


I. INTRODUCTION

In the last years interest has been aroused in the models
of a relativistic point particle the action of which contains,
besides the length of the world curve, new terms that depend
on the curvature /1% or torsion/7—1%6f this curve. Such
geometrical invariants of the world trajectory should be ta-
ken into consideration, in particular, by introducing the spin
factor into the Feynman path integral/uﬁtz/. In this approach
there is a possibility of obtaining the spinor propagator by
making use of the bosonic path integral without introducing
the Grassmannian anticommuting variables at the classical le-
vel. The model of the relativistic particle with curvature
can be treated as a one-dimensional version of the rigid
string /5.18/4nd its Euclidean setting is used in the polymer.
theory /14/. In ref.’/?a mechanism of fermion-boson transmu-
tations has been explored{‘Scalar charged particle was plac-
od in an external Abelian gauge field with the action contain-
ing additional Chern-Simons term. In the Euclidean three-
dimensional space it was shown that the effective action of
the particle acquires an additional term given by the integral
along the trajectory of its torsion. By making use of the
path integral it was shown that the corresponding effective
propagator is the usual three-dimensional Dirac propagator.

It is worth-while to construct the canonical quantum theory
of this model in the operator form which gives us a more com-
plete description. The present paper is devoted to this prob-
lem. The layout of the paper is as follows. In the second sec-
tion the generalized Hamiltonian formalism for a relativis-
tic particle with torsion in a D-dimensional space-time is
constructed. A complete set of the constraints in the phase
space is found, their separation into the first-class and the
second-class constraints is fulfilled. The third section is
devoted to the canonical quantization’of this model. At first
the general scheme of quantization in D-dimensional space-time
is considered. Further the case of a three-dimensional space-
time is investigated in detail. In the sector with positive
mass squared we obtained a spectrum determined by an equa-.
tion involving the parameters of the model, the mass and spin
of a state. The possibidity=ef—deseribing,in the framework of
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this model, the states both with integer, half-integer and
ccontinuous spins is discussed. By making use of the Casimir
 operators of the Poincare group we construct the wave equa-
tion and the corresponding propagator. In Appendix A a dis-
crete mass spectrum in the model of the relativistic particle
with a curvature in the D-dimensional space-time is derived.
Different forms of the wave equation are proposed and the
corresponding propagator is found. The possibility of descri-
bing the states both with integer and with half-integer spins
in the framework of this model are discussed. :

2. THE HAMILTONIAN FORMALISM

Let us consider the action of a relativistic particle defi-
ned by
S=-mfds-q [«(s)ds, (2.1)
where ds is a differential of the length of the world trajec-
tory, «(s) is the torsion of this trajectory, m is a constant
with a dimension of mass and « is a dimensionless constant*,
It x*(n, p=0,1, ..., D-11is a parametric representation
of the world trajectory, then the action (2.1) can be rewrit-
ten in the form /15/ ' .

S=-mfdryx2-afdryx? - ; (2.2)
) . : ' (xx)2 __1223{'2

. (@) (B) (a)

where d =det(d,g), d, =x P z , X =d%x/dr% |, @ , B =

=1, 2, 3. The dot means the differentiation with respect to
- 7. In the D-dimensional space-time the metric with the sig-
nature (+, -, ..., -) is used. ,
The action (2.2) is invariant under the Poincare transfor-
mation in the D-dimensional space-time and under the repara-
metrization of a world line. As a consequence of the last

. -1 3
¥ It should be noted that the integral (2#) . @ x(s)ds. taken along

a.clo:'sed contour C in.the three-dimensional Euclideag space is equal to the
linking coefficient of the boundaries of a flat strip connected with this
contour 715,16/ 1 order to get an absolute topological invariant, one
/should take into consideration the writhing of this strip/17,18/
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property the Lagrangian function
- shall construct now the
this model by making use
begin with we introduce t

in (2.2) is singular. We
generalized Hamiltonian formalism for
of the.results of papers 71,19/ To .
he canonical variables y

