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Abstract

A supercurrent superfield whose components include a conserved energy-
momentum tensor and supersymmetry current as well as a (generally broken)
R-symmetry current is constructed for a generic effective N=1 supersymmet-
ric gauge theory. The general form of the R-symmetry breaking is isolated.
Included within the various special cases considered is the identification of
those models which exhibit an unbroken R-symmetry. One such example
corresponds to a non-linearly realized gauge symmetry where the chiral field
R-weight is required to vanish.



1 Introduction

The most general graded Lie algebra of symmetries of the S-matrix of a
relativistic quantum field theory is the direct product of (extended) super-
symmetry (SUSY) with some internal symmetry [1]. That is, supersymmetry
is the only possible extension of the Poincaré space-time symmetries. More-
over, since models possessing supersymmetry tend to exhibit a less singular
ultraviolet behavior than what would naively be expected, one is naturally
led to explore the role of SUSY in possible extensions of general relativity
and quantum theories of gravity. Indeed, supersymmetry plays a pivotal role
in many of the string theories [2] which offer the promise of incorporating
gravity in a consistent quantum mechanical framework.

This softer ultraviolet behavior of supersymmetric theories can be en-
coded in various non-renormalization theorems [3], which, among other things,
guarantees that supersymmetric models are free of additive quadratic diver-
gences even when they contain fundamental scalar degrees of freedom. This
attribute allows mass hiearchies which are established at tree level in such
theories to remain stable against quantum fluctuations and has led to a
considerable amount of activity in SUSY model building [4]. Such a SUSY
effective theory often arises as the flat space-time limit of a some supergravity
model which in turn can be considered as the zero slope limit of an underlying
superstring theory. The resulting SUSY model will, in general, contain in-
teraction terms beyond those appearing in the perturbatively renormalizable
case.

It has also been demonstrated [5][6] that the restrictions imposed by
SUSY may dictate that certain exact results can be established even after the

inclusion of perturbative and nonperturbative radiative corrections. A cru-



cial ingredient used in securing these results involves the (extended) SUSY
algebra [7] which, in turn, is related to the supersymmetry currents. In addi-
tion, explorations [8] continue into the possibility of having non-perturbative
violations of the non-renormalization theorems and dynamical supersymme-
try breaking which in turn could provide for the natural origin of the huge
hierarchy between the Planck scale and the electroweak scale. It has been
argued that the nature of the R-symmetry realization plays an important
role in determining the viability and calculability of this potentiality. Once
again, the resultant SUSY models are generally required to contain higher
dimensional operators in order to secure a stable ground state.

For perturbatively renormalizable models containing Yang-Mills vector
superfields and (anti-) chiral superfields, it has been shown that the super-
symmetry current is intimately related to the energy-momentum tensor and
the R-symmetry current. In fact, a supercurrent multiplet[9] can be con-
structed such that its components contain these currents. Futhermore, the
generalized (spinor) trace of the supercurrent not only describes the (non-)
conservation of these component currents, but also that of the associated
superconformal symmetry currents. Since, at the present time, many of the
supersymmetric models being investigated involve more general structures
than those appearing in this perturbatively renormalizable class, we con-
stuct, in this paper, the general form of the supercurrent in a larger class of
models characterized by arbitrary superpotential and prepotential functions
as well as an arbitrary Kahler potential.

In the next section, we define the model action which is the general super-
symmetric and gauge invariant form containing at most two derivatives. We

also introduce functional differential operator representations for both the in-



ternal gauge symmetry, which can be either linearly or non-linearly realized,
and the space-time Poincaré, supersymmetry and R- transformations. Start-
ing with the supercurrent trace identity, section 3 details the construction of
the supercurrent which is secured by combining the various space-time sym-
metries into a particular superfield structure with the R-symmetry current
as the lowest component. So doing, we obtain the general form of possible
R-symmetry breaking. As a special case, we review the form of the supercur-
rent obtained in perturbatively renormalizable SUSY models. In addition,

we delineate the general criterion nessecary for an unbroken R-symmetry.



