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A Possible Symmetry in Sakata's Model
for Bosons-Baryons System

Mitess IKFEDA* andd Shuro tHIAWA*>

Rexearch [nstitute for Theavetical Dhyviest and Deparimens of Phyusgostt
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foe the troper wr study a possiddc ayprmetiy o Salata’s o model for the steongly
wtergetieg grartictes o the Gmitng exer e which dhe dase arneies, proton, A, neeiren
mand A-partichy, L have 2o opa ! moss, aor theory holds the fnvarinnee amder (e exchxagy
af pound 4 or x and A e sddition o the usund charg: tedrgeadnnee sod the cansacvafinn
af electricn! wad hepercmre charges,

Feora owr theney thor fadlowing xee chbnnet (a) wu-ungiet m-mcaon state, whinh 5 2
protkesentor, ety (6) the spin nf F pocticn v be (X7 and i) seeread CemL O
stagen o Ko ooad noposiean scatesitg ane antic paind 5o maaae

3 1. lutroduction

Thrruph the analysis of the various particles existing W sutuse and mutud
mterastions amony them, we have obtsined the useful conopts of lamadv sud
anpversaduy™ of the interactions o clarify the comphested situation of the particle
plivsics.  For the Bosons and barvondamibies which have @ kind of opiversad
interactian, #. g, the strang inlerscton, the wellknown rube of Nukano. Nishijima
ared Gell-Man™ s valid. The onmplete wnderstanding of the swre fusdamentad
origin of this rule is far {roms ss at presesi, but a possible way of its resiiseis PR3N
has boen proposed by Subats® Although many olwetions will ix braught agamss
tay theory, we shail in this papar llow the iden of Sakams for its prospective
myight on the present sitwstian of the theury of elesentisy particies,

Naw, following this ks we assume proton, £, neutron, « and A-paricle. 1 to
be the bavis particles which compose ather haryons and Basons e Fermi Yang's
simse®™. The strong ieterection s charscteriond by the following selection v,

AN SN I {A
whor: SN means the change of ik particie’s nomber,

Acoording 1 the reiathon (A) angd from the simtlaviey of the pgaiore of thews
three: pactichs {mass, spin, o) and of thar role w the ST INCIACTHE, WE Qe

sesnpraxi 10 regard the thrse garneles @ stondiog on an squat footime Ia fact wien
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Note on Unitary Symmetry in Strong Interactions™

Susumu OKUBO

Department of Physics, University of Tokyo, Tokyo
and
Department of Physics, University of Rochester
Rochester, N.Y., U.5.4

(Received December 6, 1961)

Assuming invariance of theory under three-dimensional unitary group, various conse
quences have been investigated. Both Sakata’s and Gell-Mann's scheme can be treated in
the samie fashion and in a simpler way. Mass formula for particles belonging to the same
irreducible representation has been derived and compared with experiments.

§ 1. Introduction

The purpose of this note is to investigate consequences of the three-dimen-
sional unitary group (denoted as U, hereafter), which is a certain generalization
of the usual isotopic space group. Though many authors”*® have examined
this problem, our procedure is simpler and some new results have been obtained.
Also, we can treat different schemes of U, such as Sakata’s"® or Gell-Mann’s™
on the same footing by our method.

First of all, we shall give some motivations {or introducing U,. All known
interactions obey certain symmetries, i.e. they are subject to the corresponding
transformation groups. We can classify all known groups appearing in the
studies of elementary particles into the following three categories.

(1)  Space-group

(1) Lorentz group  (ii) Charge conjugation
(IL)  Isotopic-groups

(1) Isotopic spin rotation Ry"

(ii) Baryon gauge transformation R,'"

(111)) Charge gauge transformation R,'?

