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1 Pure Spinors

The Pure Spinors action is
R* [, 1 - 1. 3. _ R .
Spg :7 d“zSTr §J2J2+ZJ1J3+ZJ1J3—wV/\-i-(UV/\—NN
m

=Oint + Skin + Szl'nt + S”i}ln’

with
VA=0A+ [Jy, 4],
N ={w, \}.

where we have divided to conquer: the S’ are the ones with Ghost fields w, A, @ and 5\, while the un-primed are the ones

involving only the Js.
The fields are defined as

JOZJéTi 5 leJfTa 5 J2:J§nTm ) J3=J§Td§
AN=MTy 5 w=wan™ Ty 5 A=MTy 5 o= T

Note that A means «, but, due the few letters in the alphabet (the greek and latin togethers), we use a change of the
definition.
The quantum expansion of the fields are

Jo =Jo L1, s] + Lo, 2] + s, + 5 ([9a,25] + [0, 2] + [0, 1]

1, m1], 2] + [[J1, 2], 2] + [[J2, 21], ws] + [[Ja, ws], @] + [[Js, w2], @3] + [ s, 23], 72])
Ji =J1 4+ 0x1 + [Ja, x3] + [J3, 22) + % ([0x2, 23] 4 [Ox3, 2]

I, 1], @] + [[J1, ws], 2] + [[J1, w2], @] + [[J2, 2], @] + [[J2, w2], 1] + [[J3, 21], 21] + [[J3, @3], 23])
Jo =T 023 + [y i) + U, 5] + 5 (101, 4] + [0, )

[, w2], ws] + [[J1, @3], w2] + [[J2, w2l 2] + [[J2, x1], @3] + [[J2, w3, w1] + [J3, 21], 2] + [[J3, 22], 21])
Js =5+ 05+ Lo, a) + [, s] £ 3 (01, 2) + (90, 1]

+[J1, 2], o1] + [[J1, 23], 23] + [[Jos w2], 23] + [[J2, x3], w2] + [[J3, 23], w1] + [[J5, 21], 23] + [[J5, 2], 22]) 4
A=A+ A,
W =w + O\

For the raising and lowering of index of the structure constants we used
fmaﬁ = nadfﬁam and fmd,@ = _na&fgm'

With all this, we compute the system without Ghosts and with them.



2 Pure Spinors without Ghost fields

At second order in perturbation series the action is S = Sgi, + Sint. Without the ghosts the interaction term is
/ R? 2 3 = 5 r= - (1 1 1 .-
Sznt d“zSTr < J; —g [ng,xl} — g [Vﬂil,l‘g] + Ji g [Vﬂ?l,l‘g} — g [Vl‘g,ah] + Jo —5 [V1‘1,$1]
- 1 1= 1. - - 3 5
+ Jo (—2 [vaﬁg,xg]) + J3 (—8 [va,ng} + 3 I:V.'I/'37.'172:|> + J3 <—8 [Vﬂ?g,l‘g] — 3 [ng”xg])

1 — 1 — 3 — 1 - 3. = 1 -
+ §Vx2V:v2 + valva + Zng,Vxl + [Jhl'l] <4[J3, x;;]) + [Jl,xg] (8[J2,£E3] + 2[J3,£L'2]> +

1

(o] (=] = L] -

[Jl,x3]> + [ <i[J3,x3]) o) (Z[Jz,zg} - ;[JS,@O

1

2
+ [J1, 23] (—z[t]zﬂh] - i[h,ﬂh]) + [J2, x1] <1[J2,333] + z[Js,l“Q]) + [J2, z2] (-;[Jm@] - g[J37$1]>
+ [ 2, 2a] (—i[fg7x1]) + [y a] (—:[Jg,x2]> + [, 2] (-Z[Js,x1]> ;[J37x1][J3,x1]}

and

R2

1 _ .
/dzz |:2V1';nvxg77mn - Vm‘f‘vx?nad} .

