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SYMMETRY IAWS AND STRONG INTERACTIONS
*%
Jd. J. Sakurai
Radiation Laboratory
University of California
Berkeley, California

September 11, 1958
ABSTRACT

An attempt is made to explore fhe possible connection between
symmetry laws in internal space (e.g. isospin space) and symmetry laws in
lorentz space with special attention to the question: Why are the strong
interactions parity—conservingﬁ For diregt (nonderivétive-type) pion=-nucleon
interactions, CP invariance and charge independence are sufficient to
guarantee the separate conservation of ;P and C, as previously pointed
out (Section II). For derivative-type pion-nucleon interactions, charge
independence and G invariance (rotational and inversion invariance in
three-dimensional isospin space) require that parity (and CP) be conserved;
in addition we can also show that the charge-triplet pion must be pseudo-
scalar, provided that the virtual Yukawa process 'ﬂO pid P+ 5 is allowed or,
equivalently, the x° can be regarded as a bound state of a proten and an
antiproton as far as symmetry laws are concerned.(Sections II and III).

For the K couplings, analogous conditions cannot be obtained from the

usual assumption of charge independence alone (Section IV). However, if

the K couplings (rather than the = couplings) exhibit a higher internal
symmetry in the sense that the K couplings are universal, the high K
symmetry plus charge independence in the usual sense imply parity conservation

both in the case of CP invariant nonderivative~type K interactions and in

*
"~ This work was performed under the auspices of the United States Aftomic

Energy Commission.

*%
On leave of absence from the University of Chicago.
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the case of G invariant derivativeatypé; K interactions (Sections V and

vI). The-high K symmetry also implies that the relative .NE parity.as well
as the relative AZ parify is even. It is conjectured,that, if.the_K couplings
must be of a derivative type, only ps-pv coupling is allowed, which means that
the K particle is pseudoscalar (Section VI). The global symmetry model which
cannot be reconciled with our aésumption_cf the high K symmetry is reekamined
(Section VII). The high K symmetry is destroyed in a specific and definite
manner'by'the x- couplings,vana relations among‘thé va?ious'coupling constants
are inferfed from the baryon mass spectrum;(Séctién VIII); ‘Some empirical
implications of our model are discussed (Seétion IX). Wﬁeféas'G invariance
requires the symmetric'apﬁearance of the two chiralbspinoré %(1 +’75)W

and .%(1 -ATS)W for strangeness-conserving processés; for stréngeneséa
nonconserving ﬁrocesses G Cbnjugation  carries charge=conserving interactions
into inadmissible inferactions that do not conserve eleétric charge. Hence

if we take the point 6f view that parity cdhserving interactionsvére geﬁérated
' by G conjugation, we have sbme understanﬁing of the puzzling fact that
strangeness conservation and parity'coﬁservation havé the same domain of

validity (Section X). Further theoretical speculations are mede (Section XI).

v
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Recently some progress has been made in our understanding of weak
interactions. With the empirical observation of a statistically well=-
established asymmetry in the decay of A particlesl and with the advent of
the universal VA theory which accounts for parity nonconservation in weak
processes regaidless of whether or not neutrinos are involved,2mu the original
"puzzle" that arose from the curious behavior of the pionic decay modes of
K particles has largely disappeared. Yet there remain deeper (and perhaps
more difficult) questions unanswered: Why do baryons and mesons interact

sometimes strongly and sometimes weakly? "Why are the strong interactions

,parity-symmetric?"5 or, more specifically, why can't we insert 1 + y. for
- 5

the strangeness-=conserving [?, Ao, K+] interaction? Why are the parity-

conserving interactions lOll to 101)+ times stronger than the parity-

~nonconserving interactions?

Tt is not at all evident to us now whether the present (unsatisfactory)
quantum field theory of elementary particles is capable of coping with these
formidable questions. Yet we cannot help but be struck by the empirical
facts that strongly interacting particles possess internal degrees of freedom
such as isospin and strangeness that leptons do not seem to possess; that
symmetry laws concerning these internal degrees of freedom are approximate,
just as the "law" of the conservation of parity is approximate; and that the
conservation of strangeﬁess (or equivalently the conservation of I5) seems
to have the same doméin of véliditybas the conéervation of parity for those
interactions that involve only strongly interacting particles. From these
empiricai observations we are naturally led to conjecture that there may
exist an intimate relation between ”internal" space and space-time in the

sense that symmetry laws in isospin space are "interlocked" with symmetry
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laws in Lorentz space--a point of view suggested by Pais even before the 1 - ©
problem became a serious puzzle.

If there indeed exists such a deep connec%ion, we might well ask £he
fbllowing questions:

(1) Can we deduce the law of.parity conservation from symmetry laws
that we usually associate with internal space_(e.g. isospin space)?

(2) Can we determine the intrinsic (relative) parities of strongly
interacting particles from the symmetry behavior of those particles in
isospin space? |

(3) Do strongly interacting particles exhibit a higher symmetry
than the symmetries implied_by chérge indepéndence in the usual sense, and,
if so, how is such a higher symmetry related to symmetry laws in Lorentz space?

(4) 1Is it just accidental that parity conservation and strangeness
conservation have the same domain of validity, or can we establish some sort
of connection between parity and strangeness?

One of the most urgent tasks of elementary particle physics today is to make

an attempt to answer these questiors in a unified manner.

IT.
We first review the transformation properties of various kinds of
Yukawa interactions under C and CP. Throughout this paper we use Hermitian
T matrices with f5 = Yl 72 73 Yh' Under charge conjugation C a spin-%

férmioq field ¥ and a spin-zero boson field @ transform as

—

C
¥q,0 M,2 ¥1,2

(1)
c ¥ '

N



UCRL-8440

-6-
\

where we have used Majorana representation of the ¥ matrices in which Yh is

purely imaginary, and Yj (j‘= 1, 2, 3) are purely real so that we have

T T T
Y}+ - “'Th‘ ] Y- = ‘Y~ ° ’ (2)

Under the parity operation P we have

| P
Vo @ Mo My "’1,2'

(3)
P
s = g Py -

In order to apply the charge=-conjugation operation, it is essential
that the interaction Lagrangian is properly antisymmetrized according to the

Fermi-Dirac statistics. To save space, however, we use the abbreviation

— 1 - T —
Vv P = (V0 Yo - ¥ T )5 for 0 =1, i1y
(k)
and
— 1,— T - R .
where $ = wf Yk° We have inserted factors of 1 in such a manner that

the resulting Lagrangian is Hermitian with real coupling constants when ¢3
is strictly neutral and the fermion 1 and fermion 2 are identical, i.e. when
the interaction is self-conjugate.

Under C we have

c¥*

-— I c - ‘ ¥*

and under CP

- * P* P P - *
Uyl Bs - ny " ny° 5N N Ny O, Ol Pz (6)
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Here o, and wb can take values +1 and -1, and depend only on the nature

of the couplings and not on the types of fields in éuestion. From (4) it is v

seen that in order to obtain wc it is sufficient to examine whether thl is

<

equal to -_rLT YAT or to +.ILT ThT in Majorana representation (2).' To
obtain wb we examine whether Yh'rL Th is equal to ?rl or to - . The
values of o, and mp are given in Table I.  We may note in‘particular that
under CP the two nonderivative-type couplings (scalarvcoupling,and pseudoscalar
coupling) transform oppositely, and that under C +the two deiivative-type
couplings (vector coupling and pseudovector coupling) transfprm oppositely.
Unless these two points are clearly borne in mind the rest of the paper may
be difficult to follow.