2 The Supersymmetric and Gauge Invariant

Action

Through two derivatives, the most general supersymmetric and gauge invari-
ant action, I', composed of Yang-Mills vector superfields, V4 , and matter
(anti-) chiral superfields, (¢) ¢, which transform either linearly or non-

linearly under the gauge group G, is
M6.6,V] = [dVE©6.V)+ [as[3la@Wws + P(s)]
+ [aS S Rs@WiW PG (21)
This action contains a locally invariant Kéhler potential [10], K = K (¢, ¢, V),
the SUSY Yang-Mills kinetic term multiplying (anti-) chiral field dependent

prepotential functions, (faz(¢)) fas(¢), and the (anti-) chiral superpotential
(P(¢)) P(¢). The adjoint representation chiral spinor field strength W, [11]
is
1. _
W, = WA = —, DD e Dae?] (2.2)
where t4 are the adjoint representation matrices, (t4)pc = ifpac and

V = tAV4 is the matrix valued gauge field. It proves convenient to introduce

the polynomial in V' combination

e2V —1
4 AB

in terms of which we can write

1.- -
Wo=—;DD [DaVPipa] ", (2.4)
which explicitly identifies the W2 spinors as

WA = —EDD [DaVP0p4] . (2.5)

[e%
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Similarly the anti-chiral field strength is

Wy = ng‘t“‘ = —iDD [GQVDde_W}

1 _ _
= —DD [DaVPlpa| t*, (2.6 )
where
] <€2V_1> ‘ (2.7)
bap=|—77— = —{Ba, :
4 AB
and
_ 1 _ _
Wit =~-,DD [DaVPiga] - (2.8)

2.1 Gauge Invariance

The generators of the symmetry groups can be realized using Ward identity
functional differential operators acting on the superfields. The infinitesimal
gauge transformations of the fields are defined by the functional differential

operator

o IR
/ ASA A (0) 55 + / ASA AL (6) 55
—i / dv (APegh + API)) %, (2.9)

S(A, A)

where (A“4) A# are the infinitesimal (anti-) chiral superfields parameterizing
the gauge variation. When applied directly to the fields themselves, this

yields their individual variations as

5(A,/_\)¢f = AAAfA(qﬁ)
S(A Mg = AMAY(9)
SAMVA = —i [APegh + AP (2.10 )



The (chiral) Killing vectors A% (¢) and their (anti-chiral) complex conjugates,
A\(¢), define the global transformations of the matter fields, which are de-

noted by the variation 44, so that

5A¢f = AY(¢)
549" = A4(9). (2.11)

These (anti-) chiral Killing vectors obey their defining Lie derivative or

Killing equations
QA —ApAl; = ifascAG
AixleiB,j —A%Ail,j = ifABCAiC', (2.12)

where we have introduced a notation where subscripts following commas

denote differentiation so that, for example, A%, = %’%‘3, f_l%,; = %%‘3. These

equations are a direct consequence of the gauge transformation algebra
[6(A,R), 6(A', )] =id(A x A, A x A), (2.13)

where the cross product is defined by the totally antisymmetric structure
constant of the group, fapc, so that (A x A')x = fapcAPA €.
For linear realizations of the gauge symmetry, Eq. (2.12 ) is solved by
i = i(T");;¢7, where the T form a matrix representation (perhaps re-
ducible) of the group so that [T4,TP] = ifapcTC. On the other hand,
for non-linear realizations, such as in the case of supersymmetric non-linear
sigma models [10][12][13][14], the AY solving Eq. (2.12 ) and thus forming a
realization of the algebra are non-linear functions of the ¢’. Using the local
¢" transformation law, the superpotential, P(¢), is seen to be locally invari-
ant, 0(A,A)P(¢) = A*AY(¢)P(¢),s= 0, provided it is globally invariant,
54P(9) = Aiy(6)P(6) = 0.



