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ABSTRACT

An explicit expression of the pure vector superfield is derived in gauge theories in the Wess-Zumino gauge. A pure
vector superfield means that the theta independent part of the superfield transforms as a Lorentz vector. This is to be
contrasted with the so-called general scalar superfield, whose theta independent part is a scalar, as well as with the
known spinor superfield, whose theta independent part is a spinor, which both contain a vector field. In contrast to the
latter two superfields, the action of supersymmetric gauge theories follows directly from the theory of a pure vector
superfield from a so-called D -term. As the construction of a supersymmetric gauge theory of Yang-Mills vector Bos-
ons, is more naturally generated out of a pure vector supersfield and not of a scalar or a spinor superfield, the impor-
tance of a pure vector superfield cannot be overemphasized.
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1. Introduction

We derive an explicit expression for the pure vector su-
perfield in gauge theories in the Wess-Zumino gauge
from which the supersymmetric action is directly ob-
tained from a so-called D -term. By a pure vector super-
field, it is meant that its theta independent part trans-
forms as a Lorentz vector. The pure vector superfield is
not to be confused with the well known (scalar)-vector
superfield [1-4] obtained by imposing a reality condition
on the general scalar superfield, whose theta independent
part is a scalar, and neither is to be confused with the
well known spinor superfield [1-4], whose theta inde-
pendent part is a spinor, both containing a vector field,
and the supersymmetric action is obtained from the latter
from a so-called F -term. Although the derivation is
somehow tedious, the theta dependent part of the pure
vector superfield turns out to be not complicated.

2. The Pure Vector Superfield: Its Explicit
Expression

In the celebrated Wess-Zumino gauge, and in a four
component representation, the (scalar)-vector superfield
takes the form [5,6]

1- i =5 =
V(x,0)==0r "N, (X)——=6r"00y(x
(x0)= 3700, () g BB
1 /-5 12
—E(Hy 0) K(x),
with the following residual gauge transformation
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exp(-2gV) — exp(igAT )exp(—ZQV)exp(—igA) 2
=exp(-29V'),
where the gauge function A(x,6) is given by

i 1 /,=. 2
A(x,e)=a(x)—Zeysyﬂeaﬂa(x)—i(efa) d*a(x),
a=Rea.

@)
One may define a pure vector superfield [5,6] as fol-
lows

1
29
where C is the charge conjugation matrix in the chiral

representation. Under the supergauge transformation
Equation (2),

V' =——(Cy*) Die*Dye’?, 4)
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()
where we recall that A is left-chiral and hence A" is
right-chiral. Accordingly, they are, respectively, annihi-
lated by the supercovariant derivatives

DY =(1%5°/2)D,
where D=0/06 —(i/2)(y"0)d, . Thats,

DReigA:eigA DR, DLeigAT :eigAT DL. (6)
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We may rewrite the transformation rule in Equation (5)
as

V# —>—2—]§ei9" (C;/ﬂ )ab DF 20 ><( D\ g2V grion )
:_%eigf\ (C}/ﬂ )ab D: e29V ><( Dtl)_ o2V )e—igA @)
(e, (oroe)

Due to the first equality in Equation (6), we may re-
place the product DT D in the second term on the ex-
treme right-hand side of Equation (7) by their anti-
commutator. This anti-commutator may be obtained from
{Da,Db}:—i<y”C) 2, by multiplying it by

(2-7°) . (1+7°),, /4,
leading to

P selotpugrion T giang oo 8)
/l 1
and showing that it transforms as a non-abelian gauge

field.
Using the relations {;/5 7/”} =0,, [ys,CJ =0,

((1+r° /2) (147°)/2,
Equation (4) may be equivalently re-expressed as
5
IZE (c s
Zg 2

In the Wess-Zumino gauge,

J D, e’ D, e, 9)
ab

ald :1—Q§75y”9v#
iééf’eé 9(550) K +gv'V (9
+—= += +gV'V, |.
00y 8( ly ) [ g ]

V2

Applying the supercovariant derivative D, to it and
using, in the process, the expansion of the product

0.0, = ~(Y41)] 6.,00+15,07°0+(r°7,), B 10 |,

together with the orthogonality relations between the
product of any of two of 8y°@, 66, 0y°y“@, give

% D, e |
=—(r"0).v, +i oy 6(r°0), 0.V,
—ﬁ{gﬁ(f’z)b 004, + 87,01 7),} QD)
- @0 (0.1,
%éf’a( )/56’>b [K+gv'V, |.
Multiplying the latter equation by

Copyright © 2012 SciRes.

