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[t is shown that the anomalous divergence of the supercurrent in a supersymmetric non-Abelian gauge theory may
be removed at the one-loop level by coupling three scalar multiplets in the adjoint representation to the supersym-

metric Yang-Mills multiplet.

We recently demonstrated that an anomaly exists
[1] for the divergence of the supercurrent in a super-
symmetric non-Abelian gauge theory. The specific
model studied [2] consisted of a zero-mass Yang-Mills
multiplet interacting with a singlé massless Majorana
spin 1/2 field transforming as the adjoint representa-
tion of the internal symmetry group, taken as SU(2)
for simplicity. In this case the supersymmetry Noether
current d,, is only formally conserved. An anomaly
exists, since the matrix element of , connecting the
vacuum to the one boson-one fermion state is not con-
served when computed in lowest non-trivial order of
perturbation theory. Our calculation [1] demonstrated
a fundamental clash between (Yang-Mills) gauge in-
variance, the conservation of the supercurrent between
physical states [3#(phys|d,|phys) = 0], and the spin
3/2 character of the supercurrent ['yﬂcS“ =0].

In this note we extend the results of the previous
calculation so as to include interactions of the Yang-
Mills meson and Majorana spinor with the non-interact-
ing scalar multiplet of Wess and Zumino [3], in order
to demonstrate the existence of an anomaly killing
mechanism at the one-loop level. This is possible since
the added particles lead to additional contributions to
both the supercurrent d,, and the one-loop diagrams
contributing to the anomaly. We will show that, to
leading order, the anomalous divergence 3, 3* is pro-
portional to the Callan-Symanzik g-function of this
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extended gauge theory. This is related to a more re-
strictive result of Curtright {4], who showed (by
formal arguments) that for the pure Yang-Mills super-
symmetric theory, one may construct a conserved,
gauge-invariant supercurrent d,, with the properties
o# d, =0and v,3* ~ B, (g), where B,(g) is the §-
function of the Yang-Mills multiplet alone. The dis-
cussion of ref. [1] allows us to reinterpret this in terms
of the supercurrent J,, where v, d* = 0, and 9, I+ ~
B,(g) for the pure gauge theory. Here we show expli-
citly that 8“6“ ~ B(g), where now 8(g) also includes
the contribution of the scalar multiplets: If the original
Yang-Mills multiplet interacts with three scalar multi-
plets transforming as the adjoint representation, $(g)
vanishes to lowest order and the supercurrent anomaly
is removed.

Consider a model consisting of a Yang-Mills vector
meson vy, a scalar A%, a pseudoscalar B?, and Majorana
spinors Y2 and x4; all massless and in the adjoint re-
presentation. The Lagrangian describing this theory in
the Wess and Zumino gauge [6] is

i —
L =50, + 5407, (DHY), + 3(D, ) + 5(D,A)?
i— . -
X, (D#X), — igegp V(AP + v5BE)XC

~582(42B? —(4,B°)], (1

where v, is the Yang-Mills field strength, D, is the
covariant derivative, and @ = 1, 2, 3. The supercurrent
[2], which generates supersymmetry transformations,
is

Su=Sy tSu s @)
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where
CS#V = _ioaﬁ,),“ wava% 3)
and

3= 707, [DA(A + vsB)[X,

+30,,0M (4% + 75BY)x,]. (4)

with ('y5)2 =-land o,z = },['ya, 73} The first term
in J,* is the Noether current for the scalar contribu-
tion, while the second term in (4) is the improvement
of Ferrara and Zumino [5] which ensures that y, S*
= 0 when the equations of motion arc employed.
[Note that y* 3,¥ = 0 is an algebraic result, and does
not depend on the equations of motion.]

We previously have discussed [1] the process
d," = ¥ *vin one-loop approximation, for which

Py, kylo* S, 10)

__3ig2 -

=- == (up)v,p-k-p,ykl. (5)

8n2

Now consider cS“S - + v, which is to be added to
eq. (5) to obtain the complete amplitude for §,
y + v. Define the amplitude for the contribution of
d&,° to this process as

e, (T(P)S5)C = €, (K)iH(p)8 ), O, - (6)

with @, computed from the diagrams of fig. 1, and
the mass-shell restrictions

e“(k)k,=0, u(pyy'p=0, kI=p2=0. (7)

From a trivial analysis of the structure of the Feynman

diagrams, one notes that only an odd number of v-
matrices are presentin Q, . With this in mind, the
most general form of @, on the mass-shell is

1Q,, = Cry kb, + Oy kv, 7, + C3v,p, t Gy,
+ Csyuk“ +Cevkpk, + Cy-kp,p, . (8)

Gauge invariance imposcs the constraint k¥S 5, = 0.
which requires
C1+C5+p°kC6=0, C4=0,

while Y*S 5, = 0 implies

Ci+4C, -C5=0 and Cs+p-kCy;=0. (10)