The gauge group transformation of the Yang-Mills vector superfields is

defined via
62{// — 2(V+V) — 671A62Ve+i1_\. (2‘14 )
For infinitesimal A and A, this reduces, upon application of the Baker-

Campbell-Hausdorft formula, to
_ 1 ,- ) -
S(A, M)VA = 5 (AZ 4+ AP) fapcVC + % (AP = AP) [Veoth V], , (2.15)

which can be shown to be identical to the last line of Eq. (2.10 ). Since this
result is also consistent with the group algebra (Eq. (2.13 )), this transfor-
mation also forms a realization of the gauge group. Using the vector field
gauge transformation, it is readily established that the field strength spinors

transform as the adjoint representation under gauge transformations:

SA MW, = i[A,W,]
SN MW = i [A, W], (2.16)

or equivalently

J
J

AW = i (A%C) WD
AB
MTTA — (RCC) 1B
AR = i (RC)  wE (2.17)
Since any non-trivial (anti-) chiral prepotential terms, (fap(¢)) fap(¢) are

constructed to transform as the product of the (anti-) chiral adjoint repre-

sentations of the gauge group so that,

(AN fap = i(ADtD)ACfCB—i—i(ADtD)BCfAC
S(AMNFas = i(APP) Jop+i(AP”)  Fac,  (218)

=1

it follows that the contractions W4 f ABWf and ng fapWPB® are gauge in-

variant.



Mutatis mutandis, the vector field transformations define a realization of

the complexified chiral gauge group G x G() with superfield parameters
1 ,-
A_ A A
)\i:§<A + A% (2.19)

and corresponding gauge transformation functional differential operators

5

5 = dS(SAqﬁl o+ [ dS(SAqbl [V EaneVO o

55‘*) _ —/dS(SAW —{—/0[5’(5A¢Z —|—/de (VeothV) .5 —553.
(220)

In terms of these variations, the gauge transformations take the form d(A, A) =

Af5f4+) + A‘i‘5f4_). Moreover, the 5f4i) variations obey the chiral algebra [14]

given by
60,68) = fanosl)
69,657 = fancsl)
057,057 = fascds’. (2.21)

As such, the Yang-Mills fields, V4, transform in the adjoint representation
of the G subgroup and provide a non-linear realization of the G(-) sub-
group. Written in terms of the AL superfield parameters, the exponential

transformation law of the Yang- Mills fields is
2V = T2V A
— e—i()ur—)\,)eZVei()ur-i-)\,) (222 )

Y

which in turn yields the infinitesimal transformation laws
SSVE = it peV©
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§VE = i(VeothV)ap, (2.23)

in agreement with Eq. (2.20 ).

Using the 51(47) variations for the matter fields, the gauge invariant Kéahler
potential, K (¢4, ¢, V), can be constructed [13][14] from the globally invariant
Kihler potential, Ko(¢, ). To achieve this, we define the pure chiral matter

field transformation operators 6&{1&) as

s — / dSéAqs@ . / 156,57 - ¢z

507 — / dsamz + / A5040' (2.24)

¢"

Then using the commutation relation [14]

5(A A) ZVA5 (o— ):| _ eivA(;Ef*)

1 . .
AB (tanh §v)305g? ) AB§YO| ) (2.25)

it follows that

K(¢,6,V) = eV Ko (8, ) (2.26)

is locally gauge invariant

S(A, M)K(,¢,V) =0, (2.27)

provided Ko(¢, @) is globally invariant, §4Ko(¢, #) = 0. A globally invariant
Kahler potential can always be found [13] when the group does not contain
explicit U(1) factors. Moreover, in that globally noninvariant case, where
64Ko(¢,d) = Fa(¢) + Fa(¢) # 0, a locally invariant form can also be con-
structed [13].

