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ABSTRACT: We discuss super Schrodinger algebras with less supercharges from N'=4 su-
perconformal algebra psu(2,2]4). Firstly /=2 and N'=1 superconformal algebras are con-
structed from the psu(2,2[4) via projection operators. Then a super Schrodinger subalge-
bra is found from each of them. The one obtained from N'=2 has 12 supercharges with
su(2)?xu(1) and the other from N'=1 has 6 supercharges with u(1)®. By construction,
those are still subalgebras of psu(2,2|4). Another super Schrodinger algebra, which pre-
serves 6 supercharges with a single u(1) symmetry, is also obtained from N'=1 superconfor-
mal algebra su(2,2|1). In particular, it coincides with the symmetry of N'=2 non-relativistic
Chern-Simons matter system in three dimensions.
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1. Introduction

A Schrédinger algebra [, P is known as a non-relativistic analog of relativistic conformal
algebra. The algebra with d spatial dimensions may be embedded into a conformal algebra
so(d+2,2). Hence it is an interesting attempt to consider a role of the Schrodinger algebra
in the context of AdS/CFT correspondence [J—f.

Non-relativistic CFT (NRCFT), which has Schrédinger symmetry, is discussed in [ -]
and it is expected to have an application to a cold atom system [T, [[]]. A candidate of the
gravity dual, which preserves the Schrodinger symmetry as the maximal one, is proposed
in ([0, (7). As another scenario, it has been proposed in [[J, [[J] that one may consider
AdS/NRCFT without deforming the metric and including any exotic matters. It would be
an interesting direction to consider a supersymmetric extension of 13, [[J] by considering
the standard setup of AdS/CFT.

As the first step, super Schrodinger algebras should be found from the superconformal
algebras. We have obtained the Schrodinger algebras with 24 supercharges as subalgebras
of psu(2,2|4), osp(8|4) and osp(8*|4) [[[4], which preserve 16 rigid supersymmetries while
half of 16 superconformal generators are projected out. The Schrodinger algebras may be
realized in the corresponding gauge theories. But the field theoretical model, which has
the super Schrodinger symmetry as the maximal one, has not been revealed yet.

The study of super Schrodinger algebra has a long history and it has been discussed
in some contexts [[[§—-[[9]. There are some models possessing super Schrodinger symmetry



as the maximal one, such as a superparticle [[[J], super harmonic oscillator [{] and non-
relativistic super Chern-Simons (CS) matter system in three dimensions [[[7].!

But the number of the conserved supercharges in the models is not so large and, for
example, the non-relativistic CS matter system has A'=2 in three dimensions. On the
other hand, our resulting algebras contain A'=8 in three dimensions. Hence, in order to
find any common ground between our procedure and the existing result, it would be nice
to look for less supersymmetric Schrodinger subalgebras of psu(2,2|4). If we could find a
point of agreement, it might give a clue to discuss the gauge-theory side.

In this manuscript we discuss this issue and find more super Schrédinger subalgebras of
psu(2,2[4). We first construct N'=2 and N'=1 superconformal algebras? from the psu(2,2[4)
by constructing projection operators. Then a new super Schrodinger algebra is found from
each of them. The one obtained from N'=2 contains 12 supercharges with su(2)2xu(1)
R-symmetry and the other from N'=1 has 6 supercharges with u(1)®. Another super
Schrodinger algebra, which preserves 6 supercharges with a single u(1) symmetry, is also
obtained from N'=1 superconformal algebra su(2,2|1). In particular, it coincides with the
symmetry of the A’=2 non-relativistic CS matter system in three dimensions [[[7].

This manuscript is organized as follows. In section 2, N=2 and N'=1 superconfor-
mal algebras are derived from the N'=4 superconformal algebra psu(2,2|4) via projection
operators. In section 3 super Schrodinger algebras are found as subalgebras of A’'=2 and
N'=1 superconformal algebras. Section 4 is devoted to a conclusion and discussions. In
the appendix we briefly summarize our notation and the relation between psu(2,2[4) and
N=4 superconformal generators.

