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A general method is developed by means of which the matrix elements of local operators of
arbitrary tensor or spinor dimensionality, taken between states with either one or several
particles of arbitrary masses and spins, can be expressed in terms of invariant form-factors.
Such an invariant parametrization is necessary for the study of various dispersion relations,
and also for the realization of a previously indicated program 1] for the study of the struc-
ture of elementary particles and of the limits of applicability of present ideas about the

structure of space-time.

]_, In present relativistic quantum theory a large
part is played by the matrix elements of various
local operators (fields, currents), taken in the
Heisenberg representation between states of free
(in the infinite past or future) particles. Each of
these matrix elements can be parametrized, i.e.,
expressed in terms of a finite number of invariant
functions, called form-factors. There has hitherto
been no general method for this sort of parametri-
zation. While in the simplest cases of spins 0 and
1/2 the parametrization can be done with primitive
methods, without a general method it is practically
impossible to construct, for example, the matrix
element of the energy-momentum tensor operator
for the photodisintegration of the deuteron or the
matrix element of the electromagnetic current for
a nucleus with spin %. Yet this sort of parametri-
zation is necessary for the theoretical study of
processes of production and scattering of elemen-
tary particles by means of dispersion relations
and the associated methods. A general method of
parametrization is also necessary for carrying
out a previously indicated program[lj for the
study of the structure of elementary particles and
the limits of applicability of present ideas about
the structure of space-time.

The purpose of the present paper is the para-
metrization of matrix elements of local quantities
of arbitrary tensor dimensionality, taken between
states with either one or several particles of ar-
bitrary masses and spins. The basis is the tech-
nique used by the writers for the parametrization
of the scattering matrix. 2] 1t has been necessary,
however, to develop this technique much further,
since when we go over to the parametrization of
~ local operators there are two additional difficul-

ties which were not present in the analogous prob-
lem for the scattering matrix. The first is that

in the parametrization of matrix elements of local
operators one must deal not only with timelike
four-momenta, but also with spacelike ones. The
second difficulty is connected with the possible
tensor or spinor indices of local operators.

In Section 2 we carry out the parametrization
of the matrix elements of a scalar local quantity
between one-particles states with arbitrary spin.
In Section 3 the results are extended to the case
of a local quantity of nontrivial tensor dimensional-
ity (the vector and the second-rank symmetric
tensor are considered). In Section 6 we give the
parametrization of matrix elements of local oper-
ators for a system of particles.

2. The motion of a free particle is described by
a state vector

Ip, %, j, m, ad, 1)

where p, k, j, m are respectively the momentum,
the mass, the spin, and the projection of the spin
on the z axis, and a represents the other possible
invariant characteristics of the particle (for ex-
ample, the charge). We adopt for the state vectors
(1) the normalization

<Pv ”» jy m’ GI p,7 ‘K, j0 m,» (1'> = 6mm'63 (P - pl) 60»“" (2)

The invariant index « is unimportant for the pres-
ent work and will be omitted hereafter.

Because of translational invariance we have for
a local operator A(x) of any tensor dimensionality
the relation

<P, %, j, m|A (X)]p %, j. m">
:e—i(p—p’)x<p’ %, jrmIA (O)Ip,) x, jv m’): (3)
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so that it suffices to carry out the parametrization
of the operator A(0). If the operator A(x) is a
scalar and the spin of the particle is zero, the one-
particle matrix element can be expressed in terms
of one invariant form-factor f(t), which depends
on the invariant t:

<p,u|A< %> =F () @0)° V 4popo (4)
— (=P = (Po—p):—(P—P)
po=Vp*+ . (5)

The factor ( 4p0p6)1/ 2 in the denominator of Eq. (4)
appears owing to the choice of the normalization
in the form (2).

The parametrization of a scalar operator for a
particle with spin differs from the simplest para-
metrization (4) in two respects. First, the number
of form-factors is larger, being j+1 for integer j
and j+%, for half-integer j. (If we do not take
parity conservation into account, the number of
form-factors is 2j+1.) Second, the matrix ele-
ment of the operator A(x) will contain the oper-
ator D(a, B, y) of a certain three-dimensional
rotation of the spin. The appearance of this three-
dimensional rotation (first introduced in [3J) is
due to the fact that the Lorentz transformation
for the spin depends on the momentum of the par-
ticle (cf. e.g., [3’43). Therefore in a matrix ele-
ment of the operator A(0) which is nondiagonal
in the momentum the spin rotations for the right-
hand and left-hand spin indices are different. Fig-
uratively speaking, the right-hand and left-hand
spin indices ‘‘sit’’ on different momenta. There-
fore to get the invariant parametrization it is nec-
essary to ‘‘set’’ both spins on the same momentum,
and this brings in the three-dimensional spin rota-
tion in question.

