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Abstract

A consistent theory of the interacting spin 3/2
particle is presented. Instead of the constraint
conditions, which are the origion of troubles in a
theory of interacting higher spin particles, we suppress
redundant particles by making their masses infinite.
Qur theory is general enbugh to extend to particles

with s > 3/2.



51. Introduction

The developments of high energy experiments have revealed
the many new particles with spins greater than unity. This
situation enforces us to construct a consistent theory for
higher spin particles as a practical task.

The relativistic equations for higher spin flelds were

1)

originated by Dirac and followed up to the quantized form

2).

by Fierz Lagrangian, whose Euler equations yileld both equations

of motion and constraint conditions, was proposed by Filerz and

Pauli3). It was further developed and simplified by the works

of Rarita and Schwingeru), Moldaur and CaseB).

These theories stand on the same footing in the sense that
field variables are the realizations of the irreducible represen-
tations of the spatial rotation group in thevrest system and
express only one spin state. They give a consistent andv
equivalent description of free particle. However in the presseence
of interaction all the conventional theories* have failed to

describe the system of higher spin particle in consistent ways.

# In parallel with the articles mentioned above different types
of formulation of higher Sbin particle were performed6).
However these formulations also can not introduce an interaction

in a consistent manner.
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Lagrangian of charged spin 2 particle, with the minimally
coupled electromagnetic field, loses two of the constraints

and gives the spin 2 particle undesired degrees of freedom,

6, instead of required 5: This is a firstly appeared disease
concerned with interacting higher spin particles and still
remains as an open question. In addition to this desease there
are several inconsistencies in the theory of interacting higher
spin particles. During the last decade these inconsistencies
have been examined extensively.

Among higher spin particles spin 3/2 particle is most
important and the simplest example. The troubles occuring in
the system of interacting spin 3/2 particles are as follows:

A) In the presence of the external electromagnetic fleld,
the equal-time anticommutator of spin 3/2 particle must be a
function of a coupled field and can not be positive in the

region

e > 1, (1.1)

8).

This disease appears

9)

even in more general types of interactions”’.

where H means a magnetic field strength
o~

B) The wave fronts of the classical solutions in an electromagnetic

field propagate faster than light in the same critical value as

(1.1)197,

C) The time ordered product 1s non-covariant. Because of this

non-covariance there 1is a difference between vacuum expectation



value of the T product and the covariant propagator. This
difference must be explained by the complicated normal

dependent interaction Hamiltonian. When we consicer interaction
Hamiltonian as power series of the coupling constant, for the
particle with s23/2, this series may be infinite. Therefore,

we do not have field theoretical basis for Feynman rules for

the system including higher spin particles. Moreover we have no
clear outlook for the Lehmann-Symanzik-Zimmermann feduction
formula.

These three difficulties are very serious. Some people
even suggest that higher spin particle can not be elementary. :
These come from the constraint conditions intfoduced to suppress
redundant fields.

In this article we propose non-constraint theory of higher
spin field and show that our theory is free from the difficulties
A), B), C). We suppress redundant fields not by constraints
but by making the masses of the corresponding particles infinite.
This is the extension of the &~limiting theory proposed by Lee
and Yangllyfor the interacting spin one particle.

In §2 we give Lagrangian in our theory and discuss the
canonical quantization procedure. The equal time commutators
of the field operators are quite different from those of usual

theory, so that the difficulty A) disappears.



In §3 we study the gquantization based on the idea of
Peierlslz)and Takahashi*Umezawalg? This method of quantization
i3 useful to develop the theory manifestly covariant and to
separate covariantly the contributions of the redundant fields.
We find that the special suppression procedure is necessary
to get a causal theory. This fact seems to relate to the
difficulty B) in usual theory. The time ordered product is
covariant. Then, our theory is free from difficulty C). In
§3 we also obtain the various Green functions of the respective
fields. Through the Green functions we see that the redundant
particles play a role of regulator. When the masses of the
redundant particles are finite our theory is fenormalizable.

By taking the 1imit the divergence appears for some Feynman
diagrams. This divergence is nothing but the ultra-violet
divergence in higher spin field.