From Table I we can immediately deduce several interesting theorems,
most of which have been noted previously: -
Theorgm A: If ‘CP invariance holds, and if the Yukawa coupling is direct
(i.e. not involving derivatives), parity must be conserved for selfwéonjugate
interactions involvihg strictly neutral bosons, i.e. either slar coupling
or pseudoscalar coupling (but not both simultaneously) is allowed.
Theorem B (Feinberg»GuptaQSoloviev theorem7-lo); If CP invariance holds,
and if the Yukawa coupling ié direét, parity must be conserved for chargé-
independent interactions between the charge-triplet pioh and the charge-
doublet nucleon of the form Nr:Ngx = (p:p - Ten)x® + 2l/2(5¥n 2 +@pw).
Theorem C: If C invariance holds, and if 25 eyl ¢3 under charge .
conjugation, the scalar=-vector coupling is forbidden for self-conjugate
interactions.

Corollary A. If C invariance holds, and if the pion-nucleon must be of‘

a derivative type, we can deduce not only that the #°-mucleon interaction

must be parityaconsefvingvbut also that the x° must be pseudoscalar solely



UCRL-8440
. i~

TABIE T

The transformation properties of Yuké.wa couplings. For notations see the text.

a o, @ ®, ap

1 1 1 _ 1

i 1 -1 -1

s | |

: -1 1 no=J
ir, 1 {_1 {;l o= b

1
i 1

et
jargen
r T
H il
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from the fact that the spin-zero ﬁov is even under charge conjugation.
Theorem D: If C invariance and charge independence hq;d, iprion-nucleon
inferactionsvmﬁst‘be of a derivativevfyje, and_ifléhe ~n° is even under C,
parity must be conserved, and the charged pion as well as the neutral pion
must be pseudoscalar (with the usual convention thét the relative pn parity
is evenll).

Corollary A and Theorem D have interesting‘consequencés. Let us first
note that the fact that the ﬁo is even under C has nothing to do with the
pseudoscalarity of the pion if the virtual Yukawa process no Zip + 5' is
allowed, or if the no can be regarded as a bound system of p and p.

Considér a pg system having the same symmetry propérty as a spinless ﬂo.

%p

o (If parity is conserved, and

Such a pp system is in lSO and/or in

if the =° 1is pseudoscalar, the no can dissoéiate only into lSO,
is irrelevant in our argument.) But both lSo and 5PO are even under
charge conjugation because thekchargenconjugation parity of a self-conjugate

12 v
fermion-antifermion system is given by (nl)z+s, Hence if the =° 1is

but this

spinless, and if the virtual Yukawa procéss no e p + 5' is allowed, the
'ﬂo mist necessarily 5e even under)charge conjugation, which is in agreemént
with the empirical observation no - 27.

Now, as Feynman would say,.suppose history were different.B’13
Let us imagine that people had believed that only V and (or) A appear

in elementary-particle physics, which might have been the case (és the recent
work of BrownlLL shows) if the Kiamers-Feynman equation15 had been discovered
before the Dirac equation. This would have meant that any Yukawa coupling

of a spinless boson field must involve the gradient of the meson field.

Then from the very fact that the pion is spinless and from the theoretical
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conjecture that the virtual process x° Zip + 5 is allowed, we could have
deduced by the use of Corollary A that the no had to be pseudoscalar. Using
charge independence we could have concluded further that the charged as well

as the neutral pion is pseudoscalar, as Theorem D shovs.

The fact that C invariance in the case of derivative~-type interactions

lead to the extra condition on the intrinsic parity whereas no such condition
is obtained in the case of CP-invariant nonderivative-type interactions: is
not surprising. In the case of CP-invariant nonderivativeutype interactions
we can always adjust an* n2P nBP in such a way that a given interaction

becomes parity-conserving for one of the parity channels. (Just take

P¥* P P
My T ﬂ3
On the other hand, for C-invariant derivative-type interactions the product

= +1 for scalar‘coupiing and -1 for pseudoscalar coupling.)
nlc* nec nBC is not necessarily a parameter we can freely adjust to meke it
agree with o, because this product is determined already from other
considerations, e.g. from the theoretical consideration that the J =0

pE system is necessarily even under C or from the empirical observation
ﬂo—->2Y.

Actually all these remarks about the scalar=vector coupling of the
pion are somewhat academic. It has been known for some time that the neutral
scalar~vector coupling can be transformed away into.a null coupling by
Dyson's canonical tfansformation.16 Therefore the scalar=vector coupling of
the neutral pion is illusory. A similar equivalence theorem can be obtained

17 In any case it is interesting to note that we can

for charged pions.
dispose of the scalarity of the pion by two independent arguments if only

derivative~type interactions are to be allowed.
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Theorem B and Theorem D show the importance of charge independence
in dedﬁcing parity conservation for pion-nucleon interactions. The essential
reason is that charge independeﬁce §f the form <T.¢t reqpires; among other
things, that the coupling cénstanté that characterize the vE-n ﬂ+ interaction
and the n.p n interaction be the éame ndt only in absolufé magnitude but
also in phase.andvin sign, which is a stronger requirement than the one that
' follows from the Hermiticity alone. This puts the charged-pion interaction
essentially on the same footing as the interaction of self-conjugate neutral
pions as first fbinted ouf by Pais and Jost.l8 This requiremenf, when
considered with the fact that vector coupling and pseudovector coupling
behéve oppositely under C and that scalar coﬁpling aﬁd pseudoscalar
couplingvbehave oppositely under CP, leads to the conclusion that only
one of the parity channels is allowed in each casé° For»instance, to prove
Theorem B directly (i.e. without using Theorem A and charge independence_

explicitly), we‘merély note

o Sy My M Mmoo penw for ps
. 7
np - (1)
i ; C C* C P P* P _-n n+ for s
My M e Oy Ty Mg P -
IIT.

We aie lookiné for some sort of "interlock" betwéen internal
symmetry laws and sPace—time symmetry laws. So far we know of only one
connéction betwéeﬁ an internal (algebraic) property of particie‘fields and
space~time (geometric) properties of particle fiel&s; one of the greatest
achievements of fhe qﬁantum field theory is that it has related thg charge

conjugation operation, which is an algebraic transformation, to the parity
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operation and time reversal operation, which are geometric transformations.

This relation, which is embodied in the well-known CPT theorem, essentially
arises from the Hermiticity requirement on the Hamiitonian constructed out
of field operators that are not necessarily Hermitian, and is intimately
tied in with the use of complex numbers in gquantum mechanics.l9

If there is to be a connection between other internal degrees of
freedom for strongly interacting particles and the space-time properties of
those particles, we may make an attempt to generalize the notion of charge
conjugation in such a manner that a symmetry operation in "internal space"
(e.g. isospin space) induces symmetry operations in Lorentz space. Michel,eo
Lee and Yang,21 as well as others have noted that although the charge-

conjugation operation does not commute with isospin rotations, the

G-conjugation operation defined by
G = C exp(i I, ) (8)

where I2 is the second component of isospin, does so, and that this G
conjugation might as well be regarded as a natural generalization of charge
conjugation for particles having isospins. Moreover, this G=-conjugation
operation amounts to an inversion of all three axes in isospin space, so that

the pion field which is a polar vector in three-dimensional isospin space

behaves as
® G -x (9)

and in general we have

@ - (.-:1)U s U + B (10)

[[H]
6]

(where U, S, and B respectively stand for hypercharge, strangeness,
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and baryon number), as expected from the transformation properties of isoépiﬁors
under double inversion.

It has been suggested by Gell-MannlO that if we concentrate our
attention on G invariance and regard P invariance as a consequence of it,
we gain some insight into the separate conservation of C and P for strong
interactions which are invariant under reflection as well as under rotations
in isospin spaée. In his approach, however, it is assumed that all interactions
are CP iﬂvariant; his assertion follows immediately from the fact that G
conjugation is defined to be the product of C and a special kind of isospin
rotation. A more interesting qpestion‘is whether we can deduce the conservation
of parity §o1ely from inversion and rotational invafiance in isospin space
_ without reference to any invariance principle that has tp do w;th space~-time,
e.g. T invariance or CP invariance.