From now on, we drop the quantum Jy, because we don’t will use it.
Computing the STr we obtain:

R2 1 1 d‘h 7] 1 @ y,.m ,.00 M
Sint = /dQZ [6371 21 J3" frmap + 233193 v J?fmafjﬁég T 3 (32502 — 502528") J fmas

+ xlarg (=0T Fmas + [393 T + 5T I8 Fiaa fimng™ +3 [J53T§ = T35 fuasfrpan™)
fx?x ([7005 = 2T Fmas Fuagn™ + [T 4 3TLIF) Fiaofyazs™ + 5T [ FmasFuas = Fnapmas] 1)
fo mn ( Je T8 — T2 IS frapfnasn™ + I8 T2 fipm qungij) n é (30w a§ — 5a5'025) 5 £

+ 8xmxg (=05 Fray + 3 [T0 T3 = T2 T Fmapagn® + [BIETg + 5T T3) fiaaSymng™)

1
+5 (%3133 ) fnap T I3$§J1 J1fmafjﬂ59 ]

2
with

Gij :STI‘TZ*T]*
Do =STrT . T,
Nas =STrT,Ta

3 Pure Spinors with Ghosts

We now want to scare the reader, so we add ghosts fields to the calculations. Before we compute anything, is good to
note that, because w and A\ are fermionic fileds, the covariant derivate simplifies to

STr [wVA] =STr [wOA + wJoA — wAJg] = STr [wOA — N Jy] .



The ghost side of the action now reads
R? [ = N -
§ == / @ [~wVA+ VA - NN

Sllcm :—/dQZ -oJAé)\A +@A35\A:|
i L

St =g [ 2 [~V W)y 405 (SN~ OIS ) fag — o (SN} = 5N fim

N L “ . 1 L “ . N
4l <6N1J1°‘ _ 5N1Jf‘) Jiaa + Faie] (NU;“ _ ]\”J;") Frnan fisnn™®

1 o N A 1

+ 5ot (N = NUIP) (FmFaagn™ + Fiop fmsut™) = 5
1 A AN i 1 = ; -

+ 5 (02525 —25028) N' fiaa — 55" (925 N' = 905 N") fimnn

(5x?x§ — x‘f‘gmg‘) Nifiad

Lo o (nifB _ xvigB 7 L & B (nigm _ xyigm 7
528 (NI = KD (Fiom o™ = Fianfagn™) —5odal (V1T = N'g") fmwfm@nﬂ :
with
i B, _AB ij
N"=wa\"n ijngv
SN =(dwa? + wir)nP jBBgij,
X (N'NI) =0N'ONT + 6w NPyAP fi NI 4 Now 10XBnPAfT
4 Schwinger-Dyson Equation

The Schwinger-Dyson equation in momentum space for this theory reads

gon 10, (ikd + ikd + 0)GA 1 G
=<3 TAT) 7 1 ) ERTAT R )
K TR ]
mA :Lm;\ + %(zké +ikd + 0)GN — Lmz FeqG™t,
k2 " K| ||
. aA 1 - - Qa
G = — ]2? + W(zka + k0 + 0)G + 1|7k‘\2 FeoG™t,

A i A s A i XA
Y Y — _F
GA k A+kaGA k EAG 5

GBA - _ %(531\ + %({;GBA + %FEBGEA7

G :%54 + %aGAA - %FEAGZA,
GBA - _ %631\ + %8GEA + %FEBGEA,

where all § and 7 are reescaled by a 27/ R?
The Green’s Function in coordinate space is related to its Fourier Transform by

Cl,y) = @ / Pk explik(z — y))G(x, k).