Q’_‘—'xn q2=xr Q3"x, (2.3)
p, = __EEL._ :Eé_ -

1 3 PPl (2:4)
P = - L dp, : a
o Y, Tf-— ’ ‘ o . ' . (2.5)
Py =~ ——i, |
3 i ] ~(2.6)

where L is the Lagrangian function in

(2.6) the Lorentz indices are omitted
‘The explicit form of the canonical

be required further. It is given by

(2.2). In egs.(2.3)-
for simplicity.
momentum Py will only

. : Vi2 . 8 (a) . . :
pk =g va 3z 4% xn '
(%)% - 252 ooy 2D
where daBis the matfix invers y qaPr_ 57
e to dgg: dygd =6 . F
(2.7) we deduce three primary constl:;[igntsal8 “ rom
a) A q2 - - !
1 3 ( )2 5 3 =0, (2.8)
.8, » ~Q,4, A
. %)
2 fpaquo' (2.9)
3 - 0 2.10
=D = . . .
3 “Pgl3 (2.10)
According to Ref.”19/ the canonical Hamiltonian is
H=op kep %epi-Loopq o nvad 211
¥ " PpX-pyX - L P9 ,pzqaﬂ-m\/qgf ‘ - (2.11)

The Poisson braékéts will be defined és follows .
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3 ot g af og
(£,8) = = (— — - - ).
a=1 apa aqw aqa apau

The primary constraints (2.8)-(2.10) are in involution between

themselves

) 1) 1 @ W

() <1>' T
¢2,¢3)=¢2-~0. - (2.12)

¢9)

(¢, ¢,) =0, ((;251 »$3) =24 =0,
The sign =~ means a weak equality/zo/. : .

In Ref.’/l/ the generalized Hamiltonian formalism develop-
ed by Dirac for singular Lagrangians of the first order has
been extended to the singular Lagrangians with higher deriva-
tives. We shall follow this approach. The dynamics in the
phase space is determined by the equations of motion

. , .
af  af W :

—_— =2 L (t,H A, (f, ; o 2.13
FPaairval G Ok a§.1 2 (I8, ), ; - ( )

where f is a function of the canonical variables and evolution

parameter 7. , :
Let us now look for the secondary constraints by making

use of the Dirac prescription. Demanding the stationarity of

the primary constraints - : :

ay

d¢a () :
=(¢ ’ H )=0) a'=I'D.2l3' (2.14)
dr a T i .
3 1) .

with Hqp =H +b21 Ap®, we obtain three new constraints
@ Q4 -
é =pp -a® 273 -0, (2.15)
1 2°3 ( )2‘ 2 9

‘ Go03)" =50,

@ - |

%, =D,a_=0, : . (2.16)
@ | o R (2.17)
Py =D,q,=0. : .

V,Further.we shali need the Poisson brackets of the con--
straints (2.15)-(2.17) with the Hamiltonian (2.11) and with

4
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D—————

the primary constraints (2.8)-(2-10)

@ () @ @ @ @ (@

(¢1 |¢1)=‘0: (¢10¢2')=¢1=‘0n (¢1’¢3)=7¢1""0’

. ) .
(2) a, . 3) .

(6 ,H)=- -2 4 g2
. [p1p3+p2+a

2 2 2
(9593)" - g, q;

@ @ n @ W
(¢2 |¢1)=05 (¢20¢2)%¢2:0’ (¢2’¢3)=0’
@) 3)
(¢2’H)=H=¢29
@ (1 @ @ W me @ o (@)
(¢30¢1)=—2¢1=0: (¢39¢2 =¢3"¢2=‘0’ ¢3'¢3)=-¢3=0'
(2) 9,4, ©@ :
(¢3.H)(‘;=—plq3+m_ —— =4, . ' -

The requirement of the stationarity of the constraints (2.15)-
(2.17) on the equations of motion :

@ :
d¢ @ 3 2 Q) . o
—2 _ b - p

dr (¢?’H)+b:1 Ab(¢a’¢b)=0’_ 3.—1,2,3, (2.19)

r?sults in the three new constraints with the canonical Ha—
miltonian (2.11) between them '

@) 0 q?

% =P P, +D. +a2 3 =0, .