One may combine eqs. (8)--(10) to write the scalar
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contribution to the anomaly as

ST hEQ,,

= P k(GC*C) (v, Pk vkp,).
Alternatively, if we require 3,5 * = 0, we find

(p.kly,SH10) = 2ip - k[3 Cg + C;)8, €5 (K)iE(p)Y - kv,

Although the Feynman integrals defined by fig. 1 are
primitively linearly divergent, and hence subject to
ambiguities dependent on the routing of momenta
through the diagrams, the invariants C¢ and C; are
not subject to this arbitrariness since they are coeffi-
cients of terms in (8) which are cubic in momenta
{1, appendix A]. Hence the scalar contribution to the
anomaly is uniquely determined from figs. 1a and 1b.
(Fig. 1c does not contribute to the unambiguous in-
variants C¢ and C5.)

It is straightforward to show that on mass-shell

1 | Y d4q
= -2g2 | dx dy
' { Of (2m)* (g2 + 2xyp k)

(n

D.

i

for i=6and 7, (12)
with Dg = D4 = 1Tﬁxy. Therefore from (11) and (12)

)i 4.
/ AB \
x - l‘g’ A:B/’ \/X
/ A l’--é—-‘\
/ S / * —’sz‘
v ¥ LEV
r 25 *
(a) (p)
L.
VAR
,x// '4: w\_\’l’l—i"‘r
AL

Fig. 1. Graphs contributing to the process o, — ¥ + V.



Volume 71B, number 1

j 1-x d4q
—iSs=2g% | dx dy
’ 0 { J (2my*
X&wp°kthk—pn'M
(¢ +2xy p-k)}

_ig
82

which is —-1/3 the contribution of the vector multiplet
presented in ref. [1] and eq. (5). It is obvious that the
total supercurrent anomaly for n scalar multiplets
interacting with a single Yang-Mills multiplet is, to
0(g?),
(p. k|0, ,S+ 0

(v,pk-p,y+k), (13)

X (14)
=(n -3 i €, (OHP)Syc (v, K — P,y k).
8n

Since the Callan-Symanzik function is [6]
83 s

B(g)=(n-3)—=— N+0(g°), (15)
1672

for n scalar multiples in the adjoint representation
interacting with the Yang-Mills multiplet of supersym-
metric SU(NV) theory, we have established that the
anomalous divergence is proportional to the § func-
tion to this order. Clearly the anomaly is removed, to
leading order, by the interaction of three scalar multi-
plets.

In this model, the supercurrent also contributes to

the two-particle processes $,, > x + Aand §, = x+B.

These amplitudes must be anomaly free as well if
supercurrent anomalies are to be completely absent
from the model. The one-loop amplitude for &, -
X t A can be written as

where on mass-shell
iE“(p,k)=E1p“+[:‘2k#+E3'y-k'y“, (17

since the one-loop amplitude only contains an even
number of y matrices. (For §,, > x + B replace £; -
7v5E;.) There are four diagrams which contribute to
(17), each primitively linearly divergent. Most im-
portantly, all amplitudes in (17) are ambiguous, since
each has contributions from surface terms which
depend on the routing of momenta through the dia-
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grams. The constraint y, 3# = 0 implies that
[1‘2 +41‘,3 =0 s (18)

and an anomalous divergence for o L TXTAisto be
computed from

Y=i(p+kMHE
i(p+kHZ, (19)
=ip -k (E,+Ey+2E3).

Since there are four diagrams which contribute to

S, > xt+Aor B) to lowest order, it would appear
that there is sufficient freedom to define the routing
of momenta through these diagrams so thaty, * =0
is compatible with 3 ,* = 0. Thus one may define
£; (1 =110 3) so that the process $* > x + A is
anomaly free.

We have shown that the anomalous divergence of
the supercurrent is proportional to the Callan-Symanzik
B-function in lowest order, which allows one to remove
the anomaly at the one-loop level by coupling three
scalar multiplets to the Yang-Mills multiplet. It is not
obvious what form the anomaly will take in higher
orders. If the anomaly is still proportional to the 8-
function, then only rwo scalar multiplets would be
required to remove the anomaly at the two-loop level
[6], if the coupling constant is at the fixed point of
B(g).

The existence of an anomaly for the supercurrent
o, does not affect the renormalizability of theories
with global supersymmetry, since no gauge particle is
coupled to this current. However, in theories of super-
gravity [7] and extended supergravity [8] the existence
of a supercurrent anomaly would pose serious problems
for the renormalization program [9], since the super-
current couples directly to the massless spin 3/2 gauge
particles of these theories. The existence of anomaly-
killing mechanisms for global supersymmetry suggest
a similar possibility in supergravity. We hope to report
on this problem in the near future.
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