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Abstract

A supersymmetric Lagrangian invariant under local U(1l) gauge
transformations is written in terms of a non-chiral superfield
which substitute the usual vector supermultiplet together
with chiral and anti-chiral superfields. The Euler egquations
allow us to obtain the off-shell version of the usual Lagran-

gian for supersymmetric quantum-electrodynamics (SQED).
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1l. Introduction

The superfields introduced by Salam and Strathdee [l1] pro-
vide an elegant and compact description of supersymmetry rep-
resentation. They are defined over the eight-dimensional space

. M m 1L—ﬁ m
whose points z = are represented by (x,067,6") where X (m=0,1,2,3)
denotes the usual space-time coordinates and the Weyl spinors
e“, (ke are anticommuting Grassmann's variables with u,ﬁ::l,Z.
We are going to use the same notations and conventions of reference {2].

Suverfields have a general power series expansion in 6 and

B given by

F(x,0,0) = £(x) + 04(x) + Bx(x) + 66m(x) + (1.1)

+ §§n(x)+60m6vm + 006BX(x) + 606y (x) + 6660d(x)
and transforms as

SF (EQ +EQ) F (1.2)

. . o T
under a supersymmetry transformation with parameters &, g&,

where Q_, 0% are the differential operators

) . m =P m
Q, = —5 - io,z 6~ 3/9x (1.3)
28
g% = 216%™, P% /o™
35 oB
o

Usually some constraints are introduced on superfields and the

most common ones are
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5&¢ =0 (1.4)
Duf= 0 (1.5)
vi = v (1.6)
where D, and 5& are the usual covariant derivatives:
D, = — 4 lOEé@é-éE (1.7)
26 D:4
B: =-g%a-ie oge gﬁa (1.8)

O, d+and V are called chiral, anti-chiral and vector super-
fields, respectively, and they have been used to construct su
persymmetric gauge invariant Lagrangians [2,3].

P, [4] can be introduced with the

Projection operators Pl’ 2

following properties

P1¢+ = ¢ (1.9)

P,o = ¢ (1.10)

Pi¢ = P2¢+ =0 (1.11)
Explicitly they are given by

p, - DD’ (1.12)
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"N2p 2
P, - DD (1.13)
16 [
But, as we can see, these operators do not sum to identity.
There is another operator P3 so that
= 1.14
Pl-+P2-+P3 1, ( )
which is given by
D*D?D
P, = - ——= (1.15)
8]

It is a matter of algebraic calculations to find a superfield

¢Nc(caUed non-chiral) with the following constraints:

Pabye = Oye s (1.16)

(1.17)

This can be done by applying the operator P3 on a general su-

perfield like the one given by (1.1).
So ¢, d*and ¢chonna complet set of superfields [5] whose

power series expansion in 6, § we write as

$(x,6,8) = A(x) + /2 By(x) + 6OF(x) + ieoméamA(x) +

L 6685™_y(x) + L 0633 0A(x) (1.18)
4

+  ——

V2
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ot (x,0,5) = A (x) + /2 BT(x) + BBF (x) - ieoméamA*(x) .
+ L 5B00™ T(x) + L 60850A" (x) (1.19)
2 n 4
— — m—
¢Nc(x,e,e) = C(x) + 0x(x) + 6x(x) + 60 evm(x) -
~16635™ y(x) - * 5B60™ X(x) - L 86830C(x) (1.20)
2 m 2 m 4

As we observe the non-chiral superfield contains among its
components the vector field Vo and satisfies the same constraint

relation (1.6) of a vector superfield V. The superfield dyc 18 simpler
than V[2] but here v satisfies the equation Bmvm=0. This will not be

a problem since we will use a gauge transformation for this supermultiplet

and then the new vector field vé will no longer satisfy this constraint.

The purpose of this work is to present a general supersym-
metric Lagrangian invariant under an Abelian gauge transforma
tion, using the ¢NC superfield, together with chiral and anti-
—chiral superfields. This is done in the next section. We will
see that using the Wess-Zumino gauge and the Euler equations
for the auxiliary fields of the chiral and anti-chiral super-
fields one can recover the off-shell version of the usual La-

grangian for supersymmetric quantum electrodynamics (SQFD) [2].

2. Gauge invariant interaction

We can write the following supersymmetric interaction in-
variant under local U(l) gauge transformations,
s - la"xa?0a’ 8 2w o)+ L@ 7 6(0) + 67 eBNC o + 67 BNCo,
) 4 o 4 © 1 1 2 2

+ m(o 9, 6(8) + 6707 8(8)) + Eoy ] (2.1)
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where
W = -L1DDD ¢ (2.2)
o 4 o"NC °
We = -lDDﬁ-q; (2.3)
o 4 o 'NC )
D&¢l = 0 (2.4)
Ds¢, =0 (2.5)
and
o
§(6) = © ea
- =~ =Q
§(6) = 6&6 (2.6)

if one assigns the following transformation law for our super

fields

v —-gh,

¢, = e, (2.7)
v _gh

b, = e> ¢, (2.8)
' +.