(iv) Strangeness gauge transformation R,

(v) Leptonic gauge transformation R,'™
(Y  Gaugetransformation of the 2nd kind

(1) Electro-magnetic feld

(11)  Yang-Mills field

¥ A part of this paper has been presented at the La-Jolla Canference held at La-Jolla,
Californin: June 12, 1961.
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BAG Letters vo the Editor

Tow and (f, fi} ace not gauge invariant,
nevactheless (33 and {4} will be used 1o
show the possibility of constructing a stable
electron, because we do not know a general
method of construction of T, which i
To do this, the helds are

assumed to be rime-independent and spheri-

gauge invariant,

cally symmetric around the centre of the
electron.  To satisfy the relation fi==0, it

is enough to set p#0, j#¥0, i=o=0.
Then the stability condition i,

Fes (1747) {—p ES B B =0,

This equation imposes a restriction to two
source functions p{r) and j{r}), and can
be satished with variety of the choice of
the pair {p, ).

that, if source functions vanish ocutside the

It will be shown below

electron, bofield alse vanishes outside the

electeon,  We frst novice the relution

div j=— b, (5)

Integrating eq. (3) with the boundary
condition + k{r)—20 {{ri->m}, it follows
that

[t jen fie—ripdr. ®

Alchough the proper character of f is not
yet known, we assume that div j (which
is spherically symumetric} is not zero only
inside the electron.  The integral appesring
in the right side of eq. {6} bas just the
the same form when we caloulate the
gravitational potential around a spherical
material.  Then the macroscopic conser-
vation law: {div j{ridr=:0 leads ro the
vesule  that Air) wanishes outside the
electron, and does not propapate far away
2§ & wave,

Mowever, in the bigh eneegy
phenomena  the Aheld quantz will b
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emiteed and will give rise 1o the fongitudinal
photon. It will be interesting to test
experimentally whether the rray keeps on
its trinsverse property even in the high
energy region (for instance, more than
100 Mev) as derived from the Maxwell
theory or it does not as predicted from our
hypothesis,

The rtotal electeic plus scalae  feld
energy can be adjusted to be equal ro the
corresponding  electron  mass, sssuming a
suitable diameter for the electron.

The author would like to thank
Peofs. T. Yamanouchi, H. Umezawa, Drs.
T. Okabayashi, and 5. Tani for thieis
interest to this work and many uselul
discussions concerning the related problems.

On a Composite Model for
the New Particlea®

Shoichi Sakaes

Institute for Theoretical Pﬁysiﬂ, Nageya
Univernty, Nagoya

Beptember 3, 1936

Recently, Nishijima-Gell-Mann's rule?
for the systematization of mnew particles
has achieved a great success o account
for warious facts obtained from the ex
periments with cosmic raps and with high
eneegy accelerators. Mevertheless, it would
be desicable from the theorstical standpoint

* The content of this bewwer was read before
the anonal meeting of the Japaness Fhysical Seciery
held in Qurobee 1835

A niove on . dthe exone supfect has alse been
published in Bulletin de L'acadimie Polonsise des
Boeneer (UL Ilawol W, Do 6, 1958}
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to fud our a more profound meaning
hidden behind this rale.

this work is concerned with this point.

The purpose of

It seems to me that the present state
of the theory of new particles is very
sirnilar to that of the atomic nuclei 25
years ago. At that time, we had known
3 beautiful relation between the spin and
the mass sumber of the atomic nuclei
MNamely, the spin of the nudeus is always
integer if the mass number is even, whereas
the former is always half integer if the
latrer s wndd.
not understand the profound meaning for
this evencodd rule.  This fact  together
with other mysterious properties of the

But unfortunately we could

stomic nuclei, for instance the beta disinte-
gration in which rthe conservation of
energy scemd to be invalid, led us to 2
very pessimistic view-point that the guantum

theory would not be applicable in the

domain of the atomic nucleus. However
the situation was entirely changed after the

discovery of the neutron. Iwsnenko and
Heisenberg™  proposed immediately a new
model for the atomic muclei in. which

neutrons and protons ate considered to be

their constituents. By assuming that the
neutton has the spin of one half, they
explained the even-odd rule for the spins
of atomic nuclei as the resule of the
addition law for the angular moments of

could

reduce all the mysterious properties of

the consticuents. Moreover, they
atomic niclel to those of the neutron
contained in them.

Supposing that the similar sicuation
is realized at present, I proposed a com:
pound hypothesis for new unstable pasticles
MNishijima-Gell-Mann's

rule.  In our model, the new particles are

roo caresunt  for

considered to be composed of four kinds
of fundanmental pacticles in the true sense,
thar is, nucleon, antinucleon, A" and anti-. P,
If we assume that 7 has such intsinsic
properties a3 weee assigned by Nishijima
and Gell-Mann, we can ecastly get their
everi-odd rule for the composite pacticles as
the result of the addition laws for the
ordinary spin, the isotopic spin and the
In the next table, the models
and the properties of the new particles are

ﬂta‘.“&ﬁgﬁ ness.

shown together with those of the funda
mental particles in the true sense.