The transfer of the left-hand spin index from the
momentum p to the momentum p’ is accomplished
by the transformation

{p,%, j, m[AQ)]p’, %, j, m"
= ED{nm” (p» pl)< p, %, jv m”|A (O)I p,’ X, j» m,>’ (6)

where Di mmm” (P,P’) is the matrix for the three-
dimensional rotation (cf. [3]) with the Euler angles

a, B, v given by
[(po + %) (pg + %) — PP’} 7+ 1,7,
a=arctg - - )
[(Po+ %) (pg +®)— PPl r,—r, —1,

2 2
B = arc cos»[l— ; by - 1
I (Pt %) (P + %) (Popy — PP’ + ) |

[ rurz — e l(po+ %) (py + %) —PP'] |
\ rorat 1y Lo+ %) (2 -+ %) —pp'] |

1= arctg (7)*

*tg = tan.
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(r = [pX p’]). For spin l/2 the matrix DY? is cal-
culated in [3J and is given by

(Po 4 %) (p, + %) — (p0) (p'0)

{2 (Po + %) (P, -+ %) [Popy — PP’ -+ %2]}72
where o is the Pauli matrices.

In the matrix element in Eq. (6) the left-hand
and right-hand indices are already ‘‘sitting’’ on
the same momentum, so that, for example, the
quantity 6m~”m is a scalar under Lorentz trans-
formations. For the same reason the spin opera-
tor I'(p’) written to the right of the rotation
Di(aBy) (ct. [8])

L) ==+ p" (p'i)(p, + %),

D“/' _ (8)

Lo (p') = P},

Uil =iewj,  P#=jG+1), ©)

behaves like a four-vector. Furthermore, to com-
plete the invariant parametrization of the one-
particle scalar matrix element, it is necessary to
list all of the linearly independent scalars which
can be formed from the unit operator and the vec-
tors py, Pus I‘#(p’). Since pyI'y(p’) = 0, the lin-
early independent scalars under rotations (i.e., the
scalars and pseudoscalars) will be the 2j+1 quan-
tities {pulu(p’)}?, where n=0,1,2,...,2j.
Furthermore the even values of n correspond to
scalars, and the odd to pseudoscalars. To each
linearly independent scalar operator there will
correspond an invariant form-factor fy(t), so

that the formula for the parametrization of the
operator A(0) can be written in the form

P % j, m|A Q)| D', %, j,m">= (21) (4pyp, )" S| Dl (p, p')

2f

X 20 <m [ {ipLu (0" | m'> f, (), (10)
n=0

where n runs through the even values from 0 to 2j

for a scalar operator, and through the odd values

for a pseudoscalar operator.

We emphasize that the use of the operator I';(p)
instead of I‘u(p ) gives nothing new, since, accord-
ing to (3] , these operators are connected by the
relation

T (D (p, ) =D (p, p') ATy (0) + e pr ()}

and since the operator I';(p) [I‘“(p )] is covariant
only if it stands on the left (right) of D(p,p’). We
note that according to Eq. (11)

p.Lu(® D (p, p')=—D(p, p')p,Tu(p),

so that for real form-factors all of the terms in
Eq. (10) are real.

3. The extension of the parametrization (10) to
the case of an operator which has a tensor dimen-

(12)
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sionality is not difficult if we use the fact that from
the variables p, p’, m, m’ we can form only one
axial vector I';(p’) and three independent vectors

K,.,, K;, Rp. - Smapvp; ra (D,),
where
Kl*:pp,_"p;n K= —1,
K o=potr, Ki=—u utt=tz

From these vectors we must form all the inde-
pendent expressions that have the tensor dimen-
sionality of the operator in question, and substitute

(13)

them in Eq. (10) on the right of the matrix D(p,p’).