P (0.4 - q%q? g 0 (2.20)
1,95)° -aZq? : ‘

® - qq SR PRI

¢ =P 9+ m -=0. C R (2.22)

a2
\/q2

- On this stage the‘pchess qf generatiqh"of coﬁstraiﬁts‘is
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2 o2 c : :
(9,4,)" - 9,9, ' PyPs (2.23)

>
1]
W

Aj=m
2/ q? ' ‘ 13
2(p,py) 4V T, ,

Now we have to separate all the constraints into the first

and second-class constraints. For this purpose we constrauct
the matrix Q with elements

- .
. 0),  1<i,ig9, | (2.24)

Qg =(8;,06;

i

() | ’ ' i
where 0, ., yv.,= ¢ , a, b =1, 2, 3. The matrix @ can be re

written in a lock—fbrm:

0 0 A
Q=1 o0 B C ‘ (2.25)
_at -ct D

where 0 is the (3x3)-zero-matrix and

0 -0 -2[,)‘1[)3 ’ 0 0 - Tplp3
A= 0 0 0 , B- 0 0 0 '
0
-ppy 0 O PyPg 0
(2.26)
P,P . | o om2op® |
a® 1g2 0 -p,P, 0 —3p1p2 m P1
0 e
= |-2 0 0 , D= {3p.p =
© °1P3 | e € vd?
: 2m2 ‘ -mg
~PPy Z Y pi-m2 2 /g2 °
- P3 \/q2 LR S

Here g=(q,q )2-q2q2 , sign t means a transposition. As is
known /217, the number of the first-class constraints equals

Dim Ker Q.. If the vector £ < Ker(, vf-—';i £ veees £yl s then

£y =8 =E,=£4m0,

(p!pa)£3+-2(plp3)§5¥3(plpz)§8=0. A (2.27)

m
2(9193)61———'g—__—-58= 0.
2\/q2
. q2 2
Thus we get
DimKerQ = 3.,

Therefore in the model under consideration there are three.
first-class constraints and six second-class constraints. The
number of physical degrees of freedom equals obviously 3D-6.

The first class constraints can be separated by the formu-
la /7217

9 : “
¢ = 3 0., a=1,23, ) (2.28)

where ¢., a =1, 2, 3 are the basis vectors of KerQ . By
making use of eq. (2.27) one can easily construct these vec-

: (a) R
tor up to an arbitrary factor for each & . They have the
following nonzero components

a) (@) (2)

6) mg @ 2pop, 3) (2.29)

€ - . E=—r2  F g,

1 —— 3 ! 8
2 2 PIP3 .
‘2q2 v qa P, P, 5

Taking into account (2.28) and (2.29) we obtain the first-
class constraints

¢1.-=p3q2=0, (2.30)
B =Pp9,-2P303=0, . . (2.31)
P ——pt1—b‘qv+m\'/q2%——&p2—"pq'+‘ |

3 - 1°2 ‘2°3 vove PP 3°3

- : 1°3 L

. - o q% : (2.32)
+ msr — (p2+a2 _2)=_0. } k

2 yaEvaE 8

PiP3) Ty Vi,
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’

¢ -I‘»{’>=0'
a .

As the second-class constraints wg =0, .s = 1,...,6 one can
take six arbitrary constraints from the set 101, i=1,...,9}
with det || (o, wg )I#0 , s,8" =1,...,6. This can be done
in many ways. For example, - one may put

) (3

0=k =0, 05, =0,

a 2 a=1,2,3.,

(2.33)
In this case the Hamiltonian (2.11) is considered to be the
second-class constraint. Howngr we can substitute Ii=¢n5 in

(1) y
(2.33) by ¢, - At quantum level we shall consider both

these possibilities. . i

3. QUANTUM THEORY

At first we consider the general scheme of the canonical
quantization of this model in the D-dimensional space-time.
We are dealing with a generalized Hamiltonian system in the
6D-dimensional phase space with three first-class constraints

- (2.30)-(2.32) and six second-class constraints (2-33). The

state vectors are defined from the conditions “
¢ |y>=0, a=1,23, (3.1)
The commutators of the operators q and‘pa, a=1,2,3 must be
determined by the Dirac brackets constructed by means of the
second class constraints wg. After this the constraints @y
will vanish identically at the quantum level, -and they can be
omitted in conditions (3.1). As a result, the wave equations
(3.1) can be rewritten only in terms of the primary const-
raints o ,

(t)

a=1,2, 3. (3.2) R }

- The number of the wave equations (3.2) can be reduced by
introducing the gauge conditions. For example, the condition .

