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The general form of massive superfield equations of motion is proposed, using the
formalism of superprojectors. It is shown that the known equations for scalar and
bispinor superfield mav be presented in a given general form. The possible equations
for a vector superfield and scalar superfield which describe superspin 3/2 and lower
superspins, are given.

1. Introduction

The concept of superfield introduced in [ l ] has proved to be a very
useful object dealing with the supersymmetry. At the same time the
superfield is a complicated object it contains many ordinary Bose
and Fermi fields. Although in applications we mostly deal with the
ordinary component fields, we need the mathematical apparatus in order
to manage with more compact expressions formulated with the help of
superfields. Due to the fact that superfields contain representations with
different superspins, we need analogical equations of motion like those
in the ordinary field case. The role of the superfield equation of motion
is to describe a supermultiplet with given mass and superspin or super-
multiplets with several masses and superspins.

Some of the superfield equations of motion were previously treated
in papers [2~6 ]. It appears that many of the general principles used in
the theory of ordinary wave equations are also applicable in the super-
field case. V. I. Ogievetsky and E. Sokatchev [4 - 5] generalized the root
method into the superfield case, and proposed equations for bispinor and
vector superfields. Although the root method is applicable in the deriva-
tion of many superfield equations of motion, it is not the most general
one. There are equations, as, for example, the Salam-Strathdee equation
for chiral bispinor superfield, which is not derivable via the root method.
In this paper we propose the general method for deriving superfield
equations of motion that is based on the analogy of the derivation of
ordinary wave equations with the help of covariant superprojectors. The
most relevant objects in our construction are süperprojectors ET. which
separate superspin У from the superfield Ф , (х, 0), and transform it to
the superfield Фг (х, 0). Operators E Y . are ordinary superprojectors the
general expressions of which are well known, the problem is to find
superspin transition operators E Y. Here we give superspin-
transition operators for some most widely used representations.

The paper is planned as follows. At the beginning we give the general
formalism for the derivation of superfield equations of motion in the
formalism of superprojectors E Y

.,- and then the schema to analyse the
mass and superspin spectrum for a given equation is presented. Further,
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We demonstrate that the known superfield equations for scalar and
bispinor superfields have the proposed general structure. We analyse
more thoroughly the possible superfield equations for a vector superfield

Q) and scalar superfield Ф(х, 0), and investigate the mass spectrum
of given equations. More interesting equations from the obtained ones
are those which describe superspin 3/г, since superspin 3/2 contains
Poincare spins 2 and 3/2 needed in the supergravity theory.

In this paper we deal only with the massive case. Although physically
the zero rest mass equations are more interesting, it should be pointed
out that the zero rest mass case is more easily obtained from the massive
equations. Massive equations in hand, it remains to find equations
invariant with respect to the gauge transformations when we set m —O.
Here we do not give the equations in terms of component fields either
since this procedure is not very complicated. As it is demonstrated in the
bispinor superfield case [5,7 J, the structure of component field equations
is quite interesting and many of the well-known equations are obtained.

2. General superfield equation of motion

Here we give the general form of superfield equations of motion. We
consider some general superfield Ф(х, 0). Firstly we deal with the
representation where Ф(х, 0) is expressed as a direct sum of superfields
Фг {x, 0) which transform in the Lorentz transformations according to
the irreducible representation /==(£*,/*) of the Lorentz group. We assume
that we have superprojectors EJ. which satisfy

E y.Ey'=Byy'Ey (2.1)
ij ]h ik ' '

(over / is not summed). Here EJ are ordinary superprojectors that
separate superspin У from the superfield Фг(х, 0), and EJ. {i¥=j) are
superspin-transition operators that separate superspin У from the super-
field d>j(v, 0), and transform it to the superfield Q>i{x, 0), i.e. the
superfields Фг{х, 0) and EJ (Dj{x, 0) transform according to the same
representation i.

The general n- th order superfield equation of motion for Ф(х, 0) is
written in the following form

(—□)%Ф(х,o)=т«Ф(х,o)
l (2.2)

where
а.цЕц Q-izEi2 ... airElr Ф1
&21E21 Ö22-F22 . . . О-ггЕгг Ф2

jt= ■ Ф= • ; (2.3)

ar\Er 1 Q,y2Ej’2 •• • arrErr CIL
and ciij are arbitrary parameters. Operators Ец are the following

Ец— JOj си j ( У) EJ. . (2.4)
у

We have no general expressions of aij{Y), and for that reason the follow-
ing rule is useful: aij{Y) must be chosen so that for a n- th order
equation maximal nonlocality of all operators is not higher than
□ “ rt/2

. This condition restricts the choice of representations i and /, and,
similarly, as in the case of ordinary wave equations, we say that the
representations i and j are linked if the operator with needed non-



locality exists. Otherwise the representations i and j are not linked, andin (2.3) one must set Without any loss of generality, we also set
cnj(y) corresponding to the maximal common superspin У in (2.4) equal
to ОПе, i, e. IClij ( Ymax) —1 •

The analysis of mass and superspin spectrum is performed as follows.
We decompose

я=луЦ-я у*+ • ■ • +я г
*, (2.5)

where я у contains projectors E Y of a given superspin Y. Masses corre-
sponding to a superspin У are determined with the help of nonzero
eigenvalues of reduced matrix яу formed from the coefficients

Яцац(У) «12012 (У) ... «IгШг(Т)
«21021 (У) «22022 (У) ... «2г«2г(У)

Яу= •
•

• (2.6)

«rlOrl (У) «г2oг2 (У) •• • «ггОгг(У)
as follows: trik= m{kh)~'ln, where кк are some nonzero eigenvalue of яу.
Indeed, using (2.1) we obtain that яу satisfies the same minimal poly-
nomial as ,яу

, and has therefore the same nonzero eigenvalues as яу
.

