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1 Introduction

Various minimal models can be obtained from coset construction. One simple example is [1]

@(Q)k X @(2)1
5U(2)k41

: (1.1)

where k is a level. The central charges of this model is [1]

6
L (k+2)(k+3) (12)

which is the exactly same as central charges of unitary minimal models when the k > 1(k € Z).
There is a more interesting example, which is [1]
@(2)k X @(2)2
5U(2)k+2

This coset realization leads to the series [1]

3 8
022(1_(n+2)(n+3)>’ (14)
which is the central charges of .#'=1 super Virasoro algebras.

Higher spin algebras(W-algebras and super W-algebras), which play a crucial role in string
theory, can be realized by coset construction. It follows that various coset models appear in
the CFT side of the AdS3/CFT; holography which was suggested by M. Gaberdiel and R.
Gopakumar in [2]. We have a special interest in the enhanced .#'=3 Kazama-Suzuki model,

which have the coset [3,1]

SU(N + M)y x $0(2N M), SEN M )
— — — y C= 77—, .
SU(N )y nr X SU(M) gy N X U(1) N (N4 MY (N+M+E) (k+ N+ M)

among the coset models. The model was proposed by T. Creutzig, Y. Hikida, and P. B. Rgnne
in [3]. In [4,5] and this thesis, k = N + M, i.e. critical level, to construct a supersymmetric
model [3]. It is already introduced some low higher spin currents for this model in [4,5]. In [],
the SOPE between the lowest higer spin(superspin—%) supermultiplet and itself is found.

The outline of this thesis is as follows: In section 2, we briefly review the Sugawara construc-
tion, coset theroy, and extensions of conformal symmetry.

In section 3, the four kinds of OPEs between component currents of the first and the sec-
ond .#"=3 supermultiplets in the enhanced .#'=3 Kazama-Suzuki model with fixed (N,M) are
observed [5]. The right hand side of those OPEs have component currents of seven new super-
multiplets. One of the new supermultiplets have the lowest higher spin.

In section 4, we describe the SOPE between the first and the second .4 =3 supermultiplets
from the OPEs constructed in section 3 [5]. The right hand side of the SOPE contains four new
SO(3) singlets and three new SO(3) triplets. We also study some structure of component OPEs

between the two lowest higher spin supermultiplets.



2 Preliminary
2.1 Sugawara construction

Let us begin with a Kac-Moody algebra g [1, 0],
(55 38] = 03 19 i + R0 6010, (2.1)
v

where k is the level of §; and f*%7 are the structure constants of the Lie algebra g. One can

construct the ansatz for the energy-momentum tensor [1, 0]

dimg

T(z)=d Y (ji*)(2), (2.2)
a=1

where (j97¢) denotes the normal ordering of two operators, via the currents j of a Kac-Moody

algebra g;. We use the commutation relation

(Lo dpl = (A = 1)m = 1) gy, (2.3)

where L, is the Laurent mode of T'(z) and A is the conformal dimension of the currents
consisting of g, to determine d. Notice that the conformal dimension of the currents j%(z) is

one. With the equation (2.2) and simple calculation, one finds [!]
[Lmajg] = _2dn(k + Cg)jv?wrn? (24)

where Cy denotes the dual Coxeter number of the Lie algebra g. It follows from the relation

(2.3) that d = Z(Tlcg) We, then, have the explicit form of the energy-momentum tensor [, 0],

1 dim g
T(z) = 2k + Cy) ; (7454 (2), (2.5)

which is called the Sugawara construction. We have, now, the extended conformal field theory
from the Kac-Moody algebra §; via the Sugawara construction. Notice that the central charge
of this extended conformal field theory is obtained by a simple algebraic calculation(See [1, 0]

for details). The central charge [1, (]
kdimg
c= :
k+ Cy

The currents j can be constructed from fermion fields in the so(N); algebra. In this theory,

(2.6)

the currents are [1]

. 1 . .

J(2) = S W) (2), (2.7)
where t7; are the matrices of the SO(N) vector representation and " are N real fermions. The
index a runs over 1 to N(A;_I), and i, j run over 1 to N. According to the equation (2.6), the

N

central charge of the 50(IN); algebra realized by N free fermions is 5.



2.2 Coset theory

If there exists the subalgebra h of the Lie algebra g, one can construct the Sugawara energy-

momentum tensor, which is [1]

dimb
Te) = gy 2o URE) 2:)

where jﬁ‘ denotes the currents of the subalgebra 6’%' One can seperate Ty and define the energy-

momentum tensor T}y of the coset theory g,/ 61% as follows: [1, 0]
Ty=(Ty—Ty)+Ty and Tyy=Ty—Ty (2.9)

because the OPEs between (T — Tj)(z) and ji'(w), and (Ty — Ty)(2) and Tj, are regular. Since
the OPE between Ty, and Ty is regular, we have

Ty Ty =TTy — TyTy + -+ . (2.10)

We, then, have the relation [I]
o e e kgdimg ky dim b
o/h — “8 h_kg+Cg kh—i-Cb.