2. N'= 2 and 1 conformal algebras from psu(2,2|4)

By constructing projection operators, we will obtain N'=2 and AN'=1 superconformal alge-
bras from the N'=4 superconformal algebra described by psu(2,2[4).3

2.1 N = 4 superconformal algebra

We begin with the four-dimensional A'=4 superconformal algebra. The commutation rela-
tions of the bosonic generators are composed of the AdSs part and the S® part. The AdSs
part is given by?

- _ . - o 1 - 1 -
[PM,D] =-P,, [KH,D] =K,, [P“,K,,] = §JW—|—§77H,,D,
[juw pp] = nVPPM - nuppv ’ [juw Kp] = nVPf{M - nMPKV ) (2.1)
[Juws Jpo) = Nupdus+3-terms,

IThe non-relativistic CS matter system was originally constructed by Jackiw and Pi [@], and its super-
symmetrization has been done in @]

2Those are obtained from N'=4 and hence should be called N=2* and N'=1%, respectively. But for
simplicity we will omit * hereafter.

3For the relation between psu(2,2|4) and the generators of A'=4 superconformal, see appendix A.

4We suppress trivial (anti-)commutation relations below.



and the S° part is

[Pa’a Pb’] = _Ja’b’ ) [Ja’b’ypc’] = nb’c’Pa’ - na’c’Pb’ ;
[Ja’b’7 Jc'd'] = Ny Jaq + 3-terms.

Then the (anti-)commutation relations, which contain the fermionic generators Q and S,
are as follows. Those of the bosonic generators and the fermionic ones are

78] = 3@, K@= 38T, [D.Q1=30, [D.8)=15.
[j/.u/a@] = %@FH«I/7 [JNW’S] = %STW,
(Pu, Q= 3QTuTios, L, Q) = 3Gl
[Pur8) = 38T udios, L8] = 58T
and those of the fermionic generators are
{QT,Q} = 4iCT¥p_h, P,, {87,585} = 4iCT¥p hi Ky,

{QT,S} = iCT™ Tioop by J + 2iCT p hy D
+2iCT prhy Py — iCT"Y Tioopyhy Jay .
Here Q are 16 supercharges while S are 16 superconformal charges.
Next N'=2 and N'=1 superconformal algebras will be obtained from the psu(2,2|4) by
constructing projection operators.
2.2 N = 2 superconformal algebra with su(2)%xu(1)

From now on we shall derive N'=2 superconformal algebra from N'=4 superconformal al-

gebra.
For that purpose, let us introduce a projection operator defined by®
1 5678
q+ = 5(1 + T ) )

and require that

QZQq—I-v S:SQ+

Q are 8 supercharges while S are 8 superconformal charges. Then the anti-commutation
relation among @) and S are reduced to

{Q",Q} = 4iCTVqyp_hi P, {ST,5} = 4iCT"qpihi Ky,
{Q", 8} = iCT" Tioaq pyhJu + 2CT qpyhy D
+2iCT% phy Py —iCT?Y Tiooqypihy Jop

® Another projection operator ¢y = %(1 + F56i02) also leads us to the similar result. In this case,
su(2)?xu(1) R-symmetry is generated by {Ps, Jy3, Jse } with @’ = 7,8, 9.



where @’ = 5,6,7,8.
One can find that the following set of the generators,

{KM7S7D7juV7P97Ja’l_)’7Q~7pu} (22)

forms N' = 2 superconformal algebra. Since J3 generates so(4)=su(2)xsu(2), the R-
symmetry is su(2)xsu(2)xu(1) generated by {Py, J.3}. The commutation relations be-
tween the bosonic generators are (R.I]) and su(2)xsu(2)xu(1), while those between the
bosonic generators and (Q, S) are