From (2.1) we also have я уяу'=буу'(.я у) 2
.

The operator я contains, in general, operators я у of superspins У,
which we do not want to describe. Similarly, as in the case of ordinary
wave equations, one should require that these ,я у are nilpotent, i. e.
(яу )а,= 0, «^2.

While exploiting the general schema (2.2) (2.4), the main problem
is how to find superspin-transition operators EY.. In the following we

'IJ
give operators EY or some mostly used superfields. The expressions of
superprojectors EJ. are given in Appendix, In the scalar superfield case
the projectors were given in [2 ], in the case of symmetrical tensor and
tensor-bispinor superfields, the projectors were given in [B], in [9 ] the
results of [ B] were generalised to an arbitrary superfield case.

In some cases the equation is presented in the form where Ф(х, 0) is
decomposed into a direct sum of superfields фа (х, 0) which are not
irreducible under the Lorentz transformations. Then it is useful to distri-
bute the operators into two classes: projectors £y

p and operators
(3 Ур, which are used in equation. Operators ,(5 y

p connect the linked repre-
sentations, and £y

p connect the representations that are not linked.
In the terminology of the root method [ s], the operators p y

p are roots
of projectors £y

r Operators J3yp satisfy the relations

З у £y'

=£y 6y/ =бууфу
1 а(3 P 7 ар 1 Pv lay

,
(2.7)

ЗУ' l=§ . v ’

av

The general n-th order equation is presented in the same form (2.2),
but now

«при ... fllpplp Ф1

я= '. ’.
, Ф=

’

(2.8)

«pippi • • • «ррРрр Фр
and
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fW — Ctap (F) • (2-9)
Y

It should be noted that the general structures (2.3) and (2.8) may be
mixed with some matrix algebra, and then the given structure is
somewhat masked. In the spinor superfield case, for example, the general
structure has been mixed with the Dirac y-algebra, and instead of (2.8)
we have дл (see § 4).

Concluding this paragraph, we note that the physical mass spectrum
may be obtained from the first or second-order equations, since for n>-2,
among the roots (A,)~ 1/n

, are also the complex ones. The general form of
first-order equation is from (2.2)

гуoяФ(М)=/пФ(*,O), (2-10)
where aij{Y) in (2.4) or (2.9) must be chosen so that the nonlocality of
Eij or (sap is 1/yu . The general form of a second-order equation is

□ лФ(х,o)+тЗф(х,o)=О. (2.11)
In the following two paragraphs we demonstrate that the proposed

general schema works in the case of known equations for chiral scalar
superfield Ф±(х, 0) and bispinor superfield given in [2 ’ 4-<3 J.

3. Chiral scalar superfield

We shall deal with the description of superspin 0 with the help of two
chiral superfields: Фl(х, 0) =Ф+ (х, 0) and Ф2 (х, 0) =Ф_(х, 0;. It is
possible to obtain two choices of projectors E" (see Appendix for
notations and projectors):

d 21) E° =E° =E° +£° =—
,

‘

'll 22 0+ * О- ДП
(3.1)

E°
9
=E° = (d cos |+d5 sin £),

2ya

where £ is an arbitrary real parameter and are given by (A. 3). Using
(A. 1), it is possible to verify that E° satisfy (2.1).

2) £°
1,= £J+

= gj=j- СР+2и) O Ф).

£•./;; —

.

-

su - (3.2)
£°

i2
= ‘-(d-id>),

' 4ya

E\= (d+id>).
4ya

Operators d cos sin and Г±=>— (dztid5 ) used in (3.1), and (3.2)
were derived from the considerations of root method in [ 6 ],

From (3.1) and (3.2) we see that E 0 and E° n allow to obtain a first-
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order equation, since these operators have the needed nonlocality 1/yo .
Therefore, in the first-order equation the representations Ф+ and Ф_ are
linked, whereas Ф+ and Ф+, Ф_ and Ф_, are not linked.

The general first-order equation for Ф± is written as (2.107),
where

n=rf>= 0 a,f‘2
, Ф= . (3.3)

021£°
2i O’ Ф-

Without no loss of generality we may set 012=021=!. Indeed, the mass
is determined with the help of nonzero eigenvalues of the reduced
matrix .jto

О Яl2 / Q A \Яо= a2l 0 ■ (3A>

From (3.4) we have A, 2=ui2a2i. If we choose the mass of superspin 0 to
be equal to m, we must set Л=±l and then, from the considerations of
symmetry, we choose ui 2=u2i=l-

Using the first choice of operators £°.., the equation (2.10) takes,
in the case of (3.3), the following form [6]

(d cos £+d5 sin l) Ф-=тФ+,

(3.5)

{dcos g-j-d5 sin l) Ф+=тФ_.

Setting |= 0, we obtain the equation given in [2 ].
The second choice of operators EO

..
gives the equation

{d id S )Ф-=mФ+,

(3.6)

{dids )Ф+=mФ-.

Although the equations (3.5) and (3.6) are different, it is possible
to verify that the equations for component fields are the same [6 ].