HNeme Bodel Isatopic Spin Strangeness Oedinary Spin
W 1 2 12
7 12 a 142
A w1 12t
4 i 2y
® 74+ R 1 0 a
#{r) R 12 1 0%
8z} T+ 4 1z i o7
b R4 1 iy yj2?
5 Rpdpd 1z w3 1427

Here Wand B denote nuclean and sntinu.
cleon respectively, whereas 4 and 1 denote
A and anti-Ad" respectively™.

107

Ko far ar the inteenal steuctues 5 non
concerned, our model for new particles i3

identical with thar of Nishijima and Gell-
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Mann, However, it should be steessed that
the curious propeeries of the new particles
could be reduced to those of A, jost like
the mysterious properties of the aromic
auclei weee reduced to those of neutron,
Hence our theory contains less arbiteary
clements than was the case for original
one of Mishijima and Gell-Mann.

Though the rigorous treatment of ouwr
model is a very hard task”, it is worthwhile
to notice that most of the composite
pacticles which sesm to be stable against
the strong intersction can be identified
with the wellknown wsew particles, and
that there are possibilities of predicung
some more new pacticles which bave not
been discovered up till now™

Finally, it should be remarked that
there are some other arguments in favour
of the compound hypothesis for the ele
mentary particles. In spite of the grear

success achieved by  the advent of

Tomonaga-Schwinger’s  technique, it has
recently become clear thar we could net
avoid the internal inconsistency of the
quantum feld theory, se far as the point
model for elementary particles was adopted.
Moreover, in the case of #-meson, the
cut-off prescription has recently besn proved
to be very powerful in order te account
for the experimental results. These facts
indicare strongly the necessity of substansial
innovations in the model for the elementary
particles, theugh some change has already
been made by rhe discovery of the renor
malization technique.  Landau pointed out
that the model for the electron would
possibly be changed by the effect of the
gravitational feld.  Bur in thie oase of
mameson we must look for another effect,
because the cuceoff radius is found w be
as large as the order of the nucleon Com-

108

pton wave length in contrast to ¢/ me g™

18 cm which appeared in the quantum

slectradynamies.™

iy T Makane aod B. Blshijime, Prog Theat
Phys # C19ady, 881, K Mihijma, Prog.
Thesr, Phys. B2 019540, 107 ; 18 (1955, 285,
Mo Gelh ey, Phes Ree 92 (1953} 838

23 [ bwsnenks, Platues 128 (19375 798, oot
Meisenberg, PR Phys 7T (18323 L

33 Mackov (Rep. Asad. Sa. LISSR, 1955} peo
‘posed alsn & composite model which is very
shinilar wo owrs. Tt should be remacked shat
our model may beocosatdered as 2 genenshization
of the wansson model peoposed by Fermi and
Yang {Phys Rev 78 (1948}, 1734}, and that
itowill throw a new light on Heisenbarg's
theory of eleasentaey ;msrss:;#& s Marasl Ba
[1954), 291 ; Ma (1933), 4251, in which enly
raae find of 2 Ulsmatesie ™ i awsumed.

41 5 Tanaks, Prog. Theor Physo 100 (1958), 825,
& Mlaki, Poog. Theor Phys. 16 (19361, 867,

8y K. Masumote, Pesg. Theor Phys, 16 (1936],
S8 Y.

&1 BLAL Markow, Lpekbt Bie Mauk 51 {1933,
3175 L. Landau er al, DAM. 95 {1954}, 497,
FH5, 1177 096 1954y, 281 W2 {1995}, 89
5 Kameluhi & H Umesaws, Progo Theor
Plws. 18 {19585, 298, Mloove Ciments 3 (1956},
1868

Special Theory of Helativity
aml the Sieucturce of
Elementary Purtieles

Hideki Yukawa
Research Institute for Fundamental Phynes,

Kyote Unsversity, Kyoto

Clorober 19, 19545

The present field theory of elementacy
particles is based on borth quantum wme-
chanics and the special theory of relativity.