L 1~ - 1~ L 1~ ~ 1~
[Puus]:_iQrpAu [KM7Q]:§SFM47 [DaQ]:§Q7 [D7S]:_§S7
.. 1~ - 1~

[Juua Q] = §QFMV7 [J/u/a S] = §Sruu ) (23)
~ 1~ ~ 1~
[Py, Q] = 5 Qio, Vo, Q1 = 5@ ay
. 1~ . 1 -
[Pg, S] = 5520'2 s [J[—lrgl, S] = §SF[—115/ (24)
2.3 N = 1 superconformal algebra with u(1)?3
Here we derive N'=1 superconformal algebra from the psu(2,24).
Let us introduce a 1/4 projection operator defined by
1 1
gy =501+ r562'02)§(1 +T™i0y) , (2.5)

and require that
Q = QQ+ ) S = SQ+ .

Here Q are 4 supercharges while S are 4 superconformal charges. The anti-commutation
relations of Q and S are reduced to

{Q",Q} = 4iCT"qup_h P, {ST, S} = 4iCT¥q p hy K,
{Q", S} = iCT™TioaqypihyJu + 2iCT qypihy D — 2iCTqipihi R,
where we have relabeled the three generators as follows:
R=Ri+ R+ Ry, Rp= (P, Js6,Jrs)-
Then one finds that the set of the generators,
{K,, S, D, Ju, Ri, Q, P,},

forms N'=1 superconformal algebra. Here R; generate the R-symmetry u(1)®. The com-
mutation relations of the bosonic generators are written in (R.1). Those of the bosonic
generators and (@, S ) are given by

R 1 R P
[PM7S] :_iQFuLl’ [KM’Q] :§SFN47 [DaQ] 257 [D7S]:_§S7

~ ~ 1 -~ ~ ~ 1=~
[J;UMQ] = §QP/W7 [J;u/as] = §Sruua (26)
[RI7C~2] = _%©i027 [Rfag] = _%giUQ . (27)



Finally we note that
{K;u 57 D7 J;UM R7 QJ u} (28)

forms the superalgebra su(2,2|1).

3. Super Schrodinger algebras

It is turn to find super Schrodinger subalgebras of /=2 and N'=1 superconformal algebras
constructed in the previous section.

First of all, we consider the bosonic part. The discussion is common in both N'=2 and
N=1 cases. In order to further reduce the commutation relations, let us decompose the
bosonic generators as follows:

1 -~ ~ 1 -~ ~ 1 - -
Pr=—(Py+ By, Ky=—(Ko+Ks), Jix=—(Jio+Jss),
'+ \/5( 0 = Ps) + \/5( 0 3) it \/5( i0 £ Ji3)

1 -~ 1 -~ - - -
D:§(D—J03)7 D’:E(D+J03), P=P, Ki=K;, Jij=Jij (3.1)
p=(0,1,3), i=1,2.

Then it is straightforward to rewrite the commutation relations in (2.1)) as

[igs It =njedie = mindjz iz, Jigl=Jij £0i;(D" = D),

[Jij» Pel =k Pi — nir.Pj [Jijs Kl =1 K — ni K

[PiaKj]:%Jij‘F%mj(D/"i'D)v [Pi,Kj:]:%Jij:, [Pj:,Ki]:_% it

(D, Jil=F 5 i (D, ] = i

[P, Jjx|=nij Px (Ko, Jjx)=nij Ky s [Jix, Pel==PF;, [Jix, K5]=-Ki,
[P, K_|=-D", [P-,Ky]=-D,

D, P]=P-. D.P]=3P:, DK =—Ky, (DK ==K,
(D', Py =Py, D\ Rl=3 P, (DK =K, [DK]=-3K;
Here the set of the generators

{(Jij. Jis, D, P, P, K.} (3.2)

is a subalgebra of so(4,2) and it forms the Schrodinger algebra
Jijs S| =niedie —niedj+ > [Jijs Pel =nuPi—nie Py, [Jig, P-]|=—F;,

[P K] =g ks [P Tyl =5 Py P K ]=-D, (33)
[D,JH]:—% i+ [D,P_]=P_, [D,Pz‘]Z%Pz‘, [D,Ki]=—K .