Thus the parametrization of a vector operator
Ju(x) can be written in the form

<p7 X, j’ ml"l* (x)]p’» X, j’ m,>

exp (— iK,x,) i , . ,
=———5—7 2D (p, {m"| F,K
Gy 2D (02 P') <M IEK,
4+ Fp (T, + (K. /t + K;/u) p,Iv} + iF: K, + iF,K, | m'D,
(14)

where

Fi=21,0Q, Q@=ipl, (15)
and the summation over n is restricted by parity
conservation (if it holds) and by the fact that each
term can contain not more than 2j factors 1"#.
Therefore in F; and F, the summation goes over
even n in the range 2j =n = 0, in F3 over even n
in the range 2j—1 =n= 0, and in Fy over odd n
in the range 2j—1 = n = 0. By means of Eq. (11)
one can verify that the coefficient of each form-
factor in Eq. (14) is a Hermitian operator. If J,(x)
is the operator of a conserved current, it satisfies
the conservation law

Ju(x) Ko = 0. (16)

In this case F, = 0 in Eq. (14) and the quantities
£1,0(0), £50(0), oF{ ((0) are respectively the
charge, the magnetic moment, and the mean
square radius of the charge distribution.

In analogy with this, we can parametrize the
matrix element of a second-rank symmetric ten-
sor Tyup(x), which for definiteness we shall take
to be the energy-momentum tensor, in the follow-
ing way:

<p» %, j! mlT}W (O)I p’a x, j) m’>

1 . , , ,
o pr

% 0) = 3 GK K, + GI,T, + Gy (KT, + T, K))
+ iGy (KR, + R,K)) + iGs ([ R, + R.I")
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+ Gy (B + KuKo) + Gy (88— K, K)
+ iGy (KT, + T, K.) + iGs (KK, + K. K.)
+ Gy KRy + R.K)),
T, =T, () + K/t + K /) pT, @), (18)

Here the scalars Gj (i=1,2,...,10) are con-
nected with the invariant real form-factors by the
relations

G = Egm (t) Qnr (19)
n

where the summation is over even n in Gy, Gy, Gy,
Gg, Gy, Gg, Gyy and over odd n in the other Gj, and
the ranges are 2j =n = 0 for Gy, Gg, Gy, Gy, 2j—1
=n =0 for G3, Gy, Gg, GlO’ and 2j—2 =n = 0 for
Gy, Gs. If we do not require parity conservation,
the summation is to be over both even and odd n
in all cases.

The energy-momentum tensor satisfies the con-
servation law

Tp.va = O.
Substituting Eq. (20) in Egs. (17) and (8), we get
G7 = GB = Gg = Glo = 0- (21)

(20)

In particular, it follows from Egs. (18)—(21) that

the matrix element of the energy-momentum ten-

sor for a particle with spin 0 reduces to two form-

factors (cf. [11), that for a particle with spin %, to

three, and that for a particle with spin 1 to seven.
For example, for spin 1/2 the parametrization

of Typ(x) is of the form

<p) ”’ 1/27 m1 I T}LV (x)l p’v u’ 1/21 ml>
= (@)™ (4 popy) ™" €= 5\ Dt (p, ')

X (m"| {1z, o () KK, + ig, , (6) (KR, + R.K))

+ 8,0 (8) (t8yy + KuK\)} [ m"). (22)

As in the case of the current, the values of the
form-factors and their derivatives at zero argu-
ment have direct physical meanings: gy ¢(0) =1
describes the mass. The form-factor gg ((t) de-
scribes the internal forces (for example, pressure)
in the particle. This form-factor does not contrib-
ute to the mass, but does contribute, for example,
to the mean square radius r, of the particle:

re =37 g , (0) + g, , (O))-

The description (1) of the motion of a free par-
ticle in terms of the momentum and the spin pro-
jection on the z axis is not suitable when the rest
mass is zero. In this case the state vector is taken
in the form

(23)
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where A is the helicity, i.e., the spin projection
along the momentum, which for any nonvanishing
spin j runs through the two values A = +j. The
helicity is invariant under proper Lorentz trans-
formations, but changes sign when the space axes
are inverted.! Here the axial vector T'y(p’) is
not independent, but simply equal to Apj. This
simplifies the finding of the independent form-
factors, and in general reduces their number.

For the case of zero rest mass the three-
dimensional rotation D(p,p’) of Eq. (10) is re-
placed by a phase factor Wy~ (p,p’):

(24)

W (p, P') = e~ (P, P') §ppn, (25)

where

sin (6’ — 0) sin (29 — @’)
sin 6 cos (8" — 0) 4 cos 0 sin (6’ — ) cos (2¢ — @’) ’

tgy = (26)
6, ¢ and 0’, ¢’ are the spherical angles of the
vectors n=p/|p| and n’ =p’/|p’|.

