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Abstract

A new gauge for supersymmetric abelian gauge theories is
presented. It is shown that this new gauge allows us to obtain
terms which usually come as radiative corrections to the su-
persymmetric abelian gauge theories when one uses the Wess-

-Zumino gauge.
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1. Introduction

It has already been pointed out the importance of dealing with
superfields [l1] i.e., that of working with linear representa-
tions of supersymmetry. But we face the problem of having many
degrees of freedom corresponding to non physical fields. So
in this way one usually tries to eliminate some of them in the
following ways: (i) by imposing convenient constraints on gen

eral superfields and the most common ones are

+
Ducp =0 (1.2)
vt = v (1.3)

where Da and ﬁ& are the usual covariant derivatives given by

D, = aa + iozéﬁé 2 (1.4a)
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* and V are called chiral, anti-chiral and vector super-

o, ¢
fields, and they are used to construct supersymmetric gauge in
variant actions [2,3]. These superfields are given in terms of

component fields by



®(x,6,8) = A(x) + Y20p(x) + 00F(x) <

+ 100™89_A(x) + = 0085™ ¥ (x) + L6665 QA (x) (1.5)
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V(x,0,0) = C(x) +06x(x) + 8X(x) + 66M(x) +

+ M (x) + 80™Bv_(x) + 0687 (x) + BOOA(x) + 1 5688D (x)
2

(1.7)

In: the last expression, C(x), vm(x) and D(x) are real fields.
We are using the same notations and conventions af reference [2].
(ii) component fields of too high a dimension normally enter
the action without any derivatives (auxiliary fields) and can
be eliminate from the action by using their Euler-Lagrange e-
qguation. (iii) requiring the theory to be gauge invariant, we
can eliminate some component fields from V through the super-

symmetric gauge transformation given by
V' o= Ve A+AT (1.8)

where A and AY are chiral and anti-chiral superfields.

The degrees of freedom of the superfields A and AY are used
to eliminate the component fields C(x), x(x) and M(x), which
have (mass) dimensions zero, 1/2 and 1, respectively from the

superfield V., This particular gauge is known in the literature



as the Wess-Zumino (WZ) gauge. After using this gauge, the vec-

tor superfield is given by

V(x,0,8) = 608X (x) - 1806 (x) = 06™Bv_ (x) +L 9252p (x)
2
(1.9)

where A has dimension % and is the supersymmetric partner. of
the field vm(x) which has dimension 1 and is the vector gauge
field. D(x) is an auxiliary field and has dimension 2.

The purpose of this work is to present a gauge, different from
the WZ one, and analyse the new couplings which will appear in

developing the supersymmetric action.

2. A new gauge

We are.also going to use the gauge transformation given by (1,8)
but now with the aim of gauging away the fields A (x) instead of
x (x) and also as before, M(x) and N(x).

Then one reads for the superfield V:

vi(x,0,8) = ex(x)-£§§(x)-eom§vm(x)+-!=ez§2D(x) (2.1)

2
At this stage one should be worried since we have just gauged
away the degrees of freedom of the would be supersymmetric part-
ner of the vector field (the photino for supersymmetric QED).
But as we will see later this problem can be circumvented by a

suitable redefinition of the component field Xa(X)' With this
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new gauge we have V' (x,68,F) =0 for n>5, differently from the W2
one where we had v“(x;e,,ﬁ) =0 for n>» 3., This new gaﬁge allow us
to obtain directly g® and g* couplings without going to high
order corrections, as we have to do in the case of the WZ gauge.