We note that Py is a center of the Schrédinger algebra.
The remaining problem is the fermionic part, and hereafter we will discuss it by fol-
lowing the procedure developed in [[4].



3.1 From N = 2 conformal algebra to super Schrédinger algebra

We consider the N'=2 superconformal algebra in this section.
According to the decomposition (B.1), we rewrite the (anti-)commutation relations

including the fermionic generators as follows:

{Q",Q} =4iCT qyp_hy Py +4iCT " qyp_hy P-4+ 4iCT qyp_h, P,

{ST,8} =4iCT g pihy Ky 4+ 4iCT " qupyhy K + 4iCTqyp h K;

{QT, S} =iCTTioaqypyh Jij + 2iCT H Tioeqy py hy Jiy + 2iCT " Tioaqpihy J;
—2iCT T I~ qypyhy D' — 2iCT' T THq pyhy D
+2iCTqypyhy Py — iCT"" Tioaq pyhy oy ,

~ 1~ ~ 1 P = 1x
[K:I:vQ]:_isr:FF47 [Kva]:§SFZ47 [P:I:vs]ziQF:FF4a [PZ7S]:_§QFZ47
~ 1= -1~ ~ 1~ ~ 1+
[Jij, Q] = §sz’j, [Jij,5]=§5Fij, [JiiaQ]z—QQFilﬂF, [JiiaS]:_gsriIﬂF’
D,Q)= QU™ [D,§]= 381 T, [D,Ql=—1QrT*, [D,§]= 18T

and (R-4), where we have defined I't = %(FO +13).
As was seen above, the set of the generators (B.2) forms the Schrédinger algebra. Then
we derive a super-Schrodinger algebra from N'=2 superconformal algebra below.

Let us introduce the light-cone projection operator

1 1
by = 5(1 +T9) = —griﬁ, (3.4)

which commutes with projectors hy, p+ and ¢+, and decompose S as
S=80_, S =85¢,. (3.5)
Then we show that
{Jij, Jix. D, P, P, Ky, Q, S, Py, Juy} (3.6)

forms a super Schrodinger algebra.

First the anti-commutation relations between @Q and S are given by

{Q",Q} = 4iCT Y qyp_hy Py +4iCT qyp_hy P_ + 4iCT qyp_hy Py,
{ST S} = 4iCT 0_qyp h K, | (3.7)
{QT,S} = iCTTiool_qypyhy Jij + 2iCT  Tiogl_qypyh Jiv
—2iCT T I _qypihyD
+2iCT%_q pyhy Py —iCT%Y Jiool _qipyihyJ g,

where we have used I'*/4 = 0 . In the right-hand sides, the bosonic generators contained

in (B.4) appear.



Next we examine commutation relations between the bosonic generators in (B.6) and

(@.9)

K@= —3ST Ty, [P,8]= QLT s, [PyS] = —Qf T,
[, Q] = %injv [Jij, S] = %Srijv i+, Q] = —%QFZT_,

[D,Q] = —%Qﬁr— , [D,S] = isr—rt (3.8)
[Py, Q] = %@io’% (o Q) = %Qrwbu

Py, 5] = %Siag, T, S] = %sra,b,

The right-hand sides of the commutation relations above contain Q and S only. Thus we
find that (B.6) forms a super Schrédinger algebra. The bosonic subalgebra is a direct sum
of the Schréodinger algebra and su(2)?xu(1). The number of the supercharges is 12 since
we have projected out 1/4 supercharges of 16 fermionic generators of A'=2 superconformal
algebra.

We note that the set of generators, (B-3), su(2)?xu(1) generators and Q = Q¢_, forms
a super Schrodinger algebra with 4 supercharges. It is still a superalgebra even if there
are no su(2)%?xu(1) generators. Such a superalgebra is a superextension of the Schrédinger
algebra with 4 supercharges.

