon observed in non-Ieptonic de-
cays of hadrons. This means then that another source of !la-
var and parity violation may exist, other than that of [V,;
and Z". It is worlhwhile to poi nI oul Ihat Ihe ealculation
of decays and reaclions through Ihe IVI Z exchange meeh-
anisms is oblained in the present seheme in the usual way.
The weak hamiltonian is, so to speak, sandwiched hetwcen
a priori mixed hadrons; to lowest order only the parity and
flavar eigenstates survive, the mixed eigenstates contribute
negligible eorrcetioos. Thus, bela and scmilcplOnic deeay rc-
main praclically unchanged, while nonlcptonic kaon decays,
hypernuelear decays, and others in which Ihe enhaneemenl
pheno01cnon could be present should be recalculated.

Before closing, we wish to discuss whal may be cxpected
for Ihe lVlZ cOnIributions to NLDH if the a priori mixing
sehe01e is indeed valido Thc problem we l11ustfacc with lhe
[V/Z contrihulions is, again, our eurrcnl inability to eo01-
pUle well with QCD at low energies. This leaves Ihe seale
of such contrihutions esscntially undetermined. When one
assumes Ihat they are the only eontribulions available, that
scale is fixed or fitled to saturate the experimental dala. If,
on the contrary, one assumes that it is lhe a priori mixings
that dominale, one should Ihen expeelthe lVIZ contributions
to he mueh smaller, a few pereent of what has been assul11ed
in the pasI. In olher words, Ihe It>II = 1/2 part ofthe lVlZ
contributions would not he enhanced and would remain at the
same level 01'a few pereent as Ihe It>II = 3/2 part, whieh is
the level generally aceepted for this parI.

Looking at rhe results ofTable I. one may see that rhcre is
indeed room for conrrihulions of a few percenllhar would im-
prove furlher the agreemenl helween theorelical predictions
and experimcntal data, espccially in the A-amplitude sector
which has very s01all crror bars. Thc way lo proceed would
be lo add lhe lF IZ contrihutions lo Ihe amplitudes of Eqs. (2)
and (3) with an overall scale faclor left as a free parametcr
and, next, to f1x il along wilh a, ó and ó' by comparison with
the dala. This would lhen give the relative scale helween a
priori mixing and 11'/Z contributions. It would also ¡ndi.
cate the level hClween new physics due to mirrar matlcr and
physics due lo ordinary malter. This is an interesling qucstion
which shoulJ he pursucd in lhe future.

We w()uld like lo Ihank CONACyT (México) for partial
supporl.
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ley and Sonso Inc .. Ncw York. 1969).
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