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ABSTRACT

The supersymmentry transformation for the members of the triplet
{Aup(X), (X), w(X)}

Consisting of an antisymmentric tensor, A, (X) = o,, Alx), the pseudoscalar
particle B(x) and the Majorana spinor y (x), are constructed. The generators
of these transformations are subsequently found.

The first field theoretical realization of supersymmetry was the Wess-
Sumino model [1], [2], in which the triplet consists of a scalar field Al(x), a
pseudoscalar field B(x), and a spinor field y (x). ‘Here the transformations
which change bosons into fermions etc are [3] (with ¢ an x-independent

infinitestimal Grassmann parameter and &=¢*y°

SA(X) = € wix) (1.1a),

8 B(x)= er’p(x) - (1.1b)
84=-(10+m4-iy°*Bl (1.1¢)

SR -E(A-:ysa)gm-iy‘B)(fé-m) ' (1.1d)

Let ¢ be any of the field in the above triplet, then from the definition of the
supercurrent

S 8 (7
o=V Zmigﬂ_ (1.2)

where

V= F[o*(4-iy’ By
The conserved Majorana spinor current K* is defined by
j® = Y at?
where A is a constant such that the spinor charge is defined by

Q= [d’xk,’
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Where
Ke® ==11 [[(A Liy SB) (P -m1y°w]

Let-u ((P,s), v(P,S)(s = 1, 2) be the solutions of the Dirac
Equations corresponding to po = * @ = * (p? +m?)* then

u(p,8)=N@) @+m)u (0,8)=7% @m(m+,)) Y,

(1.3a)
(=p+m)v(0,s5)
@m(m+o,)) %
The requirement that the Dirac spinor be a Majorana spinor i.e that
wix)= v¢ (x) = c[Em)]
where y°(x) is the charge-conjugate solution, imposes the following
conditions on the spinors

and v ( p,5)=(-p+m)N(p)¥(0,s) = (1.3b)

uc(ﬁ’s) = V(_}-'?,S)

v (p,s)=u(p,s)

b(p,s)=d(p,s)

since

and
b +(ﬁ33) = qﬁ (B,9)
the Majorana spinor has the following Fourier decompositions:

> Jer(z) @entsee

wM
(2 )2 7
+d* (B, s)W(P,5)e""] (1.4)
By using the Fourier decomposition of A(x) and B(x), the spinor Q. is
given by

0 =it (mi2) 3 [ ACE* (B.55,5) D BB, (1.5)
where
C(p) = a(plL~iy *b(P) (2. 1a)
D(p)=a' (PL-7’b*(B) . (2. 1b)

Let us define the projection operztors by
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tp+m
S
2m
Then the following completeness relations hold

Ao (B)= D o (B.8)®uy ()

T
A (D)= D v, (5. 5)® vy (p.s)
/]

THE SUPERSYMMETRY TRANSFORMATION
We shall now consider the N=1 supersymmetry model with the
multipletconsisting of a spin % particle represented by the Majorana spinor

wa fa=1,...,4) satisfying
Dy = 0, an odd parity spin zero particle represented by the pseudoscalar

field B(x) statisfying !IB =o0, and a spin zero tensor boson An = -A,
behaving under the guage transformation as

A

R A
O =0y, —d, N

The field strength tensor corresponding to A
Fuvp = 0pAvp, + QA + OA
Clearly this is antisymmetric in the three (free) indices ‘and satisfies
a“’:uup =O

We may note that tensor mesons occur as intermediate states in the
reactions of the corresponding pseudoscalar particles [4]

Our purpose in this section is to derive the on-shell supersymmetry
transformations. After the supersymmetry transformations have been
derived, in the next section appropriate spinor charges Q. will be written
down which will be shown to be generators of the supersymmetry
transformations.

We now use the requirements of linearity of the transformation,
dimension\, Lorentz invariance and parity to determine the supersymmetry
transformations of the fields. The transformation for B is the same as that
for the same field in the Wess-Zumino mode} comprising the triplet [w., A, B.
In natural units (i.e # =¢c = 1), the (length) dimension for the boson is -1,

8
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while that of the boson is +1 while that of the ferminion is +3/2. The
supersymmetry transformation of B(x) given by Eq. (1.1b) remains
unchanged; and it is clear that & must thave the (length) dimension + %.
Thus

8B (x) =-ify, W : (2.1)
On dimensional grounds and taking into account Lorentz invariance,

the supersymmetry transformations of Ayv(x) and y(x) are
1 e e (2.2)

Sy=[a(r’c 9,4, +r°c Sond v o d, )
+pr#a,4," +a'dy’Ble (2.3

Here o,a’ and B are parameters, the determination of
whose values requires that the supersymmetry algebras, Equs. (2.1) to
(2.3.), and the operation of gauge transformation should form a closed. Let

us now choose Ay (x) to be of the following simple form
Ay (x) =owA(x)
with this choice
Fuvp =opv p A(x)| + GpvdpAlX) + Ovpdy A(X)
Moreover the gauge transformation
6AF,_le =0
Hence, bearing in mind the gauge transformations
Spw(x)=0=8,B(x)

[6a6: 1y = MG, v (x)
a(y 4,678, 4, +y°c"8 A, +7 67 0,4,,)
=5, +pyto,d4," +ady’B &

Br* .85, 9"A 0,0 A")
B must vanish because the term.on the right is not part of
the supersymmetry algebra. Hence ;