2.2 Supersymmetry

In addition to its gauge invariance, the action, Eq. (2.1 ), is also super-

symmetric and Poincaré invariant. These global superspace symmetries are

10



represented by superspace differential operators on the superfields, which in
turn can be used to construct functional differential operators representing

the generators of the symmetries. The supersymmetry transformations are

given by
B 9 ~
69d(x,0,0) = [89+20“88] O (z,6,0)
590(z,0,0) = [—%—waﬂa”] o(z,0,0), (2.28)

where ® is any of the superfields ¢, ¢ or V, while the variation of the fields

under space-time translations is given by
87 ®(x,0,0) = 0,9(x,0,0). (2.29 )

These variations can be combined to form the Ward identity functional differ-
ential operator representing the generators of the symmetries. The functional
differential operators corresponding to the supersymmetry charges ), and

Qd are

52 — / dScSngﬁZ + / dsa%z - / AV eV 55v

52 = / dS(5Q¢l 4 / dS(SQqﬁl _ / dV(SQV— (230 )

while those corresponding to the space-time translation generators P* are

/ dS5P¢Z / dS5sz5Z _+ / dverv 5‘;

Similar expressions also hold for Lorentz transformatlons. These variations

(2.31)

satisfy an algebra analogous to the one satisfied by the global symmetry
generators. For example, while the supersymmetry charges anti-commute to

yield the momentum operator,
{Qa, Qs } =201 P, (2.32)

11



it is readily seen that

(62,08} = —2ict,57, . (2.33)

By construction, the action I' is invariant under supersymmetry and space-

time translation transformations so that

3¢ T, 9, V] = 0
63 Tlg,6,V] = 0
5, Tl¢,0,V] = 0. (2.34)

The action may also be invariant under R-symmetry or some global inter-
nal symmetries. In particular, the generator of R-symmetry transformations

is given by
/ dsa%l + / dsa%z - / dvaRV— (2.35)

where the explicit R-symmetry transformations of the fields are defined by

§8®(z,0,0) =i [ncp + 9“% + 04 82 ] ®(x,0,0), (2.36 )
with ne the R-weight of the superfield ®. Since the vector superfield is real,
its R-weight must be zero: ny = 0. In general, the R-weight of the chiral
superfields, ng, is arbitrary. In some cases, however, it can be fixed so as to
make the superpotential R-invariant. Moreover, as shown in the Appendix,
if the chiral superfield transforms non-linearly under the gauge group, its
R-weight must be zero: ng = 0. The Weyl spinor supersymmetry charges

Q. and Q, form a representation of the chiral R- symmetry given by

[R’QOI] = Qa
[R,Qs] = —Qa. (2.37)



Likewise, it follows that the Ward identity functional differential operators

obey the analogous algebra

[0%,69] = —idd
[67,68] = o2, (2.38)

Using Noether’s theorem, the (non-) conserved currents corresponding
to these transformations can be constructed from the action. Since I is
supersymmetric and translation invariant, the corresponding supersymmetry
currents, Q*, Q%, and the energy-momentum tensor, T, are conserved and

satisfy

0uQh(a) = 08() T
0,Q4(x) = &Z(z) T
0,T" (z) = 6™ (x)T. (2.39 )

Here 69(z), 5?(:1:) and 0/ (x) are the local SUSY and translation functional
differential operators respectively. The corresponding global transformation
functional differential operators, 62,5? ,55 , are constructed by integrating
the local operators over space-time. Thus, for example, 69 = [ d*xé%(x), is
the global SUSY variation. It follows that the currents of Eq. (2.39 ) can
be modified (improved) by the addition of Belinfante terms or total space-
time divergences of Euler derivatives of the action (contact terms) without
alterring the form of the current conservation law or the time independent

charges.

Similarly, the R-current can be constructed via Noether’s theorem as

8,R*(z) = 6"(x) T — iSp(x), (2.40)

13



where Sg(x) describes the explicit R-symmetry breaking of the action. Inte-

grating this equation over space-time gives
6" T6,6,V] =i [ d'aSn(x), (2.41)

which constitutes the global R Ward identity.

The R-current so defined can be extended so as to form an entire super-
field with R¥(x) as its lowest component. It is this multiplet with appro-
priately defined improved supersymmetry currents and energy-momentum
tensor which constitutes the supercurrent. By construction the supercurrent
contains a (non-) conserved R-symmetry current R*(z) as the lowest compo-
nent with conserved supersymmetry currents, Q*(z), Q% (z), and symmetric

energy-momentum tensor, 7#”(x) , in higher components [9][15][16][17].

