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Abstract. The formalism of superprojectors is used for N=1 linearized supergravity.
This formalism is based on the traditional and untraditional superpm]ectors A modified
formulation of N=1 linearized supergravity is given.
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1. INTRODUCTION

In the present paper we demonstrate the using of the formalism ['] of
superprojectors for N=1 linearized supergravity. In general, the theory
of N=1 supergravity is well known, but here we point out a quite
interesting approach of a version of minimal N=1 supergravity. Being
supercovariant and basing on the vector and scalar superfield, such
an approach has some advantages for finding superpropagators

Minimal N=1 supergravity in superfield formulation is given by
Ogievetsky and Sokatchev [?]. It can be considered the theory of real
axial vector-superfield A*(x, 0) generated by the supercurrent V(x, 0)
which contains superspins 3/2, 0, 0. The supercurrent obeys the conserva-
tion law

20, (ywD) V¥ — Do,DDV ,=0. (1)
The equation of motion is
(dvd¥+3dvdw) hy=2x V", (2)

where % is the gravitational coupling constant and d*= Diy*y5D. Equa-
tion (2) is invariant under the local gauge transformation

6hu=D_Yp,lvaD(pv o Qiavﬁ'vu(])v, (3)

where ¢vw (¥, 0) in an arbitrary spinor-vector superfield.

2. MODIFIED FORMULATION

We start from the equation for the massive superfield given by Loide
['] which describes superspins 3/2 and 0. The presence of superspins 0
depends on the choice of parameters a, b, ¢. In the massless case m=0
and by adding the source superfields we obtain "3
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where, E¥ are superspin-projection operators, i.e. superprojectors (see
App.), ¥i=h*(x, 0) is an axial vector superfield, Ppo=®(x, 0) is a
scalar superfield, x is the gravitational constant, V,=V#(x, 0) is an axial
source superfield (supercurrent), Vo=V(x, 0) is a scalar source super-
field (see App.).

In the case of the massless superfield the gauge transformations
arise

Vi | | WitEwsys
P2 Y2+Eoaps
where E\3, Egs are supercovariant operators and s is an arbitrary spinor

superfield. This means that the equation operator and gauge operators
are related as

, (5)

i
| mp—gm e, || 2|, ®

BN G

| Ex

In addition there exist supercovariant operators Es, Esp, satisfying the
condition

2
E?/IZ _§E0n aE(iz

bE%l CE022

| Esi, Es | =0.. (7)

From (7) we get the conservation law for source superfields

EqVi+E3Vy=0. (8)
Now we are constructing the operators
E\s, Es, E3i, Ess. 9)

We express these operators by the help of untraditional superprojectors
E¥ , i<k (see App.). The operators (9), given as a linear combination

of EY , (i=k), have to involve all superspins that are possible by condi-

tions (6) and (7). The coefficients in the expansions of operators (9)

are restricted by the requirement that these operators could be localized.
Following this requirement we choose the coefficients so that

nonlocalities cancel each other. For gauge operators we may write

01/2 a2

E13=G1E33+025113+(13E +(14 V3E 9
13 13

523=(15£ga J-agEl/? (10)

23

where @; (i=1, ..., 6) are nonzero coefficients. E¥ are superprojec-

tors (see App.). We note that there is a useful relation for superprojec-
tors [].

E“l’k E!;?,']:ny’Egj (11)
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(there is no summation by k). It is easy to see, considering (6) and
(11), that Eq. (4) is invariant under gauge transformations (5) on
conditions

2

ab=—§c,
(12)
o =73 aas.
Analogously to expressions (10) we can write
En=i0(BiE%, BBy +BE. +ITE ),
(13)

Exn=i8(BsE°,, +BsE}S),

where f1, ..., Pe are nonzero coefficients. Operators EY are for super-

spins 0, 1/2, 1. The operator ig is needed for diminishing nonlocality.
From condition (7) we get a constraint for coefficients

51=£25'b55- (14)

By using expressions of E¥ (see App.), the equivalent forms of E;3 and
E23 are

- (Epg)®= 2 I_ [ (a1 — @z — ag — a4) DD D*i0"+ (ag+-as) DD (Digy*) %+
+2 (a3 — a4) (D)*d"4-2a4 O (Dy*) %], (15)
(Ess)@==—— [ (o — as) DD (Did) #4205 O D).
2

Similarly we can write for Eg and Esp
1 Sl L
(Es1) §A05 SFeEYEREIS [(ﬁl — B2+Ps— B4)ldllDaDD+
2240

+ (B2+B4) (i8yuD)aDD+(Bs+Pa) 204 (D)o — 2ps O (yuD)a],  (16)
1

(E32)a= £
2y20

[ (Bs — Bs) (i8D)oDD+2Ps O Da].