Aparently we have a trouble with this new gauge; since X
has dimension 1/2 and cannot be associated to a physical field.
This problem is contorned by redefining conveniently this

component field in the following way:
_2 m =B
Xo ™ OaBa X (2.2)
gmoB 4 Xg (2.3)

So the new field x has dimension 3/2, as it must be. With the

replacements (2.2) and (2.3) we have

3 3
V' (x,6,8) = -280" Em X + 283" _g X -
- 80™Bv_(x) + L 06282D(x) (2.4)
2

Let us now analyse this new gauge in the supersymmetric gauge

invariant and renormalizable action, which is given by
I = [d‘*z[@+ 8V + L1 Wi s(F) + L WA s(6)) (2.5)
4 @ a4 ¢

where déz = d*xd2%64d2%

In the above action we did not write terms .like m?¢2  and



g'¢® since they are not affected by this new gauge choice. The
last two terms are the kinetic ones and W, W&, §(8) and 6&(6)

are defined by

1 ==

W, = -Z Dbp Vv (2.6)

We = 1 DDD .V (2.7)
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8(0) = © o, : (2.8)
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8§(8) = 6&6 (2.9)

Replacing V(x,6,08) which appears in (2.6) and (2.7) by (2.4)

we obtain for the kinetic part of action (2.5):

C(atxcl e # Lz i oty 3
I.. = Jd x(-4 FKmF +2 D® -ixo Bmx) (2.10)

where Flm is the known antisymmetric tensor for the abelian case,

whose definition is
Fﬂm = azvm-amvz (2.11)

As we observe, the kinetic part of the action is the same of
that obtained if we had used the WZ gauge (see ref. [2]). With

regard to the first term of action (2.5), we have:

. ) . 2 . 3 Y
0* eV = ¢%0+ govo + Totv2e + Lotvie + L otvie  (2.12)
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Using (1.5), (1.6) and (2.4) we obtain:



So

{dsz ote = {d“x[A*DA + FF. -iwomamw] (2.13)

8, p% _ vl om ¥ i m *
gId z¢® Vd = g{d x[-z— vV A 8mA 5 v AamA +
. : . a —
A A% - X AxT + -1 vmwo“‘w+/2F—‘3xomw+
V2 2 2 O
3 3 3 _
JTF o 25 -1\/27311\1:;““Z £x+1/EaA-£xoomw]
5] a a
(2.14)

2 2
g (dsz otvie = - Jdl’x[—i A*a vmvm +
2 2 2

4 m —--m £ '3.‘ -

3
= m_[’—f'-x+2AF*——xoo _t
]

*
2 F— Y0 O©
0

)
. * n ==n_m=£{ 17, £
2i(A amA_A.amA) EXOGO 0 X - /Av Yo™'G Dx-

31, 3 3

/2’Av — xo o™P - 4o —Exwo‘{—_& X1 (2.15)
nQ O
g3 8 +..3 3| g4 n n £ aﬂ—am -
2 |atzoe'vie = g¥la*x[v/2A Xo om =% 2 Xy +
3! o o
9 3 P 9 ]
/Za% B yo®5t Lypo™ By -an'v B35"emst £y
0 Q O O O
(2.16)
v 3 3, o 1,9
g [daz o*v*e = g* Jd“x 'Y —9)'25“02—!’ i—mxomo!' £ X
41 a o 0 g
(2.17)



H
1

Io‘tI

RETRES {14 = .}d“x{ [EF JLA[]A*-,-iwomam?E +

1 - i * i * i — g * >
2P0 ¢ « EAa 0 Aa-23 AA) -2 (AT -2 x¥)+
2 7 5 w2 7z XV R X

1 1 m, ,* am m e s % m am~---
—(gD-—-gzvmv‘)A Al+[g(VZ F— x0 ¥ +V2F yo —X -
2 2 O

g

+

) P
-iv2 3 aTpa®™st £y + iv7 3 A £ 35807«
m D m

|

2 9 ) .
+ L (a'F = x0m8£ £y + 2ar"
2 a 0
* * an ——T 46
+ 2i(A amA-AamA ) — X0 0o ¢ — o
O O 0

D |g®
>
Q
Q

5.
/’zAvmi 258" — 4T

£
a a a

+
LQ(D
N
3
|
e
Q
Q

(2.18)

where in the first braket we have the usual Lagrangian of
reference [2]. The terms in the second bracket constitute those
which one should expect to obtain from radiative corrections :to
the Lagrangian of reference [2]. Here we have obtained them just

by choosing a different gauge than that of Wess-Zumino.
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