4. Bispinor superfield

Bispinor superfield equations of motion for superspins 1, 0 and I J2 given
in [2 - 5> 6 ], show the general structure of § 2, whereas in the superspin
1 and 0 cases the general structure has been mixed with the Dirac
algebra.
4.1. Superspin 1. The superspin 1 equation given in [ s ] is the following
(without the loss of generality we set =0) •

1
(6ia fyvy5dv+fii+3v5rf5 )4J,

=mTr . (4.1)8

The superspin content of equation (4.1) is obtained if we apply projec-
tors (A. 5) E l

, ЕIЬ-\-Е% E°. If we write (4.1) as

Iуа'(яI +л,/=+я°)Ч' =тТ,
~ (4.2)

we get
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öIГ 1 ä 1л1=-=£I=— —o' (6c» YvY 5d v)+—— (3d 2+2y5cV* p ) Lуa ya L о Iьа j

:[-- (<*+3^s)+—■ (3d*+2 YsdpdP)] (4.3)

л°=o.
As we can see, the K=l equation contains operators of superspins 1
and i/2 . Equation (4.1) does not describe superspin V 2 because operator
л l/г is nilpotent: ( jx‘/2 ) 2=o. л 1 satisfies (л1 )2 =£1

. Our equation is repre-
A

Ösented in the form (2.8), since we may write яl^рl = El
. Operatorya

л'l2 is needed to eliminate the nonlocal terms П~3/2 in лl
.

From (4.3) it is not obvious that лl/г may be represented with the
help of projectors EJ, but if we write if) as a direct sum of two represen-
tations and -ф 2 which transform according to the spinor representa-
tions (V2, 0) and (0, V 2), and use the following representation of
y-matrices

we obtain лl/2 =s |/2 in the following form

2£u+& —VEIz-EI) '

д УП
,

(4.4),
2ya Л_. (2 E° 2i - E°n ) £и+2Е2

°

2ya

Here 01 = 02 =oцo»х and E°. are operators (3.2).
IJ

4.2 Superspin 0. The superspin 0 equation of motion given in [6 ] is
written in the following form (we also set |=q=0)

-i- [2id+iyvfdy-\-d уSФ) W mW. (4.5)8

If we write (4.5) as (4.2), we get

dIГ 1 d ]
л»=—£»=— {2d+yyy>d-)+—— ,

ya ya L b lbu J

A

я'l-=- [--(<<—(4.6)
л 1 =O.

Equation (4.5) describes only superspin 0, since л l/г is nilpotent:
(л‘^) 2=o. If we take л°=р°, we have (р°) 2=Е0

. Similarly, as in the
superspin 1 case, operator л l/г eliminates the nonlocal terms а~3/г in
л°-л l/2=(3 ,/2 is expressed with the help of operators (3.2) in the following
form
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r?o di о£22 ‘I г £2l

d
VD

• (4-7)
2VÜ [ Elya

4.3 Superspin 4/г. Superspin V 2 is described by the Salam-Strathdee
equation for chiral bispinor supcrfields \J)+ and ij)- [ 2]

1 2id d -ф+ , A 04~r ,
=m T

. (4.8)
4 d 2id яр- яр- v

The Salam-Strathdee equation has a structure (2.8) where ац =а&=
0,21= 0.22 4/2

1 R'k R'/a»yq “ 12 *+ =rn ’•’+ . (4 9»
2 РЙ PI �- 4>-

Indeed, if we define 6 1/ 2. as1 г]

§l=p'4=At.- p^=p2i=—(4-io)
ya 21 2ya

the operators J3A satisfy (2.7), while in the case of chiral fields one must
tj

use the identity d2 =—4D.
The equation (4.8) may be also represented in the form -{2.3) if we

decompose
+
= -ф 2

+
, ip

_

= чр 3_Ф , where яр* and ярр transform
according to the representation (V 2,0) and ij} 2

+ , according to (0, V2).
From (4.8) we obtain

О Е'Ь Е'Ь 0 яЬ 1, яр.
12 13 н + т +

• /7=г Е'к О О Е'Ь яЬ2 ярТУ° 21 24 + —т +

, ■ (4.11)
2 Е'l2 0 0 E'if яр3 яр

31 34 т т

О Е 1 Е 1 0

where
£*/* =Е'!* £'/* =£ll /*

= —=,12 34 уд 21 43 уП
' ' Z

id (4Л2)
ЕЧ*.=Е'l* =£‘/2 =£'/2 =

1S 31 24 42 2 yjj
It is interesting to note that each of the components is linked with the

component of the same chirality via the Dirac algebra, and with the
component of opposite chirality via the operator d. As we have already
mentioned, the Salam-Strathdee equations is not derivable by the root
method, since л2 фЕ'Ь, but we have зх 3=я, which means that the eigen-
values of л are equal to ±1 and 0.

In conclusion of this paragraph we would like to give one possible
realisation of operators In the case of Y= 1 and У=o equations we
have used.
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, А Л

po —JLe°. . (4.13)
y\J ]/□

It is also possible to give operators

(,'!<= E=E'J;, p'/.= —V ■ (4.14)
yn ~ ya

All the operators ]3r have a common quality ((3 y ) 2=£y
, i.e. they are

roots of corresponding projection operators.

5. Vector superfield and scalar superfield

In the following, we deal with the equations that describe superspin 3/2 .
Superspin 3/2 contains Poincare spins 2, 3/2, and for that reason the
equations obtained may be useful, in the zero rest mass case, in theories
of linearised supergravities. The lowest superfield containing superspin 3/2,

is the vector superfield
superfield some other superfield is needed, and the most natural choice
is the scalar superfield Ф(х, 0).