5 Equations of Motion

The first order terms in the perturbation gives the equation of motion:
0T = (~N'IY + NUIP) fuagn™,
oI =0J7 + (5T = T3S ) Frasn™®,
0T =J7 T} fragn™ + (NI = N'JE ) funp™,
0T = = TSI fogn™ + (N'TE = NI fing™
0TF = (J3T7 = T3 37 ) Fanasn®® + DI
0 =+ (N = NI £ 5m°,
N4 :Ni)\BfiBAnAA, dwp = —N'waf, BA77
oA :NiS\BfBAnAA, 9y = —N'@ 4 f, pa ™

ONF =N'Nifk. ~ ON* =-ON*
6 Interaction Matrix
The interaction matrix is given by
DA AR == _ .
5 dB(y) 009 (x)

Because we are working in momentum space is useful to write also F' in momentum space, for that reason the equation
we work with is

8Sim )
Frola,k)f / Vs or M)Q(t) exp(iky) f(y).

Note that the f(y) stands for the previous Green’s function and the exponential came from the Fourier Transform.
The interaction matrix is,

m( 7. 3 15 m 1 & 78
Faﬁ = - J2 (Zk + 8)fmo¢ﬁ - 58;]2 fmaﬁ - §J3 J?? (fiadfjgé - fiﬁdfjaé> gj

1 T Tm 7t Tm
— 5 (N J2 - N J2 ) (fma,ufiﬂﬂ - fmﬁ/—tfioéﬂ) 77“”

1 . _ R ..
Fm =J¢ (i + 8) fonas + < (aJ1 + 3077 ) fmas — < (8J3T5 + 5J3J5) fiaafimng”

[

(55 = T3 I5) Fro frpan™ + 5 @% N7 ) (Fiom Faast” + o ™)

OO\OO

. _ _ . 1 /- _A
Faa =N'fiac (i +9) = N'fiaa (ik+0) + (aNz ON’) Fiag + = (J1 g5 Jp J??) Frasfras™

1 78 7l 3 ij 1 m Tn 3
5 (IO 43I0 T fiastiapg™ + 98T8 (Fastfuas = Frasfnag) 1°°

FaB = 7wAj§éAg ad — *FBa
EA=—-\BJSAY o= —F4
FaB _wAJ3 AB ad — _FBa

FA=NBJSAA =—F4



— 1 o . A
Fra :J1 )fmaﬁ +3 (58J1 8J15) fmozﬁ D) (N’Jlﬁ - Nl,]f) (fip7nfqa,677pq + fiaﬂfmﬁun‘u’u)

1 \ o :
§ (BIE TG+ 5I3T5) fiaaSimng” + 5 (Jz J§ — J3JS) fnaﬁfm,é’dnﬁﬂ
‘ ik + 0 (ri , 1/ .
1 a T& Ta 7& N 1 - )
2 (J1 Jg' — J{'Js ) (fmaﬁfn&é + fnaﬂfm@ﬁ)nﬂﬁ — ijgjg(flpmqun + fipnqum)g j
—A i 1 . B R ) _n A
Fa =J3 fnap (i +0) + ¢ (5aJ§ - anf) fmag +3 S (TeTp — TP Fonas foat®

1 T T .. . . N )
+ g (3J{¥J§L + 5J1(¥J2n) fiadfjmngl] — E (NZJéB - N1J3B) (fipquagﬁpq _ fidufmgﬂnﬂ”)

FmB = — wAJQ”Ag o = FBm
FmA—_)\BJ2 an_F%

F 3 _ABJQnAB mn — Fén

Fao =N'fias (ik + 0) = N’ fiaa (ik + 0) + % <5Ni B 8Ni) . i (JlﬁJf ) ijf) S

1 5 -5 .4 PP D i
- Z (JIBJJB * 3J15J§) fidﬁfjaﬁg T ZJQ J2 (fmaﬂfno?/; - fnozﬁfmécé) 77,85

—A . 1 . B R 3 . ) A
Fam =J3 fnap (i +0) + ¢ (3aJ§ + aJ:f) T = 5 (8T8 = I T5) Fas g™