3.2 From N =1 conformal algebra to super Schrodinger algebra

We consider the N'=1 superconformal algebra here.
Under the decomposition (B.1]), the commutation relations, which include the fermionic
generators, are

{Q",Q} = 4iCT q p_hy Py +4iCT " qyp_hy P_ +4iCT q1p_hy P;,

{8T S} = 4iCT g pyhy Ky 4 4iCT " qupyhy K_ + 4iCT qyp hi K;

{QT, S} = iCTTioaqypyhy Jij + 2iCT F Tioeqypyhy Jiy + 2iCT " Tiogq pihy J;
—2iCT' T T g pihy D' — 2i1CT T T g pyhy D

—21i0«7Q+p+h+R, .

[K:IUQN] - _§SP:FF47 [K’HQN] - §'§Fi47

N 1 - ~ 1~
[Pj:,S] = §QF$F47 [PZ7S] = _§Qri47

- T ~ ~ 1~
[Jij, Q] = §Qrij7 [Jij, 5] = §Srija

- 1~ ~ 1~
[Jix, Q] = —§inr$, [Ji+, S] = —§SFiFjF,
[D,Q] = —i@ﬁr—, [D,S] = iér—rﬂ

N 1=~ ~ 1~
(D', Q] = —ZQF_PJF, [D',S] = ZSF+F—, (3.9)

and (P.7), where we have defined I'*F = %(I‘O +13).



As was seen above, (B.9) is the Schrédinger algebra. Then we derive a supersymmetric
extension of the algebra from N = 1 superconformal algebra below.

Let us introduce the light-cone projection operator (B.4) and decompose S as BH).
Then we find that

{JZ]7 Ji+7 D7 P:I:u Pia K+7 QN7 S7 RI} (310)

forms a super Schrodinger algebra.
First derive anti-commutation relations between () and S

{Q",Q} = 4iCT q p_hy Py +4iCT " qyp_hy P-4+ 4iCT q1p_hy P;,

{57, S} = 4iCT 0 _qypyhy Ky,

{QT, S} = iCTTiool_qypihy Jij + 2iCT Tiool_qipyhyJit
—2iCT T T _qipihyD — 2iCTl_qipihi R,

where we have used I'*/; = 0 . In the right-hand sides, the bosonic generators in (B.10)
appear.
Next we examine the commutation relations between the bosonic generators in (B.1()

and (Q, S)

KeiQl= —38UTa,  [PS)= QLI Ty,  [PuS] = —5Q0-Tu,

[Jij, Q] = %Qrijv [Jij, S] = %Srij’ [Jiv, Q] = —%QTZT_,

[D,Q] = —i@ﬁr—, [D,S] = isr—ﬁ ) (3.11)
[R1,Q] = —%Qiffz, [Ry,S] = —%Sidg.

The right-hand sides of (B-I]) contain Q and S only. Thus the set of the generators (B-I7)
forms a super Schrédinger subalgebra. The bosonic subalgebra is a direct sum of the

Schrédinger algebra and u(1)3

. The number of the supercharges is 6 since we have pro-
jected out 1/4 supercharges of 8 fermionic generators of A'=1 superconformal algebra.
We note that the set of generators, (B.2), R; and Q = Q/¢_, forms a super Schrédinger
algebra with 2 supercharges. It is still a superalgebra even if there are no R;. Such a
superalgebra is a superextension of the Schrédinger algebra with 2 supercharges.
If we start from N'=1 superconformal algebra su(2,2|1) in (R.§), we obtain a super

Schrodinger algebra with u(1) R-symmetry
{JZ]7 Ji+7 D, P:I:u Pia K+7 QN7 S7 R} . (312)
A relation to non-relativistic CS matter system

It is worth noting the relation between the algebra (B.14) and N/ = 2 super Schrodinger
algebra constructed in [[L7].

The bosonic subalgebra of (B.12) coincides with the bosonic part of the superalgebra
in [[[7) under the following identification of the generators,

1
(Jij7P—7Piin+7P+7D7K+7R) = <J7H7Pi7Gi7NB+NF7D7K7NB - §NF> ) (313)



up to trivial scalings of generators. Here the right-hand side represents the generators used
in [[L7.