We shall deal with the equations for superfields (Xq (x, 0) (x, 0)
and Фг(х, 0) =Ф (x, 0). Firstly, we shall deal with the vector superfield

which we denote as Е3Ь
11

№=4( -eB-'^d>d°- (sл)

Operator E contains nonlocal terms D-1 and \J~2 . Using other pro-
jectors (A. 9) and (A. 10), it is possible to eliminate D -2

, and to obtain
a second-order equation (2.11). Similarly to [4 - 10 ], we use the operators
corresponding to the lowest superspin 0. From (A. 10) we can see that
one must take operator £°

+
+£ 3

_, because in (5.1) there are no terms
with dpdP. We denote E°o+

=£°
1

and from (A. 10)

(£o )x (5 2)I 4П □ v

2
It is easy to verify that the operator Ец=Е3Ь —£° has the needed

О

nonlocality D -1
. The same operator was derived by the root method

in [4 - 10].
If we use only a vector superfield /ni (x, 0), we obtain the following

equation [4i 10]

□ (£*/* (5.3)
II 11

Equation (5.3) describes superspin 3/2 with mass m and superspin 0 with
nonphysical mass im У3/2 .

In order to eliminate superspin 0, or to describe it by physical mass
spectrum, we must take one more superfield which contains superspin 0.
The lowest superfield containing superspin 0 is the scalar superfield, and
for that reason the second superfield we used is the scalar superfield
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Ф(х,o). Similarly to (5.2), we take operator E° (A. 3), which we
denote asE 0

d 2
: e° . (5.4)22 4П v 1

5.1. Superspin 3/2 and 0 equations Superfields
linked with the help of operators E°n and £0

ol
which satisfy (2.1). It is

easy to verify that the operators E° v> and E° are the following

) (5.5)
'i2' 2D ' 21 /л 2D v

The most general equation for superspins 3/2 and 0 is, from (2.3), the
following

(£3 /2 ) xx o hx h* ,rDv n 3 n' v i2* 4-m2 =O, (5.6)ф фипь cE%

where we have denoted Яц= 1, 042=0, a2 i = b and a%>=c.
Using the expressions of operators £T.; (5.6) may be written as

'IJ

—[ ( D +—•) Л* ] ~ e\padPd°h*-+Y dd*O>+m2h*=o,

-

/
.

(5-7)
- 2Ф+т2Ф=O.

Equation (5.6) describes superspin 3/2 with mass m and, depending
on the choice of parameters a, b and c, superspin 0 states with different
masses. It is possible to choose the coefficients so that (5.6) describes
single superspin 3/2 .

The analysis of mass spectrum is the following: at first we decompose
Л =П 3Ьг\-Л°

rffc-
£

"
0

, It»= TE
‘‘

aE °

a
■ ■ (5.8)

° ° bE» n cE° 22

Now the analysis reduces to the investigation of nonzero eigenvalues
of reduced matrices jtv, and ло

_

1 °
_

—2/з a
лзЛ о0 ’ Л° be' * SJ)

The only nonzero eigenvalue of л»/2 is equal to one, and therefore the
mass of superspin 3/2 is equal to m. The masses of superspin 0 states
m/yi i and m/yx 2 are obtained from the eigenvalues of л0 that are calcu-
lated from

6Xi.2=3c 2±V(3c+2) 2+36ab . (5.10)
The masses of superspin 0 states, therefore, depend on two free para-
meters ab and c. In order to have physical mass spectrum, Ki and Я2
must be real and nonnegative. These conditions are guaranteed -if ab
and c satisfy

c> 2/3, )2 (5.11)
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The region of parameters determined by (5.11) we call a physical
region. It is useful to represent the possible values of parameters on the

Superfield equations of motion

ab c diagram (Figure), where the shaded region corresponds to the
physical region. The physical region is determined by the line

' 3ab-\-2c—o, (5.12)
which gives the eigenvalues

ki—c — 2/з, X,2=o, (5.13)
and by the parabola

(3c+2) 2+36aö =0, (5.14)
which gives coincident eigenvalues

Xi k2= (3c 2)/6. (5.15)
The points on the line (5.12), in addition to superspin 3/2 describe

two superspins 0 with mass т/Укi, two superspins 0 are there due to
Яг=o being eliminated. я0 satisfies the minimal equation jtobrto Ai)=o.

The points on the parabola (5.14) we regard analogically, as in the
case of ordinary wave equations unphysical, since я0 satisfies the minimal
equation (jto ta) 2=o, and, for that reason, has only one nonzero eigen-
vector. Only one of the points on the parabola is physically interesting.
It corresponds to the eigenvalues ta=Ä.2=o, and describes single super-
spin 3/2 . From (5.14) and (5.15) single superspin 3/2 is described by the
parameters

ab =—
4/э, c= 2/3 . (5.16)

The other points in the physical region give к\фкъ, and describe
superspin 0 states with masses m/^ki and
note that these masses may have arbitrary values.