X =0,8,=0 | (3.3)
entails considerable simplification. From (3.3) it follows
that- - . ) i

q® = const . T - “(3,4)

- P

Thys eq. (3.3) is in fact, the proper time gauge. This gauge
eliminates completely the functional freedom in the equations

of motion (3.13), and the last Lagrange multiplier turns out
to be :
2, 2

In principle, we can impose one or two gauge conditions in
addition to (3.3)_yc(qa.Pa.T) =0, e=2, 3 demanding - that

det|l (x ,® )[40, a,b=1,2,3, (3.6)
dx, s W S
—-é—r—+(>(c,H)+a-=-1 Aalxg »6,)=0,  c=2,3, (3.7)

where Aay 3=1, 2, 3 are defined in (2.23) and (3.5).
Further simplification is achieved when D =.3. Inrthis

case a relation between the parameters ‘of the model, a and
m, entering into the action (2.1) and the squared mass M? = p?
of the state and its spin can be obtained. Let us derive this
relation. If D= 3, then three vectors !qz, qs‘,ps} - form, by
virtue of (2.8)-(2.10),.a tomplete orthogonal basis. Taking-
into account (2.15)-(2.17) and (3.3) we deduce
u=20,1,2,

pg(r)= 0, (3.8)

The components of the vector pf in the basis iqé q3‘,b3l ;re

\ . { .
plpB q2 ! .91?2 anq’ * p1q370: (3'9)
2 . ‘ ' ,
Hence one can write
q? m
ph—ph B, qr_ T (3.10)
q? VY
2 G
Squaring eq. (3.10) we obtain
B ) s )
2 B
L =MP=m?yq? 8 (3.11)

2.2
(qz)

where M2 is the mass of the particle with the action (2.1).
From (3.11) it follows that ° ' o T



(3.15)

and M? is not positive definite because q® <o0. Thus, in the
model under consideration the squared mass is determined by
the initial conditions (by the Cauchy data) for variabless
qg and it can be either positive, or negative, or it can va-
nish. Further we shall confine our consideration to the sec-
tor in this model, where pf::M2 > 0. Obviously, it can be
made only in the free case. .
Let us examine the angular momentum in this model
3 o

Muu = a2=:1 (qaupau_q

- M2 < m®

aupau)'

At the quantum level the algebra of the operators M, should
be determined by commutators of the operators q, and P, a=
=1, 2, 3. In their turn these commutators are defined, as
mentioned above, by the corresponding Dirac brackets. But
the requirement of the Poincare invariance of the theory un-
der consideration determines the algebra of the operators

P, and M completely. This algebra must- be the same as the
aTéebra oguthe Poincare group. Without calculating the cor-
responding Dirac brackets we assume that the Poincare inva-
riance takes place. As the scalar Casimir operators of the
Poincare group we take the following ones’/22/

p? =M%, (3.13)
1 i 2 ‘u 2
W=?MWM_ Py - (M pf)2, (3.14)

It is easy to show that on the surface determined by the con-
straints and gauge conditions the invariant W is given by*

2
2 q
waa2(pf-_"2___32_), (3.15)
% 9 4
) Taking into account (3.11) we obtain )
W=a2m2 - (3.16)

In the rest reference frame of the particle, where p? =
:=(p? = M, Bl= 0), we have

*In the four-dimensional space-time the invariant W is the squared vao
Pauli-Lubanski vector with sign minus, W = -wuw“, where W, = ( 1/2)€,me ppl.

e
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i

'<%2=<-j"-)2,1za.

| | -
W= 2o X g (s0(2y), (3,17)

where Gy (SO (2)) is the squared Casimir operator of the group
S0(2) (see, for example 723/). Hence, there is a general ' re-
lation S :

2a®m? - M% ¢, (s0(2)) . '(3.18)

Now we have to specify the transformation properties of .
the state vector |¢>. Here there are three‘possibilities1in
accordance with three different representations of the rota-
tion group 80(2)on the plane 724/ with integer, half-odd-
integer or continuous values for spin j. In all these cases
we have /23/ ' '
C, (so(2)) =252, 1-0,1,..., (3.19)
The values j<a do not fit condition (3.12). Without loss of
generality we can suppose that a > 0. Therefore relation
(3.18) ‘should be rewritten as follows

(3.20)

If the parameters of the model a, M and the spin } of the

state are given, then eq. (3.21) determines the mass of this
state. If one assumes that m,Mand j are fixed, then relation
(3.20) defines the parameter q.

It should be noted here that in the model under considera-
tion we have to deal with the tensor representaﬁions‘qf the
S0(2)-group only because the initial action (2.1) contains no
spin variables at the beginning. And even in the case of the
half-odd-integer spin values the corresponding wave function
is taken in the Schrédinger coordinate representation instead
of the spinor one.

