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Based on the solution to Bargmann—Wigner equation for a particle with arbitrary half-integral spin, a direct

derivation of the projection operator and propagator for a particle with arbitrary half-integral spin is worked out. The

projection operator constructed by Behrends and Fronsdal is re-deduced and confirmed and simplified, the general

commutation rules and Feynman propagator with additional non-covariant terms for a free particle with arbitrary

half-integral spin are derived, and explicit expressions for the propagators for spins 3/2, 5/2 and 7/2 are provided.
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1. Introduction

In high-energy physics, in order to calculate the
relevant Feynman diagrams and perform amplitude
analyses for high-energy processes, it is necessary to
employ higher spin relativistic wavefunctions, pro-
jection operators and Feynman propagators.!=4 Re-
cently, a systematical method®=") has been developed
to solve the Bargmann-Wigner!® equations and de-
rive explicit positive and negative energy wavefunc-
tions for a particle with arbitrary spin, which extended
the work by Auvil and Brehm!®! and by Chung!!! who
constructed only the positive energy wavefunctions.
Based on this work, we have carried out a further in-
vestigation on the projection operator, the commuta-
tion rules and the Feynman propagator for a free parti-
cle with an arbitrary integral spin.['9) In this paper, we
extend such an investigation to the case of arbitrary
half-integral spin, and thus constitute a complete the-
oretical system.

The concept of higher spin projection operators

was first introduced by Behrends and Fronsdalll!-12l

in 1957 when they undertook a calculation of the
lifetimes and spectra of Fermi decays of higher spin
particles. Based on the properties of these oper-
ators derived from the Klein—-Gordon and Rarita—
Schwinger!*®! equations, they constructed an explicit
form of the projection operators. The construction
was carried out first in the rest system and then gen-
eralized to an arbitrary frame. In 1965, Zemach(!¥
proposed an alternative way to construct the projec-
tion operator for an arbitrary spin in the rest frame.
However, it is found recently by Chung!’? and by Fil-
ippini et all4 that the Zemach’s formalism is incorrect
Thus

the projection operator constructed by Behrends and

because it is essentially a nonrelativistic one.

Fronsda is now the only available formulation. Since
the B-F formulation is basically constructed in the rest
frame, an independent check of its correctness is nec-
essary. A direct calculation of the projection opera-

tor based on the explicit formula of the wavefunctions
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and performed in an arbitrary frame should yield a
reliable check. In the case of integral spin, the B-F
form has been confirmed previously.['9) The first part
of this paper will be devoted to this check for an arbi-
trary half-integral spin. It is found that the projection
operator for half-integral spin should be derived in a
different way compared with that for integral spin,
because Dirac v matrices are involved in the present
case. Armed with a set of newly found sum relations
about v matrices and spins 1/2 and 1 wavefunctions,
we have derived an explicit expression for the projec-
tion operator for an arbitrary half-integral spin, which
confirms the B-F form. Furthermore, this form is sim-
plified such that it is suitable for the calculation of
Feynman propagators.

The second part of this paper is devoted to work-
ing out a general theory of the Feynman propagator
for a particle with arbitrary half-integral spin. As in
the case of integral spin,!'% additional non-covariant
terms inevitably appear in the expression of the prop-
agator when the spin is larger than 1/2. It is found
that there is a new kind of additional terms originat-
ing from the ~ factors in the expression of the propa-
gators for half-integral spin, besides that for integral
spin. These terms will be derived in a step-by-step
way. Especially, explicit expressions for the propaga-
tors for spins 3/2, 5/2 and 7/2, which are often useful

for experimentalists, are worked out in detail.
2.The projection operator for an

arbitrary half-integral spin

For a particle with arbitrary half-integral spin
n+ 1/2 (n is an integer), the wavefunction may be

expressed asl®

gYiva s Vn (:13)
n+1/2

— T X @)U )

P m=—(n+1/2)
" (p)e” 7], (1)

where U172 "¥n(p) and V¥iv2v

the positive and negative energy wavefunctions in mo-

+ b} (p) V2

n(p) are, respectively,

mentum representations and in the following form

1
n+§+m
ViVva: - Vn — Viva: e Vn 1
U, (p) = 1 Cmot (P)us(p)
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1
Ve (p) =\| - NP (p)vs(p)
" 2n+1 m 3 2