Now we try to concretize the parameters. Depending on the choice of
parameters a, b, two different forms of Eq. (4) are now possible,
respectively as£0, b0 and a=b=0. The first choice gives us a new
form of the equation of motion describing minimal N=1 supergravity.
The second one is entirely equivalent to the equation of minimal N=1
supergravity given by Ogievetsky, Eq. (2).

The case of as=0, b5=0. In this case we get minimal N=1 supergravity
given, at first by the help of two superfields, A*(x, 0) and ®(x, 0).
The last one vanishes by fixing the gauge, but as we can see, some
constraints that were used in [*] now follow directly from the theory.
According to the considerations given before for operators Eis, Ess, Eai,
Esy, and for simplicity, we take
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a=—2[3, wm=wm=—ts=—w, G=0=}3, b=—2/3, B =—fy=

=—B3=P4, Ps=Ps=12. The equivalents from these operators are now

(Eq3) v*=(Dy»)*, (15%)
(Eg3)*=D>
and
(Es1) pa== (YuD)a, (16")
(E32)a=D¢z-

All in all, we can write now superfield equation of motion (4) in an
apparent form

2 1 2 1 2
5[ O+ (DD) 2] i — 2 0O — = a0 Diyy DI —
)
— 3 DDigD=—xVn, (17)
J it 1
3 DDyt — & (DD)*D=—xV.

The expressions of operators EY  (see App.) are used here.
The invariance transformations are

h* — h¥*+Dy"p, (18)
O — O+ Dy,
and the conservation law for source superfields
(YuD)aV* — DoV =0. (19)

This differential condition (19) singles out superspins 3/2, 0, 0 and is
equivalent to condition (3). Really, affecting Eq. (19) by the operator
Ijvan%—Dg(Dyv)“, we have the conservation law only for the super-

current V,
Qav (VHD)GVH'—DG.BDVv:O, (20)

which also singles out superspins 3/2, 0, 0. From (19) we get the
restriction for V(x, 8), D (DD)D V=0, by which V contains only
superspins 0. On the other hand, from (19) we have also

2i0,Vu=DDV. (21)

Consequently, the supercurrent V, contains superspins 3/2, 0, 0, and
these superspins 0, 0 are connected with the scalar source V. We see
that supercurrent multiplet is given by the axial vector superfield and
the scalar superfield with the conservation law (19). The conservation
law (19) for currents (V,, V) is a differential condition of lower order
than the condition for the supercurrent V, only.

Fixing the gauge ®"=0, Eqgs. (17) acquire the form

;[D +% (DD) 2] hn — % It — % £ 0000 Diyoy DI =—x Vi, (22)

_%ﬁuiame_uv, (23)
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with gauge invariance
h—h¥+Dy"p (24)
on condition
Dyp=0 (25)

that we get from (18). We note that Eq. (23) follows from (22) and is
therefore inessential.

The gauge fixing leads to the well-known version of minimal linear-
ized supergravity (2). At the same time, the gauge transformations
(18) and the differential condition for source (19) derive in the natural
way when using superprojectors. Earlier the gauge transformations in
form (24) have been given by Ferrara and Zumino [*] without an
algorithm for deriving them. Only the constraint Dyp=0 was added
to (24).

Consequently, Eqs. (17) are a version of minimal supergravity in a
modified formulation.

The Lagrangian in superspace corresponding to Egs. (17) is

§l=—;[h" (531/12—-2350,,)uhv+h“(E°,2)u‘D+

(26)
—}—(D(Egl)th—{—CDE%z(D] +x(hV,+DV).

This Lagrangian is invariant under the gauge transformations (18) by

condition (19). It is easy to see that an equivalent form of this Lagran-
gian follows from (26):

g =—l-[l Eiyuy5Dh“5iyVy5th+§ Diy"y*Dh*Diy,y*Dhy—+-
12L 4 4 27)
+DDh# Dy, DD+ DDODy" Dhy — DD(DD"D(D] S (WD V).

Considering the general Euler—Lagrange equation [®], we can get the
supersymmetric equation of motion.