1 ™m T TN i 1 i_A - . b
_ g (3]{1,]2 + 5J1 J2 ) fia&fjmng J 4 5 (N J3'6 - N J3B) (fipqudgﬁpq _ fi@ufmgﬂnl /)

J. ) 1 ™ 1 o 7
Fop == J3" ik +0) friap = 592" Frnap — 51 Ty (fm&fm —~ fiﬂ&fja3> g

(NZJQ NZJQTn) (fm&ﬂfwB — fmﬁﬂfilt&) n#ﬂ

l\D\»—t

Fap = — waJPAS o = —Fpa
FA__/\B']?AB aaZ—F’z
F. 5 =wJ7 AR o= ~Fp,
Fap )\Ajl Ap = —F%

Fit=—-N§ =F4

it = —wadag) = 1y
Fpp=— wAcDAAg‘g = Fy;
FA = 2B A44 _ A
FAA :—ABXBA’;‘,’; _ pAa

A A A
F *N Fé



We have defined
Aljxy :fiA]_f}fjxynBBgij
B BB _ij
AAxy :flABf]xyn glj

with {z,y} = {{m,n}, {ad}}

7 Green’s Functions

With all the previous results, we start computing the Green’s Functions.

7.1 Gy
G f =20k =—GP,
G, =308 =Gl
7.2 Gy
G3* = ™ = —Gi™
1
2 =g
Gl == 1 (FLG )
= %NB =G 4
Goad = % (FAC'G1CA)
#WB@BAIjE =Gojiar
Gy = % (P, &)
= #WB)\AAEE =GY 4.
67 =+ (F2af )
= #AAABAEE GfA’
Gff =2 (P26, F)
:#AA;\AAZ? = GPP,
GQAB - % (FAOG1C]'§)
- %Nf =GP,



7.3 Gj

af _ el
Ge fW (F .G3")
i J2 adk
— |]€‘2 f ag" nBﬁ
Gom — ‘k|2 (FnaGnm)

— ocﬁ B& _ néa
- |]€‘2 < - k ) flggn n - G3 )

34T TR (FpaG? 4)
|lcl|2 JBWBAA e = —G3 4,
G5P = \kl2 (FAGlA)
_ “5‘2 d LA B = —GPe
Ga= \k|2 )
== ﬁ%wé ABﬂdnaa = -Gy
GyP =1 (Fha, F)



mp

mn T’ n
GB :_W(quGg )

) N NZ n
:W ( >fzpqn n",

mn

4 n
Gma — _
|k[?

: B
i Jp .
|k|2 fnaﬁnaanmn _ 7Ggm7

(FanG5")

mn

gnA |]€|2 (FBnG )

i JP .
= |/€|2 o‘)BflA npn = _GBA )
Gyt = |k|2 (FAGlA)
)
IR R

mn

G, = ’|7k|2 (F el )

)‘AAA np mn _ G?J)Bm

[ Jg oaA B mn _ _om
|k:|2k WeA i = Th34 s
mB _ nmn A B
Gyl = (Fic.F)
i JpAA B mn Bm
:_Wi)\ A =G5,
ap i ai
G3ﬁ— |k|2 fmaﬂn 7765
& 77a
3A~ |k;|2 (FB&G )
i JB ad &
T kPR G wn A " = ~CGa
GaB 77a FAG
|k|2 ( 1A )
¢ ‘]3A A B ak Bé
SR RN s =m0
& _,,70404 B
Gy 4 W (FBaGl A)
) JBA : . .
:WfWBAABBanm =Gy,
o N (i B
63’ =i (Fic.F)
_ By no% = —GBe,



i ~ ~
Gsac = — T (FL")AGch + FEGQ[DC)

_i 1 3A - BC 4DB BB ADC
= G enenN o [AAAACé - AAéAcA} :
— 2 (FRGof + Fp,GPP + FLG, P)

1|
>~

_ é (555+ Nf) NE #%@Ac;fiwé [Anggg — ADC 4B
G3ad :%5G2AA - % (Ff?AG?A * FB‘GQDA)

:#% (650 + K7 wpwsaBh - U{%%wgdngAfg
e :%5G2AB - % (FEGZDB + FEGM?)