Indeed we expect from Theorem D of the previous section that, for
derivative-type interaction;, symmetry principles associated with internal
degrees of freedom alone are sufficient to guarantee parity conservation.

It is ingtructi&e to work this ﬁoint out explicitly by the use of the
transformation properties under G rather than under C. For the [?, n, ﬁi]

coupling, we have

K+ = ; i ES
B 1 2

~(x
Gy, 5 Grn (1) -

and _ a -
(p L n) > =(p T, s n) ,

so that G invariance forbids the vector coupling of the pion field. Hence,

parity must be conserved, and the n+ must be pseudoscalar. For the “o
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interaction, we have
ﬂo = Tt5 "G") "ﬂ'o E)
Gr,») % -@r n),
n H (12)

and

- a -
(p T, s p) 5 +(n Y, s n),

and we again see that the vector coupling is fofbidden if the =° is to be
coupled in the form (p.-p - n-n)x°.

Thus we have accomplished one of our goals. From internal symmetry
laws alone--namely, from rotational and inversion invariance in isospin space
--we can deduce that the pion-nucleon interaction must conserve parity pro-
vided that the interacti§n isof a derivative type or, equivalently, the

interaction is V and or A.

We now extend our considerations to the strong interactions
involving strange particles. In the following we assume that these inter-
actions are charge-independent in the usual sense. In the past there wefe
some indications that charge independence might be violated in the reaction

T+ p — & + K.eg_gh More recent experiment525’26

show that, if spch
violation exists at all, it is not as large as the earlier experiments
indicated. Should future experiments confirm the violation of one of the
so~-called triangular ineqﬁalities in the ZK production, the rémaining
part of this paper is of little value. Even in that case the possibility

exists that strong interactions exhibit some other internal symmetries

than the ones implied by charge independence in the conventional sense.
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Various interesting proposals along these.lines have been made recently by
Pais.27’28 | |
Ié is natural to make an‘attempt to‘obtain theorems analogous to
Theorem B and Theorem D of Section II for charge-indépendent-ihteractions
between baryons and K mesons. However, weiimmediatel& recogﬁize that for
the K couplings no such theorems can be obtained from the usual assumptions
of charge independence alone. The essential reason is that although charge
.independence in the case of the'pion»ﬁucleon interaction implies invariance
under p il n, = 2 s, which invariance is necessary to establish
Theorems B and D, the charge indépendence of the {#, A, %]' interaction
does not imply that the Lagrahgian”is invariant under the interchange of A
and N. The two baryons not only have different masses but also have diffe;ent
symmetry properties in isospin space. Sd the charge independent interaction
7-2%%" + TA%° + h.c. is not charge-symmetric in the sense of Pais and

Jost,l8’29

even though 1t is rotationally invariant in isospin space. That
CP invariance and charge independence are not sufficient to guarantee
parity conservation,in the case of nonderivative-type K couplings has been

7,9,30

pointed out by many authorsf Similarly for derivative type K couplings
G invariance and charge independence do not imply parity conservation.

Thus there is no compelling reason why the K couplings should be
paritysconse;ving if charge independence in the usual‘sense is to be the
ultimate interna; symmetry realized in strong meson-baryon interactions;

On this ground some theoreticians suspected the validity of parity conservation
in K phenqmena, and proposed specific tests to examine this hypothgsis,9’30
Preliminary data, however, seem to indicate that there is no significant
parity violation in the reaction 12" +p —A° +,'Ko.31

.
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V.

i

We recall that the parity restrictions on the "charged" [%, n, nj]
interaction follow from the fact that the T interaction is charge-
symmetric in the sense that the amplitude for the dissociation p 2 n+ n+
is the same as the amplitude for n pad D + ﬂl. Roughly speaking we have
used the fact that the emission of a charged pion is independent of the
electric charge of the pion as well as of the electric charge of the source
of the pion. The pion-nucleon interaction which allows transfer of electric
charge between bosons and fermions exhibits a higher symmetry--namely charge
independence~~than the electromagnetic interaction which does not allow such
transfer. In our formalism the conservation of parity in pion-nucleon processes
that may involve electric charge transfer is a direct consequerice of charge
independence in thislsense.

We now note that in the case of the pion-baryon interactions there
is no transfer of hypercharge between bosons and fermions. On the other
hand, in the case of the K baryon interactions, the hypercharge of the
baryon must necessarily change as the baryon emits or absorbs the K particle
which bears hypercharge. . . It is natural to meke the following analogy:
The relation between the electromagnetic coupling which does not allow |
electric-~charge transfer and the w couplings which do allow electric-charge
transfer is similar to that between the x couplings which do not involve
hypercharge‘transfer and the K couplings which must involve hypercharge
transfer. The pion-baryon interactions are charge~independent and therefore
exhibit an internal symmetry which is destroyed by_the electromagnetic inter-
action. In pursuing the analogy, we‘expegt that the K couplings exhibit a
higher internal symmetry which is notvs@ared with the n couplings~-~a point

32

of view reminescent of Schwinger's earlier theory of strange particles.
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We now formalize the foregoing arguments on the K couplings. We
assume that the various K'inte;actions do not disiinguish Whe@her the initial
or final baryon has hypercharge U =1, 0, or =1 norﬂwhether the_K particle
(U = 1) or anti-K particle (U = -1) is emitted or absorbed. In this sense
there e#ists a univefsal K coupling. We‘further assume that,all baryon
fields are different modes of(a.single fundamental_baryon field; then the
baryons are still degenerate in the presence of the K couplings as long as
we do not switch on the n couplings. We may eall the symmetryiimpliedfby

n33 in contrast to "global symmetry’

1

this universal K coupling "cosmic symmetry

Sk 35

of Gell-Mann” and Schwinger.

We can now write the interaction Hamiltonian for the K couplings.

in the doublet representation of Gell-MannBA and PaiseT in which'_I = %
is assigned to all baryons and I = O to K* and Ko:
EK] - 2_1/2 GKEE.Y K + Fzx' t (YK -z K°)] + h.c.,
(13)
where we have
-0
P =
N = E = -
n =
Z+ 70
Y = o Z = . (1%)
Y z
Y° = 2"1/? (x° - =% ° = 2”;/2 (1° + =9).

In obtaining (13) we have assumed that the coupling constants that

‘characterize the Y#; A,:g] coupling and the ”X:Ng %, K]' " coupling
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are the same in sign as well as in magnitude, and similarly the relative
sign of the {:E, A, Ri] and =, I, Ri] couplings has been taken to be
positive. A priori we could have taken these signs to be opposite,. in

which case the K couplings would read

2 s— —— —— —
Y—K] . oY GK[Nov K + Twxt + Gvk -Zw K°)j + h.c.,
(15)
where
=t -y° ,
vV = o ‘ and W = _ . (16)
-7 s

In the following discussions we use (13) rather than (15). The analysis and
the results obtained from (15) are substantially the same provided that
appropriate modifica£ions are made for the = couplings. The ¥ sign
in front of the cascade coupling 1s also irrelevant as far as the discussion
of baryon degneracies are concerned.

