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ABSTRACT

A simple universal current-current theory of weak interactions now
accounts falirly well for all weak phenomena except the nonleptqnic
lagl = 1/2 rule, which presumably should be generalized to a unitary
octet rule, covering not only the familiar |AY| = 1 nonleptonic inter-
actions but also the |aY| = 0 nonleptonic interactions (for which
experimental evidence in bheavy nuclei has been presented by Boehm and
Kankeleit),

One may account for the octet nonleptonic rule either (a) by a theory
that adds extra current-current products for strongly interacting
particles alone, or else (b) by a dynamical mechanism that enhances octets
by means of etrong interactions. It is interesting that we can distinguish
any reasonable theory 6f type (a) from any theory of type (b) by the amount
of |AI] =1 in the AY = O nonleptonic interaction; the |[AI| =1
co@ponent is large in the former case and small in the latter %?se. Diffy-
cult experiments involving light nuclei may be able-to regolve the two
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If octet enhancement is indeed the explanation, then the same
mechanism can operate (as remarked by Coleman and Glashow)'to enhance the
‘octet pértion of electromagnetic mass splittings in various supermultiplets,
and can also build up the octet violation of SU(3) symmetry of strong inter-
actions,

In the bootstrap theory of strong interactions, a particularly simple
description of enhancement is available, which we illustrate for the elec-
tromagnetic mass differences. The electromagnetic interaction is introduced
as a driving term, which affects the masses of external particles and
exchanged particlgs in the diagrams that account for the structure of

particles. Crudely, one has a matrix relation like
fa /) -D"'A(An) )

where D is the direct effect of the driving force and A (/m) 1s the effect
on external and exchanged'particles. Strong octet enhancement correeponds
to having octet eigenvalues a of A close to unity, while 27-plet eigen-
values 27a are far from unity.

In the case bf the breaking of SU(3) symmetry of the strong inter-
actions (for which a related approach was originally suggested by Cgtkosky)
one might consider spontaneous violation, which corresponds in the linear
~epproximation to D = O and g8 = 1. However, the.direction in SU(3) epace
of the octet violation seems very difficult to explain in terms of the
directions defined by the electromagnetic and weak perﬁurbationa. Therefore,
even in an otherwise pure bootstrap theory, a driving term something like
Ne'eman's "fifth interaction” may be needed. Weak nonleptonic effects,

electromagnetic mass differences, and strong violations of SU(3) symmetry

would then really be analogous to one another,
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I, THE WEAK INTERACTIOR
let us start from a simple picture of the weak interaction, which
explaina.nearly all of the experimental evidence., The weak coupling is
represented, in the local limit, as the product of & single current and

its hermitian conjugate:

G +
Ja Yo * (l)
V2
The interaction may, of course, be nonlocal -- that is, mediated by an
intermediate boson of finite mass rather than infinite mass -- for our
purposes we need not emphasize this distinction.

The current Ja may be written in the form

where Jaz is the leptonic part and has, as far as we know, the simple
structure

Ja " Ve 7a

(lf75) e+ V“ 7(1 (1*75) H ’ . (3)
where Ja? 18 the part that concerns hadrons (strongly interacting
particles) and is assumed to be given by the formula
h 5 5 ’ 5 5
Iy =(F +1 3'2a+ 3m+1 3’20) cos 8 + (F . +1 350+?ha+1 F.o) sin 6,
(4)

where 5;10 (1t =1 ., . .8) is the current of the F-spin and 3;12

(1t =1 . . .8) is an octet of axial vector currents.l-u) As'Cabibboe)

has
shown, Eq. (4) gives a good description of leptonic weak interactions with

6 -of the order of 150.
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It 18 useful to introduce”’ a unitary transformation in the space of

SU(3), which transforms the familiar isotopic spin and hypercharge operators

as follows:

Il - Pl - Il' - Fl' - Fl coe_9,+’Fh sin 6 ’

12 = P2 I 12' - F2' - F2 cos 9 + Fs sin © P

I =Py~ I, =F,' = Py cos%e + (12—3 Fg + %rs) 81n°0 - Fcein @ cos 6,
g Y -Fe-‘/-§-3- Y R =F (1 -%émze) +F3(/—23s1n?e)