14



3 The Supercurrent

In general, the generators of global symmetry transformations can be ob-
tained from the symmetry currents using Noether’s theorem. For the su-
perconformal symmetries, all superconformal currents can be gleaned from
the supercurrent [15|[16]. The supercurrent is just the superfield of cur-
rents whose first component is given by the R-symmetry current and which,
moreover, contains the supersymmetry currents and the improved energy-

momentum tensor as higher dimension components. It has been shown on

1 _n

very general grounds [15][16] that the real supercurrent, Vo4 = 5044V}, must

satisfy a general set of spinor derivative (trace) equations of the form

D*Vae = —204T'+ B, —2D,S
D*V,s = —20,T + By —2D45. (3.1)

The B, and By are restricted to obey DB, = DsB® while (S) S is a
(anti-) chiral superfield, (DS = 0) DgS = 0. In order for V,4 to contain
a conserved energy-momentum tensor 7#”, and supersymmetry currents Q4
and Q%, it must be that the symmetry breaking terms (Bs) B, and (S) S
cannot both be non-zero simultaneously. The local superspace Ward identity
functional differential operators, 5a, gd, are defined as
o — —g 6 — —g
0s = ngDys <¢ £> +2(Dsd’) <=
_ ) _ 0
A A
~2(DDDsV*) 5y +2(DaV*) DDy 5
alp. 1D A -1 ,7 7—1
+2D [de D,V (gABaD gBC"*’gDBaAgBC) 5‘/01

o = nyDy (gﬁ%) +2 (Daqﬁi) 5(;1.
—2 (DDDQVA) (WLA +2 (DQVA) DD%
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12D, [DQVD DVA (Cap o (5 + T, T WLC]  (32)
Note that when restricted to Abelian gauge fields, the last lines on the right
hand side of each equation vanishes. The form of these variations is such
that all the superconformal transformations can be secured by acting on
them with appropriate spinor derivatives and then constructing their various
space-time moments. In particular, defining the local variation
Ady

6 =i(D%%, — Dgb ), (3.3)

then its space-time integral

5= / d'zd (3.4)

forms the superfield containing the (previously defined) R symmetry, super-
symmetry and space-time translation functional differential operators, 6%,

09, 52 and 55, as
§ = 0% —i0°0% +i0569% — 200+065T . (3.5)

Note that alternate forms for 3a and ga can also be defined by adding vari-
ous terms which take the form of additional total derivatives of contact terms
(improvements) or have the effect of changing the relation of these variations
to the conformal transformations [16]. The conservation of the supersym-
metry currents, Q*, Q%, and the energy-momentum tensor, 7", Eq. (2.39 ),
follows from Eq. (3.1 ) provided either (or both) S or B to vanish, which
alternative being a model dependent question [15][16].

Applying the spinor derivative construction of Eq. (3.3 ) to Eq. (3.1 )
yields the space-time divergence equation for the supercurrent

oMV, = 2% {D*, D%} Vas

16



= oI'—i(DDS - DDS) . (3.6)

The 6, 0 independent component of this equation gives the R-current Ward
identity
"R, = 6%(2)I' — i (DDS — DDS) [4_5_ (3.7)

If S # 0, the R-symmetry is explicitly broken. Note that in such a case, in
order for the supercurrent to contain a conserved supersymmetry current and
energy-momentum tensor, it is required that B = 0. The construction of all
the superconformal currents along with their associated Ward identities and
anomalies is detailed in references [15][16]. Besides the R-symmetry current
constructed above as the @, # independent component of the supercurrent
itself,

Ry = Viloeico (3.8)

the supersymmetry currents and the energy-momentum tensor can similarly
be constructed as the 6,  independent components of certain combinations

of spinor derivatives acting on the supercurrent as:

Qua = 1 (Davu - (a,ﬁ”D)a Vu) lo—9—0

Qud = —t (deu - (@p”D)d V,,) lo—g—0
T;u/ = _% (V;u/ + ‘/Vli - 29;11/‘{5) ’0:0_:0’ (39 )

where the superfield V), is defined as
Vi = (Do,D = D3,D) V,,. (3.10 )