+1

n+—-—m

2
2n+1

—V1VgUp

m+%
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with u,.(p) and v,.(p)(r = :|:1/2) being the usual Dirac

ViV2 -V, SViV2:

spinors, e »(p) and € Y (p) the positive and
negative energy wavefunctions for an integral spin n,

namely
6 o)

1
Z (n—1,m— A, 1, x|n—1,1,n,m)

)\ —
X 2”3 T (p)eX (p), (3a)
e (p)
1
Z (n—1,m— A,, L, \yln—1,1,n,m)
Emiin, " H(P)e (P)- (3b)

Here €{(p) and €5(p) are the positive and negative
energy wavefunctions for spin 1, and are related by
—v; i * >\i Vi
&5 (P) =guipi (X (P))" = (=1)eZ) (),
Gu;p; :diag{l,l,l,—l}. (4)

The adjoint field of ¥¥1¥2""¥n(z) is defined by

T () (8 (1)
¢—§Zm T (p)e
+bm @)V~ (p)e™, (5)
where
n + B +m

T (p) =

1
—SV1V2: V. n+ 5 +m
V n — 1111/21-~ Vn T1

m (p) ol Cmod (p)v1(p)
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uT‘(p) :Uj(p)’)q, A

v.(p) = v (P)ra.  (6¢)
These wavefunctions are normalized according to

T (U (p)

TFVIV2

== (W/E)omm =V, (P)V,"2 7" (p),(Ta)

V1V Un

Uy, (P)V,i2 " (p)

VL U e =0, (7h)

where W denotes the rest-mass of the particle. In a
similar fashion as in the case of spin 1/2, the projec-

tion operator for spin n + 1/2 is defined by!1®!

P_I;l,uﬂ'“P'nVIVZ'“Vn (p)

=N (@ @)U " (p),  (8a)

Pﬂl}tz"'unullfz"'un (p)

= (Vi @)V @) (8h)

Armed with the explicit expressions for UZ1*2""¥» and
Viavz:¥n - and the projection operators for spin 1/2

and 1 given by

1/2

Ay =Y u(p)u.(p) = Zj;LiiEWv
r=-1/2
1/2 .
A = Z v(p)U-(P) = Y ;;Wa (9a)
r=—1/2

Pubv
w2’

= ek(p)es(p) = S + (9b)

together with the following newly found sum relations

about v matrices and spins 1/2 and 1 wavefunctions

1
7ue:-1u% = 07 ﬁ%%eiﬂf% = U%,

u e =0 ——1 u e’ =u (10 )
Uil =Y, iﬁu7%7ue+1’y5 =ui, a

. v _ . v _

Y5Yv€UL = UL, —1757,€U_1 =U_1,

. v _ . v _
—lUL1YeyYs = UL, 1U_17,€575 = U_1, (10b)

—%’75%611171% =u_1, Ywelju 1 =0,
1 _ — —v
Suéfylle 175 = U_1, u—%’YVe—l =0, (10C)
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and
Ysdivs = —A-, e PHA_ = —A1y, P,
Yo P y5 A4 s = Apye POV, (11)

one can perform a direct calculation of the projection
operator for an arbitrary half-integral spin. For ex-
ample, in the case of spin 3/2, by utilizing the explicit

form of the wavefunctions listed below

a straightforward calculation leads to
3/2

()= X ULGIT0)

m=—3/2
1
=A, [P“”(p) = 37, P ) P (p) |-
(12)
Similarly,
5 3/2
P (0] = X VAV
m=—3/2
1
=A_ [P"”(p) - g%%P””(p)P’”(p)} :
(13)

Combining Egs.(12) and (13), we obtain
3 3
P2 p) = asQm (2

+ <2 p> :I:Q <27p>7

Q" @,p) =P" (p) — %%%P"“(p)P””(p) (14a)

By using the following relations

P = PP, 4y, P7 =3,

VaVpP7V PP = 2P" — 3y, PTEPPY, (14D)
3
QHv <§,p> can be rewritten as
uv 3 2 T ppv
QW( 5P ) =510 P7(2:p),  (l40)
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where P7#*¥(2,p) is the projection operator for spin QHrhz-HnViV2Vn <n _{_1 p>

2 (see Ref.[10]). Similarly, in the case of spin 5/2, a 2’

direct calculation yields 27;_:_13 Yy PP e (41 p) - (16b)

P£1H2V1V2 (g,p> — AiQH1H2V1V2 <g’p>’