In addition to the symmetries implied by charge independence in the
usual sense, the Lagrangian (13) as well as the free-field lagrangian in

the absence of the n couplings is invariant under

N © 5=
* kt % ;Eo : '
- —-—
K = o « i T, K = . — = K , (17)
K _ K

where the T sign corresponds to the I sign in (13), and also under

Y » -2 , Z - X
K" x°

K = -» it K = ' (18)
° 2 %

_ K° _ X

K = - it K = —
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The invariance under (17) expresses the fact that the K coupllngs do not
dlstlngulsh whether the baryons that emlt or absorb K partlcles have
hypercharge +1 or =1; the invariance under (18) 1mplles that there ex1sts
a symmetry between the two baryon doublets:nothmangjgpﬂcharge, However, this
is not the whole story to our cosmic symmetry.- If all baryons are indeed
degenerate in the absence'of tﬁe 1t couplings; éhere shbuld be nothing in
the K couplings that distinguishs baryons‘having hypercharge from baryons
not having hypercharge just as there is nothing ip thé pionwnucleon coupling
that distinguishés electrically charged particleélfrom electrically neutral
particles. Then there must exist a complete symmetry between U = O
baryons (Y, Z) .and U= t1 baryons (N, =) so that the K. interactions

must be invariant under

N 2 ¥ | kW 2K
(19)
= 2tz ¥ 2 %

This means that the coupling among 'Kp, N, and Y must be of the form
EN, Y, K°] - ot/2 Gy Ty ¥ + ¥.vB°). (20)

Note that this is a stronger condition than what follows from the Hermiticity
requirement on the interaction Lagrangian. Other K couplings élso have the

same structure as (20).

~

VI.
We now exeminé the parity restrictions imposed by our cosmic
symmetry. We note that the K couplings of the form (20) are “charge-

symmetric" in the generalized sense of Pais and Josﬁ29twhere "charge" now
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means hypercharge rather than eleétric charge. Then it is clear from the
work of Feinberg7 that CP invariance leads to the separate conservation of
C and P for nonderivative type K couplings. Hence we have the analog of
Theorem B of Section II for the K couplings: Cosmic symmetry guarantees
parity conservation for Yukawa~type direct K couplings. ‘
We now examine the restrictions imposed by cosmic symmetry on
G-invariant K couplings of derivative type. For the cosmic-symmetric K
couplings it does not matter whether we regard Y, Z, K+, and K° as

doublet, doublet, singlet, and singlet respectively, or A, Z, and K as

singlet, triplet, and doublet. If we take the former view we have

‘ : . S
D nt EO =
6 .o g ¢
n N _pf :n = _:01—
-~ — bl
(21)
t -t
=t Y° z° b
5 0 6,
: . v +
+©° _Z+T s 7° s
' C
K° g-> 'qKC K> s K" 99 Mk i s

whereas the latter view implies
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For our present purpose (21) is more convenient. For the XF, Y, Ké]

coupling we have

-] cx*
-nN i

¥y k° + ¥-nE)e Chl@ye® + FNE) for v
_ Ty ik
(23)

c¥ C_ Ci= O. = o)
My Ty Mg (N-Y K© + Y-NK) _f?? pv.

i

Hence parity must be conserved, and the K is scalar or pseudoscalar
c C
g

Similarly we can deduce that all derivative=type G invariant K couplings

: . *
depending on whether nNC _ is =1 or +1 respectively.
conserve parity.

We note that cosmic symmetry requires the relative Nz parity as
well as the relative AZX parity to be even. This is to be‘contrasted with
the global symmetry case where the AX parity is requifed to be even but

no restriction is placed on the -N= parity. Schwinger55 does speculate on
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the possibility of the N= parity beind odd so that the two possibilities
available for Hermitian spin~% fields‘under space inversion are realized,
but this does not follow from the assumption of global symmetry alone.

Now the only (physically meaningful) relative parity still to be
determined is that between A° and k' or equivalently between Y and Ko.
Is there any way of determining this relative parity by the use of some
a priori theoretical argument? In the case of CP~invariant nonderivative-
type coupling there does not seem to be any method for determining this
parity, just as in the case of nonderivative [F, N, %] interactions wev
could not determine the = to be pseudoscalar on a priori grounds. In the
case of derivative-type couplings a method analogous to the one we used in
deducing nﬂc = 1 does not seem to be applicable in the K case since the
K° particle is not self-conjugate. However, an argument based on equivalence
theorems may throw some light on the K parity. We note that in the absence
of the =n couplings all baryons have the same mass. Then to the lowest

order the vector coupling of the K particle to baryons leads to a null coupling

since we have

1N - POy - M) o
iFuKlgf-}g— NY“Y—> —--MX-JK——M-N—KONY=0. (24)

On this ground we conjecture that if cosmic symmetry holds, and if the K
couplings must be of a derivative type, the K is pseudoscalar. It is

interesting to see whether this is indeed the case experimentally.

VII.
We have seen that if the K couplings rather than the s couplings

exhibit a higher symmetry we have a much more vivid analogy between the K
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interactions that transfer hypercharge and tﬁe‘ﬁ interactions that do not
allow hypercharge transfer on'the pnélhaﬁa, aﬁd fhébﬁvinteractions that may
fransfer eleétric éharge énd the eléctrdmaénetic‘iﬁteraction that doeé not
allow electric-charge transfer on the‘other.* Mored%er, the assumptioﬁ of
the universal K couplings leadsvtd moie interesting and stringent conditions
on the spacthime properties of the baryon-meson interaétions.

It is‘here appropriate to fecall.the afgument of Gell-Mann whé also
created an analogy between the n and K coﬁplings on'the one hénd and the
‘strong and eiectromagnetic couplings on thé other, but who reached a
conclusion opposite to ours: The x couplings exhibif a higher symmetry which
is destro&éd by the K c:om.'li)lirlgs‘,y'L He first noted that thé K couplings are
'weakef than the = couplings and then argued by anélogy that the very strong
i céuplings mist pésseés a higher symmetry than the only.@oderately strong
K couplings. | B w | | |

vfhere are a few pointsfworﬁh comménting on in Gell-Mann“s argument.
His observation that the K couplings are only moderately strong is based
.on the céﬁparison he made béfween the ps;ps constant GﬁAKQ/ b  for the

[;N, A, ?] interaction and the analogous coupling constant GNne /it for

the (;N, N, f] interaction. If the process
+
Y + p » A+ K (25)

océurs via the absorption of the electric-aipole photén followed by the
‘s-wave creation of A and K,vit may potvbe imposéible to deduce this
coupling constant provided that the pion-baryon interaétions are unimportant
in reaction (25). 1In fact the observed p dependence of reaction (25) is

36

not in disagréeméntvwith this'picture if the K is_pseudoséalar. The
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2
value of GNAK

a factor of 10.

/U4 deduced in this manner is smaller than 2,/hﬂ by

Gy
But let us not hastily conclude that the {EN, A, %] interaction

is weak. The strength of the electric dipole arising from the dissociation

of the proton into a AO and a K+ is already smaller than the stirength

v

of the electric dipole in the x'n case by a factor of 2 zuK_/uﬂ
(where we have ignored the reduced mass effect) éven if the probabilities
of dissociation are equal for [?, N, %] and {:, A, %7 . So if we
‘naively assume ﬁhat the production amplitude of the pseudoscalar meson by
T rays is proportional to the dipole strength of the virtual baryon-meson

37,38

system, the associated photoproduction cross section for strange
particles is expected to be smaller than the photopion cross section by a
factor of 12 (or 24 if we take isospin into account). Another way of saying
the same thing is that we must consider the faét that the characteristic
cross section for K-particle phenomena is smaller than that for pion
phenomena by a factor of 12 because the K-particle Compton wavelength is
shorter than the pion Compton wavelength by a factor of 3.5. It turns

out that in ps-ps theory the meson mass is irrelevant in computing the

diagram that corresponds to the s-state emission of the pseudoscalar meson

near threshold, and in fact in the formula Gell-Mann used in deducing

2
G G 2

NAK M
- 0.1 —- (26)

the meson mass does not appear explicitly. This means that although his
( !

use of the formula may be justified, and his relation (26) is correct,

his conclusion that Eq. (26) implies that the {?} A, %] coupling is

considerably weaker than the K?, N, f] coupling can be somewhat
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misleading. His method of cOmﬁaring coupliné stfengths'tends to obscure the
vital fact that the radius of the interaction for the K phenomena is smaller
to start with. N