+ /3 Fgein 0 cos 6 . (5)

The nonleptonic part of the weak coupling (1) can then be written
G . 5' . 5' . 5' . 5"y
A {(31a* Frla T+ Tia) v (Fpg+ Toq NI+ gza)}

-— L ) 1 1]
= 23 2y 42N A | . (6)

The main experimental fact that is not accounted for by the simple
theory we have sketched 1s the |AI| = 1/2 rule for the |aY] = 1 part
of the noﬁleptonic interaction. The coupling (6) contains, of course,
both |AI| = 1/2 and |AI| = 3/2. From the point af view of the eightfold
way, the expression (6) consists of three parts, transforming like 1,8,
and 27 respectively. Tﬁe IAEI = 3/2 contribution comes entirely from the
g} part, and it is natural to suppose that whatever is responsible for the
|A£| = 1/2 nonleptonic rule actually mekes the entire octet contribution
much more 1m§ortant than the entire 21 contribution.>™® We shall henceforth
assume that the |Alf = 1/2 rule is actually a rule of predominance of 8§

(and perhaps 1) over 27,
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If we display the interaction (6) explicitly as a sum of 1, 8, and

27 terms, it becomes:

2 B+ 2 T m (D) S+ (B oy ()T | (7)

where

) 1 1 ] L L} 1 L ] t 1 L} 1]
S = Zla zla + Zaa Zea + ZSa Z3a *'Zka Zha + Z5a’ZSQ + zGa z6a + Z7a Z?a

] L
+ 20 Ty , (8)
0. =2Z! Z! +2' z' +2 20 -% gz oz L oge g L Log g
8 la "la 2a “2a a " 2 ba “ha 2 Sa "5a 2 6a “6a
O AN AN LY (9)
2 “1a “1a 8sa “sx ’
- ' J ' ' - ' ' -7t U A U -7 J
T 7 Zla Zba + 7 Z2a Zaa 13 ZSa ZSa Zha Zha Z50 ZSa Z6a ZGa
- 7 ' ' '
Z7a Z7a + 3 Zaa Zea . (lO)
(Kote that O_ transforms like the eighth component of a primed octet.)

8
There are, of course, two different ways to assure predominance of 8 over 27.

One is to add to our basic interaction (1) some new products of currents
(presumably involving hadrons alone) so as to cancel the 27 portion. The
other is to find a mechanism that enhances the octet (and perhaps singlet)
contributions to nonleptonic processes,

let us begin with the first mechﬁnism, which involves adding extra
current products to the éxpression Zia Zia + Zéa Zéa' We assume that these
further products also have positive coefficients, so as to correspond to
positive probabilities for exchanged intermediate boesons. Then, if we are
restricted to linear combinations of‘the unitary singlet S and the eighth

component 08 of a primed unitary octet, the only expressions we can obtain
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are sums of either seven or eight current products. No theory of this type
seems to have any distinctive features to recommend it. We may, however,

also make use of the third component of & primed octet, proportional to

v3 1 t ' ' | [} ' ' ' 1
O3 - 5 (zha Zy . + Z5 Z5 - ZS ZS - Z?a Z7a) + 2 Zsa Zea . (11)
'In that case we can obtain the more elegant interaction of d'Espagnat:g)
2 1 1
+ S+ 0, -=— 0 =2! Z! +2! 2!
3 3 '8 5 3 1la “1a 2a “2a
1 (12)

1
+ (2 - —=2z' W2t -=2')+2. 2. +2! Z .
X /3 aa’\ "3 J3 sx 6a “6a Ta “1a

Here, there are only five current products; moreover, if the interaction
is expressed in terms of intermediate bosons, they belong t; a triplet and
anti-triplet and the coupling transforms under SU(3) ltke 3 and 3.