5 3

where PH1K2P¥1v2(3 p) is the projection operator for
spin 3. From these results it is possible to write down
a general expression for the spin n + 1/2 projection

operators such as

P£1H2"'Hnl/1l/2"'1/n <TL + %,p>

1
— A Qb B2 <n + §7p>7 (16&)

Pi”ll“LZ"'l“LnVIV2"'Vn <n + %’p>

where PHH1HaVV1--V

jection operator defined by

n(n+1,p) is the spin n + 1 pro-

PHHl"'HnVVr"Vn (n + Lp)
n+1
= Z efnltlltzmﬂn (p)é?ﬂ’/lVZ"'Vn (p) (17)
m=—(n+1)

Expressions given by Egs.(16a) and (16b) are con-
sistent with that constructed by Behrends and
Fronsdal.['!] In what follows, we give a general proof
for these expressions. Considering the positive en-
ergy projection operator, it can be written as (using

Egs.(2a) and (6a))

n+1/2
= Z U#Lhuz”'#n (p)U;in Un (p)
m=—(nt1/2)
1 n+1
T+l > [(n4 14 m)ekit=n (pyu, (p)a (p)es™ " (p)
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+ \/ + 1 + m m)eﬂlﬂq

+vﬂn+1+an—m)$ﬁ

+(n— m)elalts " (pu_y (P

1
2

(p)éﬁfl o (p)], (18)

(note that et1#2#n = 0 when m > n or m < —n). On the other hand, we have from Eqgs.(3)
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+(n_m+1)\/(n—m)(n+m—|—1)e

2

e (p)el (PJeL ™ (P (P)

+ %\/(n2 —m?)[(n+1)? —m?lel {5 (p)e” (p)e, " (P)E] (p)

+(n—m+ 1)\/(71 —m)(n+m+ 1)euwz-~~un

2
(n—m+1)(n—m)

; L (D) DI 0 ) b

Utilizing
Ayl (p) =75 (P) 154475

=ue (P)ys(ug @y +u_su 1),

%
and Eq.(10), it is not difficult to find that the right-
hand side of Eq.(19) is exactly the same as the right-
hand side of Eq.(18). Hence

Piull«z"'ll«nl/ll/z"'l/n <’I’L + ;’p>

n+1 DV
=on g g AP (0 1 p)
Similarly
H1H2"'HnV1V2'"Vn< 1 >
P7 n—+ iap
n+1 e VL
=3 A_ry, PH#En "(n+1,p)7,.

Therefore, the B-F form (Eq.(16)) of the projec-
tion operator is proved. In view of the calcula-
tion of the propagator, however, the B-F form is
not the simplest one because it contains many non-
independent terms. Fortunately, this problem can
be solved by the following tricks. On one hand, by
using the explicit expression for the spin n + 1 pro-

jection operator (see Ref.[10]) and Eq.(14b), one can

(3 1
P:I; <5ap) =A4 |:6uu_§’7,u7ui

m+1 (p)e" (Pl (p)es ()

(19)

1

rewrite QH1H2THRMIV2Un |y 4 §,p in a form that

contains only the independent terms, namely, 3P+
PH2Vz ... PlnVn oy~ POHL PPV PH2V2 L Plintn

their permutations among the tensor indices (pqpz - - -

and

HUnV1V2 -+, V). On the other hand, by using

v pupu
PP' - 6/,U/ + W2 I
p?=—-W?2  Ayp=+WAy, (20)

one can further re-express terms like Aiv,7y, P7*
PpPvL pH2V2 ., PHnVn gg

Aj:’Ya’YpP(ml PPVL PH2v2 . PHnVn

1
=A4 |:’Y,u1 Yo, + W('Yulpul - 'Yulppl)

1
+ Wpulpul}Pl"zV2 ...Pl»"n’/n. (21)

After these simplifications, the projection operators
can be expressed in a form that is suitable for the cal-
culation of the propagators. For example, in the cases
of spins 3/2, 5/2 and 7/2, the projection operators

become respectively

i

2
BW(WPV = YoPu) + Wpupu} ;

viv. 5 1 v v 12 v 1 1282
P£1H2 1 2<5’p> :A:I:{i(Pul 1PM2 2 +PH1 2PH2 1) _ g]3#1#2_P 1V2

1
“0 2
P(pyipz)
P(Vlllz)