In'§ﬂ‘we give explicit forms of the wave functions of the
respective fields, their orthonormality - relations and complete-
ness condiltions.

In §5 we give Fourier expansion of field operator and see
that the redundant spin 1/2 particles are both ghosts. The
difficulty A) may be due to the incomplete separation of the

redundant filelds. We also write down the Hamiltonilan operator
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in Fock representation and LS7Z reduction formulas. We shall

&

discuss only spin 3/2 field in detail. However cur method is
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able to the general cases without significant change.

§2., Canonical PFormulation.

We consider the general spinor-vector field. The most
general equation of motion consisting of at most first-order

derivative is the following:
AL, (x) =0, (2.1)

where

3

A C8) = =y, 3y + m)du - A(Yuav + yvag)

UV v
- BY, Y3 8,7, - Omy,v,. (2.2)

Eqg.(2.2) can be rewritten as

A“\,< 3) = "'(l)\)u\)a}\ - MUV | (2.3)

with
= + + A L)+ i
(rx>uv kauv A(Yuﬁvk {vsuA) BYUYAYV (2.4)

and
= -+ > 5N
Muv méuv CmYva' (2.5)

In (2.2) we put the coefficients of yuav and Yvap equal so as to

make Lagrangilan,



L=y A

PRRTAVARY
= v 1 T 4+ By ’ r
VU{.( >\)}A\)a}\ MUVI v \2 O)
with
— ¥ -,
L N T (2.7)
real. In Eg.(2.1) if,
A # -1/2, (2.8a)
B = (3/2)4° + A + 1/2, (2.80)
- 2 /
C = —(3A° + 34 + 1), (2.8¢)
we Zmmediabtely get
(vyoy + mb, = 0, (2.95)
'Yulfs"u = 0, (2.99)
3. % =0 (2
w7 (2.9¢)

This i1s the Rarita-Schwinger equation describing irreduclble

3/2 field. The parameter A comes from.the amblguity of the

67}
o}
v
3

wave function 1in the point transformation,

1
! = (S
v,o= (0,

+ . .
ay, Yyl vy (2.20)
Now we discuss, the general case where the parameters do

not satisfy (2.8). We treat all ¥ as dynamical variables.

The canonically conjugate momenta Wu of wu are

m, = 3L/3(By /8xy) = AN G UTRINNE | (2.11)



From the standard commutation relations

1 2 1
{y ) - t o 3 o) - X .—:.a
{y (%), WV(A )}X —x 167(x w«)éuv’ (2.12)
070
we get

— 1 ~1 3 ! .
{3 N vz o .
(0, ¥, (x >}XO=XO (ry)7y 87 (xx). (2.13)

. -1 . .
Here Tu means the inverse of PM:

-1 _ o 2 2 o
(ru)w = {(I1+2A+3A -2B)y,46u\) - (A —A-za)(yucs%. {\)5%)
o 2 /el .
- 2(24+A ‘“EB”M%U‘SL&\) + (A —B)yuyuy\),/(l.‘?A«BA -2B) (2.14

Although T) is singular in the case of (2.8), as will be seen
later in, our theory, PM is regular. Following the standard method,

we obtaln the Hamiltonian

o
i

4wu<awu/axo) - L

i

0 A +
vu{(Fl)uvai M,

H, s (2.15)

v

and the energy momentum tensor, where Latin indicles denote
spatial components.The symmetrical energy momentum tensor in our
theory satisfies Schwinger's commutator condition in 1ts simplest

14
form contrary to usual theory

§3. Extended Method of Peierls' Quantization.