Since we have for so long been unsuccessful



ABCHEMATIC MODEL OF

BARYONS AND MESONS *

M. GELL-MANN
Catifernig hastitute of Tevhuaology, Posadens, Califurwic

Recoived 4 Jaguary 1964

I we amsame that the strong interasctions of bary-
ong and mesons are correctly described in terms of
the broken “eightiold way™ 1“3}_. wa are tempted to
ok for some hndsrmsental explanativn of the situa-
flon. A highly promised approach is the purely dy-
panvical "hootetrap” model for all the strongly in-
teracting particles within which sne may bey to de-
rive tsotopie spin and slramgeness conservalion and
broken eightlold symmetry from self-consistency
alone 4, Of course, with only strong Interactions,
the orientation of the asymmelry in the unitary
Epace cannot be specified; one hopes that tn some
way the selection of specific componants of the P~
apin by electromagnetism and the weak interactions
getermines the cholce of isotopic spin and hyper;
charge divections.

Even # we conslder the scattering amplitudes of
strongly interacting particles oo the maes shell only
and treat the matrix slements of the weak, slectro-
magnetic, and gravitations] ateractions by means
of disperaion theory, there are still meaningiol and
important questions reparding the alpebraie proper-
Hes of these interactions that have so far been dis-
cugsed only by shatracting the properties from 2
formal lield theory model based on fundamental
entities 3} from which the baryvoss and mesons are
budlt up.

I these estities were octels, we might expect the
widerlying symmelry group to be SUE)} inglead of
SU(3); it is thersfore tempting to try to use anitary
tripiets as lundarmental objects. A unitary triplett
conglate of ay Isctopic singlel s of electric charge 2
{in units of &) and an tsotopie doubtet (i d) with
charges 2+ and 2 respectively. The anti-triplet §
han, of course, the opposite signs of the charges.
Complete aymmetry among the members of the
triplet pives the exact sighthold way, while a mass
difference, for example, between the isolopic dou-
blet and singlel gives the first-order violation.

For any value of » and of triplet spin, we can
cogsiruct baryon octets feom A basic peutrad baryon
simgtet b by taking combinations (bth, ekl
&tt. **. From {btl), we get the representations 1
and #, wmie from {httiﬂ weget 1, B, 10, 10, apd
2. Inoa o similar way, meson singlets and ootels can
be made oul of {t1), {tttl), stc. The quantun nom-

234
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ber mp ~ »f would be zero for all known baryons and
megons. The most interesting example of sucha
madel {8 one inwhiﬁ:hmetripleimuamz and

& = +1, so that the four particles 47, 57, v and b©
mahihit a parallel with the leptons,

A simpler and piore slogant achente can be
congtructed 1 we allow pon-integral values for the
charges. We can dispense entively with the basic
baryon b i we assign to the wiplet t the following
praperities: spin §, 2 = -§, and baryop number §,
We then refer to the members ui, d-y, and g3 of
the triplet as "guarks” 8} g and the members of the
anti-tripiet an anti-quarks §. Baryons can now be
constructed from quarks by using the combinations
{ggyg), egaqd), stc., while mesons are made out
of {gd4), (agadl, ste. It is assuming that the lowest
beryon configuration {ggq) gives just the repregen-
tations 1, 8, and 10 that have been cheerved, while
the lowest meson configuration {qq) similarly gives
just 1 and 8.

A formal mathematical model based on field
theary can be bullt up for ihe gquarks exactiy as for
P, 8, A In the old Sakats model, for example 3)
with all strong interactions ascribed {o a2 neutral
vector meson fleld interacting symmelrically with
the three particies. Within such a framework, the
electromagnetic corrent {In units of ¢} is just

Hinryu-jdy,d-t8y, s
or 3. + Fg, //3 in the notation of ref, 3). For the
weak current, we can take over from the Sakata
model the form suggested by Gell- Mann and Lévy T},

namety 1 By {l+ys)in cos 8 + A sin a}‘g which gives
in the guark schema the expreassion

£ vqll + 75} cos 6 + 8 sin ¢)

* Work supported in part by the U.S. Atomic Energy
Commission, )
** This ia similar to the trestment s ref, 1,

vef, %

XX The pamnei with § Gyl 6o ovgh e oand LGy m(l 4 ‘!’5}“
fo obious, Likewise, i the model with 4~ cxTuR,
and b disenssed above, we would take the wenk curs
rent to be ih° eos § ¢ 4 sin §) Yol > sl sT
v 500 con 8 - B2 sin 8 vall ¢ vsd &7, The part with
Sfpyenp S0 st 102 vl e yvadid Cos 8 c 5T sla 9.