P[l,] M2 43V1V2V3 ‘ 1 1
P

(v1v2vs)

P(pipang)
P(vivavs)

i

1 1%
|:’Y”1’YV1 + W(’Yﬂlle - 7V1pﬂl) + Wpﬂlpw] prevz }7

§ P#IVIPILZV2PP‘3)U'3 —

(23)

1 Z Pl"l M2 PV1 v Pﬂs v3

P(pipmans)
P(v1vavs)

280

1 i 1 S
34 Z |:<7/»t17u1 + W(V}npm - ’Yulpﬂl) + mp;npm)PHZ 2 prevs
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2 i 1 Viv2 DH3V3
+ 9 Yur Vo F W(’yﬂlpﬂz = VaPpr ) + Wpﬂlpﬂz pmrp
1 1 1 H2 43 DV2V3
+ 5 Yor Y F W('Yulpm - 7H1pu1) + ﬁpmpw P P ) (24)

where P(p1, pto, - -

3.The Feynman propagator for

an arbitrary half-integral spin

We now proceed to derive the Feynman propaga-
tor for a particle with arbitrary half-integral spin. We
begin with working out the Feynman propagators for
spins 3/2 and 5/2 in detail in order to demonstrate
the method employed in this section. After that, the
procedure is generalized to the case for an arbitrary
half-integral spin n 4+ 1/2.

3.1. The Feynman propagator for spin 3/2

In the case of spin 3/2, armed with the wavefunc-
tions
3/2

D=EY Y o

P m=-3/2

P (p)e”
+ b}, (p) Vi (p)e™P7], (25)

3
the projection operator P* §,p> given by Eq.(22),

and the field quantization conditions listed below

{am(p),a,’, (P')} = Opp Ormm
={bm(p), b}, (P")}, (262)

{am (), am/ (P")} = {bm(p), brms (D)}
={am(p), b}, (P')} = {am(p), bm: (P')} = 0,(26D)

together with the definition of the adjoint field

+ b (P) V() ™™], (27)

we find that the general commutation relations take

the following form
—v ~ 3
{¥¥(z), ¥ (2')} =iP* <§>A(x—m'), (28)
or equivalently

(0#(0) 0,7 @) ) =12 (3) a0 - ),
(29a)

, ) denotes permutations of (g1, pz, - - -

s Hn)-

{W“(a:)(-*-)’@v(ml)(f)} — ipmv <g> A(f)(w — ),

(29b)
where
UH(x \/1V Z am(p)U¥ )ei”””
W”(w \F Zb+ V“ ) —lpw
7)) = Y eI )
7@ = = Y bV p)e
() =@-mre(3), e

~o (3 . 1 1
R* <5> =P, - 3 |:'7u7u - W(Vua" - ’YVB”)

- maﬂay}, (30D)

P =5, 8&2”, (30¢c)

iA(z —2') =iAF) (2 — 2') +ia) (2 — 2'), (30d)
A (2 — o) = % zp: %eip(wfw')’

A (z—2) = —% d %efip(mfz’). (30e)

The Feynman propagator for spin 3/2 is defined, in
the usual fashion, by

St (z — ') =(0|T ¥*(2) ¥ (2")|0)
_{<0|W”() “(2")]0),

t>t;
t <t

31
—(0[ 7" () ¥*()|0), ey

and it can be rewritten as, with the aid of the com-

mutation rules given by Eq.(29),

S (e — o) =i0(¢ — t') [PW <g> A (z — w')}

—i0(t —t') {PW<

N W

A (z - m')}
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By virtue of

0:8(t) = 8(t), 6(AD (2) + AT (z)] =0,

§()[AM (2) + AT (2)] = 6W(2),  (33)

and performing a direct calculation that makes the

0-functions commuted past the differential operator
A 3
prv <2>, one finds that the Feynman propagator for

spin 3/2 in coordinate representation takes the form
uv / 2IN% 3 i
S (x — ') =P" > Ap(z — ')
v 3 5(4) /
+ K* 3 0 (x—2"), (34)

where
Ap(z —a') =i0(t — t') A (¢ — 2')
—i0(t' — YA (z — 2), (35a)
. 3 Nt
K" <2> =-1 {Ww(%ﬂu — Yubua)
2
+ W(@ - W)5H45u4} . (35b)
Utilizing
1 4 ipx
Ap(z) = W d*pe’?* Ap(p),
—1i
Afp(p) = (36)

p2+ W2 —ig’

the Fourier representation for S%”(z) is found to be

1 4 ipx v 3
(2m)4 /d pe*Sp <§ap>a (37)