(2.11)

One can obtain a large variety of minimal models from coset constructions. Some of those
constructions provide important minimal models. We introduce one of those constructions, so
called diagonal cosets which contains crucial constructions that describe Wy minimal models.

The coset construction having the structure % with the currents j(al), jé), and jgg), where
3

j%) = j(o‘l) + j(aQ) and [jzll),m’j(g),n} = 0 by definition, have the commutation relation for the

current jé) [1]

‘o ,3 o 04/8 . a
|:‘7(3)’m’j(3),nj| =1 S iy min + k38 om im0, (2.12)
Y

where fggﬂ’ = fﬁ?w + fé?w and k3 = k1 + ko. The cosets described above are called diagonal

cosets. The energy-momentum tensor for those cosets is [1]

T(gkl ngg)/gk3 = Tgkl + Tgkg - Tng : (2'13)
2.3 Extension of Virasoro algebra

A plentiful number of the extended conformal symmetries are obtained from Kac-Moody
algebras via the Sugawara constructions and their coset constructions. Especially, W symmetries
have great importance in string theory, which was firstly proposed by A. B. Zamolodchikov
in [7,8]'. Wy algebra is obtained by the coset construction [2,9],

Ssu(N)g x su(N)y
Su(N)gyr

(2.14)

W3 symmetry was proposed.



[Lim, Ln] = (m = 1) Linyn + {5(m* = m)m 100,

(G = (5 1) Gors [ 2] = s [Tl = — (3 +9) T
{Gfﬂ, Gi} =209 Ly s+ o(r — s)siijfH + 5 (m2 — i) 69 8pmtm.0,

Vi GI| = 129% Gl 4 mB gy, {Ty, GL) = i,

[ ] = 548 G0

{F’mrs} = §5m+n,0'

Table 2.1: The#"=3 super Virasoro algebra

This is the diagonal coset which is studied in Sec. 2.2. The central charge of this theory has the

form
WNA)’Z];)@(N | C5aN )] + e BN )] — ¢ [FE(N )i (2.15)
5U(N) k41
RN 1) (N1 (kDN 1) NN +1)
T TkIN TN+l kiN+1 _(N_l)(l_(kJrN)(kJrNJrl))'

Note that the form c[gi] = ¢,

Supersymmetric extensions are another way to extend Virasoro symmetry. We are not going
to study the details of superconformal algebras. Instead, we will focus on the .4#'=3 supercon-
formal algebra which we mainly deal with. The table 2.1 describes the .#'=3 super Virasoro
algebra. The following SOPE between the .#'=3 stress energy tensor and itself induces the
A =3 super Virasoro algebra in the table 2.1 [4, 10-13]:

1 c 63501 03501 0350

20)3(Zy) = ——— ~J(z —D'J(Zo) + 22-03(Zs) + - - 2.1
2N =~ D () + DB D)+ B0a(z) 4 (210
12 12 12
where [1,12]
0 1
3(Z) = %‘I’(z) + HZ%JZ(z) +6¥ISG(2) + 00T (2). (2.17)
We used the notations of [4]2. The super derivative D! = a(zi + Gi%.

27k = (21, 0L), 0%y = 0% — 0%, 212 = 21 — 20 — 0105, 0°7° = 0'020%, and 6°7'0" = 0'6?0°(no summation over i).



3 The OPEs between the component currents of the first and
the second supermultiplets in the enhanced ./"'=3 Kazama-
Suzuki model

In this section, we will review the results of [5]. The basic information such as the ex-
plicit construction of the .4#"=3 stress energy tensor and its components in the enhanced .4#'=3
Kazama-Suzuki model, the primary conditions for superspin-A supermultiplets in the .4"=3
supersymmetric theories and their component approach [12,13], the SOPE between the first
A"=3 supermultiplet and itself, and the several super primary supermultiplets in the SOPE in
the enhanced .#'=3 Kazama-Suzuki model is explicitly described in [3,4].

Based on [3, 4], we compute the OPEs between the component currents of the first and
the second .#"=3 supermultiplets by using Thielemans package [15] with fixed (N,M)=(3,2) [5].
Therefore, we can obtain the explicit form of the currents appeared in the right hand side of
the OPEs to the coset(The equation (1.5)) field level(See [1,5] for computation details). We will
not, however, specifically describe those currents because those are extremely complex and only
for fixed (N,M) [5].