The case of a=0, b=0. Here we get a version of minimal supergravity
considered by Ogievetsky and Sokatchev, see (1), only with different
gauge transformations in the form given earlier by Ferrara [*]. Indeed,
according to (12) and (14), a;=p1=0. Other coefficients have to be
chosen by the condition of locality of the operators E;3 and Es.

For example, ay=—as=ay=—}20 and Po=Ps=—Ps=—27)20.
Now we may write the equation of motion

(53/2—350 )u hh=n V2 (28)
11 3 1Wra ’

with the invariance

h* — hy,+0ODy"p — % i0"DD Dy (29)
and the conservation law for the supercurrent

[i0uDoaDD+200 (yuD) o] Vr=0. (30)

The gauge operator (29) and differential condition (30) for the super-
current are of higher order than in the previous case.
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3. CONFORMAL SUPERGRAVITY

In the case of conformal supergravity [¢], by m=0 and the super-
current Vy(x, 08), the linearized equation of motion is

OOE =gV, (31)

where y=h*(x, 0), g is the coupling constant, V,=V*(x, 0). Equation
(31) has gauge invariance

Y11 4E 133, (32)

where ys(x, 0) is an arbitrary spinor superfield. The conservation law
for the supercurrent is

E3 V=0, (33)

which singles out superspin 3/2. By the meaning of operators E3 Es
the conditions have to be

EY2E15=0 (34)

and
E31E§{2=0. (35)

Considering (11), we see that conditions (34) and (35) are satisfied if
operators Ej3, Ej, are linear combinations of superprojectors of super-
spins 0, 1/2, 1. The formal expressions of E3, E3 are already given by
(10) and (13). The considerations for the coefficients a;, pi (i=1, ..., 4
given before are the same. In this case only conditions (34), (35) do
not give any restrictions for coefficients. Choosing, for example, a,=
=m=—w=—wu=—)2, pi=—Pfs=—Ps=Pps=—)2, the operators E\3
and Es; become explicit forms

(Eis) "= (Dy")*, (36)
(E31) pa= (yuD)a- (37)

In conformal supergravity the order of the equations of motion is too
high. .

4. CONCLUSIONS

Above some expressions of untraditional superprojectors are given,
the application of the formalism of superprojectors for N=1 supergravity
is demonstrated. The structure of superspins of operators becomes

apparent.

A modified formulation of N=1 linearized supergravity by the help
of the vector and scalar superfields is given. Such an approach has
advantages on quantization.
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APPENDIX. SUPERFIELD PROJECTION OPERATORS

Notations used

l .
9 {Yu v} =nw=diag(+ ———); vV"=v%v%3

qu=_}; [Yu’ YV]' 6/axl1=au; E}Edual‘, 8=auy“;
2B —1: ge= (C-1)abg,
where C is a charge conjugate matrix; the covariant derivatives
Dy=0/06* —(1/2) (80)a, D*=(C')*FDg, {Dy, Dg}=—(idC)as.
Superfield projection operators, i.e. superprojectors EV

1. Scalar superfield.
Superspins Y=0, 0, 1/2 are singled out by

B —— 1 [(DD)?%2i0,Diy'ysD],
x 80l

1 (A.1)

HP8UT 0 _SUOL Yo

E i+ e (DD)>.

Here -, — correspond to different chirality of an operator.

2. Spinor superfield.
Superspins Y=1, 1/2, 1/2, 0.

p=[ 145 o0y ] -5

0*ouy®Diy‘y®D,

I g ‘é‘ [ (DD)?+2id,Diy*y°D], (A2)

EO——[ l+ D)2] - Sé] B“qu'vsﬁiy“y5D.

3. Vector superfield.
Four superspins, 3/2, 1, 1, 1/2, correspond to Poincaré spin 1, which
are extracted by

= 0%0a 1 % 7)ivov5
(E3/2) = [ l+'—'—" (DD)Q]( & )_ o0 e J.DUathY v D’
0%0,,
(EL )",‘=—-—— [ (DD)?+2i0:Diy*y°D] (ﬂ “Fes ), (A.3)
% . 00p 1 % vOyd
(El/?) = [l+ (DD)"’]( = )+ i 2000°DiyoySD,

and superspins 0, 0, 1/2 correspond to Poincaré spin 0
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Eyy; =] 14— ooy?