__ U#% (659 + N7 ) wahta - #%WBXANEAE/?
GE 4= 15 (380 + NE) NE + Lo Xiiay, [ARS ADE — A8 ARG

e
GBD :#%)\AACS\AQB [ABGADE — ABZADS]
8 0 58) o e
GEP ~4 s (50 + NE) VA28 + L AAANEARY
i 15 b BB t 1 ~p BB
Gaia 7WE (5A3+NA)WBWBAAA - WZWBWBNA Apa
G, 1% =— #% (5£8+ Nf) )\ACDBAfE - #%AA@’BNCBAZE
Gyac fﬁ%wé%x“w AS5ABD — ABEASD)
Gyi® = o (50 + NDYNE + #%%XQ%B 482458 — AR 422
1 b 6 E)or b
09 =y (080~ NE)VNARR ¢ R A
0=~ (580~ VE) VD~ AN [452420 - 423
GED :#%;\Dﬂé)\’qwg [AZEAES - AgEAig}
7.4 Gy
Gab :IkliE? (0I5 Fraas + T8N [ Fint s — Lo i 17+ TETE Fomai o™ ) 0o
1 (1, R

4 W (28J§1fm&3 + ijfjlygm (fiu&fjuﬁ - fiV&fj#B)

1r1= ) . N R N
+5 [JQ”N’ + Jé”N’} (fmécﬂfwﬁ - fméﬂfwa) 77“”) U

10



am 1 7 mn, ad&
4 ‘k|2k2 [&]gfnaﬁ + JBN (fpaﬂfmqn + fnﬂﬁflltan )} non
1 1 78 1P B 7P o 1 78 1P B 7P ij
+ o |8 (38J3 +0J7) frap = 5 [3T0T8 + 5TV T8 Fusufoaan™ — 5 [5T0 I8 +3I7 T8 fisafinos
+§<3Nij3 — NZJP'?) (fipnfngﬁpq - fi&ufnﬁﬂnwl)} Uaaﬁm"
1 A
i aﬁ ﬁa 7 Oéﬁ Bé&
Gy |k\2k2 {8N Fips — N'N fﬂﬁfjﬁ”n }77 K |k|2E2 {_8]\[ fiﬂﬁ_NN fuﬁfjﬁun }77 n

4 7% i NTJ i N7 i 1 m Tn 1fi
+ W { (aN —ON ) Figp + (N NI+ NN ) Fypinsn™ + 3 T3 73 (3fmuﬂfnéﬂ + fnugfmﬁﬂ) i

T mn ©j 12 mn feY &
+1J{1J§L <5fmu5fnﬂ377 - fmg"fjﬂﬂgj) 1 14 (fmﬂﬁfnugn +3/; #gfjuﬁg )} n '6776

mn

1 N \T% NTJ s ng,.m
= |k|2f€2 [6N1fipq + NZNjfirpr’Sank] n™In™P 4

1 i i \TJ T m

|k|2k2 [_aleipq + NlefiTpfjsqn S] n"an™r
mp, nq 1 5Nz 8N1 NiNj NjNi s 1J7"js ij
W” A ( - ) fivg — ( + ) firpfisa”™ + 57272 (firpfisq + firafisp) 9

-3 L (g g+ T (fqaﬁfpag + fpaﬂfq@,é) 775&]

1 . N
G 27.2 aJiBfnaﬁ - J1BNI (fipnfqaﬁnpq + fnuﬁfiﬂanuu) Umnnw
kPR

o1 . o
+ W [— (36:]1 + 8J1> fnoc,@ + = 8 <3JPJ3 + 5JpJ3) fia@fjnpg J g (5J5J§ + 3J§J§) fpaufnﬁ,ﬁw
D) (Nijf - SNiJf) (fipn Faapn™? + fmﬂfnﬁm”ﬂ)} NSy
1

|]€|2/€2 [8J2 fma,@ JQle (fmaufiﬁﬂ - fmﬁufiaﬂ) 77‘”1 + J{L‘Ilyfmaufnﬁunmn] Uadnﬁﬁ