[Cyp (1+ % )/2Jab exp(2g9V),

from the left, leads to

1 % 1+° @20V 20V
g 2 '
ab
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_%49759((37[’ “Tyycr}/ﬂgj aa\/#

a

i - = 1+5°
' Nao-8,0) crr
2&{( y )( 7= zl

¥ (12)
— Yy [VG;(—;(VU]J .

a

Now we apply -D,/2 to the above equation, and
use, in the process, the following properties,

0acab = 9b7
(7°0), C = (07°),
_ 13
(76) C ==(8r"), ()
(7°770) Co =-(8"7°),.
to obtain
V7 (0,0) =V (0)+ B £ ()T 7,0 K7 () ”

~07°008” (x)~(87°0) C”(x),
where
A

i 1+9° 1-5°
=—Tr|| y7y"y"y" oV,
16 {[77y7 2}@777 ZH

g o A 1_}/5 1 A %
—gT{yW 'y T}VAVJ +Z,7p [K +gV VV],
(15)
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1 o 1 -
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- ; (16)
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2\/5 2 o o ]!
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1 1+p°
+=Tr Pyt 10,0,V
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The identities
Ty vt = 4(p7 0" - p™ 07 + 07 p™),
Tr[)/"}/p)/”yiys]:—i4g"p”’:, (18)

and glpf’ﬂalaav# =0, lead to the following expressions
for A”*,and C”,

A (x) = %aﬂvp (x)_%eﬂp (x)

1 1 (19)
—ggpo!liGU”(X)+Z77ApK(X),
G =0V -0V
(=0, (9=, () o
-igV, (x).V, (x)],
Cp(x)=—%8lA’:p(x)—3—1282Vp(x). (21)

Before giving the final expression for V”, we note it
may be now re-written as

V? (x,6) :V"(x)+f§7";{(x)—§75yﬁ A (x)
-6y°06B” (X) —[—iéyf’yﬂea# }5}/5“9 (22)
X(A@ (x)—éaﬂvpj,

since 8y°y“06y°y*0 = n** (5;/59)2, hence
V2 (x,0)

=exp {—%5}/57”6’8#}
X[vv (x)+%§y” 2(x) (23)
—57/57/149(A1" (x)—%alvp (X))

—§y59§[8f’(x)+$yﬂyﬂaﬂ ;((X)H,
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as is easily checked, where note that the quadratic term
(—ié}/sy”éﬁy/4)2/2 from the exponential generates

also a term -3V~ /32 from the @-independent term
V* within the square brackets in Equation (23). Since
the exponential term represents the translation operator
of the argument x“ of the component fields by
-i6y°y*6, our final expression for V*(x,0), in the
Wess-Zumino supergauge, becomes simply

V7 (x,0)
=y ? (2)+$§w 7(%)

+§y5y;b¢9[%G}'p (y()_i_%gpam:Gay ()A()_%nsz ()”()}

+§)/5¢96’_{%}/”}/” 1_2}/
(0,7 (R)=10(V, () (%)= 2 (R)V, (%) ]
(24)
SH = ﬂ_l_S H
=X 49}/ 0. (25)

Using the relation V* =t 1), with the (Hermitian)
matrices t, as the generators of the underlying group,
Equation (24) is equivalently expressed as

V7 (%.6)
=v:(i)+ﬁéyﬂza(i>

1

+§7571‘9|:iGip ()A() +§‘C"deGao—p ()'Z) _%’7@ Ka ()'Z):| (26)

5

5 = 1 1-y -
0°00| ——p"" =2 (v_4(%)) |,
+0y {Zﬁy7 > (Vor( ))a}

where
Gy =0V, -V, +df,, V, V7, 27)
(Vc’z)a =07z, +ig(T, )Wv;;(y, (28)

and T, denotes the adjoint representation of the gen-
erators.

3. Conclusion

Although the derivation is somehow tedious, the final
expression of the pure vector superfield and its theta de-
pendent part are not complicated. The explicit expression
for the pure vector superfield allows the construction of
the supersymmetric action corresponding directly to the
so-called D -term, as is readily checked, rather than
from the F -term constructed out of a spinor superfield,
as is usually done. We hope that this novel expression of
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a pure vector superfield, derived here, will be useful in
supersymmetric (vector) gauge theories and justifies this
analysis.
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