We discuss Peilerls' quantization for the free reducible

spinor-vector field wu. We start from the investigation of Apv

>



A {4 ~ (= = f l""w\f (3 = & /Q'l\
A/AU\)\_LQ/H\);\\.A.;)) A‘}j\)\_‘.p/A\)Aklp> V‘,J;\ D /
A;\I)’mo) should nave the following form.
_:1;_/ N - y 2 . 2\ N —_ /W2 RN o , 5\
KoEpd = I ™) e o+ T%)y v, + I5(p7) Iy, p #iy 0 )
i 2 T (m2ya C o T (BN 4
- L7 p, + 150 )lfx?x°pv P Is(pT )y Tvyp,y
- I (o ) (y, ROV TP Y,P ‘) - I~<02>p o .1v.p (3 2)
AP DAY gt SPut Y aP :
Substituting (3.2) into (3.1), we get
I, = -m/(p°+n°) (3.32)
I, = mlmC(1+4C)+mep2 (60A+4B2+AC+7CAC+2BA-2B)
y,, 2 2 . N - N
P {(ASHA) (1+2A+3A°=2B) —(1+4)“(A+2B+C) }1/D(p) (3.3b)
I, = [2n 2 (A+2B+C) (A°-2B-2C) - {(2C-A)m°+(4°-2-2B)p° )
R el 2 2 2 2 9
x{(1+4C)m +(1+2A+3A°-2B)p“}1/D(p°) (3.3¢)
I - / : 2. ! 2 A 1\2_Lf O= DR
o= —hml (A%+A=C) (1+4C)mo+ {(1+2A+3A°—2B) (AS+4-C) = (4+2B+C)
x (A%+24+42B) }p°1/D(p?) (3.34)
1‘5 = l/(p2+m2,) (3.3e)
l
I, = [(1+22+30%-28) (A%-B)p +m°p®(~243+a°+620+84%C-Ba"+6 23
2 2 Ur o =y I ENIN. “ ‘(. -~ 2 - N
+2CHEB%+2C) +(m /2) {(A+2B+C)+(1+LC) (3C=A)}1/D(p%)  (3.3%)
I, = m[10% {2 (A+2B+C) (2C=A)+ (1+4C) (A°=2B-2C) }
2 e 2 2 T r:\ 7 !\f-ﬂpg T TS 2
+p“{2(A+2B+C) (A =A-2B)+(AT=2B=-2C) (1+2A+34°=2B)}1/D(»")
(3.32)



I, = DL {(144C) (ASH+A—C)+(A+2B+C) (1+24)° Im?
+(14+2A+3A%-2B) (A°+24+2B)p°1/D(p%), (3.3n)
where
D(p%) = [{(1+4C)m+(1+24+34°~2B)p° }2+hm 2 (A+2B+C) 2] (p2+m°) .
(3.31)
That is, A"t have threé poles at
p° = <m? (3.4a)
and
02 = _y(8)°

e ,,..2 LTI LY - ~

(3.4b)

Our spinor-vector field wu describes three kinds of particles

+ - I . .
whose masses are m, M( ), M( ). The particle with mass m 1s the

spin 3/2 particle which we want to have, whereas the particles

C e o CE)
with masses M

are the redundant spin 1/2 particles which we
must suppress. For simpliclty we impose the following condition

among the parameters:

A+ 2B+ C = 0. (3.5)
Then
(2 2 . . _
TGO RNEVIC) iTuC2' ne = M (3.6)
1+3A+3AV+C

and



L oaaw adDap el
Ay =~ ~"3 2, 2.2, " 2. 2. (3.7
(p=+m") (p™+M7) (p™+M~)
vhiere
d,,{ip) =mé = (m/3)y, v, +(1/3) (v p+ivp )+(4/3m)p g,

'lepxduv“(1/3>Yuinprv”(l/3m)(Yqupxpv+pquprv>

2 .
~(2/3m )pupleApA, (3.8a)
d(i>(ip) - e (2(1+C)( 1*“02 )1/2(2+3A~C)}Yqu
H 12(1+3A+3A°+C) 1+3A+3A°+C
- 1 5 {(1+34-2C) #¢ 1+”C2 )l/z}(ivupv+ivvpu)
6 (1+3A+3A°+C) 1+3A+3A°+C
b {e2s(—tHE 12y L ((2434-0)
1+3A+3A7+C 12 (1+34A+3A%+C)
1+4¢ 1/2 2 . ‘ 1
2o )/ (143A+3A7+C) Ty Y, D5 Y, (- (1+4C)
L+ 3A43A2+C u AP ATvT Bm(I+EC)
1+4C 1/2,, : , .