We have seen, then, that an attractive theory involving extra current
products involves not just S and Og (Egs. (8) and (9)) but also an admixture,
with coefficient of order unity, of O, (Eq. (11)). Now 0, has the property
|A£'| = 1, vhile 5 and 0, have |aI'| = 0. Translating into the language
of ordinary isotopic spin and hypercharge, we may say that the cos2Q terum

in O, has AY = O, [AI| = 1, while the cos°6 term in Og (1ike all of S)

has AY = 0, |AI| = O. Thus in an elegant theory of added current products,
the C0829 term in the AY = O nonleptonic interaction should have an
admixture of |AI| = 1 of order unity.

Now let us contrast such a situation with the case in which the 27
pdrt of the honleptonic interaction is unimportant because of octet (and

perhape singlet) enhancement. Such enhancement by strong interactions
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cannot introduce any |AI| =1 into the co8°@ term in the original
interaction (6), which contains®) only |AI|] =0 and |AI] = 2. The
|aI| « 0 part of the cos® term will be enhanced and the |AI| = 2
part will not. |

Stnce cot®e m~ 15, the amount of |aI] = 1, AY = 0 1n the extra
current model is around 15 times larger than in the octet enhancement model.
If the isotopic spin dependence can be tested éxperimentally, it would help
to distinguish the two possibilities, At present, our evidence comes
entirely from the |AY] = 1 nonleptonic decays, and consists mostly in the
observation that the |AI| = 1/2 octet amplitudes seem to be rather larger
than one might expect fram crude estimates based on the current-current
product without enhancement, while the |4£} = 3/2, 27-p1et.amplitudea are

1) Such evidence, of course,

12)

roughly of the expected order of magnitude.

supports the octet enhancement modél, but is far from conclusive,

II. NUCLEAR PHYSICS TESTS OF THE STRUCTURE OF
NON-LEPTONIC WEAK INTERACTIONS

The effects of nonleptonic AY = O weak interactions are hard to
study experimentally because they are generally-masked‘by the stronger
interactions. Revertheless, many attempts have been made, and recently
Boehm and Kankeleitls) have claimed detection of circular polarization in
Lg2-keV y-rays emitted by unpolarized Talel, fhua providing evidence for
parity violation in nuclear forces. Although information about the isotopic
spin of the weak interaction cannot be gained from such a heavy nucleus as
Talel, the work.of Boehm and Kankeleit encourages the hope that simiiar
experiments can eventually be done on light nuclei, where weak |A§l =0,

1, and 2 effects can be diatinguishéd from one another.
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In evaluating possible experiments on light puclei, we need to esti-
mate the magnitude of parity-mixing to be expected in nuclear states on £be
basis of the octet enhancement and extra-current models respectively. The
usual steps in such an estimate are to give a weak two-nucleon potential,
deduce an effective weak potential for one nucleon in nuclear matter, and
then study the parity-mixing that results in nuclear wave functions. The
last step requires detailed analysis'of specific nuclear states, but the
first two steps can be treated in a slightly more general fashion.

One finds the two-nucleon potential as a function.of internucleon ‘
distance by summing the various possible exchanges such as x, 7, p, w, ¢,
W, Wix, and so forth. (Here, W is the hypothetical intermediate boson.)
This‘procedure closely parallels the usual treatment of strong interactions
except that now one vertex is weak (or, as in W exchange, each vertex is
half-weak), Exchaﬁges of more massive systems can be neglected with better
assurance than usual because they contribute to the weak potential mainly
inside the repulsive core of the strmé interactions, where the nucleons
rarely penetrate.lh)

Classifying the vé.rious 'long-range, parity-violating terms, one finds
that CP forbids x° and n exchange and forces a purely |aIl = 1 character

10) hereas p, ®, and § exchange contribute only to

upon xi exchange,
|A£| =0 or 2. The long-fange effects of WY exchange are Already
included in pi .exchange, since the RNW vertex acquires a form factor,
extending the original range of W exchange, from W= p = NN. These con-
tributions from pi exchange have been estimated by Michel.ls) The
space-spin dependence turns out to have the important property that the
interactions of & single unpaired nucleon with the other nucleons, inclu-