The remaining superconformal currents and angular momentum tensor can
be constructed as space-time moments of Eq. (3.9 ). For example the dilata-

tion current is given by D, = z¥T,,.
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Given an action T' and the variations §, and gd, the Vo4, Ba, Ba, S and
S are constructed so as to satisfy the trace equations (3.1 ). Towards this
end, it is necessary to use the field equations for the matter and Yang-Mills
superfields. Functionally differentiating the action of Eq. (2.1 ) with respect
to the chiral and anti-chiral matter fields yields

or 1--
 — _CDDK,+P,;—2fup WAWE
55 1 i+ Py —2fap W W
T 1 S oF . rAG
(?qu - _ZDDK7%+P,E —2fap; WAWE. (3.11)

A useful form of the Yang-Mills field equations [18] is obtained by introducing

the gauge covariant spinor derivatives D, and D, for the chiral field strength

spinors as,
DaWﬁ = 672VD04 [62VWQ672V:| 62V
= DQW5 -+ Qan -+ WgQa
ﬁdWB = ewa [e‘QVWBGQV} e 2V
DeW? + QuW? + WhQ, (3.12)
with

Q, = e %D, = (DQVAEAB> tB = QaBtB
Qi = ' Dse™ = (DaVap)t? = Q57 (3.13)

Alternatively, these covariant derivatives can be written as

DW= () o D [(€7) 5, W5

= D*W§ +ifepaQ3Wy
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(W)™ = (") Da () s W]

= DWO +ifopaQBWAS. (3.14)

The field equations for the gauge fields can then be cast as

or

s7a = —lan(D°F.)® — ap (DaF ")

- —.\B
= —lap (DFo)” + (DaF*) lpa, (3.15 )
where we have introduced the auxiliary field strength spinors F, and F, de-

fined as F* = tAfABWaB and F), = tAfABWf . In addition to these dynamical

relations, the field strength spinors also satisfy the Bianchi identities
DW, = —e 2 (D) e?, (3.16)
which can alternatively be written as

(D) = — () (D" W), (3.17)

or in further detail

Dd K(W)AB WBd} - (672V)Ac 2 [(eW) CB Wf} ’ (3'18 )

Application of the Ward identity operator gd to the general action of
Eq. (2.1 ) and exploiting the field equations (3.11 ), (3.15 ) along with the
Bianchi identity (3.18 ), the supercurrent trace equation (3.1 ) is seen to be

satisfied with the supercurrent identified as

Voo = 16 [ V) apfreWS — Wf(ei2v)AB]FBCWOﬂ
Do, Ds| K + 2K, Da¢™Dad' (3.19)

Wil N
—
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Here we have introduced the gauge covariant spinor derivatives for the matter

fields defined as

Dod' = Dod' —iQ5 AL() (3.20)
= Da¢' —iD VA AL(9)

Dsd' = Dud' —iQF AL (9) (3.21)
— D' —iD VAl s AL(d) (3.22)

which have the gauge variations

(A A) Dag' = AMAL; (9)Dad’
0 (M R)Dad’ = AAl;(9)Dad (3.23)

2
Note that V, is manifestly real and gauge invariant. In addition, one finds

explicitly that B, = 0, while the anti-chiral breaking terms have the form

. 1 2 . I
§ = —DD (—gK —ng (¢K)> + 8ngd W' fap W5
— (2P +nyd' Py ) . (3.24)

Since S # 0, the R symmetry is, in general, explicitly broken.
Using this general form of the supercurrent and its associated Ward iden-
tity, various special cases can be considered. First of all, the form for V,

and S reduce to their previously established values [16],

- 2 _ _ _
Voo = 32Wae? """ W — 2 Do, Da (#¢*"7"6) + 2Dag 1" Ds
_ 2 _ _ o
5 = BE3) ppge TGy - (0P 1 nyd ) (3:25)

when the model is restricted to be renormalizable so that K = ¢ e?""T¢ and

P is at most trilinear in ¢ while f4op = d45. For conformal R-weight ng = —%
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and no mass or linear terms in P, the breaking terms vanish, S = 0, and the
R-current is conserved.