3 1 3
ghv (2 - - pm(Z2
F (2’p) F—iW +ic (2’p>

coe(la) o

S (@) =

with
(3 1 i
R¥ <§ap> :P/u/ - g |:’Yu7u - W(’Yupu - ’Yl/pp,)

1
- prpu ) (393')

3 1

+ g Wit (300

v 3 . .
where S}, 3P| i the Feynman propagator for spin

3/2 in momentum representation. We emphasize here
that in the theory of free field for spin larger than
1/2, an additional non-covariant term such as that in
Eq.(34) or (38) inevitably appears in the expression of

the Feynman propagator.
3.2. The Feynman propagator for spin 5/2

In a similar manner as in the case of spin 3/2, by

using the wavefunctions for spin 5/2

5/2
1722} l/g Z Z Ul/1 Vo ( )elpw
P m——5/2
+b) (Vi (p)e’i”], (40)

5
the projection operator PH1H2V1V2 <§,p given by
Eq.(23), the field quantization conditions Eq.(26), and

the definition of the adjoint field

7 (@ )_(WV“'Z( ))+74
—Z \/— (p)e™ "
+ b (P)V, ()], (41)

we find that the general commutation rules are

(e 0), 7)) = P () aa - ),

(42)
or equivalently
{wrarz(z)(0) P () ()}
R 5
—jpripavive <§> A(+)($ — CC/), (43a)
Wil (x)(+)7@”1”2 (xl)(*)}
. 5
:iPILINy/le <2> A(i)(ﬂ') _ x/)’ (43b)
where
gulm Z am Uuwz )eipz’
1 .
W””Q - (+) - = b+ VV«1/£2 eflpa:’
(@) = — 2; PV (p)
- Y
Euluz (m b, _”1V2 (p)eipa:,
-y
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(44b)

W2 — 0, a,l} przve,

The Feynman propagator for spin 5/2 is defined by

S;I,U'ZVIVZ (CE o .CCI)
=(0|T wHH2 ()& (2')]0)
_ { (0] wHare () 0" (a')[0),

t>t,
t<t,

T Viv2 12 (45)
—(0]@ " (") g (2)|0),

and can be re-expressed, with the aid of Eq.(43), as
S}L}lbzull’z (CE _ .CCI)

:iO(t _ t/)pN1H2V1V2 (g) A(+)(m _ II)
—if(t' — t)Praravave <g> A (@ —2'). (46)

Performing a direct calculation that makes the 6-

functions commuted past the differential operator

N 5
Pripevive <§>, using Eq.(33), we obtain

S}t‘uizlﬁl’z (iE _ ml)

:ﬁ)ﬂlﬂzwuz <Z> AF(LU _ :l?l)

4 Kmamarve <g>5(4) (z - ml)a (47)

f{ﬂl H2V1V2 §
2

W ~
= (62W2 ) [6#«1 vy 5;1,2451/24 + 6#146U14PH2V2]

_i@-w)
oWz
@p-w)

* W[5“1“25V145V24 + 0,1, 40,,4P]

1 i
10 Z {[W’Y4(5;¢147u1
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(a W) #146V14:| prev

+ (@ = W) (%) } (48)

where

[5”11125”246”14 + 6#1451/24]3H2V1]

— Y 51’14)

This is the Feynman propagator for spin 5/2 in coor-
dinate representation. The Fourier representation for
SEHHPIY2 () can be easily deduced, using Eq.(36),

1
S/,Llp.gull/z ) = d4 1pzsﬂ1l»tzl’11’2
F (z) (2ﬁ)4/ pe < )
(49)

5 -1 5

SH1I-L2V1V2 =, E— Y 2 Y =,
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(

5
Kﬂll»tleVz
e (Ga)

50)

with

5
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2

1
-1 Z
P(pipz)

P(viva)

1
- mpl"lpljl

5
K#lll«zull/z —
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(ih— W
= - M[lsl"l”l 6#2461124 + 5#145V14P#2V2]
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i
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}p#m. (51a)

2W2
(i — W
_ %[&uwz 5N245V14 + 5#1451/24P”2V1]
i(ip — W
+ %[5#11& 51/14(51,24 —+ 6,11«145/1,24PV1V2]
1 i
B E Z { |:W’Y4(6”14’YV1 - 7#151/14)
P(pynz)
P(viv2)
1 . .
_ m(lﬁ — W)6#145V14] pu2
i 05400,
R <%> } (51b)

5
Similar to the previous case, Sk*>""? 2,p> in the
above is the Feynman propagator for spin 5/2 in mo-

mentum representation.