ding those in closed shelis, add constructively.
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For the |AI| = 1 potential, we consider »¥ exchange and again
find that the interactions of a single unpaired nucleon with the other
nucleons add. The magnitude of the weak RNn vertex does not follow
1mmediately>from the current-current formalism, but experimental numbers
afe available for its AY « 1 counterparts == A+ x, L~ N+ x, and
A- N + x, and each of the.models ve are comparing relates these values
for AY =1 to the AY =0, |aI| = 1 amplitude. Working out the impli-
cations of the d'Espagnat model, one finds that in nuclear matter xt
exchange contributes a IAEI = 1, parity-violating, single-nucleon effective
' potential with just about the same ati-ength as the |AI| = 0 parity-
violating potential estimated by Michel.ls) By contrast, in the octet
enhancement model with no extra currents, the |AI| =1 potential is
weaker by the factor cot26 =~ 15, as described previocusly. The two models
also lead to different expectations for the absoluﬁe magnitude of the
|aIl = 0 amplitude, which would be raised above Michel's estimate by octet
enhancement,ls) and the [AI| = 2 amplitude, which may be'wiﬁed out com-
pletely by extra currents but not by octet enhancement.

Thus the 1isospin properties of the effective parity-violating
potential in nuclear matter closely_parallel those of the basic weak
interaction discussed in Section I, and experimental information on the
magnitudes of |AI| = 0, 1, and 2 effects would be of great value for
deciding Qhether extra currents exist. Although we have no immediately
feasible experiments to propose, we will mention briefly a couple of

17)

examples of the kind of experiment which may prove successful after

further work. The general idea is to find cases where the parity-conserving

amplitude is strongly inhibited and dominates the parity-violating amplitude

by less than the usual factor of 106 or 107.
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One case which has alresdy been studied intensively'®) is the parity
vforbidden a decay from the 8.8 MeV 2, I = O level of 016 to
012(0*, I=0)+a. Upper limits of order 10-12 of normal parity-conserving
a decay rates have been placed on its occurrence, If any decays were seen
they would provide sure evidence that the initial or final atate' has an
admixture of the opposite parity and same I spin. Thus if the search can
be pushed somewhat farther and parity-violating a decays found, it should
be possible to deduce the |[AI| = O weak interaction strength which will be
particularly large if the octet ;s enhanced .

Needless to say, developments making it possible to observe a weak
amplitude instead of a rate in a decay, or to observe |AI| = 1 terums,
would also be very useful,

For an example of another line of attack, which can be directed
towards either |AI|l = 0 or |AI| =1 terms, consider the nucleus 810,
Gamma rays emitted in transitions from the 5.11-MeV, I = 0, 2  level to
lower 1%, 2%, or 3* levels with I « 0 are likely to exhibit an especially
large circular polarization because of the following factora: (1) the
parity-conserving El1 matrix element {8 inhibited. If the states were pure
I - 0, the E1 matrix element would vanish for long wavelength; in pré.ctice,
it is rescued from this fate byv the small Coulomb admixture of I = 1 1in
the states.

(11) The parity-violating M1l amplitude, vhich. interferes with E1 to pro-
duce circular polarization, is enhanced by parity mixing between our
5.11-MeV, I = 0, 2~ level and the very nearby 5.16-MeV, I = 1, 2% level

provided the weak interaction has a large IA_]E_ | « 1 component to connect

the two states., As & bonus, the Ml electromagnetic transition is then
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IAEI = 1 and makes use of the large nucleon isovector magnetic moment.
Thus, & survey of the gamma transitiop rates from the 5.11-MeV

level of Blo, which are not very well understood at present, might suggest

a favorable case fof detection of a large IQ£| = 1 component in the weak

interaction.

III. OCTET ENHANCEMENT IN WEAK AND ELECTROMAGNETIC INTERACTIONS

19) have pointed out the analogy between the

Coleman and Qlashov
nonleptonic weak decay amplitudes and the electromagnetic mass differences
of strongly interacting particles. In each case, the interaction is a
product of an octet current with itself; the product contains 27 as well
as 8. In the case of weak nonleptonic decays, the 8 part has been found to
be much larger than the 27 part in all known processes. In the electro-
magnetic case, tﬁere are two supermultiplets for which good information 1ie
available, For the J = 1/2+ baryon octet, the 8 part of the electro-
‘magnetic mass‘différence ﬁtrikingly predominates over the 27, as evidenced
by the approximately equal spacing of the § masses; for the J = 0" meson
octet, the g part of the difference in mass squared {e only slightly bigger
than the 27 part. Despite the counterexample of the pseudoscalar octet, ve
may guess that there is a systematic teﬁdency towvard octet enhancement for
‘the electromagnetic perturbation as well as the weak nonleptonic one.