It follows from what has been said that for zero
rest mass the invariant parametrizations for the
matrix elements of a scalar, a conserved current,
and a conserved energy-momentum tensor are of
the forms

’ 27
P AAOIP, W = G ).,, far 0, 27)
—iAX
JA|J, (O ’,k’=——e—-#FrtK', 28
B Q1P W = Gt P (0K, (28)
—iAX
<p, M Ty | O)] p’, A =W |

x { g0, () KK, + g3 (t) (taw+1<pi<v)}. (29)

Here, in order for the energy-momentum tensor
to have the right connection with the total energy
and momentum, we must impose the condition

g, (0) = & (30)

The requirement of parity conservation leads to
the relations

f)‘,)\ (ty= f_l, Y ®, f)\, Y ()= f-)h by )

and analogous relations for Fy,/(t), g\ (t), and
ghas ().

The parametrization in the helicity representa-
tion with nonzero mass has been obtained in [8],

@1)

DAs is well known, the eigenvectors corresponding to
states with a given helicity can contain an arbitrary phase
factor.[?] In this paper this factor is chosen in accordance
with our previous paper.[’] To change to the choice of factor
made by Jacob and Wick[] one must multiply the right mem-
ber of Eq. (25) by exp{-iA(p — ¢ )}.
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To conclude this section we point out that for
the practically important case of particles with
spin 1/2 the notation for the matrix elements used
in this paper, namely

<p1 %: 1/2v mv 8‘ Q (XGH P’, %, l/2v ml9 BI):

where € takes the values +1 (electron state) and
and -1 (positron state) is related in a simple
way to the usual notation which uses Dirac spinors
u™(p) and vI®(-p). For example, for the matrix
elements of the electron, positron, and annihilation
currents the connection is given by

Py %y gy my A 1| Ju () [ 'y %, Yy, m', 4 1D
exp{—i(p—p)x —,
1 u
(4popy )" ()

Ao Om+ % O

Sl e, — i fu ), @

P, %, oy m, — 1|y (X)| p's %, Yy m', — 1)

eXP{—t(p—p)x} ,
e 0P

{5 r, + 3 02T (o, — p)om(—p), @)

<P, %, 1/2’ m, + 1» P’, X, 1/2;m,’ —1 IJP- (x)]O>
_exp{—i(p —p) 5} 7m
-, a5, p
(4popy )" (®)
BB (o, 4 p)} o (— P,

x {07, + % ()
(I1I1)

1
0
pa/(| po | 4 %) !
(Py+ip /(| Po| + %)

uh (p) = A

0
1

(P —ip)i( 1 po| + %)

( — /(1 Po |+ %)

u-'l (p

, (— pe—ip )1 po |+ %)
v (p) = A o
0

( Py +ip)I(1po| + %)
ot (p) = p2/(] pol +%) , av)

where
t=—@—p)? =—0@+p)

A = [2]py| /(] pol + #)]".

4. The method for parametrization of one-
particle matrix elements of local operators can
be applied to matrix elements taken between states
containing one particle of spin j and mass M and
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an arbitrary number of scalar particles:

Chuy By e vy by Ban Py M, o m|Q (x)] Ay, py,

ceey k;y Pl;, p,y M: j, m”>-

Here kj, pj are the energy-momentum and mass
of the i-th scalar particle, and p, p’ are momenta
of the particle with mass M and spin j. In this
case the vectors we have available for the con-
struction of the matrix elements of a local oper-
ator of given tensor dimensionality are

kr, k y P P', r (P'), Rg' be= Bp.vkaavb)\cm

q

(a, b, ¢ are any of the vectors ky, kf'l’ p, p’, IT').
We can take any four linearly independent vectors
from among these as ‘‘basis’’ vectors, and form
from them all possible tensors of the given rank.
Since T #( pP’)pyi = 0, we can get all linearly inde-
pendent scalar matrices Np m,] from the three
scalars

Q= ql(})rp, Q, = qf)l"p' Q= q‘(f;)rp'

(qﬁ}) are any three of the available vectors except
p’, I') by means of the formula
2
2j>=2ntm+4-1>2j—1
As an example we give the parametrization of

the matrix element of the operator of the conserved
current for the photoproduction of a 7 meson on a
nucleon:

Nn,m,l = (32)

Qr Oy Q-

<ky P» p’ M 1] 1/2y m | JV (x)l Pl7 Mp 1/29 m’)
= (@) " Bkopops) " e%* 2\ Dl (p, ')
x (m'| FV (s, t, u) KVF® (s, ¢, u) K
+ F¥ (s, t, u) K| m',

2

1>n+m+i20

K, = H"!‘pﬂ_pl,“

FO (s, t, u) = f@ornnomt (s, t, u) No, m, 13
K = ps + Ky (Kp)t,
K}(Ll) = Euwrp kvpkpsh K:LS) = Pu + KLL (Kp’)/t)
t=—K, s=—[K?PF u=—I[KY]

Q, = kT, Q =pl, Q=K"T. (33)

Here parity conservation means that only the
form-factors £12:0:0,0 £(13,0,0,1  £(2,3),1,0,0 £(2,3),0,1,0
are different from zero.