3.3. The Feynman propagator for an arbitrary
half-integral spin n+1/2

The above procedure is now extended to the gen-
eral case of an arbitrary half-integral spin n+1/2. We
begin by working out the general commutation rules.
From Egs.(1), (5), (8), (16) and (26
lowing the same steps as in the cases of spin 3/2 and

5/2,

), we have, by fol-
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FV1V2 " Un

{rketin(z), w (=)}

R 1
=ipHi#2 T Hnb1v2 <n + 5) Az —z'), (52)
or equivalently
{wranzetin (@)(25) T () ()Y

—jiPHake vz v (n + %) AF) (z — 2'), (53a)

—ViVg UV,

{wrbz b () (3) @ "(2") )}

. 1
Ptz V2 v, <n + 5) A(f)(a: —z'),(53b)
with
PH1K2 " Hn (x)(,)

1 ipz
= Tzam(p)Uﬁ”Z # (p)e”,

Wu1uz~~-un Z b+ V‘” pa2- (p)e—ipa:’
(54a)
@Hll—tzml—tn \/_ Z H1I—L2 “Hn (p)efipw’

Eﬂll’&" Hn (m HIHZ “Hn (p)eipz7

-7 Z o
(54b)

and

prape-pnvive-vn <n + %)

. 1
=~ -y (g ), (s5)

R 1
where RF1HnVim¥n <n + 5) is a differential opera-

1
Vn (n—l— §,p> in the

tor constructed from Q#t #»*1

following way:

3PHAVI PHava | Plintn s 3 Pravy Puava . Prnvn
(56a)
’Yul Yo F ('Yulpm Yv1Puy )
ZPMPVI] Phave ... Phnvn
=Y Yon (7 Oy = Y1 Oy
] H2Vz ... phnin (56b)

The Feynman propagator for spin n + 1/2 is defined
by
Sl A (o)
=(0|T wrakz ke () T (2)]0)
{ (o] W’““T"“"( YT @), >t

— V1 V2- 57
=0T @) e ()|0), < e

and can be rewritten as, using Egs.(53),

CRED)
A 1
=if(t — t’)Puwz“-unmm-wn (n + 5) A (z — w')

SH1#2"'#nV1V2"'Vn
F

~ 1
_ 10(1‘, _ t/)PNlHZ"'HnUllIZ'"Vn (TL + 2> A(*)(x _ Q?I).

(58)

Performing a step-by-step calculation that makes the
O-functions commuted past the differential operator

PHip2 - pnbivase:

1
vn <n+ 5) , we find that the general ex-

pression for the Feynman propagator for spin n+1/2

in coordinate representation is

(@ -2
N 1
pmminni (14 1) a2

SHle"'HnV1V2"'Vn

N 1
+ Kbz vz vy <n + 5) 5(4)(x -z, (59)

. 1
where KH1HnV1Vn <n—|— 5) results from the commu-

tation between the §-functions and PHi - HnVi=¥n <n+

1
2
Egs.(56a) and (56b)]: one originates from the terms
such as (§ — W)3Prvs Prave ...

%[Buwluzw"“n”n], because of

, and consists of the two kinds of terms [refer to

PH»Vn and can be ex-

pressed as

(0@ — W)3P prave .. prnsn AC) ()
—i0(=t)(@ — W)3 PV prava .. prnve A5 ()
:(a — W)3f3#1l/1 Preve .. Plnva AF(QJ)

31(@*W) QUYL V2V,
+ B s arals (@), (600)
where
Bulul :5;1.1461/147
Bﬂll’lﬂzl’z :éﬂlleﬂsz + 6#11116#24611247

Bﬂl Vip2V2 43V3 :Elll Vip2v2 p#a v3

+ 5#11’15#21/26#3451’347 )

EP«1V1P«2V2"'HnVn :B#1V1P«2V2"'#n71llnf1 f)l-tnl/n

+ 5.“11/15#21/2 T 6Hn—11/n—15ﬂn451/n4'

(60b)