3.1 The OPE between the lowest spin component current of the first .4/ =3
supermultiplet and the lowest spin component of the second ./ =3 su-
permultiplet

The OPE between the spin—% current of the first .4'=3 supermultiplet and the spin-2 current

of the .4#"=3 second supermultiplet is [5]

P 0 w) ~ ety o) w+ 2|

(z —w)? a2,(3) (z — w)

éa(pole - 2)} (w).

(3.1)

We follow the notations in [4,5] except the subscript of the currents to distinguish those currents?.

There is a new spin—% primary current wé? ) with the structure constant C{f% 3)(2) in the
second order pole of the OPE [5]. The new primary current is the lowest spin C’or2nponent of
a new superspin—% A =3 supermultiplet(SO(3) singlet). The other component currents of this
supermultiplet are obtained by applying the primary condition for the .4#'=3 higher spin cur-
rents(See the appendix B of [1] for details) [4, 2]. The descendant with a proper constant is
determined by the formula of the OPE between two quasi-primary fields which is well explained

in [1].

3a1 represents the currents appeared in [4], and a2 and a3 represent the currents appeared in [3]



3.2 The OPEs between the three second lowest spin component currents
of the first ./'=3 supermultiplet and the lowest spin component of the
second ./'=3 supermultiplet

The OPEs between the spin-2 currents of the first .#'=3 supermultiplet and the spin-2

current of the second .4'=3 supermultiplet are [7]

(@ (1) o — 2 | _2:0(3) (2),i
O 0) ~ s |08y o]

L[l ) (2Tt )

e~ [2‘9@ =2 +C (90 <c<c+3><c—3>w ves
__9iet ) (qi® 1)
(ct3)c—3) (G% 28%2)

. (c —15) ciik 1 ikl o «(2),1
Crac-3)° (” 1© e ))

5y -

(2) @i 3 _ge®i_ O iy
+Ca2,(3)(2) <10(C— 3)¢a2 10(0_ 3) ¢a2 5(0— )J 1/1a2

5 .
. C(E)r §ie(miyes ).4.8 \IJ N
a2,(3)(2) <3(c -1) ()¢5, te dj 2
210@ (2)( 2)1/) ®)e= Z} (w) (3.2)
Note that 7% are SO(3) generators [1,5]. Spin-2 primary fields qﬁ((li)’i appear in the second order

pole and are the spin-2 components of the supelfspin-§ A =3 supermultiplet which is stated
in the previous subsection. There are five primary fields* related to the structure constants
C’C(Lz?( 3)2) and C (3 22) @ in the first order pole of the OPE. Those currents contain new primary
currents which are not defined yet [5]. However, they will be defined in the following subsections.
New primary currents @ZJC([;’)’O‘:i also emerged in the first order pole with the structure constant

c® 2)(2) [5]. Those are the spin-3 components of a new superspin-3 .4 =3 supermultiplet(SO(3)

az,
3
triplet). There are three more primary currents® with the structure constant C’( %3) @) in the
3
first order pole.

3.3 The OPEs between the three second highest spin component currents
of the first /=3 supermultiplet and the lowest spin component of the
second ./ =3 supermultiplet

The OPEs between the spin—% currents of the first .4#'=3 supermultiplet and the spin-2

current of the second .4#'=3 supermultiplet are [5]

L[ (He=15) (3 et 9) o, Bi5e=3) ()
Hent o~ o [0l (3emg i+ g el o)

Lo (D0 nB) (e
5 Ca@@Pee 20, (5o e (w)

4Those are 1/)513;)”, \1/¢((12) o J 1/%(122)7 5 (T7)*P o3 (3),4,8 ‘1’1/)( 2)a=i
“Those are WI'pi, G'id) — J00i2, £* (qusﬁé’ - e ”“aqs&?’l).

6



(z—lw) [28 (pole — 2)

(3) _ 2Ti(c+1) i (3) 1 (2),i
+Ca2,() ( clc+3)(c—3) (WG Vas 2\I@¢a2 )

o Ble+Dle=1) ik i@k 2. jkia (31
(56 T 6)(6 I 3)(0 — 3)6 J <G3¢a2 5163 a¢a2 >

2(02_186_27) 1] 7 ( ) i j (g)’l
N e R G B i)

_i(5¢% = T2¢* — 99¢ — 54) @) i
c(c+3)(c—3)(5c+ 6) (8 Oz ( )>

12i(5¢3 — 18¢ — 9)
clc+3)(c—3)(5c + 6)

+

(amﬁﬁ gyl ))