1 .
+ o RL { 33" fmap + J#J3 (finafiop — finpfivag®)

G =

—% (Nljén + Nljgm) (fmﬂufiaﬂ - fmaufiﬁﬂ) UMUW
8 Current Algebra

We define J = Jg+ K, K =J,+ Jo+ J3, X =x1 + x5 + x3.

(o) =5 (LN, Tal, Tdbn®® = {IN, Tul, Tadn®® + [N, T, TJo™)

(o) = = 5 ({18, Tal, T = ([N, Tu], Ta}u™ + [N, T, Tol™)

Is
s
[

— K, T3] Ty,
(X, Jo) = — [K, T;]Trg’*

11
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SI G 3 =5 3 5 ¢ S I T SH RS
E 2 % H s B 5 g 5% =5 ~ — i
S = &5 B gg & = = NS = = IR e
5 = -3 - E 3 LS 3 < < SIS I & 8§ 8 g
S5 BE - ! aH 5 5 5 ~ 3 < = 33 <=
oo T = S | = = = | iy I Iy = = . S S S
e | o & 2o S o = o o = B o~ I LT N
[ | | | B | 1 | | A [ | | T | A B | = wa_JO TR oo
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SE568 8 i8558 ¢ EREE R iz 333z
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(Jo, Jo) =[J1, Tal[Js, Taln™® = [J3, Tal[J1, Taln®® + [J2, Tin] [J2, Tuln™
(Jo, J1) =[J1, Tal[N, Taln®® = [Ja, Tal[J2, Taln® + [J2, Ton[J3, Tuln™
(Jo, J1) = = [J1, Tl [N, T]n*®

(Jo, J2) = = [J3, Tul[J3, Taln™® + [J2, Tn] [N, Toln™"

(Jo, J2) =[J1, Tal[Jy, Taln®® = [Jo, Tn) [N, TJn™"

(Jo, J3) = — [J3, Ta][N, Taln™®

(Jo, J3) =[J3, To] [N, Ta]n®® + [J1, Ta][J2, Taln®® + [J2, Tn] [J1, Tuln™

+ % ([j27T&][N, To) = [J2, T[N, To) = 3[N, Ta][J2, Ta] — [N,Ta}[J27Td}) n*®
(o) == 310 TalTar™® + 5 (10, T T + L, T T

+ % ([j27TdHN’ Ta] - [J2aTéc][NaTa] + 3[NvTa][J2’T0¢] + [N7 Ta][ijT&]) Uad

13



{(J1,J2) = = [N, Tu][J2, T a1 + (3, T [ 3, Tln™

(J1, J2) =0

(s o) =500 — 05, T ™ & (111, Tall o, Tl + 5[, Tally, 7]
+é([J1 T2, Ty) + 31, T2, T5)) 67 + 5 ([ 7Ta][J37Td]—[N,Ta][Jg,Tan”‘@
— 5 (3, TN, Tl + s, T[N, T30

(o) = = 30T + 015, Tl Tar™ + % (U Tall o, Tl = [T, Tall 1, Tl
+ 5 UL T T + 300 T T3) g7 + 5 (3N Tull s, Tal + (8, U, Tl )
— 5 (Vs TN, ) — U, Tul[9, T3] ) ™

(J1,J3) = = [N, To][N, Ta]n™*
(1, J5) = = [N, T] [N, Ta]n™®

(1. ) = (IN. Tl [N, Ta) + [N, T[N, 7)) 0% 4+ 5 (302, Tam ARIEA I TG

(503, T [J1, Tn] + 3[J3, Ton] [J1, Tn]) 0™ ([Jl T;)[Js, Tj] + 3[J1, T][J3, T;]) g¥