5. Let us now consider the matrix element of
most general form for the scalar operator A(x),
between states with arbitrary numbers of particles
of any sort. It follows from considerations of rel-
ativistic invariance that any physical system can
be described by a state vector

1337

[Py, S, m, a), (34)

where P, is the four-momentum, S is the total
intrinsic angular momentum, m is the projection
of this angular momentum, and a represents the
other invariants under proper four-dimensional
rotations and displacements of the coordinates;
here these can be not only the charges, but also,
for example, orbital angular momenta of the par-
ticles in the center-of-mass system (c.m.s.), and
SO on.

A state vector for two or more particles, given
in the form of a direct product of vectors of the
type (1), can be reduced to the form (34) by means
of one or more expansions of the Clebsch-Gordan
type for the representations of the inhomogeneous
Lorentz group. This expansion has been obtained
in [%] (see also [10]),

For the special case of the scattering of two
spinless particles the quantity (34) is simply a
component of the partial-wave expansion in the
center-of-mass system. Here it is convenient to
take the normalization in the form

(P, S, myal|P,S, m,a =08 (P,—P,)dssdmmdaa
(35)

The index « will be omitted hereafter.

A relation of the type (3) is of course still valid
here, so that it is sufficient to consider the para-
metrization of the operator A(0). Just as before,
it is helpful to go over from the vectors P, P’ to
vectors K, K’ as defined in Eq. (13). Together
with the invariant t = —k? we now use the invari-
ants

s=—P, 5 ——pn (36)

We call attention to the fact that in the matrix ele-
ment

(P, S, m|A(O)|P,, S, m'> (37)

the intrinsic angular momenta S and S’ are differ-
ent, which excludes the possibility of constructing
the operator I', (diagonal in the spin), and thus
prevents the use of the methods developed in Secs.
2, 3.

For the invariant parametrization of the matrix
element (37) we make a Lorentz transformation
from the original (laboratory) coordinate system
to the Breit system (B.s.), i.e., the system in
which

K, = (0,0,0, V=K?).

When the vectors P and P’ are equal, the B.s.
goes over into the c.m.s. Then
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Py S, m|A O)Py, 8, m'y = PP 2 Do (P,w)

1

X (P,, S, m|AQ) P,, S",m"> D5~ (P', w). (38)
t m’'m

Here w = Kl'i(—K'z)‘i/2 is the four-velocity cor-
responding to the Lorentz transformation in ques-
tion; DS(P,w) are matrices for relativistic spin
rotations, taken in the form given in (2] [ Egs. (33),
(34)]; and

P.=@P), P,=(—qPF,
with

q= ;—{K'I‘ w(wK)/ (@, + 1) — wKo},
lqf = 1 4 5% 2

—2(ss" + st + s)/4A[2 (s + s') —¢],

Pi=s+1laP, Pi=s+]qf (39)

It is obvious that

(P,,S, m|A (0)|P,, S, m'y=<S, m|B (s, s,tn)S m,

(40)
where n =q/|q|. Expanding the operator B in
spherical functions of n, we get
(S, m|Bs, st n)S, m

= 2 Yin (0)<S, m| By (s, &', )] S, m'>. (41)

LM

We note that the vector n is the unit vector in
the direction of the vector K in the B.s., where it
is distinguished from K in an invariant way.
Therefore the expansion (41) in spherical harmon-
ics is of an invariant nature. In the special case
q = 0 the vector n is undefined, but in this case
L = 0, since a state with the momentum equal to
zero is an eigenstate of the angular-momentum
operator with the eigenvalue zero (to verify this,
it suffices to consider the commutation relation
for the angular-momentum and momentum opera-
tors).