The usual mechanism of enhancement, often referred to in terms of
"tadpoles", has been discussed for many yéars in a variety of ways.lg—el)
We may describe it briefly as follows. The nonleptonic weak interaction
acts like a scalar and a peseudoscalar "spurion” carrying zero energy and

momentum., We may, however, vrite an unsubtracted dispersion relation in
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the four-momentum squared t carried by the nonleptonic weak interaction
and evaluate the dispersion integral at t = O, Qe may furthermore
suppose that the 1n£egral is dominated by low-lying meson states with
suitable quantum numbers. Kow if scalar and pseudoscalar meson octets of
lowv mass exist, while 27-plets 4o not, then we have an explanation of
octet predominance over the gz. Moreover, this explanation can be
generalized, more or less, to the electromagnetic as well as strong mass
differencea.lg)

An important featuree) of the "tadpole" mechanism 1s that the
ch&rge-conjugationbproperties of the parity-violating spurion octet and
of the known pseudoscalar meson octet are opposite, For the !AI] = 1
part of the nonleptonic interaction, this means that the "tadpole"
mechanism of octet enhancement is farbidden by SU(3) symmetry; of course,
the enhancement effect could still be considerable despite the SU(3)-
farbiddenness, like the ratio of K,° = 2r and K' = 2n rates . 12/22)
If we turn to the AY = O nonleptonic interaction, however, we see that
the disagreement in charge conjugation properties between the parity-
violating spurion and the pseudoscalar mesons completely farbids the
tadpole mechanism of octet enhancement. For AY = 0, then, tadpoles are
powerless to make |AI| = O more importent than [AI| = 2 in parity-
violating weak forces. |

A somewhat different mechanism for octet enhancement has been pro-

posed by Dashen and Frautschi,2>)

extending earlier suggestions by Cutkosky
and Tarjanne.eh) For purposes of describing the mechanism, we consider the

specific case of electromagnetic mass corrections,
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We assume the bootstrap theory and describe each strongly inter-
acting particle as a bound state of strongly interacting particles, For
simplicity, we consider two-body channels and aingle-body exchange forces
anly, treating unstable particles and stable ones on the same footing.

Also, again for simplicity, we ignore strong violations of SU(3) symmetry.

Each superumultiplet now appears as a set of degenerate poles in the
various two-body scattering amplitudes with appropriate quantum numbers.
.The electramagnetic interaction causes shifts in the positions of the poles,
in each supermultiplet, from their original common value, by amounts that

5)

can be expressed by a mass shift matr1x2 &M Here, 1 =1, ., . . v,

137
where v 18 the supermultiplicity. The shift in mass of the bound state
occurs in response to electromagnetic mass shifts of the external particles
and of the exchanged particles, as well as more direct electromagnetic
effects involviﬁg photan exchange. To order e2 in the electromagnetic
perturbations, we have, for the various supermultiplets such as

B (J = 1/2% baryon octet) and I (J = 0" meson octet), a relation of the

form
B BB B HI I B
BMyy =RAig ke Mg YAy e Pyt eoooe ot gy )
n B B, o o
61411‘i - Aij,kt &Mkt + Aij,kt P ‘13 N (13)

ete.,

where the photon exchange effects have been lumped together in the driving
terms ., In these equations, the A coefficients, because of SU(3) symmetry,
have the important property that the various representations &, 8, 27, etc.,‘

do not mix. Let us consider one of these representations, say 8, We
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enumerate all the relevant sets of matrices transforming like 8, namely

% and F,7 for the baryons B, " for the mesons 1, and so forth,

Dys 13 Dyy
with ne«1l, . . ., 8, We may now write

B (1) , n (2) o n
Octet part of &MiJ = 5n D1J + gtn F1J ,
: I ‘ (3) ., n
Octet part of bMiJ = an DiJ , etc. (14)

where the index a in eﬁa) runs over all posaible independent octets of

mass matrices. Likewise, we break up the driving force in the same way:

B (1) . n (2) , n
Octet part of A&J - 8dn D1J + edn Fij ,
Octet part of ﬁ&? - edgs)‘Dig R etc. (15)

We may now rewrite the octet part of the system of equations (13),

BB ]
replacing the coefficients AiJ,kl and 80 on by nev_coefficienta 8806'
€(a) = 8 e(a) + d(a) ne=1l .. .8 , (16)

8 n 8a8 8n 8n ’

where the ee'a correapond to octet mass shifte and the ed's to octet
driving terms,
In the same fashion, we can let an index A run over all the inde-

pendent 27-plets of mass matrices, and obtain a set of equations

4N

(A |
(27)€m') " (27) %N (27)€£“ * 21 % , m=1,.,.27 , (17)

and so forth., For the electromagnetic perturbation in order e2, there
are driving terms only for 27 and 8, apart from the trivial singlet por-

tion which does not split supermultiplets,
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It 15 easy to see what is & natural enhancement mechanism in this

formalism, We invert one of the equations for ¢, say (16), obtaining

e‘ga) - 'i":l";i edS:B) ’ (18)
af

with an octet mass difference operator pointing in the electric charge
direction in SU(3) space, Just like the octet part of the electromagnetic
perturbation. If one (or more) of the eigenvalues of g2 is near unity,
then eeﬁa) will contain a lafge term multiplying the aggociated eigen -
vector (8). If the matrix 072 lacks eigenvalues near unity, then the
octet 18 preferentially enhanced.

Dashen and Frautschi have studied thié mechanism in the particular
case of the B octet, Usingltheir N/D perturbation theory,26) they can
make rough estimates of the driving terms and the eigenvalues of a, and
they indeed find a strong octet enhancement, In their estimate, the
B octet is treated as a bound state of I[B only, with static model kine-
matics, strong forces largely from B, decimet, and p exchange, and the
F/D ratio in BHI coupling suggested both by bootstrap calculations and by
inference from observations. They investigate ore eigenvalue for 078

vhich comes out negative, and two eigenvalues for one of which is

g’
very close to unity; its associated eigenvector has a large component in
the direction of B mass difference; vith a well-defined F/D ratio. Thus
they predict a strongly enhanced octet effect in baryon electromagnetic
mass differences, with an F to D ratio which turnA out to agree with

experiment .



.16~

The formelism we have discussed for mass differences can evidently
be generalized to include changes in coupling constants together with
.mags differences, so that our equations would be replaced by linear equa-
tions involving B8g's and 8M's, This extended formalism can presumably
be applied to the weak nonleptonic perturbation and mede to yield weak
parity-conserving and parity-violaﬁing coupling canstants, Again, octet
enhancement can result from finding octet eigenvalues near unity, with
27-plet eigenvalues far away.

If this mechanism does in fact predict octet enhancement for the
nonleptonic weak interaction, then the enhancement, even in the parity
violating case, should apply to both AY = O and [AY| « 1 amplitudes,
and without necessarily violating SU(3) symmefry. This 18 in contrast to
the "tadpole" mechanism utilizing the Il octet, which fails to enhance the
lagl w0, AY = O amplitude above the lagl = 2, and fails to give the
sum rule derived in Ref, 8 for |AY| = 1 parity-violating nonleptonic

baryon decays.

IV. OCTET VIOLATION OF SU(3) SYMMETRY
We now turn to the violation of SU(3) symmetry in strong inter-
actions, As 1is well known, the mass splitting among members of a super-
multiplet occurs in an octet pattern, and we wish to emphasize how this
property may be related to the octet violations of SU(3) symmetry in
electromagnetic and weak interactions,
One possible explanation of SU(3) symmetry breaking, advanced by

25)

Cutkosky and Tarjanneeu) and by Glashow, is that of spontaneous viola-

tion. To first arder in such a violation, their theory can be described
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with the aid of our Eqs. (13) to (18); there are no driving terms "d" and
one or more eigenvalues of 85 must be unity, while eigenvalues corres-
ponding to other representations are not close to one., (When we take into
account nonlinear effects, the octet eigenvalue in the linear perturbation
theory need not necessarily be exactly ome,)

