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Appendix — SA
We may first quickly review basic mathematics."” The coordinate x with the contravariant components

X" and the covariant components X, and the metric tensor 77, = n*" of the Minkowski space, together

with the inner product of two 4-vectors A and B written as A[B as well as the inner product of the
Dirac gamma matrices y* and a4-vector A written asthe Dirac lash A are defined as follows:
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where the Einstein summation convention is used.
The spinor ¢/(x) in the chiral representation ¢, (X) is constructed by the undotted spinor

We(X)=&"(x) with right-handed chirality and the dotted spinor ¢ (x) =17, (X) with left-handed
chirality as

[ﬂ = wchiral = (zfj = (ju ] (10)

A _ "zl — I71
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The undotted and dotted capital Latin letters run from 1 to 2 and change position by using the
antisymmetric matrix £ as

&= 8% 1’ =6V, (12)

=&, n,=n"e, (13)
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where the Einstein summation convention is used.



The Pauli matrix g with the contravariant components g* and the covariant components g,
ot = (ao,ak) = (00,01,02,03) = (lax,ay,az) =(10) (15)

o,=n,0" =(0,0,)=(0y0,0,0,)= (L —O'X,—O'y,—O'z) =(1,-0) (16)
(note the use of 1 as the unit matrix) are cast into the MTW (Misner-Thorne-Wheeler) representation as™
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Also, the Dirac gamma matrices y* and the chiral matrix y;
Vs=iVyyy (18)

are given in the chiral representation using the MTW representation of the Pauli matrices as
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where the following MTW representation is found for the diagonal block:
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The Clifford algebra of the Dirac gamma matrices should be
{y,u yv} _ 2,7;1v (UO)AB 0 _ 2,7/11/ (1 OJ - 2,7;11/ (21)
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Appendix —

SB

The fundamental supersymmetry algebras are summarized.?
The chird spinor representation D ()l) of the Poincaré group reduces to the infinitesimal Lorentz

transformation as

Dm.m(1+a)) :1—%ia)ké(\]k/)mlm/h, m,m=-j,—j+1---,j

j= (st,Jsl’le)

and

o{

AW KQ
QUr

Jk,J"]:ihsk,nJ”

P (F:

o=’

J+m+1h

[B.Qu ]=-

with the charge conjugation operator C and the complex conjugate operator K,
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Likewise, the (%0) - fermionic generator P” istransformed as

U (A)P*U (A) = 2% (A) P (39)
[”,P“]:—%aéPBS , [K,P“]z+%iﬁQPBS (40)
(A PAS]:—%”QPBS . [B.P*]=0 (41)
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The Haag-L opuszanski-Sohnius theorem states that
{QUr ! KQVS} = 25rs (O-ﬂ )UV P/’ (43)
{QUr ’QVS} = %v er ! er = _Zsr (44)
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where P, isthe 4-momentum operator and Z, are the central charges.
For simple supersymmetry, we have null Z .
Appendix —SC

The fundamental equations of motion of the Mg orana particle are summarized.
The Mgjorana equations are

(ihd” (JV)AU +m e’ ce K)/7U. =0 (46)

(ihav(a”)UAirnRe”chjAK)fA =0 (47)
with the Klein-Gordon equations

((in0)° - (mc))m, =0 (48)

((i0)° - (myc)?)€* =0 (49)

where m, | arethereal massesand J;, aretherea phases.
The charge conjugation properties are
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‘//Mlc = C}/OK‘//I\A1 = _le (51)
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S, = Sw, =71 (54



The Dirac spinor representations are
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Appendix —SD
The fundamental properties of the Salam-Strathdee superfields are summarized.”
First, the Mgjorana spinors satisfy
Cco=-6

6=6"y=-'9Cc="9'Cc="(C8)
‘(o
(—_J(éme)zzme
06
M8, =6,C'MCH,
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A spinor is decomposed into a pair of the Majorana spinors as

s=6, +i0
1 1
6, =—(1-C)s, 8 =—(1+C)s
+ 2( ) 2| ( )
Co, =-6,
The Salam-Strathdee superfield is constructed by using the Majoranaspinors 8, w ,and A as
S=C-i (§y5w)
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where the component C of S isfurther denoted as C*®, etc. Taking the h.c., we have
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If with the Hermitean superfild S' = S, we have
c',M",N" V¥ D'=C,M,N,V¥ D
Theinfinitesimal trandation dS isdefined as
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The generator q should then satisfy

{2.'(ce),}=-2in(0"), 0,
{2.¢}=

with the Dirac spinor representation

{2.9)=-21(") o,

Also, the generator in the s.Jperfl eld coordinate representation is given as
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with the Dirac spinor representation
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The derivative in the superfield coordinate representation is defined as
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with the Dirac spinor representation
{2, 2)=2n(y") 0

v H
We have the commutation relationships

{£.€)=0
[22,d]=0

Theinfinitesimal trandation of the componentsof S should then be obtained as
oC =i(ay.w)
ow=(~hydC-M +iy,N+iV)a

oM =-(a(A-indw))
ON =i(ays(A-indw))
V¥ =(ay*A)-in(a0"w)
oA =(%h[aﬂv,y”]+iy5Dja
oD =i(ay, (-indA))
The supercurre_nt isdefined as
o,= 1'_2;(—4?12(@”%#@” -0,0,0,')-in((20,)y, (20,)))xc

where @ isthe chiral superfield
_ =1+, =1+, 1. /5
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The supercurrent conservation laws are found to be
yD0 ,(x) = DX(x)
20, (x) " =-DX(X)
where X denotesthe real chiral superfield
X = A-(8y)
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