The most interesting equation from the equations we dealt with in
this section is the equation for single superspin 3/2 corresponding to a
special point (5.16). The other equations describe, in addition to super-
spin 3/г, at least two superspins 0 with the same mass, since the operators
E° u and E®

2 separate two superspins 0 from both representations.
5.2. Superspins 3/2 and V2. The schema used in 5.1 is applicable for the
description of superspins 3/2 and l/2 , or 3 /2 , l]2 and 0. We represent Ец
in the following form

En= аЕ3Ь +SЕ'Ь +у£°и, (5.17)
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and choose a, (3 and уso that En has nonlocality CD -1
. Since we have

two superspin projectors E'<* (A.9) and E'jf (A. 10), we get two diffe-
rent equations. We shall consider them separately.
5.2 a Operator We take Е'Ь==Е'Ь. Using the expressions (5.1), (5.2)
and (A.9), it is easy to verify that a, (3 and у must obey

2a+(3+3y= 0. (5.18)

The general equation is written analogically to (5.6) as

(«£■'! +?£■'; +\E°U )\ h% h„

D b(£“,) a cE°
22 ф ф

-°- < 519)

Using the given expressions of operators EJ., we get

■ [(□ +■ ) h* д*д)Лк j——A
£%adPr№-(-

+ -dcME-f- m2h*=o, (5.20)

b c
v dd\hx

*— (РФ 4-m 2Ф= 0.2 4

Decomposing я= я3/2+яl/2 +я°, we obtain

я3/== a£:il °

я'/2=
0

яо = У^ll a^l2 (5 21)00 ’ я 00 ■ ье« 21
■( •

As we see, we can take a and (3 as free parameters that determine
Y—3/2 mass m/ya, and У=72 mass m/]/(3. The choice of a and (3
determines, from (5.18), y, and now, by the proper choice of ab and c,
it is possible to determine the masses corresponding to superspin 0.
Here we consider the case when У=o is eliminated. Then я0 is nilpotent
and equation (5.19) describes superspins 3/2 and i /2, or i J2 .

1. Equation describes superspins ,3 /2 and i/2 .
Without any loss of

generality, we may take a=l which gives the У— 3/2 mass m. The mass
of У=7г state m/]/(3 may be arbitrary. In order to have physical masses
(3>o, (3 = 0 leads to the case treated in (5.1). From (5.18)

y— (2—{- (3) /3, (5.22)
and я0 is nilpotent if

ab —y2
, c =—y. (5.23)

2. Equation describes only superspin i /2 . In that case we must set
a= 0 and, without any loss of generality, we may choose (3=l which
gives У= \/2 mass m. Now y=—Vs and

ab —7э, c= 1/3. (5.24)
The equations in both cases are obtained from (5.20) if we choose

the corresponding a, (3, y, ab and c.

5.2 b Operator E'lj. Choosing we obtain from (5.1), (5.2) and
(A.9)

2a —3(3+3y = 0. (5.25)
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The general equation remains the same
of our E Y

..г J

2a ( d 2 \ 2a —36 a— 6□+—j h* - ■—— exxpa<3pdahx-j-

--- y- ddxO-j-m2hx=o,
, (5.26)

b c—-y ddj,hK у (Рф-\-тЩ =O.

Similarly, as in the previous case, we consider the equations that
do not describe superspin 0. Then there are two possibilities;

1. Equation describes superspins ,3/2 and V2. Choosing a=l (У— 3/з
has mass m), the mass of Y— 1!2 т/У(3 may be arbitrary. From (5.25),

y— (3(3 —2) /3, (5.27)
and л° is nilpotent when ab and c satisfy (5.23).

In the case of (3 =2/з we get y= 0, and it is possible to take a=b
=c=o,i.e. it is possible to use vector superfield kp {x, 0) only.

2. Equation describes superspin V2. In that case a= 0, (3=l and
Y=l. ab and c must satisfy

ab c=

5,3 Superspins 3/2 and 1. The schema proposed in 5.1 is suitable also in
the cases of superspins ,3/2 and lor ,3 /2, 1 and 0. Operator E* must be
chosen equal to E^+

+£*_ since E and E°n do not contain d 9dp
. From

(A. 9),
d 2 / \

(£!i )^=~4^(^-^i-)- < 5' 29 )

Operator En can be presented as

£u=o£Ib+p£‘
11
+Y£;i , (5.30)

where a, (3 and у satisfy
2a 3(3+3у =O. ; (5.31)

The general equation is

(а£и+р£и+у£и)*l a(Ea)* h»

П 6 (£•„)» Ф+ m
Ф (5 ' 32)

or in greater detail
2a 2a

- ,□ h*+: —AC, h* d*dj№
О О т: ö

У e%adP<№+-y dd*Q-\-m2h y-=Q,' (5.33)

b c
—by dd\h> d 2 ф +иг2ф =O.

We shall treat only two cases:



1. Superspins 3!z and 1. We shall choose a=l, which gives У— 3/г
mass rn, superspin 1 has mass m/]/(3. From (5.31) we have y=
= (3(3 2)/3, and л° is nilpotent if ab =—y2

, c— —y.
2. Superspin 1. In order to describe superspin 1 one must choose

a=o. If we take Y= 1 mass to be equal to m, we get (3=l and, there-
fore, y= 1, ab =c= 1.

In equations treated in this section all superspin 1 states are double,
because operator E l extracts two chiral irreducible representations from
the vector superfield.
5.4 Superspin 1 equations. In the previous sections of this paragraph we
mostly dealt with the equations that described superspin 3/z- By using
the vector and scalar superfields, it is possible to give equations to
describe lower superspins. Some of these equations were mentioned in
5.2 and 5.3, here we consider the superspin 1 case. In 5.3 there were two
superspin 1 states, but if we do not describe superspin 3U, it is possible
to choose operators Ex or separately as operators El

n .
Let the operator El

n be equal to El
i+

\ (A. 9)

■ (5.34)

It is evident that one must use operator E°0} in order to eliminate D“2

nonlocalities. Therefore

(£»,)“*=- (d 2+2iöpdo) —p , (5.35)

and Ец is equal to
£ll =£;I.+£° 11

. (5.36)

In the case of projectors E0.., it is possible to apply the modified
schema of chiral scalar superfield (3.2) •

£0
22
=£oo, =

- 8П (d2 -2WpdP)

1 ■"
, ,

(5.37)
(d+id»)ö4.