Let us construct the propogator in this theory. Aftef\im-,
Possing the gauge conditions we have one constraint on the

11




physical state vectors®

ay’ _ »
¢, l¥>=0 : . (3.21)

that can be rewritten as

2q2 - o? =0, (3.22)
(P45 - a®) fy> '
The operators in the left-hand side are expressed in terms

of the Casimir operator p? and“W of the Poincare group. As
a result, the wave equation becomes

2me : . o
-_w_l@_w>=o. : - : (3.23)

The propagator G in the operator form is. defined by

“

p? ' - o
G=—_1__ ©(3.24)
W - a?m2

In order to : transform the operator equation (3.23) into
the partial differential equation for the wave fu?cti9n~‘
¥ (q, ,q ,qa), one has to construct the exact realization o
the asfmir operators p? and W in terms of a/aqa, a=
=.1,2,3. It is easy to write this equation in the Fest frame
by making use of the angular variable o ) .

(=22 a2y () -o. 3  Gas)

One may impose in principle, three different boundary ‘condi-
tions :

¢(¢)=¢(¢+2n5. ¢(¢)=—¢(¢;én).‘I¢(¢)|2=F- | _(3.26)

Putting - o
" Y (P) ~ exp (1ig) i : | (3.27)
- . 1) o o
*We ‘assume that the constraint ¢, =0 is transformed into the second-

class constraint by an appropriate gauge condition that obeys egs. (3.6)
and’ (3.7). )

12

we obtain from (3.26) integer, half-integer .or continuous -
values for spin §. After substituting (3.27) into (3.25) we
arrive at the mass formula (3.20) that gives the position of

of angular variable ¢ in (3.25) with the canonical variables
9,, P, and choosing on this basis the corresponding boundary
conditions in (3.26). We would think that it is interesting
to remind of the half-integer orbital angular momentum prob-
lem in nonrelativistic quantum mechanics that is still being
under’discussion (see, for example, 728/ and references the-
rein). ‘ o
As was mentioned in Section 2 one can substitute H = wg

: ' 6))
in the set of the second-class constraints (2.33) by )
This entailes, at quantum level, different form of the wave
equation. Instead of (3.23) we have ’

d)B|¢>=H|¢>=(—plq2+m\/q§)](/;)-_-0. _ (3.28)

Probably this equation can be reduced to the Dirac ‘equation
more easily in comparison with the equation (3.22) or (3.23)
(see, for example, Ref.’25%), The mass formula (3.20) can be
derived from the wave equation (3.28) as well.

The relation between mass and spin also takes place in the
theory of the relativistic particle whose acfion'depends on
the curvature of the world curve (see Appendix A to ‘this ™ -
paper and Ref./2/), S Sl ' :

4. CONCLUSION

Thus, we have shown that at the quantum level the action
(2.1) describes infinite family of states with different

'spins. The mass of a state cannot be arbitrary but it is de-

termined completely by the model parameters a, M and by the
spin of the state. This picture takes place only:in the sec-’
tor with positive mass squared. o ' .

In principle this model enables one to describe the states
with integer, half-integer and continuous spins. But a deci-
sive conclusion requires more sophisticated inveStigations
here. The extension of this model to include interaction is
worthwhile also. ' ' ’ '

13



The idea to describe classical relativistic particles
with spin by means of the Lagrangian with higher derivatives
without introducing anticommuting Grassmannian variables has
been proposed long ago/27 . Further development of this ap-
proach can be found in Refs. /28-31/,

As far as the investigations of the boson-fermion transmu-

tations in the external Chern-Simons fields are concerned
here there is another possibility. One can quantize the
whole system, a charged particle and external field, without

preliminary construction of- the effective partcile ac-
tion /32, 83/
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APPENDIX A

Here we obtain the quantization condition for the mass
spectrum in the theory of a relativistic particle with the
action

S=-m [ds +a [k(s)ds, _ -(A.1)
where k(s) is the curvature of the world curve. The D-di-
mensional space-time is considered. In paper /}/ the complete

set of constraints in this model has been obtained as fol-
lows:

@) 1

=022 1 42 = = =0, - (A.2)
b —p2q12-+a =0, ¢, - Py, 0 | | (
@ ®) : [ : : '
- = = - 2 = 0. T A'3)
by =P Py =0, &, =pq,-mVq (

