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Remarks on the Unified Model-of Elementary Particles

Ziro MAKI, Masami NAKAGAWA and Shoichi SAKATA

Institute for Theoretical Physics
Nagoya University, Nagoya

(Received June 25, 1962)

A particle mixture theory of neutrino is proposed.assuming the existence of two kinds
of neutrinos. Based on the neutrino-mixture theory, a possible unified model of elementary
particles is constructed by generalizing the Sakata-Nagoya model.® Our scheme gives a

Na 3 explanation o maline 0 eptonic decad ate oI hyperons as we as the subtle

difference of G,’s between u-e and B-decay.
Starting with this scheme, the possibility of K,; mode with 4S/4Q=—1 is also examined,

and some bearings on the dynamical role of the B-matter, a fundamental constituent of
baryons in the Nagoya model, are clarified.

§1. Introduction and summary

In recent years, a considerable progress has been made in accumulationg

detailed knowledge on the structure of interaction of elementary particles.
Various kinds of excited particles have been discovered in succession, and

the systematization of them from a unified point of view !turns out to be an
urgent problem of particle physics. In this connection, we can expect that
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Possible Unified Models of Elementary Particles

with Two Neutrinos*®’
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**Department of Physics, Kyoto University, Kyoto

(Received June 5, 1962)

Possible unified models of elementary particles are discussed assuming the existence of
two kinds of neutrino accompanying with electron and muon respectively. The discus-
sions are focused on the Nagoya model which is based on the Sakata model of baryons and

mesons and the Gamba-Marshak-Okubo symmetry. In its connection the following assump-
tions are taken: 1) Fundamental partlcles among baryons and mesons have one-to-one
ations. The correspondence is realized
through a kind of “matter ”. ii) Basic leptons do not transmute each other by the strong
interaction between the fundamental baryons
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] Brief history to
the modified Nagoya model

1956 Sakata model

S.Sakata, PTP 16 (1956) 686
Nrovix (RN LY ESWEESHFTHD

rr
AVER GGG < 3 x3* =34+ 3+ 6%+ 1

cf 1964 Quark model

M.Gell-Mann, PL 8 (1964) 214
G.Zweig, CERN preprint 8419/TH 412 (1964)’ '




1959 Baryon-Lepton symmetry

A.Gamba, R.E.Marshak and S.Okubo,
— U Proc.Natul.Acad.Sci. 45 (1959) 1274
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1960 Nagoya model

Z.Maki, M.Nakagawa, Y.Onuki and S.Sakata,
PTP 23 (1960) 1274




1962 Discovery of two neutrinos

G.Danby et al, PRL 9 (1962) 36

Tt - ,u-i 22 MoDneutrinoZFZFIZSADIT5

B (SEFh5A, BB EEFERLL
1962 Modified Nagoya model

Y.Katayama, K.Matumoto, S.Tanaka, E.Yamada, PTP 28 (1962) 675;
Z.Maki, M.Nakagawa, S.Sakata, PTP 28 (1962) 870
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2 Topics which we should
notice

(1) How they understood the weak interaction”?

1963 Cabibbo angle
1964 (1968) Salam, 1967 Weinberg

(2) Did they predict the 4th quark?

1964 Quark model
1970 GIM mechanism
1974 Discovery of charm

(3) Did they predict neutrino oscillation?

1998 Discovery of‘neutrino ascillation




3 How they understood the weak
interactions?

* 1963 Cabibbo angle

5 5 N.Cabibbo, PRL 10 (1963) 531

1 = COS#,




Y; =Y, cos 0+, sin 0,

Ya= —Y,81n 0 + ¥, cos 0.

p=<{B* vy, n=<{B'e), A=<{B"y7),

Jy={gs>a= (71p), c0s 0+ (A4p), sin §.

Cabibbo @ a, b & normalization factors,

NI LT, KMTY&MNS (&
two families M#EEIZFED< "mixing"




How about neutral currents?
e« KMTY

The weak current may be produced from the neutrino current

I =000, va 1,0, 0. 2-29)

After the attachment of E-matter, it becomes the charged current

I T T R
Ja=Va0, Vg +vp0," Yy

« MNS

neutral currents IZIZ2<E R E
mEEL SU(2) DfEd£<EL !
5
1974 Neutral currents ()FER 7
1961 Glashow, 1964 (1968) Salam, 1967 Welnberg




4 Did they predict
the 41h quark?

1964 Quark model

M.Gell-Mann, PL 8 (1964) 214
G.Zweig, CERN preprint 8182/Th401 (1964)

1970 GIM mechanism
S.L.Glashow, J.lliopoulos and L.Maiani, PRD 2 (1970) 1285

1974 Discovery of charm
J.J.Aubert et, al., PRL 33 (1974) 1404
J.-E.Augstin, et al., PRL 33 (1974) 1406
C.Bacci, et al., PRL 33 (1974) 1408