Since all of the angular momenta in Eq. (41) are
now given in the B.s., we can use the Wigner-
Eckardt theory, according to which the matrix ele-
ment of the operator By ) must be a scalar mul-
tiplied by a Clebsch-Gordan coefficient (cf. e.g.,[SJ)

(S, m|Bru (s, s t)| S, m'>

= (S'm'LM|Smy Fis (s, s, t)]. (42)
The formulas (38)—(42) give the desired para-
metrization for a scalar matrix element in terms
of the invariant form-factors Fé*s(s, s’, t). We
note that if the operator A(0) is Hermitian, all

A. A. CHESHKOV and Yu. M. SHIROKOV

of the form-factors are real. Depending on the
parities of the operator A(0) and of the states
between which the matrix element is taken, the
summation in Eq. (42) goes over only even or
only odd L inthe range S+S' =L = |S-8'|.
The physical meaning of the transformation (38)
is that, as in Eq. (6), all of the spins of the par-
ticles are ‘‘set’’ onto the same momentum [in
Eq. (38) onto the momentum K’], by means of
the matrices DS(P,w) and DS'(P ,W). An im-
portant point is that not only the spins of the
particles, but also the angular momentum L are
‘‘sitting’’ on the momentum K’; i.e., under Lo-
rentz transformations the quantities Yy pp(n)
transform like wave functions of a particle with
the intrinsic angular momentum L and the mo-
mentum K’.

6. The parametrization of a matrix element of
an operator with a tensor or spinor dimensional-
ity, taken between two arbitary systems, calls
for the conquest of one further specific difficulty,
connected with the fact that the tensor (or spinor)
indices of the operator do not sit on any momen-
tum, but are covariant in themselves. These ten-
sors (or spinors), however, can also be set onto
the momentum K’ (or onto any other timelike
four-vector H which is a linear combination of
the given momentum P, P’), when we subject
them to the Lorentz transformation from the labo-
ratory system to the B.s. (or to any other coordi-
nate system which corresponds to setting them on
a vector H).

The respective forms of the transformation to
the B.s. for a vector J, and a spinor 7 (A = Y%,
- 1/2) are

J=T+w(Iw)/(@o+ 1) +wlo,  Jo=Tgw, + Jw; (43)
W= A, T, = AL,
A= (@ + 14 oW)/V2w,+ 1) (44)
The transformation for a Dirac spinor ¢ is
b=Wh W=+ 1+aw)V 2w, + 1), (45)

where « is the Dirac matrix.

The component 30 of the transformed vector
3“ is a four-dimensional scalar, and the three-
dimensional components form a vector sitting on
the momentum K’. After the standard change to

13

the canonical basis:
o
aw=V'%5 :
0 V2 o0

the unit angular momentum described by this vec-
tor can be combined with the angular momenta S,

—1 0 1
T = ayJt, i 0 if,  (46)
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S’, and L, by means of the usual coefficients for
vector composition. The vanishing of the sum of
all four angular momenta gives (together with the
terms corresponding to the scalar 30) the com-
plete parametrization of the matrix element of
the vector operator Jy(0), which thus can be
written in the form

P,, S, m| TLO) P, S, m">

.

= [4P P, DS~ (P,w)

oA, m, m, L, M

X D35, (P, w) <S', m'jh | Sm)y
X (W LM|jAy Yiur (n) G857 (s, 8, 1),

Py, S, m| T, Q) P,, S', m">

= [4P,P 1 D) ~ (P,w) D>~ (P',w’)
m,m, L, M’
X (S, m'L'M’" | Smy Y (n) G5 (s, 8, 0). (47)

The conservation law (16) leads to the relations

A [ s 42 —2(ss' + st + sH)I"
X {12l — 1)]‘/z Gy b 1-1,1

— [+ 1/el 4+ 3" Gy =9 (s —5) Gy &

(48)

The parametrization of a spinor operator is ac-
complished in an analogous way. It is based on the
fact that the spinor 7) sits on the momentum K’,
so that the angular momentum Y%, which corre-
sponds to it can be combined with the angular mo-
menta S, S/, and L. Therefore the parametriza-
tion of a spinor operator 7)(X) can be written in
the form

(P,, S, m] T (x|P;, S, m'

= 2 Ay (w)- 2

DS~ (P, w)
D D e mm ’
(4P P, ) I p m,m, L, M

DS (P, w
(49)

w)(S'mjp | SmyC LN LM | judY Lu(n) @4 5 (s, s', 1),
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It is also not hard to write the formula for the
general case of an operator which transforms ac-
cording to an arbitrary finite-dimensional repre-
sentation of the Lorentz group. We shall not do
this, since for practical purposes the formulas (47)
and (49) are sufficient. The method we have given
obviously applies to one-particle matrix elements,
but for these the less general method developed
in Secs. 2 and 3 is more convenient.
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