Bes alag
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ar, in the notation of vef, 3},
i"ﬁa * ﬁiu vitR, v Ry lces 0

*{f}éa +

We thus obtais ail the features of Cabibbe's picture 8)
of the weak curcent, name'y the rules iaf] =1,

AV egand [al =), sy, the conserved

AY =& vurvent with covfljciont cos 8, the veclor
curvent o general ag a component of the current of
the F-spin, and the axial vestor curvent tranaform-
ing under S} as the same componant of ancther
oetet. Furthermore, we have 3} the squal-time
commutation rules Jor the fourth components of the
x:urmniis :

{ﬁ}ii%}t };;Exh Falr) e

H i, &V SHaine.

-»’1

-

21 (540 + F 0] ata-x),

[y £ Fal, Fg) s g3t =0,

eolyoon 8 pieldiog the proup SUGH » ST We

can also ook b the beluviour of the energy density
B44(8) {in the gravitational interaction) under equal-
time commutation with the operators v} ﬁ:ﬁﬁﬁfx‘}
That part which is non-invariant under the group
will transform ke particulay representations of
SU{3) x SU(3), for exarmple ke 3, Dad 3, N U 1t
comes just from the masses of the quarks,

All these relations can now be abstrscted from
the tield theory model and wsed in x dispersion the-
ory treatment. The scattering amplitudes for strong-
Iy Lnberacting particles on the mans shell are as-
sumad kuown ; there is then 3 system of lnear dis-
peraton relsbions for the matrix elements of the
weak currenis {and also the electramagnetic and
gravilational interactions) to lowest order i these
interactions. These dispersion relations, wanh-
tracted and supplemented by the non-linear com-
mutation rules abstracted from the field theory,
may be powerful enough to determine all the malrix
elements of the wegk currenis, including the effac-
tive strengths of the axial veclor current matris
glements compared with those of the vector current.

Bods fun bo speculate about the way guarks would
behave i they were physical particies of finle mass

{mstead of parely mathematical entities as they
would bedn the limid of infinite mass). Sinve sharge
and bat yon number are exactly c@nm&rve@ one of
the guarks {presumabiy ud or d- :} wwid m abigos
Iutely stable *
bBlet would go into ih(t Ixmt member nry ﬁi@wiy i:;}?
f-decay or K-caplure. The {sutopic singlet guark
would presumably decay ioto the doubled by weak
interaciions, och as 4 goes inda M. (odinary
matier near the varth s surface would be conta-
mimated by stable guarks as & vosull of high energy
cosmic cay events throughout the sarth' s bistory,
but the contamination is estimated to be so small
that i wolld never have been detected. A search
for stable quarks of charge -} or +f andfor stable
di-guarks of charge % or +} or +} at the highest
serpy accelerstors would help to reassurs us of
the son-existence of real quarks,

Theae ideas were developed during a visit to
Columbia University in Mareh 1883 ; the author
would H&e to thank Professor Robert Serber for
stimulating thom.
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AZSTRACT

Soth mescons and baryons are censtrucied from A met of
three furdamental particles called aces, The aces break up
into an iscspin doublet and singlet, Each ace carries baryon
number 1/3 and is fractioselly ckarged. Sl {but net the
Efghtfold Way) 1is adopted a3 & higher ayumetry for the strong
intersctions. The breeking ¢f this sycoetry is assumed to be
universal, being due to mass differences among the aces,
Erienasive space~time and group thzeorstic siructure 13 thexn
predicted for beth mesons and berycos, ino egreement with exis~
ting experimental iznfermaticn, fuantitative speculations are
presented concerning resonances that have not as yet been
definitively clagaified dnte Trepreaentiaticns of Sﬁi. A wenlk
interaction theory based on right and left handed aces iz used
to predict ratea for [¢>5f<m 1  baryon leptonic decays. Ao
expericental asearch for the aces is esuggested,

- e , o ,
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e
) shis work was supported by the U.S. Air Porce Cflice
of Seisntific Hesearch nand the Rational Academy
of Epdences o Natiopal Eesearch Council,

21 Pebruary 19464

111