2-A. Model without new baryon

To make a correspondence between four four-components leptons and three

ficed in the course of this connection. It means to assume that B*-matter can
not be attached or bound to one of neutrino or of their mixture states. We
express this assumption as

p=<n B*), n={e” B*), A={p~ B*), no=<{v; B*), (2-5)

where the additional assumption that the B*-matter can be attached only to the
one- of the mixture states, not to the one of pure states, is made. For example,

2-B. Model with new baryon

If there are baryons corresponding to both of the neutrino mixture states,
we have

p=nB*), n={e”B*), A={p" B*), V=L{n,B*) (2-10)

in place of the correspondence (2-5). Here V is a newly introduced baryon,
which has positive charge and is probably in iso-singlet state (I=0). Unless




but one of the most simple models may be given under the postulate that the
true neutrinos should be so defined that B* can be bound to v, to form a proton
but cannot be bound to v,, symbolically

p=<B" vy, n=<{B"e7), A=<B*u7, (2-5)

and (B*y,» corresponds no baryons.** We call this correspondence the modified
B-L symmetry. The baryonic weak current J, obtained from (2+1”) is written
as

Jhr={jryz= (71p)» cos 0 + (4p), sin 0. (2-6)

**¥) Alternatively, we can assume that (B%y,) corresponds to a new kind of baryon with a
very large mass.




GIM mechanism

Why is the observed decay so small?
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Modified Nagoya model: Beautiful

GIM Mechanism: Necessity




5 Did they predict neutrino oscillation?
. KMTY

Neutrino oscillation [ZIZE R 7L

 MNS

In the present case, however, weak neutrinos are not stable due to the occur-
rence of a virtual transmutation v,22y, induced by the interaction (2-10). If
the mass difference between v, and y,, i.e. |m,,—m,|=m,* is assumed to be
a few Mev, the transmutation time 7 (v.2v,) becomes ~107" sec for fast
neutrinos with a momentum of ~Bev/c. Therefore, a chain of reactions such

a SIO)

Tt—>ut+vy,, (2-19a)
v,+Z(nucleus) >Z’ + (4~ and/or e™) (2-19b)

is useful to check the two-neutrino hypothesis only when |m, —m, |<107°*Mev
under a conventional geometry of experiments. Conversely, the absence of
¢~ in the reaction (2:19b) will be able not only to verify the two-neutrino
hypothesis but also to provide an upper limit of the mass of the second neutrino
(v,) if the present scheme should be accepted.




L= [ (o Ahy) + (G A" @) ] X*X 2-10)
as an example. Here, 4 and A" are (2 x2) matrices satisfying

dEt .-"1 = dEt .r"i; _— ﬂ.

- ' I | _ _ | Ao
(Fio ED)J"\( i{[_f ) + (70 f-*'E.D}f'\"( J

%,

Line= L+ 720 2+ 27", ] X* X (2-107)




MNS7H? PMNSH ?

(1) B. Pontecorvo, JETP (USSR) 37, 1751 (1959)

MNS?b\ g | Fﬁ 4) A prototype of two neutrino theory was first proposed by 8. Sakata and T. Inoue (Prog.
Theor. Phys. 1 (1946), 143). See alzo J. Schwinger, Ann. Phys. 2 (1957, 407.
K. Nishijima, Phys. Rev. 108 (1958), 907,
M. Konuma, Nucl. Phys. 5 (1958), 504.
I. Kawakami, Prog. Theor. Phys. 19 (1958), 459,
B. Pontecorve, JETP (USSRE) 37 (1959, 1751.
S. Oneda and J. C. Pati, Phys. Rev. Letters 2 (1959, 125.
T. D. Lee and C. N. Yang, Phys. Rev. 119 (1960}, 1410.

(M%) How to test two neutrino hypothesis
(2) B. Pontecorvo, Zh. Eksp. Theor. Fiz. 33, 549 (1957); Sov. Phys.

JETP 26, 984 (1968) (?)
BB =2 —R)/IRBVDFE LKL (FMTA R 1990 September, 961-
966) H\5|FH
(WZ) neutrino-antineutrino oscillation
(3) B. Pontecorvo, Zh. Eksp. Theor. Fiz. 53, 1717 (1967); Sov. Phys.
JETP 26, 984 (1968)
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H-—=n+ g+ v,

B >p+pu+7,.

@) @) L6

However, KMTY have commented:
_ Then it

interaction of harvons with 40/45—1/2 together with 40/45——1.
iz a rather difficult problem to introduce such six-fermion interaction when there

15 no weak interaction with |45 1.




6 Summary and Conclusion
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