( ) (2C=3A-1) 3 (Y, Y400 P, Y P, Y,,)

1+3A+3A2+C HOATAE Y TutAT A Y
- (Ul oy e (— RO 33 214304307 4C) Jp o 1Y, 0, -

3m” (1+4C) 1+3A+3A°+C

. (3.8b)
In Eq.(3.7) the separation to d(+)(ip) and d(_)(ip) in the
fumerator of 1/(p2+m2) is made before putting (3.6).
Using'the new parameter,
£ = —(l+3A+3A2+C). (3.9)

instead of C, (3.6) is rewritten as



-,
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air

11

12 = mf {4r3(1+28)2/ €) (3.10)
to make the mass M of redundant particles iniinite, we
take
2A+ 1 #0 (3.11a)
£ + +0, (3.11b)
Ve‘already have (3.5), (3.11la) and (3.11b) mean that the

ducible condition (2.8) is satisfied in the iimit. However

specified in (3.11b),we must take a limit from a positive

value of g. If we take a limit from & negative value, our

order that (2.1) is obviously CaUSal we must assume Tthe limit

ion of motion becomes accausal. Then, 1t 1s not sure tha

her the eguation of motion (2.1) with (2.8) is causal. In

(3.11b). This fact may be the reason of the difficulty B) in

17

-
Ty
USUEa.L

theory. The same situation exists in the spin one

particlell)t The difficulty B) for the spin one particle has

been

)

reported by Minkowskil and Seller ™~

&

Accoréing to Peierls' gquantigation procedure, we assune
- % 'T '} w2 [ %
tv“(f>, o{x) ;dUV(U)A(/

v 1alT () atx-xr; )+ 14l
v uv

as (2.12)

We also get



1]

<0 IT{y (x), v (x*)}o>=1a, (5)a (x-x"; m)
Y s Yy ’ UV ¢ ’

() e e (=)
3 A ~ PR B : B o x—-xT: 7\/:\
1dy (o)Ac(x Xty M) ldpv‘<O>AC(A T, M,
I (%  —x1 5 ~x T + i Xn-X) d<-%>f 9) JAa(x=%" ;M
/2le(xg=x),a, () In(x=x"; m) i/2lelxg=xb), a7 (e Jalz=nts )
: . 1 ("') b 1 f D
+ 1/2[€(xO—XO),duv (3)Jalx=x'; M), (3.13)
where A = —(i/2)£\F is the causal delta function. Inserting the
expressicn given by (3.8) into (3.13) we easily see that the
last three normal dependent terms cancel out. Then

<0 |T {y (x), Yy (x")1[0> = id (8 a, (x=xts m)
+ id“’)(a)a (x-x'; M) + id(’)(a)a (x=x'; M). (3.14)
uv c uv c

The T-product is covariant in spite of the fact that each d(3d)
includes third-order derivatives. Thus the correspondence of
the canonical formulation and the covariant formulation is
established.

L

So far we have discussed only free field equations.

However it is obvious that our theory does not give rise to any

difficulty in the presence of the interaction. For example,

normal dependent Hamiltonian stated in C) 1s not reguired to get
. 16) e o . - o

a covariant theory . There exists the unitary transformation

which connects operators of the Helsenberg representation with

those of the interaction representation in one-to-one correspondent

r

menner. That is, in Takahashi-Umezawa's notatloan , we have

1

p(x) = v(x/0) = ST 0T Kx)S[ol. (3.15)

2 : 3

Furthermore we see from (3.8) that p° and v~ terms (leading terms



]
w

at p+e) of the propagator are supressed by means of the presence
of the redundant spin 1/2 fields. The redundant spin 1/2 fields
prlay a role of regulator. Therefore, when & is finite, our
theory 1is rencrmalizable. In a calculation of certaln Feynman