S,y =a(r*c"0,4,, +7°0”d 4, +7 ™0, )58y Be
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with the choice a=-i, a'=-1
O =—i(y a0, Ay + 1@t 8,4,y 0By, )6 dy°Be {2.3a)

THE INFINITESIMAL SUPERSYMMETRY TRANSFORMATIONS AND THEIR
GENERATORS
We shall now find the generators of the infinitesimal supersymmetry

transformations '{2:.1) pal(2..2) and (2.3a). The generator of B(x) remains
unchanged [3], [5], [6]. : i
— [0, B(x)] = —i&,[Q,, B(x)] = —i&y 'y = 6B(x)] (2.4)

We shall now show by making use of the fourier expansions of the
spinor changes, Qa and of the fields Ay and y(x} that
8y (1) = 1[50, 4,0 ()]
In fact,
~i{e0, 4, 0)]= 18,100 A0 D]= 7[00 0,0 4]
(with 2 = 2 in Eq .1.5)

=,-;,, (22)>"? Jd3 P j' d%{i)}éx
(1Ca (7)o Bl Grsholposk
+1C,(p)o 0 Eha (Bushu ook

-1, b} lEhlp.shup.sp

-Dplo,a (k)ld(BS)“b(n )y 7 (2.5)
(254 (i;) o, a(i)] =

s ol -5 arpi
[Dab(Pl"ﬂv () —UWJ(P k)’sab
[D.,b(p 0,4 Ic)]=o

We have, writing the third term in Eq (2.5) first

ki b ;(zx)"”fd’f’[;ﬁ":r

Since

and
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5. obooh md*(p shalpsp
=240, %, (X)=¢0,,¥(X)=6 4, (x)
Which was to shown i

To find the generator of infinitestimal supersymmetry transformation
(2.3a) let us write

J‘P(X)——z(}”‘c"”a o, AX)+y? aﬂvapa#yA(Xpy"a”f‘apﬂA(X)}e (2.3)
-8°Be=[o¥], +[o¥],
We shall now show that [8y]1 is generated by

o) =im 3 [ OBl Gsbpo}- 0Okoskich  (29)

where
C(I) E)= (O'VpO'Vp ‘3"0"“ O' +O' Jp‘u (;)14:\14

= (o*""’o-vp + ...)a(]-;)14x4

We shall start with m # o in the field equations and at the end fake the limit
as m — o. ‘
We shall require the following two identities:

Suafprhlr)-(Bme) (2-7a)

r

Zv“(;’r}lb(;’r):(%clb | (2.7b)

r

Then
...,'FQ(‘),LPE(X)]
=—icb {Qg),LPa

( by Egs. (2.6) and (1.4)

2m /2 o

riefz)

‘"(ph (obfs)- L o.ohuls
d(k r) (kr}a ket +d*(k r)/ {k r)e“} )}

(expandmg the anticommutator and making use of Egs (2.7a) and {2.7b)
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230 [ 5o, )
[ (;IO'\;PO-VP -4 lp = m)ce—i(p,x)

£p)(0yp0' +.. ) -m Cé’“X ]b (2.8)
nothing in the second half of this equation that
(p—m)e‘PX (id — m)e®* (2.9a)
implies
(p+m)ef""x =—(iﬂi’~ﬂm)e"‘°‘x {2.9b)

1[=00, %, (2 (x)|=zs[-ia” -mlooo,, +.. ik,

A

{on using C T C' = 1)
= gbCM[A(XX it” +mIJV"’O'v +....)A(X)]da

-7
(usmg g =" y®andC= 1}'}/]

=T A(X id" + mXa'vP_O'vp +)]a
On taking the limit m — O
- o0 ¥, (x)
—z{(}/ ovd 4, +y° o8 ,4,, +r'a R, APV}L
=[o%. )
Finally, we shall show that{dyelz is generated by

S A b
-0 (p)a o)L
) E]: _iyslp
p(p)= i)

Starting with m # 0 in the pseudoscalar equation and at the end taking the
limit as m— o

_iEo®™, v, (x)]
Ay [Qf), ¥, ]

where

and
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2m)y

~ or)? e,,z_[d3 _[d k{ J X
Dl

d( ) (Er) "‘+d+(krv kre
{expandlng the anticommutator and making use of Egs. (2.7a) and (2.7b)
=&} (27:)(3’2 Id3 2a ) % x

Llﬂ’bdb(ﬂ)(P_m)C)ds'e kit 17§db+G)(p+m) C)dﬂeip—x]

=25 (23)(3"2]1113 20, | Fx

[ b(p)y (p-m )Ce= 1b+(p)y (p+m) Ce””‘]>

using Egs. (2.9a) and (2.9b) in the second part of this last equation
—r[gQ(z),‘Pa (X )— €a (—1}' (zﬁ-m) (2;r 92 jd3p mp)_}é

b(;) e-ip.x+ b*(:z;) 1P )ba
=g =iy (18 m CB ]ba

{using successively Cy*" C" = -y* and Cy5T ¢ = 7°)
—sb[wy ( idT —m)B( )]ba

=5 Gl i T B () -,

Using & = £'/° and C:i}/?‘}/")

T

44 {ET (—fJ/SB(X)T(’E* m) }
= [—(i@+m)(-i}’53(x))9L

On taking the limit as m -0 we obtain
=ile0®,w, (x) ]=[-ar* B(x )],
i.e
[o¥ )], = -87° B(x)e
Hence
—[EQ ¥ (x )]— ~tptod o, A4 (X)

+yPagt 0,0, AX) + y'o

. AX) ¢
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-8’ B(X)e=6¥(X)
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