0%0),
= (A.4)

1 = -
(E% ”=—E‘ (DD)?*4-2idyDiy“y

We mark $,=h*(x,0), =D (x,0), p3=®Dy(x,0). The operator EY

(i#=k) is a nontraditional superspin projector, which singles out the
superspin .Y from the superfield M, (x,0) and transforms it to the super-
field ®;, ie. ®;=EY ®,. The traditional superprojectors we may mark
as well Ev .

The superprojectors satisfy the relations [!]
EY E!I(;=6w'Egk (A.5)
(no summation by j).

For example, the superprojectors of superspins Y=0, 1/2, 1 for super-
fields ¢y, ¥, s are

B R
(E%,) = i0"DD, (E°21)u=~§r__]—tauDD,

vz)u— [11 5 (D‘D)?]au,

(Efu= Vﬁ“[ 5 (BD)* [0,

(A.6)
u,
(EY2)u= l_ (nuv_ oo, )D‘Y 5D,
230 H
(El2/l2)“= l___ (nuv_M) EiY\'YSD;
273 t
(Egs)a=— —— DD (Dig)%, (E ))a=— 1_ D,.DD,
g o NS T NER Y0 2720
(A7)
(EV2)4=—"o— (Di#)*DD, (EY?)a=———— DDDq,
2y20) 2720
g [, - ¥ >
(E° )4t =——— g*DDD*, (Eg,)ua= — g (y*D) DD,
2 Y200 2 120
(E!,)*#=—"— DD (Dic*"0v)%, (A.8)
: 2y200

| 0,0y <
E = . By = (Y‘,D)GDD
Eo= = (e — 22~ )
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01/2 1 gy D
(E13 )auz____—-D'lDDiall’

2720
0172 N . -
(E 31)““: - T DD (y'D)a,
oyem U
11/2 1 § g (A.9)
(E,, )#o=—-— (Dic**dy)2DD,
2760

1 Ondiy s '
(Egy Juo=—— ( "]ua—”[“j_ )DD(Y‘D)Q.
2760
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SOk

LINEARISEERITUD N=1 SUPERGRAVITATSIOONIST
Paul SUURVARIK
N=1 lineariseeritud supergravitatsiooni saamiseks on kasutatud
superprojektorite formalismi. See formalism pohineb traditsioonilistel ja
mittetraditsioonilistel superprojektoritel. On saadud N==1 lineariseeritud
supergravitatsiooni modifitseeritud formuleering.
O JIMHEAPHU30BAHHOW N=1 CYNEPIPABUTALLHUH
[Tayn CYYPBAPUK
®opmasHu3M CynepnpoeKTopoB HCNOAb30BaH AAs noayyenus N=1 junea-
pH3oBaHHO# cyneprpaBHTaluH. ATOT Gopmaan3m Gazupyercs Ha TPaAHLHOH-

HBIX H HeTPaJHUHOHHBLIX cynepnpoektopax. Ilosyuena moandunuposanuas
¢opmyanpoBka s N=1 JuHeapH30BaAHHOH CyNeprpaBUTAINH.

458



	b10720984-1995-4 no. 4 01.12.1995
	Chapter
	FÜÜSIKA MATEMAATIKA
	PHYSICS MATHEMATICS
	ФИЗИКА МАТЕМАТИКА


	SURFACES WITH A PARALLEL NORMAL CURVATURE TENSOR
	PARALLEELSE NORMAALKÕVERUSE TENSORIGA PINNAD
	ПОВЕРХНОСТИ С ПАРАЛЛЕЛЬНЫМ ТЕНЗОРОМ НОРМАЛЬНОЙ КРИВИЗНЫ
	THE METHOD OF FINITE DIFFERENCES IN SOLVING AN INVERSE PROBLEM FOR OSCILLATION OF NONLINEAR VISCOELASTIC ROD
	Untitled
	DIFERENTSMEETOD MITTELINEAARSE VISKOELASTSE VARDA VONKUMISEGA SEOTUD POORDULESANDE LAHENDAMISEL
	МЕТОД КОНЕЧНЫХ РАЗНОСТЕЙ, ИСПОЛЬЗУЕМЫЙ ДЛЯ РЕШЕНИЯ ОБРАТНОЙ ЗАДАЧИ, СВЯЗАННОЙ С КОЛЕБАНИЯМИ НЕЛИНЕЙНОГО ВЯЗКОУПРУГОГО СТЕРЖНЯ