4
(2, T&[J2, To] — [J2, Ts)[J2, Ta]) n™

%\H e

1

(1, s} = (IN, T[N, Ta] 4 [N, Tu][N, Ta] ) 7
1
1

([T, Tl [J1, T] = [J5, T [J1, T ]) ™" 1([«]1, i3, T3] + 3[1, Ti)[J3, T3)) g

(J2, J2) =[N, Tn] [N, Tu]™
(Jo, Ja) =[N, T ][N, Tln'™

<J2,J2>——([NTMN,TnmN,TmMN,Tn])n 5 (2, Tl T3]+ 72, T, T3]) 9

([Jh ol[J3; Ta] = 3[J3, Tal[J1, T ]+3[J1 o[, Ta] — [J3, Tal[J1, Ta]) 0™

(Jo. T2) = ([N T[N L) + [N, TN, Tl ) 7 5 (192, T, T + U T2, T
% ([J3 TallJ1, To) — 3[J1,Ta][J3,Td] + 3[J1,Ta][J3,Td] — [jl,Ta][Jg,Td]) naé‘
(J3,J2) =0
(J3,J2) = = [N, Ta][J1, Taln™® = [J1, Toa] [N, Taln™

ss J2) =g 507 = 0.7, Tl To™ + 2 (L7 TallN, T + 3173, oIV, To]) ™

+§([N,T@][Jl,m—[N,Tanfl,m)nw 8([J3 Lo T)) + 5. T[T, T))
— 5 (502, Tl Tl + 111, T, Ta)

(Jg, Jo) = — %[?)aj1 + 8y, T Trg™ % ( WIN,TL] — [, Tl [N, Tn])
+ 1 (3. Tl T + [N, T

43 (1o, Tulls, Tal — o, Tl Tal) 1™

L) e+ ;(wg T]12. T3] + 515, T, T7) 7

14



(Js, J3) =0
(Ja, J5) = ([JQ, 2N o) - [NTJ[L,T]) + 0, Tl Tul™
(T 1) = = 510, Tl Tan®® + o (Vs T, T + s, T, T]) 67
+7([NTA][J2,T]—[N,Ta}[Jz7Ta}—3[Jz,TaH Ta] = [, T[N, Ta) )
(J3,J3) = [an, To]Tan™ + = ([JsaT'][jSJZ‘]+[j37Tz‘HJ3aTj])gij
+%(3[N,Ta][j2aTa]+[N,Ta][J2»Ta]—[jzaTa][ Ts] + [, T[N Ta] )
(J,N) =0
(J,N) =0

(N,N) = — [N, ][N, T;]g"

9 Super Jacobi Identities and other useful identities.
Let A, B and C be bosons, X, Y and Z fermions, then, the generalized Jacobi Identities are

[4,[B,C + [B,[C, Al + [C, [A, B]]
(A, [B, X]] + [B, [X, A]] + [X, [4, B]]
{(X [V, AL+ {Y [XCAJY + A {X Y
X AY, 2} + [V {Z, X} + [Z2,{X, Y }]

0
0
0
=0

In this theory the Dual-Coxeter Number is 0, this implies

[A, T, Tlg" + {[A, Tal, Tadn™® + [[A, T, Taln™™ — {[A, Tal, Ta Y™ =0
X, T3], Tjlg" + [{X, To}, Taln®® + [[X, T, Tuln™ — [{ X, Ta}, Ta]n™® =0.