Then the next task is to consider the fermionic part of the algebra. Our supercharges
are Majorana-Weyl spinors in (9+1)-dimensions satisfying the Majorana condition Q¢ = Q ,
as explained in appendix.

Note that we may choose the charge conjugation matrix as C = I'’ and then B = 1.
It implies that I'4’s are real: I} = I'4. With this choice, the Majorana condition simply
implies that Q@* = Q. Since the projectors p+, g. and ¢L are real, the two-component
spinors, Q,Q" and S are real: Q* = Q, Q* = Q' and S* = S where Q = Q/_ and
Q' =Qly .

The supercharges used in [[7] are complex and hence it is necessary to convert our two-
component real supercharges into one-component complex supercharges. For this purpose,
let us introduce a pair of projectors

1
ky = 5(1 +iT12)
and decompose the two-component real spinors as

G =Qky, 1 =Qk_, ¢=Qk_, ¢=Qky, q3=Sk_, q¢5= Sk .

Noting that k4 are complex: ki = k¢, the Majorana condition implies that ¢1, g2 and g3
are complex one-component spinors

With the complex supercharges, the anti-commutation relations are rewritten as

{q1,¢1} = 4iCT k_L_qyp_h, Py,

{92, 02} = 4iCT " kylyqyp-hy P,

{1, 3} = 4CT by lyqep_hy (P —iPy),

{g3, 45} = 4iCTk_L_qypyhy K,

{¢}, a3} = 2iCT' Tiook_€_qipihy(Jiy +idoy),

{¢5, 03} = iCT Tiook_l_qypyhyJij — 26CT T Tk _l_qipihy D
—2iCT T T k_l_q pihiR,

where we have used ky = £i['"? k4 . On the other hand, the commutation relations includ-
ing the supercharges are

[J12,q1] = —5q, [J12,q2] = 502 [J12,q3] = 38>
1 1 _ . _
[Dv q2] = __q2F+F_ 3 [Dv q3] = —Q3F F+7 [Jl—l- - ZJ2+7q2] = —Q1F1F ;
4 4
1 . 1 _
[P_,q3) = =gl Ty, [P — iP5, q3) = —qiT4, [Ki,q = —=q3l' Ty,
2 2
1 1 . 1 .
[R,q1] = —squioa, (R, q2] = —=qioa, [R,q3] = —=qzios .
2 2 2



Under the identification (B.13), the last three commutation relations are further rewritten,
by noting that Py is center of the super Schrédinger algebra, as

1 . 1 .
[NF,qr] = 34102, [NB,qr] = —garioz (I=1,2,3).

Thus we have shown that the above (anti-)commutation relations coincide with those of [[L7]
under the identification (B.1J) and (q1,¢2,93) = (Q1,Q2, F), up to trivial rescalings of
generators.

4. Conclusion and discussion

We have found more super Schrodinger subalgebras of psu(2,2|4). First /=2 and N'=1
superconformal algebras have been constructed from the psu(2,2|4) by constructing projec-
tion operators. Then a less supersymmetric Schrédinger algebra has been found from each
of them. The resulting two superalgebras are as follows: the one preserves 12 supercharges
with su(2)?xu(1) symmetry, and the other preserves 6 supercharges with u(1)? symmetry.

We have also found another super Schrodinger algebra preserving 6 supercharges with
a single u(1) symmetry from su(2,2|1). This algebra coincides with the symmetry of the
non-relativistic CS matter system in three dimensions [[[7].

It is interesting to look for non-relativistic systems which preserve super Schrodinger
symmetry with 24 and 12 supercharges as the maximal ones (i.e., new super NRCFTs).
Perhaps there would be two possible scenarios. The one is to reduce a four-dimensional su-
perconformal field theory with a light-like compactification to a three-dimensional theory,
according to the embedding of the Schrodinger algebra into the superconformal one. The
other is to take the standard non-relativistic limit of certain relativistic models as in [[[7].
It would also be interesting to consider the gravity dual of the non-relativistic CS matter
system.