	GEODESIC MULTIPLICATION AND GEOMETRICAL BRST-LIKE OPERATORS
	Untitled
	Fig. 1. Right translation as an infinitesimal shift of a geodesic line x(f) in the direction of y. Fig. 2. Left translation as an infinitesimal shift of a point y in the direction that is ах (е) parallel to the {апреп{ vector Т
	GEODEETILINE KORRUTAMINE JA GEOMEETRILISED BRST-SARNASED OPERAATORID
	ГЕОДЕЗИЧЕСКОЕ ПРОИЗВЕДЕНИЕ И ГЕОМЕТРИЧЕСКИЕ БРСТ-ПОДОБНЫЕ ОПЕРАТОРЫ

	ОN ТНЕ N=l LINEARIZED SUPERGRAVITY
	LINEARISEERITUD N=l SUPERGRAVITATSIOONIST
	O ЛИНЕАРИЗОВАННОЙ N=l СУПЕРГРАВИТАЦИИ

	ECCENTRIC INTERACTING ELECTRON
	EKSTSENTRILINE KIIRGAV ELEKTRON
	ЭКСЦЕНТРИЧЕСКИЙ ИЗЛУЧАЮЩИЙ ЭЛЕКТРОН

	CYCLOTRON FREQUENCY TECHNIQUE OF THE MEASUREMENT OF BETA DECAY SPECTRA
	Principal sketch of the cyclotron frequency spectrometer.
	BEETA-LAGUNEMISE SPEKTRITE MÕÕTMISE TSÜKLOTRONSAGEDUSE MEETOD
	МЕТОД ЦИКЛОТРОННОЙ ЧАСТОТЫ ДЛЯ ИЗМЕРЕНИЯ СПЕКТРОВ БЕТА-РАСПАДА
	LÜHITEATEID
	SHORT COMMUNICATIONS
	КРАТКИЕ СООБЩЕНИЯ



	A HAWKING PROCESS IN SOLIDS: RELAXATION OF A STRONGLY EXCITED MODE
	Fig. 1. Two-phonon relaxation of a strongly excited mode caused by anharmonic interaction with acoustic phonons; #==l, wa= 1, ©:l== 1.5, шо==o; ша == 0.5.
	Fig. 2. Two-phonon relaxation of a strongly excited mode caused by anharmonic interaction with acoustic and optical phonons; fi=l, @а==l, @; == 1.7, Фо:== 1.2, Фоз== 1.5, ©а ==o.3, ©о=o.s.

	CHEMICAL REACTION IN A STRONG COHERENT LIGHT FIELD
	EESTI TEADUSTE AKADEEMIAS
	EESTI TEADUSTE AKADEEMIA 1995. AASTA AASTAKOOSOLEK
	TEADUSTE AKADEEMIA JA TEMA INSTITUUTIDE ÜLESANNETEST NING KOHAST EESTI TEADUSKORRALDUSES
	MÕNINGAID KOMMENTAARE EESTI TEADUSTE AKADEEMIA TEGEVUSE KOHTA 1994. AASTAL
	Untitled
	EESTI TEADUSTE AKADEEMIA ÜLDKOGU 1995. aasta 19. aprilli OTSUS Eesti Teaduste Akadeemia ja tema instituutide ülesannetest ning kohast Eesti teaduskorralduses

	EESTI TEADUSTE AKADEEMIA ÜLDKOGU KOOSOLEK 25. juunil 1995
	KROONIKAT CHRONICLE
	Contribution
	Untitled

	Contribution
	Contribution
	Untitled

	Contribution
	Contribution
	Untitled

	Contribution
	List




	Statement section
	AASTASISUKORD
	CONTENTS OF VOLUME 44
	ГОДОВОЕ СОДЕРЖАНИЕ

	Illustrations
	Untitled
	Fig. 1. Right translation as an infinitesimal shift of a geodesic line x(f) in the direction of y. Fig. 2. Left translation as an infinitesimal shift of a point y in the direction that is ах (е) parallel to the {апреп{ vector Т
	Principal sketch of the cyclotron frequency spectrometer.
	Fig. 1. Two-phonon relaxation of a strongly excited mode caused by anharmonic interaction with acoustic phonons; #==l, wa= 1, ©:l== 1.5, шо==o; ша == 0.5.
	Fig. 2. Two-phonon relaxation of a strongly excited mode caused by anharmonic interaction with acoustic and optical phonons; fi=l, @а==l, @; == 1.7, Фо:== 1.2, Фоз== 1.5, ©а ==o.3, ©о=o.s.
	Untitled
	Untitled
	Untitled

	Tables
	Untitled
	Untitled