The invariant of the Poincare group W on the surface deflned
by the constraints reads

Wea (m? -pf) =a® (m? - M), - . | (A.4)

Further we shall consider only the sector in the model, whe-
re P =M2 >0 . In the rest frame we have ~

7
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(% bst e B
We—t— % myut =—“g—02 (S0(D-£)), (A.5)
s J= : . L T

where C; (SO (D~ 1))15 the squared Casimir operator for the
SO(D~-1) -group. The e1genvalues of this operator -are 723/

Cp (SO(D-1)) =2§(J+D-3), §=0,1,2,..., D>3, ‘(‘A‘.)6-)‘-

where j is the integral spin of the state. We do not consider
here the half-odd-integer values of j in order not to deal
with the double-valued eigenfunctions of the angular momentum
operator in the coordinate representation. As known, .in non-
relativistic quantum mechanics such wave functions -are exclu-
ded by-means of the Pauli criterion /34/. For D = 3 ‘it 'would
be the function Dl (a,B8, y)with half-odd-integral § (the ro-
tation matrlces/zgag] The rejection of the Pauli criterion in
the model under consideration would be badly undesirable be-
cause this admits half-odd-integer values of the’ ordinary
orbital angular momentum®.

Let us return to the Casimir: operator C, (SO(D-1)). If
D=3; then

Cy (S0(2)) = 242, jy0. . T W)

In this case the spin of the state is arbitrary. From (A. 4)-
(A.7) we deduce the relation between the spin j and the mass
.of the state :
L, | _
M2 o — O , . (A.8)
14a-2j(L+D+3) : : -

and for.D.= 3

-, §>0. . . (A.9)

*Nevertheless the authors of* paper / 31/ con51der1ng the a.nalogous prob-
lem, proposed to use the wave functions D m (@ B.y) with the half-odd- -
integral  j. - L o

15



If the spin § in (A.8) and (A.9) increases, then the mass of
states descreases. This contradicts the properties of the
elementary particles known until now. The same comment. con-
cerns the mass spectrum (3.20) too.

For quantization it is important to split the complete
'set of constraints (A.2) and (A.3) into the first-class and
the second-class constraints. As is shown in Ref. 71/ | the
first-class constraints are defined by

N ‘J',

n? - 2)E;) 2 ( )Ei)' 0
¢, =(m*-p +2p; (p,q =0,
R 1 '1 1 2 12’ e (A.10)
®y =Pyu,=0.

* The second-class constraints can be picked out in two ways.
In Ref.’l this was made as follows ‘

i

(2) ‘ (2) ‘ ' )
© =d; 4+ w,=-H=4g, . } " (A.11)

But one can take as the second-class constraints the follow-
ing ones -

(2) o m
61 = ¢ (3] =

1 2 ¢1 . (A.12)

Equations (A.10) and (A.11) determine the same submanifold
of the phase space as the constraints (A.10) and (A.12).How-

ever these two sets of the constraints entail, at the quantum

level, different wave equations, at least in appearance. '
After imposing the gauge

2

the constraints (A.10) and (A.11) result in the‘following
wave equation:

!(pf-ma)(p§q§+,ﬁ)‘|¢>= 0. (A.14)
As usual we assume that the second-class constraints vanish
as the operating at.the quantum level due to the use of the

;D;rac brackets instead of the Poisson brackets. The wave

16

"q® = const- ' . ' t (A.13)

equation (A.1) can be rewritten on the constraint surface in
terms of the Poincare group invariants

(p? -m® ea”?W) | u> = 0. . (A.15)
Hence it follows that the.prébagator in this model is
G =(Pf ?lnz*-a_zw)—13 v ' (A.16)

By making use of the representation where the Casimir opera-
tors p% and W are diagonal we easily obtain the formulae
(A.8) and (A.9) that determine the poles of the Green func-
tion G. : o ,

If we shall quantize the model under consideration using
the second-class constraints (A.12), then instead of the wave
equation (A.14) we get

' q X . :
(f —E _my|y>-0. | | (A.17)
_ =—~m) |4 | |

vV

On the constraints surface it can certainly be reduced to
the form (A.15) with the same poles of the propagator. How-
ever, as we think the wave equation (A.17) can be related to
the Dirac equation more easily in comparison with the equa-
tion (A.lA).,As}the y-matrices. one could: probably . take

qu\/qg(see the analogous problem in Ref. /2577,
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