K . . 4 1 ——1 3 o2 -
diagrams, we happen to have terms such as logé R £ g ete.,
which cannot be removed by the renormalization procedure. Then

our theory 1s unrenormalizable in the 1limit. However this does
not mean that we never be able to calculate higher-order
corrections. TFinite results may be obtained by rearranging the

e . .- 18
perturbation expansion as was done by Lee );

§4. Wave Functlons, Their Orthonormalities and Completeness.
In this section, we give eXDllClu forms of the respective
weve functions. We denote spin °/c wave function and two xinds

of spin 1/2 wave functions with helicity »r by U, u(p,m) and
’ WA

£)

;
; Ne:¥ M) respectively. We construct then, from the helicity
3 Mo .

diagonalized wave functions of spin 1/2 and spin 1 particles,

using the usual composition law:

-’_

Ussp, (o) = u' (p,m)el(o,m) (4.12)
Yi/2,u ~ (1/3)1/2 (242 +e3'+ u—ejp (4.10)
Yo1/2,u T (1732 ulel + 21/2u”e§ (4.1c)

u'e, (L.1a)

U =
-3/25u H
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Ez}g = (1/3)1/2[-21/2u+e;‘+ u*ei] (4.20)
ul=) = T L.3a)
1/2 \pﬁ)M) u (R)M) e]_)(.g,\’M) ( 3a
(=) = =
U'—l/2, u = u eu (L}-Bb)

Using the angular varilables defined as

p = p(cos¢sin®, singsine, cose), (4.u)

t 0 . . ' .
u o, eu and eu we have used are given in the forms:

/ cos@/2) - S

W (g,m) = [(p o ;1;;2 ]1/2 st/ 2, 2.1/2 ,)
2(£ﬂ+m ) cos(8/2)p/L(p°+m ) +1m ] |

\ l¢51n(e/2)p/[(p *m2)1/2+m],
(4.58)
/ e 1np/2) \
om = [ (222 Pm 1/2 / c03/2)
= LapPm®) /2 e™1%sin(e/2)p/[ (p2+n?) Y %4n ]/

\—cos(6/2)p/[(gf+m2)1/2+m]

(4.5b)

e:(ggm) = (e19/2172) (cosbeosd-15ind, cosOsind+icosd,-sinb,0)
(h.6a)

e;(p,m) = (e'i¢/2l/2)(—cosecos¢-isin¢,—cosGsin¢+icos¢,sine,O)

(4.60)
eg(g,m) = "[(£?+m2)1/2/m][sinecos¢,sinesin¢,cos@,ip/&g?+m2);/2]
(4.6c)
e, (p,m). = [p, (g?+m2)1/2] (4.6d)
Now we immediately see that U u satisfies the equation of
,

motion (2.1) but U( ) not., We must modify U( ) $0 as to satisfy



-
N

(2.1) using the ambiguity of wave functions U_ u under the polnt
"'J

transformation (2.10). That is, the correct wave functlions for

spin 1/2 parts should have the form

g(# >(p ) = N s+ o By Ty )U< > (4.7)

r un? v

Using the identities

lY Us_l}z U(E‘?M) = "ui<a,M), (q.8b)
1y, i, Lo = 32y (o,m, (4.8c)

from the equation of motion (2.1) and the normalization condition

1+

' _
1T, (o, M) (T M)| = 1 (4.9)

vy
y,l'l/
wAa

)
u

-

a(i) and N(i) are determined. The results are

(+) _ m=-(1+3A)M A
o | = mM T¥oR R (4.10a)
(=) _ m-(1+A)M
o' " = SE(it4A) (4.100)
1/2
n ) =L—————~W(M 2”’)} (4.11a)
and
NN [M(M+2m)]l/2 (4.110)
2 v
3m

'

Instead of U and U'(i) , we define u<a>(p) by

3

(1) _ , /
Uy, 9&) = U3/2,U\E:m), (4.12a)



u‘§x2)(.&) = Uyp, (2om)s
(3) _

QU (3‘) = 1/2,U(p:m),
ui,u)(g) = 3/2’u(p,m),

(5) I CO N
uu (gw) - U :U(R,M),

(6), \ _ <+>'
u, (g) Ut

(7) _ (—)
uU (E“) = 1/2 U(p,M)’
and
(8) .y _ (=)
u-u (p) = U 1/2’ U<"I‘?",M)