It is also true that fmagfn&énm”nad = fméfjdggijnad = 0. This implies that

(1,3, T3], Tjlg" = [[J1,3, Tl Toan™ = {[J1.3, Ta, TaIn™® = {[J1,3. Ta], T }n** =0
[w+A+&+ANT),Tilg"7 = [[w4 A+ @+ N T, T]n™ =0
Hw+ A+ 0+ AT} Taln®® = fw+ A+ @ + X\, Ta}, Taln®® =0

10 (T)

1
T =STr <2J2J2 + JiJ3 — wVA)

_ 1. = _ N
T :STI‘ <2J2J2 + J1J3 - L:JV/\)
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(T) =STr (;Ug, Jo) + (J1, J3) + N<Jo>>

=SB (N TN T ™ = N TalIN,Talg™® + 5N (N, Tal, Ta ) = (N Tl T + [N, Tl T™) )

=0

<T> =STr <;<J2, j2> + <j17 j3> - N<J0>>
=St (G T N L™ = TN Tala + 58 (9. T T = (8T Tt + [, T 7
=0

11 Conserved Currents

11.1

) 3 1 _ _
jg<J2+2J3+2J1+2N>glgAgl
3 ;o 1l 35 ) -1 i—1
7 =g J2+§J3+§J1+2N g~ =gAg

(7) =(g)Aogy " + (9, Ago ' + (9, A0, 97 ") + go(A, g7 ") + goAolg™ ")

1 ) )
@:yunmwm+%nw”ﬂwmw)
1 . -
(07" =5 (T Tan™ + TaTon™ = TaTan) g5
(g, A0, g7 ") =go (TaAcTan™® — TaAoTan™® — T AoTun™) g5 *
_ _ _ 1 mn ak a& —
(9)Aogy ™ + (9: A0, 97") + g0Ao)g™") =590 ([[A0, Tl Tuln™ + {[Ao, T, Tudn™® — {[Ao, Tal, Ta}n™*) g5 "
(4) =0
g(;l<gv J1> + <leg_1>90 = - {[J27Td]7T04}77a& - {[J37Td]7Toé}77a& - {[Nv Td]7TOé}na&
90 {9, J2) + (J2.9 Vg0 = — [[J3, Ton), Tuln™" = [N, Tp], To]™"
90 {9, J3) + (J3, 9 ") go ={[N, Ta], Ta}n™®
96 {9, N) + (N, g ")go =0
= (j) =0

)+ (J1,9
90 19, J2) + (T2, g7 g0 = — [[J1, Ton), Tuln™ + ([N, T, T ™
96 9. Js) + (Js, 97 g0 ={[J1, Tal, Ta}n™ + {[J2, Ta), T }n™® — {[N, Ta], Ta }n™®
90 (9, N) + (N, g™ )go =0
= (j) =0
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11.2 b

b=(\\)"1STr (X[JQ, Js] + {w, AV, Jl}) — STt (wJi)
b=(\\)"!STr (A[L, ]+ L@, A, J},}) — STr (@ Js)

(AN =243y

(b) =(N)STr(Az, Jo] + {w, AHA, ) = STr{w 1) = (AR) 2 (NSTr (ALJa, Ja] + {w, AHA, 1]

— ()X, STr (Ao, Ja] + {w, AHA 1))

(V) == MR 18 g, =0
STr(A[J2, Js]) = — STr ([;\’Ti]([[‘]QvTjL J3] + [z, [J37Tj]])gij)

— ST (A T[Ty, [ 2, Jallg") = =STr (A1), 15[z, Jelg” ) = 0
STr({w, AYA 1)) = = ST ({few, T, A T3THA, 1] + {0, [ TIHIA T3, ) + {, A T, [, T3]
= — ST ({w, T, I Al + I T, ] + X D, T3 67 = 0
MPA,Tn, 4 = = M T, = 03 g,
(AX), STr (AL, J5])) =STr (1A (A AN 2, Ja] ) + ST (A[L2, J6), £, A1) = 0
((AR), STr ({eo, AVA 1])) =STr ({eo, I3, D0 ANHA ] = o, 0 AR, AMA, ] + [eo, AL O AHIA 1))
—2STr ({w, I DU A, Jl]) =0

For (b) one needs to use the same relations from above.
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