The general equation is written in the form

{Eh+E°n )*i a(Fi°2) K hk h*D
b(EVicE° a Ф ф

=°- (5-38)

Taking into account the expressions of EY
., we get

1 Cl
-g- {d2 +2idpdp)h*+~ {d id3 )d*Q)+m2h*=Q,

b c ( 5- 39)

(rf2
— 2гoр с?р)Ф-(-т 2ф= 0.4 о

Decomposing я=л;I +л°
260
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„1= E ‘‘ 0
л«=

Eu аЕп
, (5.40)

0 0 ’ 6£«. сВ>а

we can see that equation (5.38) describes superspin 1 with mass m.
Superspin 0 is eliminated if я0 is nilpotent, i. e. ab and c satisfy

ab c= 1. (5.41)

If we want to describe one or two superspins 0 in addition to super-
spin 1, then the masses of 7=o states are calculated from the nonzero
eigenvalues Xi and I 2 of matrix яо

2Xi,2=c -j- I±У ic —l) 2-j-4ab
. (5.42)

In order to have physical mass spectrum ab and c must satisfy

c —l, () 2 (5.43)

The analysis of mass spectrum is performed similarly as in 5.1, and is
here omitted.

The same general schema works also in the case when we choose El
n

to be E\_. Now the operators EJ. are

(£1 I)Xl= __L (<p_2iöp dP) (л-*-—Ц
1 дкд\
(*“ 2id o dP)

(5.44)
£°

22
=—’Bo' (^2+2^Р )’

(£°i 2)"=-—ij* {d+ids)d«, (Е 0
21

) Л=——-{d id.s)dk.

The corresponding equation is the following . ,

i-i- ( d2 2idp dP)h*-\-~ {d-\-ids )d*O-\-m2h*=o,
8 4

be
— {d ids)dihl h— {d2-\-2idpdP)<D-\-m z(D 0.
4 8

The last equation concludes the investigation of possible equations,
using vector superfield and scalar superfield Ф(л:, 0). In prin-
ciple it is possible to write down similar equations as in the case of
chiral scalar superfield, but these equations need supplementary condi-
tions to separate some of the superspins.

In conclusion, we would like to point out once more that the general
schema for obtaining superfield equations of motion proposed in the
second paragraph works well in the case of known equations, and
allows to obtain new superfield equations of motion. We also hope that
the formalism of superprojectors EY . is useful in physical applications

lj
since the calculation of Green functions via the Klein-Gordon divisor
may be performed quite easily.
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APPENDIX
Superprojectors

We use the following notations: Y v) =rj^ v = diag (H ),

1 A

Ys=yVyV. a^ v=~ [yP, y v ], □ = д|*дм’ and d=d||p In .order to

simplify the expressions which contain the covariant derivative Da we
denote

d=DD, d*=D\SD, dv=DiyV"\SD. (A.l)
Here we list some of the mostly used expressions for d, d 5 and [2]

d2 ={d*)z
, d3——4nd, dd^=—d4=2dpdp,

=
—d^d——2 d^d5

, dbd^= — d^ds=2d^l d,
d^’=y]^dz-\-4 — d^dv ) -\-2dxe^vp dP.

We consider the superfield Фг{х, 0) which transforms under the
Lorentz transformations according to some irreducible representation
(k,l) of the Lorentz group. The Poincare spins in (k,l) are —s=

k-\-l — 1, \k l|. The superspins Y that correspond to each
Poincare spin s:Y=s-\- i/2, s, s, s— V 2 are extracted with the help of
superprojectors

EY =EY.,
гг

£
+
= ~lЕГ i d2+2idpdP)Ps

,

' ’ (A. 2)

E‘w "irpr ( I +-ш) ( s+ikd^ ■■ -

where Sp(J are the Lorentz generators of representation (k,l); and Ps are
projectors of Poincare spins, ,+ and denote different chiral compo-
nents.

Scalar superfield Ф(ж, 0)
Scalar superfield reduces into three irreducible components Ф+; Ф_

and Ф./2 which are extracted with the help of projectors
d 2E'h= I+—,~

4D ’

£+=— (d2 ,+ ZidpdP) , (A. 3)

8Ü" ( d2~2idpdp ).

Bispinor superfield 0)
The generators Spo are

5p0 =-—— (jPa . ( A4)
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Superspins Y= 1, l /2, V2, 0 are extracted with the help of projectors
Q / /72 \ 1

£l =т( l+lй)-ш^s#-

ij=-—(^+2<öP d»),

, (A.5)

E °
=,T( 1 +ш) + Ш

Bispinor transforms according to the reducible representation
(V2,0)0 (0, V2). In order to obtain superprojectors of irreducible repre-
sentations, one must add the following projectors to (A.5)

Р£= ._Црl, (A. 6)

Vector superfield
Generators Spct are

(sр°)*я=г1 рктА (A. 7)

and spinprojectors P l and P°

dKdi dxdi[P l )\=r1 к л —, (730 ) ил=-д ■ • (A.B)

The following superprojectors correspond to the Poincare spin 1

(E[
+
)\=— (d* ,+ 2id„do) ( n«x - —-).