The wave functions for antiparticles are written as

v, (p) = v:U_  (p)
r,u < 571, U
v( %) = vyl

,u(g) 5Up 1, (0)

vii)(gg =y U

[
Ul

~

Q

~—
—
he]
~

These functions satisfy the orthogonality relations,

=(a) 48 =
W M () () w7 () = e 8 g,

i

(B)(p)

UV\)

<°‘>< ~p) (Ty,) 0,

<°°)<p><r ) S B p) = 0

B

=(a) (B) -
Vo (ig)(Tu AN (-P) = eaéae,
with
(1 for o= 1,2,3,4
E =
o
i_-l for o = 5,6,7,8.

16

(4.

(4.

(4.

(4.

(4.

(4.

(4.1

(4.

(4.

(4.

129 )

12¢)

124d)

.12e)

12%)

12g)

12h)

.1Lha)

140)

L14a)

15)



and the completeness relations,

EUr u(p>ﬁr v(p) = fduv(ip)A+(p,m)dpo, (L.,16a)
P > —— 3 -

I, <-p>vr,v<<£g = Ja,,(2p)e7(p,m)dng (4.16b)
jol* )(p)U( ) (p) = - Jal2 (ap)a o m0any, (4.160)
r .

L T ) = - [l apdeT e mang,  (4.260)
r e ? - _

where duv and dgi) are those given by (3.8) and A+(p,m) and

A (p,m) are positive and negative frequency parts of A(p,m).

; (%) . -1, .

From (4.16) we can say that duv and duv derived from Auv(lp>
are projection operatprs of the spin 3/2 field and the redundant

spin 1/2 fields. Summing the four relations of (4.16), we have

@) (Lp)7 ) (Lp)] = jtd

tl D)V, (ip)A(p,m)

(o) ()
Z‘E:O(.[:ull (-g.)u\) (.,I.i,) v HV

+ {diw)(lp) + d( )(lp)}A(p,M)]de = (Fq) l

Finully, it should be remarked that, because of the identities

(4L.8), we have the identity,

=)

r,v’

(4.18)

(5, + 07,7, )U( T C V2 R R GRS IO R i vl

Then, we cannot say that which is which, even if we consider

()]

that the states described by U are the ones composed of the
spin 1/2 state of the spinor and the spin 1, O states of the
vector. We can say only that there are two kinds of spin 1/2

states.
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§5. Fourier Expansion and LSZ Formulas

Using the orthonormality relations (4L,14) and the completeness

relation (4.17), we can expand wu(x) in terms of the annihilation -

(a)

operators a(a)Qa) b(a)(p) and the creation operators a +§£3
b(q)+€g):
wu(x) - V—1/2Ze%2;§§[a(a){E)u(a)&g) + b(a)+(:E>V(a)(:ﬂ>} (5.1)

p

L ad

From (2.13), (4.14) and (5.1), we obtain

(2l (),a @ (1= (-p) 0B prit=e 5 g6 L0 (5122)
| S (a)+ gy,
12l % 0,08 (cpy =!I Hp),a B (pr)y =0, (5.20)
In (5.2) €a=_1 for a=5,...,8,‘accordingly we should interpret

¢+ not as a Hermitian conjugate but as an adjoint conjugate. Here

we don't give an explicit relation between the adjoint conjugate
and the Hermitian conjugate: contrary to the earlier work Qn the

19)

theory with the negative metric , since, if we give the

explicit relation, there arises a question on the manifest
covariance of the theoryzo);

We define the vacuum state by
a¥ (p) |o>=0, (5.3a)

bo‘(ﬁa) |0>=0 (5.3b)
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and one particle state by
a{®* () 0>, (5.4a)
v(¥*(p) 0> (5.4Db)

and so on. The bra vector, < |, is an adjoint congugate to the ket
vector. The norm of physical state, for instance one particle

state, is calculated by using (5.2) and (5.3) as

(a) (B)+ . -
<0|a a ')]0> = § 8§ . . .
l | (p) (p ) | €o8088pp (5.5)
Thus we see that both of lower spin particles are quantized with
negative metric. Subétituting (5.1) into (2.15) and integrating

with respect to x, we get total Hamiltonian in Fock representation

5}7d3xg=2§(p2+m§)l/2€a[a(q>+(p)a<a)(p) - o (oMt p)I,  (5.6)
p A ) ~~ e A N

Lt

where

m for o 1,2,3,4,

mo= | (5.7)
M for a 5,6,7,8.