For the particular case when the gauge symmetry is non- linearly realized
on the chiral matter fields with a vanishing superpotential, it follows (see
Appendix) that the ¢ field R-weight must be zero: ns, = 0. The supercurrent

can then be cast as

Ve = 16 [Wf(GQV)ABfBCWS - Wf(e_w)ABJFBCWﬂ +2D0¢' K, Dad’
(3.26 )
with S = 0 and B, = DDDsK. Since S = 0, this form of the supercurrent
not only leads to a conserved supersymmetry current and energy-momentum
tensor, but also to a conserved R- symmetry current.
When the chiral matter fields form a linear representation of the gauge
group, the axial R-weight ny is arbitrary. If, however, the superpotential and

prepotential are R-invariant so that

2P +nyd'P; = 0, (3.27 )
fap=fap = das, (3.28 )
while the gauged Kéahler potential possesses an additional global, axial U4(1)

symmetry, so that

then the S breaking term can again be traded for a B breaking with a suitable

modification of the supercurrent. So doing, we find

Via = 32Wae?V W,
+2Dod K 5 Dad” + ° (Do, Da] (6'K.i+'K 7
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S =0
B, = —iDDDd |—4K = 3n, (§ K, +3 K7 )] - (3.30)

The quantization of the gauge models requires the introduction of gauge
fixing and Fadeev-Popov terms to the Lagrangian [16][18]. With their inclu-
sion, the action ceases to be gauge invariant but becomes BRS invariant. A
detailed account of the supercurrent construction in renormalizable models
with BRS invariance can be found in the literature [16]. When the quan-
tum corrections are taken into account, the divergence of the R-current, the
~-trace of the supersymmetry current and the Lorentz trace of the energy-
momentum tensor are anomalous with the renormalization group S function
as the anomaly coefficient [9][15|[19]. The nature of these radiative correc-
tions for the renormalizable N=1 SUSY models has been investigated and
reviewed [16][20][21][22]. For certain gauge models, the § function has been
shown [5][6] or argued [23] to vanish identically at a superconformal fixed
point. This, in turn, fixes the R-weights.

In all of the above, discussion has been restricted to the case of linearly
realized supersymmetry, while the gauge symmetry was allowed to be realized
either lineraly or non-linearly. For completeness, let us recall the case of
a non-linearly realized supersymmetry. Indeed in the absence of explicit
breakings, if supersymmetry is to be realized in nature, it must be as a
spontaneously broken symmetry. At high energy, the short distance behavior
of the theory will be unaffected by the soft spontaneous SUSY breaking of
the ground state. The structure of the supercurrent will be identical to
the unbroken case. At low energy, the spontaneously broken SUSY can be
described by the Akulov-Volkov effective Lagrangian [24]. For this model, a

supercurrent has also been constructed [25]. It again contains the conserved
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R-current as the lowest component and conserved supersymmetry current
and the energy-monentum tensor as higher components. In this case, the
R-current is simply given by R* = —2x*Ao, \T"*, where X is the Goldstino
field and & is its decay constant and 7" is the improved energy-momentum

tensor.

This work was supported in part by the U.S. Department of Energy under
grant DE-AC02-76ER01428 (Task B).
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Appendix A

In this appendix, we show that the R-weight, ng4, of any chiral superfield

transforming non-linearly under an internal symmetry transformation must

vanish: ny = 0. This demonstration employs the algebra

T4, Tg] = ifapcTc
[R,T4] = 0,

along with the chiral field transformation laws

| =

oadt = [T, o] = Aly(9)
5R¢i —

S| e

90~ "0,
Using these relations, the Jacobi identity
0=[[R,Tal,¢'| + [[¢",R] , Tu] + [[Tu. ¢'] . B] ,

reduces to
0 =ny (Al — Ay, &) -
For non-linear realizations
W @ # Al

and hence we conclude that ny = 0.
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