(A. 9)

(£l^)кl=-_l. (d2_2iöpdP)(^-^),
(£V.) ч =-L(i;:•+-£-) ( Ч-Ч -—) +

and to the Poincare spin 0

—: ■

(£o +)4=__i_ {di+2idp do) —Ь
. (АЛО)

(£„%)“!=- (3J
- 2iöp dP) .
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R.-K. LOIDE, Р. SUUR VARIK
SUPERVÄLJA LIIKUMISVÖRRANDID

On antud massiga supervälja liikumisvõrrandite üldine kuju superprojektsioonioperaa-
torita formalismis ja näidatud, et tuntud skalaarse ja bispinorsupervälja võrrandid on
pakutud üldkujul esitatavad. On toodud võimalikud võrrandid vektorsupervälja ja ska-
laarse supervälja jaoks. Need kirjeldavad superspinni 3/2 ja madalamaid superspinne.

P.-К. ЛОЙДЕ, П. СУУРВАРИК
УРАВНЕНИЯ ДВИЖЕНИЯ СУПЕРПОЛЯ

Предложена общая форма массивных суперполезых уравнений движения в форма-
лизме суперпроекционных операторов. Показано, что известные уравнения для скаляр-
ного и биспинорного суперполей имеют предложенную структуру. Даны возможные
уравнения для векторного и скалярного суперполей, описывающие суперспин 3/2 и более
низкие суперспины.
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	Untitled
	Рис. 2. а изображение записываемого сигнала со сходящимся волновым фронтом. Временная задержка второй, третьей и четвертой стрелки относительно первой стрелки слева составляет 50, 100 и 150 пс; б воспроизведенное прямое изображение четырех стрелок в случае, когда опорный импульс опережал на 50 пс всю последовательность сигнальных импульсов; в, г, д воспроизведенные прямые изображения сигнала в случаях, когда опорный импульс подавался соответственно в момент между первым и вторым (в), вторым и третьим (г) и третьим и четвертым (ö) сигнальными импульсами. На экране за криостатом вопроизводятся соответственно три, две или одна стрелки.
	Рис. 3. Изображения сопряженного сигнала на экране перед криостатом, а сопряженный сигнал в случае подачи опорного импульса в момент между первой и второй стрелкой сигнала; б две стрелки в сопряженном сигнале в случае подачи опорного импульса в момент между второй и третьей стрелкой сигнала. Отмечаются увеличение изображения стрелок из-за расходящегося характера волнового фронта сопряженной волны, а также отсутствие дифракционной структуры в изображении.
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	Superfield equations of motion
	Рис. 1. Интенсивность вторичного свечения I{Т) для разных расстроек от резонанса перехода 0-W, Параметры: у= А, Г = 2Л, 6 = 0,5А, со=looА, Q2=lO2A.
	Рис. 2. Интенсивность вторичного свечения I{Т) для разных расстроек от резонанса перехода I-+2. Паоаметрьг у= А Г = 2Д, 6 = 0,5А, to 100А, Qi = 101a’
	Рис. 3. Интенсивность вторичного свечения /(Т) для разных значений константы поперечной релаксации Г. Параметры: y=A, 6 = 0,5Д, со 100А, Q, = 101 д Q2= 102А.
	Рис. 4. Интенсивность вторичного свечения I{Т), рассчитанная с использованием параметров экспериментальной работы [']: длительность импульсов 5 не, спектральная ширина импульсов 0,4 пс-1 (т. е. Д= б = = 0,1 пс-1), время затухания возбужденного электронного состояния 1 (2у)-' =26 пс (кривая 1) и ~ехр(—Г/26) (кривая 2).
	Рис. I. Исходные спектры возбуждения (а) и те же спектры после облучения образца на длинах волн 448,8 нм (сплошная кривая) и 448,65 нм (пунктирная кривая) вне полосы поглощения перилена в течение 15 мин (б), а также разностные спектры (в = б—а).
	Untitled
	Рис. 2. Предполагаемая схема переходов при образовании антипровала. Прямыми стрелками указаны светоиндуцированные переходы, волнистыми безызлучательная электронно-колебательная релаксация, штриховыми взаимные фототрансформации примесей в Si-состоянии. С помощью индексов А, В, С из сплошного неоднородного распределения выделены три типа центров, отличающихся частотами чисто электронного и вибронного переходов. Только для центров типа В выполнено условие резонансного сбрасывания заселенности sгсостояния.5гсостояния. Вибронные уровни и спонтанные радиационные переходы для центров А, С не указаны. Рис. 3. Устойчивый провал в спектре возбуждения перилена (регистрация флуоресценции на длине волны А = 470,1 нм, ДА = 0,65 нм), выжженный облучением образца в течение 15 мин на длине волны 441,5 нм при пиковой интенсивности облучения порядка 10 МВт-см-2 (а), и динамический провал в спектре возбуждения (условия регистрации те же), возникший из-за индуцированного сброса заселенности sгСостояния облучением образца на длине волны 488,5 нм при пиковой интенсивности 100 МВт-см-2 (б).
	Рис. 4. Схема образования антипрозала в функции неоднородного распределения Пунктиром указано исходное распределение. Линии А, В, С чисто электоонные линии примерен, .S,-уровни которых выделены на рис, 2. штриховыми стрелками указаны пёр" ходы, обусловленные фототрамсформациями примесей.