By virtue of the covariance of the T product and the

orthonormalities of wave functions discussed in the previous section,

we have LSZ formulas:

2@ ()10 (xy) .0 1 =(-)P0L0(xy) ... T2 %) (p)

out

= ~1e V2 a e TP (pyn L (6)P0Y, (00,005 )50, (5.8)
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(PT00xy) o 1l W (o) — @l RITIOG) e T  (5.81)

out -~

= -l V 1/2Jd XT[W (x), O(xl),...'Auv(—g)u§a>(p)eipx

b (-RITI0Cx ) e ) = (HPTE0(xy) .. 102 (-p)

= _igav—1/2‘5‘duxeipx;}gu) E\E)A“"(a)rﬂ b, (x),0(x ). .. ] (5.8¢)

out

(-)™200(x) -+ 10520 (-p) = b2 (-p)TrO(xy) ..

= -1 V12
a

ja”xT[wu(x),o(xl)...]Auv(—aﬁvéa)(p)e-ipx (5.8d)

where n is the number of wu and ¥ in O(Xl)"' and pu.is the

u
energy momentum vector with Po= (p2+m2)1/2, O(xl)... are local

l
operators and d x dxldxzdxjdxO

only for (5.8) with o = 1~nvb,  We have similar formulas for

Of course, we are interested
Retarded products.
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Note added in proof

After completing this work Professor Y. Takahashi kindly
pointed out us the existence of a closely‘related’work by
H. Munczek, Fhys. Rev. 164 (1967) 1794.

OQurs is different from his work about the treatments of"
two spin 1/2 particles whose masses are denoted by Ml and M2.
In his work one of the spin 1/2 particles is quantized with
positive metric and the other with negative metric, whereas,
in ours both are quantized with negative metric. His propagator
has double pole in the case of M1=M2. This is not the cése
in ours.

Let us discuss the reason why these differences occur.

Introducing a and b by

(A+2B+C)/(1+2A+3A2—2B),

o
it

o 1/2

it

[(A+2B+C)2+(1+4C) (1+24+3A%-2B) 1272/ (1+24+34°%-2B),

Eq. (3.4b) becomes M2=( atb)z. Then we have following four

possibilities of defining Ml and M2:

=-atb,

- Case A My M, =-a-b,
Case B M1 =-a+b, M2 = a+thb,
Case C Ml = a-b, M2 = a+b,
Case D M, = a-b, M, =—a-b.
The spin 1/2 part of Moy, that is, ATD + a4 /(p%4m®) 1is obtained

by the uses of {3.3a)~(3.3h). - When A = -1, it has the form:



Case A

mYU+2ip 1y-p—Ml iy-p-—M2 .
Sl (Mgtom)—5— + (M) -2m)—5——51(my,+2ip,)
6(M1—M ym p°M, p M,

Case B

my +2ip iy.p-Ml iY.p+M2
U [(M _+2m)-————-—-——~— + (Ml—2m)—-—-é———-——é-](myv+2ip\))

6 (M +M, )m3 p2+M12 po+M,

The expressions for the cases C and D are given by replacing
M. with -M in those of the cases A and B respectively. Thus
we flnd that there are two different caqes.w The case A 15
corresponding to Munczek's one and the case B is to ours. If

M1=M2 in our case, the propagator becomes

(myu+2ipu)(iy-p—2m)(myv+2ipv)/[6m2(p2+M12)].
2 2

appears only in the denominator P +Ml This is exactly
11)

Ml

the same as what happens for vector meson The difference

between two cases appears when we consider the diagram including

closed loops.