In order to argue wheéther or not the linear coupling of the ps K
meson to baryons is weaker than the analogous =n coupling, it may be more
appropriate to compare the probability of emitting a meson whose wavelength
is of the orde; of its own Compton wavelength. Roughly speaking this means

2
that we should compare the ps-pv constant F /hﬂ.' We have -
5 :

2 2
FNJ( _ GNT[ uﬂ —~ 0 08
Ix = hx 2l ~EeYR
2 | 2 ' 2 :
Fuak - Gmax < Pg ~ 0.1 .
. = o~ ° ]
Izt by MN + MA

so that the ps-pv constant for the [h, A, %7 interaction is of the same

(27)

and

order of magnitude as the ps-pv constant for the [:N, N, f] i‘ﬁteraction°
» We do‘not take ﬁhe abéve arguménﬁ'as evidence forvthe.eqpalify in

strengfh of the K couplings ahd fhe ﬂ.qouplingsf We merely point out‘that

the coupling éonstants muist be compared carefully when the méson ﬁasses

in questiOn are not eqpai. We cannot legitimately argue whetherrthe coupling

strength in one case is gfeater thannthat in the othef until we sﬁecify

what kind of prbcesses wé ére concerned ﬁith. >For instaﬁce, in estimating

the electromagnetic radius of the nucleon by field thgory methods, the

K coupling is necessarily unimportant evennwith a fairly large coupling

constant because of the smallness of the K-particle Compton wavelength.

In associated production the total cross section may be small and yet there

may be a small region of interaction in which the K couplings play a very



UCRL=-8440

-6~

important role. It has been observed that even at high energies the
K-production cross section is considerably smaller than the sm-production
cross section, but we should not forget that the interaction radius of
K phenomena is smaller to start with. It is worth noting in this connection
that, by analyzing associated production experiments, Leipuner and Adair
have inferred that the K-production interaction may be quite strong in the
interaction area of the order qf “K-g__aﬁ area cohsiderably smaller than
the interaction area characteristic of pion phenomena.2

In addition to the assumption that the K couplings are considerably
weaker than the n couplings (which may or may not be correct depending on
what kind of phenomena we are talking about) Gell-Mann's analogy is based
on the idea that stroﬁger couplings possess symmetries that weaker couplings
do not possess. It is conceivable that this popular idea which has been
expressed by a number of people in a variety of occasion559 is only
superficial and will not turn out to be one of the ultimate "laws" in
elementarynparticle physics. In fact recent advances in weak interactions
seem to suggest that "weak" interactions may possess symmetries that are
not shared by strong interactions.l-a’honhg

These considerations indicate that from a priori theoretical
points of view the global symmetry model of Gell-Mann and Schwinger is
not necessarily attractive. We now turn our attention to some of the
experimental consequences of global symmetry that have been extensively
investigated in the pasf year.. The main difficulty here is that the neglect
of the A ~ £ mass difference cannot be always justified, and it is hard
te tell whether the disagreement with exﬁerimenfslof naive calculations
based on global symmetry arises from the AX mass difference or from the

basic theoretical assumption itself. To be sure, the Pais parameter
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5 - ..MZ?.,_M.._A = 0.067 (28)

is'smail, but this parameter is not necessarily the appropriate parameter.

To illustrafe this point let us recall that in such calculations it
is assumed thaﬁ ¥° ‘and z° belong to "different worlﬁs" as long as the
_‘"very strong"“pionuﬁaryoh interactions are concerned. The point we shéuld
like to make is that, because of the A% mass difference, Y° and 2° do
not retain‘théif identities. Suppose we créate a pure beam of Y° particles
to start with so that A° and =° ~are 180° out of phase at t = O. .

Subsequently we have

2°> -

llAO, >:°> = o7Y/2 l:exp(i At)

- &7 i[i |

A

Zé;}:] rexp(-i Mit)
exjp‘(iAt)] l YO> + ‘:1 - exp(iAt)] |

My - M.

This shows that the pure ¥° beam we Started with becomes a pure z° beam

+

Zo:%} exp(~iM2t)
| - (29)

L[]

at time t = n/A, and, in general, the state vector oscillates between that
of the pure Yo and - that of the pure ’Zo, which is somewhat reminescent of
the Pais~Piccioni eff‘ec‘l:u3 (in the hypothetical limit where the oscillation
- time is much shorter than the 8] lifetime).. If this characteristic
oscillation time is small compared to the characteristic reaction time,
simple global-symmetry calculations are Jjustified. In fact, if the

: characteristic reactidn.timé is ﬁ/MX, the neglect of the AZX mass

difference produces an error of the order of the Pais parameter in amplitude.

!
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However, if the characteristic reaction time is of the order of ﬂ/gﬂ 2 w/2A,
simple global symmetry calculations are completely unjustified. It is well
known that the reaction time depends sensitively on the detailed mechanism
of the dynamics of the reaction in question--especially on the nature of the
intermediate states involved. We emphasize that extreme care must be taken
in comparing simple global-symmetry calculations with experiments. In fact,
the Amati-Vitale inequality for various K p capture processes,lm which follows
from the global symmetry model with the neglect of 8 +together with the
assumption that K-p capture proceeds via a single angular-momentum state,
is violently violated,45 This does not necessarily mean that the global
symmetry.model is wrong. It is impossible to prove or disprove the validity
of the model on the basis of such calculations.

To date there has been oné piece of evidence in support of the
global-symmetry model. If we assume that the force between the nucleon
and the A hyperon is due solely to the exchange of two pions, we can estimate
the coupling constant for the [%, z, f] interaction. The ps-ps constant
deduced in this manner turns out to be of the order of magnitude of the
pPsS-ps constant for the K%, N, %] interactionoh6 We shall come back to

this point in Section IX.

VIIT.
The reason that a great deal of emphasis has been placed on
criticizing the global symmetry model of Gell-Mann and Schwingef is that
our approach to strong interactions would necessarily lead to contradictions
if both global symmetry and cosmic symmetry were to hold simultaneously. If
both the n couplings and the K couplings exhibited "high" symmetries, there

would be no mechanism for destroying the baryon degeneracy. In addition,
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as Pais points out, various empirically observed reaétions such as the XK'

27 We keep cbsmic'éymmetry

production in 'ﬁ+p collisions would be forbidden{
in the K couplings, not because the K couplings are strOngef_but'because the
high K symmetry is preferable in view of the theoreficéi arguménts”given in
Sections V and VI. So we let the less:symmetfic it cbuﬁlings:split'the
baryon supermultiplet into the observed multiplets =, Z, A, and 'N.'.

It is harder tq specify the requirement of asymmetry than that of
symmetfy, and there exists an infinite variety of possibilities that would
lead to the breakdown of'cosmic_symmetry. Yet it is extremely piausible that
cosmic symmetry.is broken down in a definite manner;_.We are here'guided by
the_heuristic principle that whenever naturévbreaks down a symmefry principle
she does so in a very specific and elegant manner. For instance; before we
switch on the electrqmagneticiinteractioﬁ, the proton state which is an
operator with T, = +1 and the neutron state with

3 5

= =1 are "indescernibles"; the electromagnetic field (barring the

eigenstate of the <
T
3

anomalous moment interaction) picks out only one of the two'eigenspinérs of

T Likewise, before we swifch on the\weak interactions, the two eigenspinors

3
of 75 are "indescerniblesﬁ; we have recently 1earned thét nature prefers
only one=--namely %(l + 75)w.~~of the‘two eigenspinors of 75 "when," in
Pauli's words "she/expressés herself weakly."

| The mass spectrum of baryons provides us with clue§ to the way
cosmic symmetry is broken by the = couplings. The largest mass difference

among various baryons is that between N and Z, and we look for a

mechanism that prdduces this large mass difference along the line suggested

by Schxqin,g;er.az’)1L7 We recall that the symmetry between = and N can be
achieved either with (NN + Z «-N)t or with (Nt-§ - Z1-N).