Ir pnly one eigepvalue of eg lies near one and provides the domi-
nant term, the relative amounts of mass splitting in the n octet, A decimet,
B octet with D and F terms, and so forth can be read off from the components
of the associated eigenvector, Dashen and FrautschizS) have extended their
freatment of B to a reciprocal bootstrap on B and A, and find that in this
simple model there are actual;\y two eigenvalues of 82 lying neaxf one., The
correspondence between the A and B components of the associated eigeﬁvectors
and the observed A and B wass splittings is promising, although a detailed
comparison with experiment must await more precise determination of the

eigenvalues. Note that thie result, while encouraging for the bootstrap

wmechanism, does not pfove that spontaneous violation has occurred; & non-zero

driving term would also be enhanced preferentially along the same eigenvectors.

In an effort to compare spontaneéus violation with SU(3) mass split-~
tings induced by a special force, let us turn frém the orientation of the
octet perturbation eigenvector in the space of A, B, x, etc., to the direc-
tion of the perturbation in the space of SU(3). We have seen that in the
linear theory with a driving term, the resultant mass_splifting has the
same direction in SU(3) space as the perturbing force., If there is a
special force responsible for the strong violations of SU(3), it must
transform like the eighth component of an octet. In spontaneous breakdown
of symmetry without any electromagnetic or weak perturbation, the linear

approximation provides & homogeneous equation for the mass splitting;
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with an eigenvalﬁe of g& equal to wnity, the octet splitting can point
in any direction in SU(3) space ari can have any size,

Ve muét, however, consider the ﬁonlinearity of the problem and also
the presence of electromagnetic and wrak perturbations, which define
directions in SU(3) space that have no simple relation to the direction
finally chosen by the large mass splitting. The nonlinearity alone pre-
sumably introduces a scale for the splitting, but does not affect its
arbitrariness of direction. The perturbations alone would be more and more
enhanced the closer the eigenvalue of 82 is to unity, and the net result
would be a splitting oriented in accordance with these perturbations. What
‘happens when both are included is not clear, but it 18 not easy to see how
thg splitting finally emerges as the eighth component of an octet.

In an attempt to avoid this provlem, Ne'em&n27) has suggested that
the bootstrap mechanism does not give rise to SU(3) violation, and must be
supplemented by a special force of the current-current type that induces
the large mass splittings. He refers to this force as the "fifth inter-
action", although we might just as well think of 1t as the "fourth inter-
action”, since in the bootstrap scheme there 1s no other explicit strong
coupling. The current presumably would transform partly like a singlet
and partly like the eighth camponent of an octet, so that thg interaction

8) the suggestion that the force

would contain i, 9, and gz. If we forget2
be long-range, there is no reason why the singlet part of the current shbuld
not be bigger than the octet part, so that the 8 part of the interaction is

more important than the g]. In any case, the 8 part would be preferentially

enhanced,
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We do not know whether the mass aplittiﬁg can be described as spon-
taneous in the bootstrap theory, with some explanation of the direction in
SU(3) space, or whether a force like Ne'eman's will turn out to cause 1it,
but in the latter case we can say that octet enhancement is a common
feature of weak nonleptonic effects, electromagnetic mass differences, and

strong violations of SU(3) symmetry.
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interaction, the decay Klo ~ 2n 1is forbidden by SU(3) symmetry and
CP conservation, even though it is allowed by the |AI| = 1/2 rule.
The ratio of the rate of Klo = 2r¢ to that of k* - 2n, which is
around 500, would be even larger if it were not for the SU(3)
forbiddenness. A proponent of the extra current hypothesis could
then argue that the |AI| = 3/2, 27-plet term in the K — 2x
amplitude comes only from electromagnetic corrections, with the
27-plet otherwise cancelled by extra currents as in Eq. (12).
However, as emphasized by Salam,ll) if we believe the crude estimates

that show the |AI| = 3/2, 27-plet amplitude to have a normal order
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