We hope that our results would be a key to open a new arena to study the AdS/NRCFT
correspondence.
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A. psu(2,2|4) as N = 4 superconformal algebra

We briefly explain the relation between psu(2,2[4) and the generators of the N'=4 super-
conformal algebra. The commutation relations of the psu(2,2|4) are as follows. The bosonic
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part is composed of the so(2,4) algebra

[Paapb] = Jab: [Jabypc] :nbcpa_nacpby
[Jabs Jed] = Mbedaq + 3-terms (a=0,1,2,3,4), (A1)

and the so(6) algebra

[Pa’ypb’] = _Ja’b’ ) [Ja’b’ypc’] = le’c’Pa’ - Tla’c’Pb’ )
[']a’b’7 Jc’d’] = nb’c"]a’d’ + 3-terms (CL, = 57 67 77 87 9) . (AZ)

The (anti-)commutation relations, which include the fermionic generator @, are

1 . 1 . 1
[Pa7 Q] — _§QFGIZ0-2 ) [Pa’7 Q] — §QFQ’ZO-2 ) [JA37 Q] — §QFAB ;
{QT,Q} = 2iCTAhy Py + iCT®Tioohy Jy, — iCTY Tiooh Jyy, A= (a,d)
T — 01234 J = 76789

Here I'Y's are (9+ 1)-dimensional gamma-matrices and C'is the charge conjugation matrix
satisfying

'y =—cra.c™', ctc=1, c"=-c. (A.3)

The supercharge Q is a pair of Majorana-Weyl spinors in (9 4 1)-dimensions. The charge
conjugation of @ is defined by

Q°=Q*B™!, (A.4)
where the matrix B relates I} and I'4 by
I'y=BI'4B™', B'B=1, BT =B. (A.5)

It is also related to C via
C = BI}.

The Majorana-Weyl spinor Q satisfies the Majorana condition
Q=9
as well as the Weyl condition

(1+Tp1..9) : chirality projector .

DO =

Q=0Qhy, hy =

By recombining the generators, we define the followings

(Pu - Ju4) > Ku
Qp_, S

(Py+ Jua), D=PFPy, Juw=Jw,

P+ (a:(:u74)7 ,u:0717273)'

DO =

11l
(O

Nu
Q

— 11 —



Here the projectors p4 are defined by
1 4 1 0123
P+ = 5(1 +I ZZO’Q) = 5(1 +I 10'2) s (AG)
which commute with the chirality projector h; . By noting that
pLC = Cpx, I'%%5yps = +po

the (anti-)commutation relations can also be rewritten as

. - - . . 1. 1 -
[Py, D] = —P,, [K,,D|=K,, [P,K)= §JW + 577WD,
[J;u/a Pp] = nupPM - nupPI/ ) [J/u/a Kp] = nupKM - nupKuy
[juw jpo] = nl,pjw + 3-terms,
{Q",Q} = 4iCTMp_h, B,  {S",5} =4iCTV"p,h K,
{QT, S} = iCT™ TigopyhyJ,, + 2CT* hy D
+2iCT prhy Py —iCTYY TicopihyJaw
I 1~ o 1 1~ .~ = 1~
8] = 50T, (K@= 38T, [D.01=3Q. [D,8]=-38
-~ 1=~ ~ = 1
[ /M/?Q] = §QPMV7 [J/u/aS] 2SP/W7
~ 1~ . ~ 1~
[Pa’7Q] = §Qra’\71027 [Ja'b’7Q] 5@ a't
- 1~ ~ 1~
[Pa/, S] = ésra/jidg R [Ja’b’, S] 55 a'b -

The so(6) part is given in (A.2). Thus the resulting algebra is nothing but the four-
dimensional N'=4 superconformal algebra. Here Q are 16 supercharges while S are 16
superconformal charges.
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