NG ¢NC + (A+A7) (2.9)

where A and A" are chiral and anti-chiral superfields respec-

tively, i.e.,

A =0 (2.10)
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D AT = 0 (2.11)

The term £¢NC allow us to breack supersymmetry spontaneously

through the Fayet-Ilicpoulos mechanism [6].

8a

One can also add the term —-l-jd29d2§(52¢NC)(D2¢NC) which
2
yields a piece proportional to (Bmvm) that is the usual co-

variant gauge fixing term for the v; field.

The transformation (2.9) in terms of component fields reads

1

¢NC = (C+B+B*) + 6(x+\/§¢) +§(§+/§$) +

- % m= L *
+ 66M + ©OBM + 60 e[vm+13m(B—B )l +

_16085™ (x=v2 ¢) - 25800™ (3=/2F) +
2 " 2 "

1 *
-=006860(C-B~B ) (2.12)
4

We can choose B(x) and ¢(x) so that the first three terms of
(2.12) are gauged away (Wess-Zumino gauge) .

Redefining the component fields we have in this gauge

_ me ! . - P RE
¢NC = 08¢ evm(x) + 1666X(x) ~ 1i06808A(x) +
1 - - %
+ E 060D (x) + BOM(x) + BBM (x) (2.13)
where V1;1 = vm + 1 Bm(B_B*)

The difgerence between ¢§C and the usual superfield V is the
presence of the terms 62M and §2M*.

The powers of ¢NC in this gauge are:
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—— *
- 008 (MM -+ v' V™) (2.14)
= 0 (2.15)
It is easy to check that the terms 6°M and 6°M do not contribute

in the kinetic part of the Lagrangian.

In components, the action (2.1) becomes

m,l ~ = 1- - i
+ gv (—-wlqmlpl - —wzcmwz + = A1 BmAl +
2 2 2
3 A*A i A*B i 3 *
-7 %mtifr T E 2 mAZ + _2- mAZAZ) +

S39 a g Toate-agTent
(Alwlk A PqA Azwzk-+A2w2A) +

V2
g D * *
-2-' (A]_Al_AZAZ) + »
* [} * *
g2 oLy v (AJA +AA )  +
2 4 ® 1 2772

*M * * * * *
+ g(F1 A1 + AlM F1 _FZMAZ_ A2M F2) +

m(A.F A F U.U e ¥ 1
~ A F, + A, 1“"1‘”2“”1“’2+A1F2+A2F1)+;€D]

(2.16)

where v' =3 v' -3 v!
mn m n n m
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This expression is equivalent to that of reference [2] for su-
persymmetric quantum electrodynamics.

The Euler equations for the auxiliary fields F,, F and M

1 2
are:
*
F,o+ gA1M+ mA2 = 0 (2.17)
* 1
F2 - gA2M+ mA1 =0 (2.18)
Lgtmala +ala,) + qalF, - gaLF, = 0 (2.19)
5 1 ]. 1 22 :

The substitution of equations (2.17) and (2.18) into equation (2.19) yields

that M=0. So M can be eliminate using the equations of motion for F1 and

F2 while this degree of freedom is used to eliminate the component field
which is the coefficient of 66 in the supermultiplet V.

Then setting M=0 we can write
]

2
5 = Jd"‘x[D— 1 v oyt —iad™e X+
2 4 mn m

* * * * 1y 75"
+A1|:|A1 +A2|:|A2 +F.F. + F_F +1[mw10 1,!)1+

- m,1l- =
+ Bmlpzc wz] + gv [;\Plﬁmwl +
“l95y, +ia¥sa -1 ata .
2 2" m"2 2 1 1 2 1771
- XA A, + >3 A A1+
2 n 2

9 g3 _a" T T LA
(AP A -2 W A=A T, X +2,0,2) +

hl—‘

+ gD(AA. -a'a ) - L g2 *a
gb(a A ~AR)) - 29 Vn v ‘A1A1+ AyR,) o+

2
(AE§+AF-wﬂb uw2+A1F +AE‘)+—€D] (2.20)
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This expression is the same of that of reference EZ:

Then we have obtained a formulation of SQED using chiral, an
ti-chiral and non-chiral superfields which belong to spaces [5]
spanned by the superfields Fl(x,e,é) =P1F(x,e,§), Fz(x,6,§)=
PZF(X,6,§) and FB(x,@,@): PBF(x,e,é) respectively and where

F(x,0,0) is the most general expression for a superfield (eq.(l.1)).
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