If both are simultaneously present, the Nz symmetry is broken. The
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simplest and most definite way to break the symmetry is to keep both with
equal amplitudes; and this leads to a null coupling for the [:E, = ﬂ]
interaction. Now the Yukawa-type coupling between a pseudoscalar boson and
a fermion tends to depress the fermion mass as long as virtual transitions
into intermediate negative-energy states are unimportant. This may be the
case if fhe pion-baryon interaction is ps-pv or if the interaction is ps=-ps
but pairs are suppressed for some mysterious reason. Then the above
gualitative picture is sufficient to account for the =N mass difference.
The degenerate baryon mass in the a?sence of the n couplings ié presumably -
close to the observed = mass.

We cannot destroy the symmetry between Y and Z in the same way
as we have destroyed the symmetry between N and = because our purpose
is to eventually produce a singlet and triplet rather than two doublets.
Moreover, the N= mass difference is larger than the AX mass difference
by a factor of five. Because the AL mass is smaller than the mass
difference between any other pair of baryons, we may infer that the coupling
constant for - [}, =, n] and [é, z, %] must be of the same order of
magnitude. This suggeéts that GAﬁn and GZﬂ are equal in magnitude. If
they were the same in sign as well as in magnitude, the four-dimensional
symmetry would persist; so we take GAZn = —GZK. With this assumption
the couplings of = to A and Z can be grouped in such a way that the
doublet representation of the second kind, namely in terms of V and W
defined by (16), is possible. We have -

{%, %, f] + X%, %, %] ~ IXZg - AT - DA

(20)

]
<3l
)
<
p="
+
=
-
=
a
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. This possibility that the K couplings and the s couplings exhibit different
four-dimensional symmetries as far as U = O baryons are concerned has been

35

previously discussed by Schwinger. Had we chqsen Eq. (15) rather than
Eq. (13) for the K couplings, i.e., had we used the doublet representation
of the second kind for the K couplings, we would have been forced to use the
doublet representation of the first kind (Y, Z representation) for the =
couplings. .

The Iagrangian (32) does not. produce any mass difference between A
and Z -even if we take ihﬁo account simultaneously the virtual K effects
which manifest a four-dimensional symmetry of the opposite kind. .When we
switch.on the _nf;i«n + nfvﬁlp interaction, the lack of four-dimensional
Ainvariance becomes manifest for the first time, and A and L emerge as a
singlet and a triplet. All this is evident from the work of Pais.27

‘It may be argued that even if the coupling of the pion to the bare
‘cascade hyperon .is null, the "physical! coupling may no£ necessarily vaniéh
since the = can dissociate into a = (or A), and a XK and the = (or A)
.can in turn absorb or emit a pion. waéver,”it is noteworthy that in the
lowest order there is no such contribution to the_physical K:E, =, %]
coupling. Consider, for instance, the virtual absorption of a = by a
=°. The =° can dissociate into a = and K, and the X' absorbs the -
n_ to become a:ZO (seeAEqsu.(l6) and (30)); but according to Eq. (13) the
7z° cannot bécome,av =" by reabsorbing the K .. We may also consider

o} =0

= 5 2° + %°; this time the 2Z° .cannot absorb the = . Hence a

coupling of the form =".2° x°  cannot be brought about in this manner,

—
-
s

and by charge independence we infér'thaflthe~total T‘E;E/ interaction is

e

still null in the approximations we have considered. Similarly we can

readily provevthat idﬁest-order renormalization contributions to the [#, N, %]
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vertex brought about by the K couplings vanish. On the other hand, lowest-
order renormalization contributions to [?, Z, i] and K}, z, é] are
of such nature that they lead to "physical" couplings like Yo" o~ (brought
about via =7 + %~ - K0 + p + =n - n o+ K° - Y°) which are
absent in the original n-coupling Lagrangian (30). In fact it is precisely
such "effective" couplings brought about solely by the renérmalization
effects that are responsible for the mass difference between A and X.

It is here appropriate to.examine the parity restrictions on the
pion-hyperon interactions. It can be readily seen that both sz€§»21 and
AZw o+ _g:':A n_ are charge symmetric in the sense of Pais and Jost.>? For

. . R U - . TF L0+
instance, the interaction A X x- + X A =

is symmetric under the
simultaneous interchanges of Z+ and A° and of % and n+. Note that
n's in question are already determined from other c§uplings. So we have
the analogs of Theorem B and Theorem D for the pion-hyperop interactions.
It may be argued that because we have deduced the parity restrictions
on the K couplings in the absence of the x couplings, these restrictions
become relaxed as we switch on the nx couplings. This is not the case. We
have an analogous situation with the conservation of 15. After all,
strictly speaking, the cqncept'of isospin makes sense only in the absence
of the electromagnetic interaction, and the conservation of I3 is first
deduced in the ideal limit e — 0. But this does not necessarily mean

that the conservation of I, is approximate to the order of 1/137.

3
Provided that the electromagnetic interaction that we subsequently

48

introduce is "minimal" in the sense of Gell-Mann, = the I5 conservation
is intact. (Otherwise we would expect A° — n + v to be as fast as
=2 5 AO + ¥, the rates of both processes being proportional to 1/137.)

Similarly as long as the n couplings that we subsequently introduce
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conserve parity, the conservation of parity for the K couplings that we have
derived in the hypothetical limit Gﬁ‘—gro still holds-eveg in the presence
of the w couplings.

.We note that the pion-baryon interactions are characterized by two
coupling constants=--one for [F, N, %] and the other for both - [}, z, ﬂil
and [-, Z,'%] . -In this sense our model is in accordance with. the Pais

28 In fact we hold the Pais principle

_principle of "economy of constants."
. as a sound guiding ppinq}ple which may help uslin.bringing_order-to the maze
of meson~baryon interactions; on esthetic grounds it is,veryvuﬁlikely that
wé need as many‘as eighf (or five in Gell-Mann's modelau) different and
totally unrelated onstants to"characterize'fhe so-called stfongvinteractions,
- For this reason, ge speculate on the possibility that there may be a

. connection betweqﬁ,the_twp n coupling constants in our model, so that there

. is further economy . . Perhaps there exists a kind of "ecoupling-constant
quantiza@ionﬁ'for the various pion-baryon couplings. The pion-baryon

constant is zero for = with S = -2, moderately large for A and =

o with S = =1 and very large for N with S = 0.. So we are led to

Schwinger's old idea that the magnitude of the effective "charge" of the
. pion-baryon interaction is given.by U + B = 2B +.S. If we accept this

(tentative) assumption, the m-coupling Lagrangian reads

| — 1< 1,—
[n], = G NENL + ZEXE - _-2-(1\.,{;3«_4r Zen x)
=G NLN‘:L+YE(V&V1 + wzew;r‘/)], : (31)

- - We further note that, in terms of ps-pv cbnStants;‘the"single

r-coupling constant in Eq. (31) which is equal to the usual ps-pv constant

-
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for [#, N, %J is of the same order as the universal K-coupling constant.
This comparison is superficilal because the ps-pv constant F i1is defined in
such & way that the interaction i F u"l E Y“ 75 't au @ involves a length,
namély the Compton wavelength of the boson in question. Yet, as already
discussed in Section VII, thié equality between the n=coupling constant and
the K-coupling constant crﬁdely implies that the probability of the p=-wave
dissociation of the nucleon into a nucleon and a pion is as great as the
probability of the p-wave dissociation of the nucleon into a A particle and
a K particle etc. with the important qualification that the pion cloud
spreads much further than the K-particle cloud so that the interaction
area of pion phenomena is 12 times larger than the interaction area of
K-particle phenomena.