	Рис. 1. Кривые потенциальной энергии для электронных состояний 32и+(£Л) и ISJ?+(f/2) молекулы Ne2 [3]. Пунктирная кривая соответствует аппроксимации —£’o = = 0,64 (е-2.24Аг— 1)2 (см, текст).
	Рис. 2. Полуклассические факторы Франка—Кондона для электронного перехода 3liu+^,Sg+ в молекуле Ne2 с колебательных уровней п— 0 (сплошная кривая) и п— 3 (штриховая) 32«+-состояния.
	Рис. 3. Полуклассический фактор Франка—Кондона для колебательного уровня п= 5 молекулы Ne2* в 32и+-состоянин.
	Рис. 4. Спектры люминесценции квазимолекулы Ne2* при стационарных условиях возбуждения, рассчитанные при значениях Гг 6,3-105 (/), 2,1 • 105 (2) и 6,3-104 сек -* (3). Экспериментальный спектр, полученный при 5К [4] (пунктир), разделен на Е3. Принято Гн°=l06 сек-1.
	Рис. 5. Зависящие от времени расчетные спектры люминесценции квазимолекулы Nea*. Время регистрации спектров А/ = 10~7 сек, начальные времена регистрации 6 следующие: 0 (/), 5-10-7 (2), 10-6 (5), 3-10-6 (4) и jq-s Сек (5).
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	Рис. 1. Рентгенограммы древесной целлюлозы после у-облучения дозой o—l МГр (/) и 2,5 МГр (2). Рис. 2. Зависимость относительной степени кристалличности (X) хлопковой (/) и древесной (2) целлюлозы от дозы у-облучения.
	Рис. 3. Спектры ЯМР 13С кристаллической (а), аморфной (б), исходной древесной (в) и у-облученных целлюлоз дозой 1,8 МГр (г) и 2,5 МГр (б).
	Рис. 1. Гистерезисные явления при кипении фреона-113 на алюминиевой поверхности с пористым бронзовым покрытием. 1 кривая кипения после возвращения из пленочного режима, 2 кривые кипения (а, б, в) на дегазированной поверхности при повышении тепловой нагрузки. Промежуточные положения восходящей ветви 2 при времени стабилизации: а 1 мин, б 5 мин, б 30 мин.
	Рис. 2. Переходные кривые кипения (3) при различной степени открытия пор (1 и 2 см на рис. 1).
	Рис. 3. Переходные кривые кипения (а, б, в) в зависимости от начального состояния покрытия (г кривая кипения после возвращения из пленочного режима).
	Рис. 4. Кривые кипения фреона-113 на бронзовой пористой поверхности с параметрами-1 = 0,12 мм, 8 = 44%, а = 4,0 мкм. 1 петля вскипания, 2 кривая кипения жидкости после вскипания, 3 устойчивая гистерезисная петля.
	Рис. 1. Осевое распределение концентрации примеси при двух параметрах спутности: при т = 0,47, х0 = 0,85 кг/кг, fi = 45-10~6 м (© данные [3]) (1 uso =O, /м =0; 2 nso = 5,5-10“2, /м =0; 3 у«о =O, \мФO, сОто = НО; 4 üso = 5,5-10“2, IмФO, сото=: —ПО; 5 nso =O, {мфo, сопю = —228) и при т= 1,45, х0 = 0,65 кг/кг, 6 = 67-10~6 (□ данные [3]) (6 vsq =O, Jm —0; 7 nso =O, /мФО, cömo —7O).
	Рис. 2. Осевое распределение скоростей газовой и дисперсной фазы в двухфазной струе и чистой струи (расчетное сплошные, штриховые и штрихпунктирные кривые соответственно для газовой, дисперсной и беспримесной фаз и экспериментальное {а—е) при т 0,47, х0 = 0,85 кг/кг, õ = 45• 10~6 м (а—в) и при т= 1,45, х0 0,65 кг/кг и 6 = 67-10-6 м (г—е)). Обозначения I—7 см. на рис. 1.
	Рис. 3. Радиальное распределение концентрации примеси и скоростей фаз при двух параметрах спутности; при т = 0,47, х0 = 0,85 кг/кг, 6 = 45-10~6 м (х =o,а – концентрация, р газовая фаза; х= Юг0, у концентрация, х газовая фаза, w дисперсная фаза) и при /п=1,45, х0 = 0,65 кг/кг, Õ = 67-10~6 м(х—o, v газовая фаза; х=lo/"о, £ газовая фаза). Обозначения 2, 7 см. на рис. 1.
	Энергетические уровни в верхней части валентной зоны на поверхности (100) КСI.
	Рис. 1. Изображение справа воспроизведенный сигнал с плоским волновым фронтом в виде двух букв. Длительность сигнала 2 пс, задержка относительно считывающих импульсов 10 пс. Слева рассеянный на экране воспроизводящий пучок пикосекундных импульсов.
	Untitled
	Рис. 2. а изображение записываемого сигнала со сходящимся волновым фронтом. Временная задержка второй, третьей и четвертой стрелки относительно первой стрелки слева составляет 50, 100 и 150 пс; б воспроизведенное прямое изображение четырех стрелок в случае, когда опорный импульс опережал на 50 пс всю последовательность сигнальных импульсов; в, г, д воспроизведенные прямые изображения сигнала в случаях, когда опорный импульс подавался соответственно в момент между первым и вторым (в), вторым и третьим (г) и третьим и четвертым (ö) сигнальными импульсами. На экране за криостатом вопроизводятся соответственно три, две или одна стрелки.
	Рис. 3. Изображения сопряженного сигнала на экране перед криостатом, а сопряженный сигнал в случае подачи опорного импульса в момент между первой и второй стрелкой сигнала; б две стрелки в сопряженном сигнале в случае подачи опорного импульса в момент между второй и третьей стрелкой сигнала. Отмечаются увеличение изображения стрелок из-за расходящегося характера волнового фронта сопряженной волны, а также отсутствие дифракционной структуры в изображении.
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