730 Huang Shi-Zhong et al Vol. 12

While the other originates from the terms such as
1 1 AP«sz Al’«n”n
(@‘W) Vs Yoy — W(’Yﬂlaul _’yl’lal"l) - Waﬂlalfl P P
and can be expressed by é“l”l“z"?"'“n"", because of
1 1 1 A/»"ZVZ Allﬂnl’n (+)
le(t)(é’ - W) V1Yo — W(’ylh 8l/1 - 'Ywam) - maﬂlalfl P Y A (I)
. 1 1 . A A(—
- 10(_2:)(@ - W) |:’YI»L1’YV1 - W(’ﬁham - 7V1a#1) - mamam] prevs... phn nA( )(CC)

1 1 . .
=(@ - W) [ﬂyuly,jl — W(ymal,l — Y1 Opy) — mama,,l} Prava . Prnim Ap(z) + C#1u1uzu2-..unun5(4)(x), (61a)

with
NI | 1
CHvr —j |:W’Y4(5H147V1 - 7#161/14) - W(a - W)5H145V14:| )
Np1VIHaVe AV DH2Ve 5#‘2451’24
c =C P + 1(@ - W)’Y,U/I’YVI W )
éH1V1H2V2H3V3 :é,U'IVIHZVZﬁILSVS : - W 5 M o
+ 1(53 )7#1 7111 H2V2 W2 ) 9
N N . 0,40,
Cravazya = pinvn — GIVII2Y2 Vit PEYn 430 — W)y, Yo SavaOpave *** Optnsvm s <—”’{;2 "4> . (61b)
The Fourier representation for SgM2 7 #n"1¥2™¥n(5)  propagator for spin 7/2
can be easily derived, using Eq.(36), 7
S}l‘le#aVleVs <_’p>
Sgl,uZ"',unVIVZ"'Vn(w) _1 2 7
. :7]%#1#2#3111”21/3 _
:7(21 ji /d4pe1pzS§,1”2"'“""1"2'""" (n—l— ;,p>,(62a) P—iW +ie <2,p>
s
+KH1M2H3V1V2V3 <g’p>’ (65)
SliabzHinvivavn <n + l,p) where
2 RHt1H2p3V1V2V3 <Z P)
~1 1 2’
_ : _ RHiK2HnV1V2Vn <n += p)
P—iW +ie 2’ :1 Z PH1VL pH2ve DRsvs
6
+ K Pk pnlivasUn (n + %,p>, (62]1)) P(vivav3)
— % Z PHlePVll/zPHaV:s
with P(pimnanpg)
1 P(vivavs
RHIHZ"'HnVIVZ"'Vn (n+ - p> 1 1
2’ - a Z |:(7/»t171/1 - W(’Y,anm - ’YUlpHI)
~ ( )
S (R | I R
Ou=ipy 1
1 + mpmpm P#zlfz Pl»taVa
KH1B2Bnb1V2:Un <n + 5,p) 5 .
1 + 9 <'7u1'7u2 - W('Yulpuz - 7H2p/»"1)
:K#l#zm#nwl/z'“”n <n + 5) (64b) 1
Ou=ip, + Wpulp#2> Pviv2 pHsvs
Equation (62b) gives the general momentum represen- 1 i
tation for the Feynman propagator for an arbitrary T 5 YoV = W(%lp i1 = VP

b (66a)

half-integral spin. In order to illustrate these formu- Pplizia pravs
lae, we provide finally the explicit expression for the w2 PuaPr ’
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K Hak2p3v1VaL3 <g,p> with
CH1V1H2V2H3V3 :C,U'IVIHZVZPII/.’;VS + M
:L(lﬁ — IW) l Z BH1vip2v2p3Vs w2
2
m 6 P(vivavs) X [7}117111 5H2V25H346V34]’ (67&)
1
- BH1#2V1V2H3V3 o
280 2 Vi v s, W09 = W)
Puqpans) CHrVip2V2 _ (YH1V1 DH2V2 +
P(vivavs) W2
1 X [7#1’71/15#2451124]7 (67b)
- CH1V1H2V2N3V3
3 2
P(pipang)
P(vivavs) 1
2 1 o =i _74(5H147V1 - 7#151/14)
_|_ _CHI#2V1V2IL3V3 + _CVIHIILZHSVZVS (66b) W
ig—-WwW
- %72)5“145,/14 . (670)
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