Somgéay we may invent a field theory that avoids the ad hoc interaction
of 1engths{i;Within the framework of such a theory our coupling equality may

be formulatéd;in a more convincing manner.

IX.

We ﬁdﬁgturn our attention to more empirical implications of our
model. It must be admitted that various statements we mske in this section
are somewhat speculative because we lack reliable methods of computation.

We recall that in the absence of the =n couplings a charged K is
cfeated in associétion with a Z hyperon, and a neutral K with a Y hyperon.
8o there are several statements we could mske if the n couplings were
really absent. We may hbée that in certain cases these statements are
approximately true even in the real world. For instahce, it may be that

the n couplings are relatively unimportant'for K+~nhcleon scattering.
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Then the process
K" + n > K + P ‘ - (32)

2
.is forbidden to the order of & where & 1is the Pais parameter (28).
Indeed this tendency is indicative from the dispersion~theory point of view
for low K energies. We expect that contributions from the inhomogeneous
poles in K nucleon dispersion .relations become more important as we go to
- lower K .energies. 'Suppose we could analytically continue the amplitudes
for K-nucleon scattering into a nonphysical region Wp < Mg The forward
scattering amplitudes have poles.at Wy X -0, 1k Hyg and at‘ ® C= o =0.33 by
which correspond to the A and £ states. . Our model predicts that the
sum of the residues at these poles for the amplitude corresponding to. .the

process (32) is essentially zero and that the sum of the residues at w

A
and m%. for‘the elastic K+p~ amplitude is:roughly‘equal to the residue
.at »wﬁ ~for the ,K+n (noncharge-exchange) amplitude. Using this picture,

we expect that even in the physical region the process (32). becomes less
and less frequent as the kinetic energies of K particles go down.

There is no reason why the reaction

K '+ p - + n o e -~ (33)

should be reredeven though‘eny calculatlon based.solely on.the choupllng
'Lagranglan (13) would 1nd1cate that it should be rare. Indeed dispersion -
:theoretlc technlques suggest that the behav1or of the scatterlng amplltude
for (53) is mainly determined by large absorptlon cross sectlons that
correspond to the. reactlons Kw. + p - A + n and K~ : + p = T + .
There is no doubtvthat for these absorptlve processes the n coupllngs do

play 1mportant roles. So we expect that‘the reactlon (53) is fully
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allowed. We may remark parenthetically that the apparent cross section for
(33) may be suppressed at low energies because n is heavier than p and
KP is probably heavier than K&.h9

In discussing the associaﬁed production of strange particles via =np
collisions,'we again recall our assumptions that Y(Z‘.+ and YO) and
Z(z~ and Zo) belong to different worlds as far as the K couplings are
concerned, and that V(=' and 2°) and W(Z~ and Y°) belong to different

worlds as far as the n cduplings are concerned. In the lowest order, we

have only one diagram each for the production of charged strange particles:

2 v p o+ 2%+ k8 Skt 2t (34)

and

1€ + p — n N K+ -+ Z_ . (55)

On the other hand, neutral strange particles can be produced either by the

process

2 +p ox + 35+ 5k o+ 2° (36)

or by the process

1 + p > n - KP + Yo .

(37)

Note in particular that the Z+ production and the 72 production are
allowed by virtueée of the pion-hyperon couplings whereas the £~ production
and the Yo production are allowed by virtue of the pion-nucleon coupling.
Thus, in the lowest order, one mechanism produces Z+ and another different
mechanism produces £ , whereas both mechanisms can produce A° ana =°.

Needless to say, we cannot trust lowest-order calculations because such
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calculatiqns would give no polarization for A° particles. However, it is
tempting to argue that the basic.featuré ofvsuch éélculﬁtionsn-néﬁély the

fact that AO (or io) can be produced via’two different mechanisméaehas
something to dé with feality, especially with thé‘eﬁpiricai fﬁcts that the
angular distribution for AO .is remarkably backwérd,vwhereaé the distributioné

23-26 It potn the Y°

for 2- .and possibly for Z+ are relatively forward.
state ap& the 20 state contribute sﬁbstantially to the_production of
neutral.hyperons, there 1s no reason why the AOKP, production should resemble
thg EOKO‘ production. It shbuld be interesting to examine whether the =°
anéular distribution is really like the Ao angular distribution at energies
considerably above threshold with better statistics than are noﬁ available.
This is particularly important Because the =° distribution is iied up with
the question of charge-independence violatioﬁo |

§ In Section VIII we have argued from the baryon Spectrum that the
[}, z, ;] inferaction must be.ﬁeaker than thé [EN, N, E] interaction.
The study of hypernuclei reveals that the exchange of two pibns aloné between
a- A particle and a nucleon can account for the observed binding energies
of hypernuclei provided that the AZ parity is even and that the ,{}, z, %]
interaction is as strong as the KF} N, %] interaction. So our
assumption of a smaller value for GAZnE /bt seems to lead to difficulties
if the  2x exchange picture is correct. The point we should like to
emphasize is that the problem of hypernuclei may not be a simple.eithermor
type problem. Perhaps both the 2r exchange and the single K exchange
contribute whereas either one of them aloné will not be sufficient to bind
hypernuclei.  In this connection it is worth réalizing that if the K particle

is pseudoScala;, the K exchange alsolgives“attraction with the right
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spin~dependence. Moreover, there may be a three~body contribution which

may supplement two-body forces arising from the 2& exchange and tge single

K exchange.51 It is partiéularly importanf to note that the rénge of such

a three-body force is as long as 1/ujr in contrast to the range of the two=-
body force due to the 2r exchange which is of thé order l/auTro If we consider
all these factors, the conclusion GAZnQ = GNhe based solely on the single

1t exchange may be somewhat premature; it is conceivable that hypernuclei are
still bound even if GAZn2 is considerably smaller than Gﬁﬁe.

Problems involviné the polarization of the vacuum by pions may
provide interesting tests of our hypothesis concerning the inequality of the
various pion-baryon couplings. ILet us consider, in particular, neutral-pion
decay. On the élobal symmetry model we expect that the nucleon;pair
contribution and the cascadéupair contribution cancel each other, and in
fact in perturbation theory the ﬂo decay rate is suppressed by a factor

of {EN& - MN)/M_:.]2 ‘25 % in comparison with the rate based solely
52

on the nucleon pair contribution. Even in nonperturbative calculations
it is reasonable to assume that the =x° decay proceeds slower by a comparable
order of magnitude as long as the =« couplings are global. Recently
.Goldberger and Treiman have applied dispersion-theory techniques to |
estimate the no lifetime, and_using the nucleon pair contribution alone
they have obtained a lifetime value T = 6.5 x 10’17 sec. which is in

. . - -15 53,54
agreement with the present experimental 1limit T ¢ 10 sec.
According to our model, because the {;E, =, ﬁ] coupling is null, the
ﬂo lifetime is given by the Goldberger-Treiman value. It is interesting

to see whether the actual lifetime is indeed given by this value or by a

value roughly ten times longer.
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We now come baek to one of the questions we have raised in the -

beglnnlng Why can't we insert l + T5 in strangeness-conserving
interactions? In order to answer thls qpestion it is 1nstruct1ve to
formilate by the use of sa somewhat different approach what we have accompllshed,55

It is convenient to consider elgenSplnors of Y5~ Define

A,

ol

| | (38)
A, = % (1 - T5)A , ete.

As far as weak interactions.are concerned, natnrevseems to pick out-just
one (namely A+, P, etc ) of the two eigenspinors of 75 Our questions iss
Why must both elgensplnors appear symmetrlcally in strangeness conserv1ng
interactlons?

| We pretend for a moment that even for strangeness ~-conserving

1nteract10ns only one kind of eigensplnors appears so that the Kh, A, g]

interaction reads

+ : (o] 0
E\T A,K] = 1F (p+‘ruA+ 3, K"+ m v 2°3 K

( 39)' -

Equation (39) is certainly rotationally=-invariant in isospin space. However, L
the interaction is invariant neither under inversion in isospin space nor
under space inversion in Lorentz space. We recall that our general purpose

has been to look for a symmetry operation in internal space that
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lsimultaneously induces a symmetry operation in Lbrentz space., The G‘ conjugation
which amounts to inversion in isospin space does meet the desired purpose. We

can maeke the whole interaction parity-conserving by demanding that the inter-
action be G-invafiant. To see this we first note that the interaction that

is G conjugate to (39) is

K?’ A, %] } c;[?, A, %] et

i

=1l,— o0 =0 -0 =+
= «1iPF A n o K + A d X
M (A _ T, n 3 . T, P9,
= o] - o +
+n A°d K° o+ A9 K
- Yu - H P Tu - H )
(40)

ﬁhich contains eigenspinors of opposite chirality only. (In applying G
we have used (22) rather than (21), and n's have been so chosen that we
have L) nN*.nK = 1, which leads to the pseudoscalar K.) We now note
that the sum Yﬁ, A, %].+ + K;, A, %] _ contains both kinds of eigen-
spinors syrmetrically and is invafiant under parity because only ps-pv
coupling survives. Thus even if we start with interactions that contain
vl + 75 everywhere, we can generate parity-conserving interactions that

contein 1 + v. and 1 - Y5 symmetrically just by requiring inversion

>
invariance in isospin space.
We now examine whether or not the same procedure works for

strangeness-nonconserving processes. We consider the (}, P, n-;Z

interaction which violates strangeness conservation. We have

i(p, v A,

- — + G — ._ — +
®  + A d x S5 -i(A n 0 n + n A Q =
ST ! T PO ) (A LTS - )

(41)
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The [h, n, ni] interaction we have generated by applying G 1s inadmissible'
because it does.not conserve electric charge. The G-conJugation Operation
carries: a charge conserving interaction with As ;é 0 1nto an 1nadnnssible
1nteract10n that does not conserve electric charge, to see this in general

we note

Iy 4 I v & = -(s+3) (42)
so that the relation AQ = A( 1:5 + g-) = 0 canhot be maintained for the
'Gaconjngate interaction unless AI3 = 0, and AU = O separately to start

with. Then there is no compelling reason why 1 e Y5 as well as 1 + 75
should:appear symmetrically for strangeness-violating interactions. Thus
if we take the point of view that the origin of parity conservation lies
in inversion 1nvariance in 1sosp1n space, which was originally suggested by
Gell—Mann,lo we gain some 1n51ght into the puzzling fact that parity
conservation and strangeness conservation have the same domaln of validity.
| We may naturally ask What about leptons? The fact that no
phy51cally 1nterest1ng consequences have been obtained by trying to extend
the notion of 1sosp1n and strangeness to 1nteractions contalning leptons
| suggests that leptons lack 1nternal degrees of freedom that strongly
1nteract1ng particles possess Perhaps the reason that parity is violated
in every process that 1nvolves leptons (with the exceptlon of their
.minimal electromagnetic coupling) is that the G-congugation operation | -
which generates par1ty-conserv1ng 1nteractions for particles having isospin
does not make sense for leptons which do not possess such 1nternal degrees
of freedomo One may argue that the ex1stence of the law of lepton
~ conservation indicates that leptons too possess some kind of internal

degrees of freedom. Closer examination shows that this need not be the
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case; if weak interactions are of the V - A form, there is no need to
postulate an additional gauge group because the conservation of "true
fermions" follows from T invariance.h’56

5

XT.

In this paper we have explored the possible connection between
symmetry laws in isospin space and symmetry laws in Lorentz space. For
the pion-nucleon interaction the desired connection that leads to parity
conservation can be established from the usuval assumption of charge
independence alone both in the‘case of CP-invariant nonderivative-~type
couplings and in the case of G-invariant derivative~type couplings. In
an attempt to look for analogous relations for the K couplings, we have
been naturally led to the idea of "cosmic symmetry"; the K couplings are
universal, and all baryons are degenerate in the absence of the n couplings.
The high K symmetry we propose does not mean that the K couplings are
stronger; we wish here to decouple the notion of symmetry from that of
strength. The = couplings are not "global" and destroy cosmic symmetry
in a specific and definite manner. Some empirical consequences of our
model have been discussed.

Whereas we cannot find any one crucial experiment that would settle
the choice between global symmetry and cosmic éymmetry, it is worth keeping
in mind that if global symmetry is to be the highest and ultimate internal
symmetry realizéd by strong interactions, there is no theoretical reason at
present why the K couplings should conserve parity. Parity nonconservation
in the K couplings would have deVastating consequences even for pion=nucleon
interactions, e.g. the symmetry property of the bare_fleld Lagrangian would

be different from that of the physical-field Lagrangian when we consider
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corrections to the [#; N, %] vertex brought about by the [#, A, %]
interactioﬁ. | | I .

Our arguments would be” more convinciné:shbuld ihe future expériments
show that the K particle is pseudoséalar relative fo thev A' hyperoh, and
that the AX parity and the N= perity are both even. In thﬁt‘case we would
have a unified understanding of the origin of parity conservationvin strong
‘interactions, the intrinsic (relative) parities of elementéryApa:ticles, and ‘
the conneetion ﬁetween'parit& and stréngeness in terms of inversion inva:iéﬁﬁe_
in isospin space provided. that meson~baryon interactions are of deriﬁative |
type.  We might even be tempted to argue that thesé theoretical arguments
are'strong‘enOugh 4o suggest that the conjecture 6f Gell~-Mann and.Schwingerb
that the  nx couplings: rather than the K couplings exhibit a higher. v
symmetry is wrong. .

We may further speculate on the possibility that these "axial-vector"
cbuplings that occur in strong interactions are related to the existence of
the vector coupling and the absence of any fundamental (Pauli-type)  tensor
coupling in electrodynamics, and to the occurrence of V;A'in weak interactions.
We are led to the- idea that fundamental intergctions that occur in the.
quantum field theory are of V and (or) A, a point of view recently
'di.s".'cussed..m’-57 These interactionsvére-chirality—invariant,2 can be cast
more readily into a two-component fdrm,3 and are invariant under strong
and (or) weak mass'reversal.u’ Although these speculatiﬁns are somewhat -
formal at preéent,*they might not necessarily be void of physical content.

| - 'Perhaps the most -disappointing feature of 6ur?whole invesﬁigatioﬁs
is that we héve been:forced.tovuse the language of local field thebry,vand:“;fiﬁ

in particular to rely heavily on the Lagrangian formalism. Whether #é
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regard CP invariance or G invariance as a fundamental invariance prineciple
in order to obtain the parity restrictions, we must assume that the inter-
action Lagrangian contains either nonderivative«type couplings only or
derivative-type couplings only. We feel that such assumptions are extremely
uﬁsatisfactory.

However, the possibility exists that the use of field theory is
unjustified and yet symmetries or relations among symmetries implied by the
theory are still valid. For example, the requirement imposed by the CPT
theorem may turn out to be of greater generality than our present field theory
by means of which the theorem has been proved. Another example 6f this kind
is the empirical fact that parity conservation holdsat least to an accuracy

58

of one part in lO8 in intensity”  whereas the inadequacy of local field
theory is already reflected in that, in order to account for various self-
energy effects, some sort of Feynmman cut-off becdmes necessary at energies
not too high in comparison with:' the nucleon rest energy.59 We believe that
in elementary-particle physics today only those arguments that are based on
symmetry principles are on a firm and permanent footing. We may hope that
relations befween internal symmetry laws and spaceftimg symmetry laws

"similar to the ones discussed in this paper are still valid in a more

satisfactory theory of elementary particles.
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