_ et D) ik (g gkl
o A
+Co3)2) < 5(c—3)(2c+9) LI + 10(c -3) e

__ 6(c+9) 0,2 _ 25 (3)
5(c —3)(2¢ + 9) (G Vs 6% >

3i(20+3) o ( ) 7 (%),l
BBz o) (‘W"” — 5" 00, ))
(3)
~Can
+;5ia(Tj)a6< (848 ;(Tj)ﬂva¢£§)77>>

(3) 6Z(C ) iajyaf ( )’Jﬁ 61 (3),a=1
+ C as, (2)(2) ( 7C . 5 (T ) ¢a2 7C . 6\Ij¢a2

1 1o e j
<C_5 (17) 6\1@1(1?;),],/3

1 AW z
430D motd” + 20 zg) U }(“’) (33)
(3).

In the second order pole, we have new primary currents g, “~" with the structure constant
5 5
C(i)
a2,(3)(2)
clearly. Those currents are the spin—% components of a new superspin—§ A =3 supermulti-

(5)4

plet(SO(3) triplet). Another new primary currents ¢,;’ with the structure constant C(E )(3) @

which explains the two terms with Cai(s) @ appeared in the previous subsection
2,\ 32

are still undefined at the moment. There are three more primary currents® in the second order
7 —;

pole. There exist new spin—% primary currents wﬁ;)’a * which are the Spin—% components of a

new superspin—% A =3 supermultiplet(SO(3) triplet) in the first order pole [5]. Five primary

currents’ with the structure contants C'g) (3)(2) and C’C(L“Z)(3) (2) are not determined yet. Those will

5Y) 4 . . 3
5Those are ¢§§) , Wl JZ?/J(2)~
. 5V, (s o 5 o
TThose are \I/J7'1/)¢(122), \I"l/fc(zz) 7,’ ((L22) _ %(9(,25((@2)’ , giik (J]d)gj)vk - %53k18¢g§),l>’ §Za(Tj)aﬁ\I’¢((z?;> 3,8



be defined in the next subsection. Ten more primary currents® with the structure constants

C(%) C (3) and C® appear in the first order pole
az,(3)(2) “az,(3)@) az,(2)(2) APP pole.

3.4 The OPE between the highest spin component current of the first ./'=3

supermultiplet and the lowest spin component of the second ./'=3 su-
permultiplet

The OPE between the spin-3 current of the first .4#'=3 supermultiplet and the spin-2 current
of the second .4"=3 supermultiplet is [5]

¢5?)<Z>¢é?’<w>~lg[ Rolh), et o >w£3} ()

a2.(2)(2) a2.(3)(2

3 (3) 2i(7Tc+15) i
"‘72 |:48 (pOZ@ - 3) - Ca%(%)@) <(_3)<5C+6) d)(?)

8i(8c + 3) (3) 1 (2) i(¢* —25c—42) )
+(c—3)(5c+6) <‘9W“2 4(9 <w“2 >> * (c —3)(5c + 6) P,

3 (3) @)ia=i | ~(3) 3)
70 (% T Came e | (@)

1 3 9 2
—i—m Loa (pole — 3) + 58 <pole -2- Za(pole — 3)>

(2) Bilc—12)(c+ 1), (3)
" CC%(%)(?) ( c(c=3)(c+3)? ¥ %z

3i(c—12)(c+1 1 .. 3
_ C((C — 3)()C(+—;)2) <\I/GZ¢ 2),i 4511\P62¢C(L22)>
135i(c + 1) i (3) (e =12)(c+1) [ i (3)i 2in (3
de=3)etar Ve T Ty e 13 (G Ve~ g0 ad’%)
45i(c + 1)

o 4Sie41) (o (3) 1 (2),i>
(c=3)(c+3) (‘]G% y 7 0%

i(4¢2 =3c=135) /oy 1.0 o
T 23 (et 3 (8‘] o - 30 (708 ))

F(29 3 2
i(32¢” 4 51¢” + 207c — 324) 32\1’%(@)
2¢(c —3)(c+3)?

_éa <a\1/z/;,§§) - %8 <\If¢£§)>> - 2%82 (qf¢§§)>>>

L o®@ B 18 (8¢* + 53¢ + 57) T
a2,(3)(2) 5(6—3)(26+9) (CQ—FQGC—I—Q) as
3 (2¢3 + 7¢2 + 63¢ + 90) g
5(0 — 3)(20 + 9) (02 + 26¢ + 9) az
“Those are WG — Jwosl), ek (Gw&?‘k — 2ieimigyll )’l)a ik (anﬁ? Ve cimigy(d )’l),
Vet — Lo(wel)"), aJ w( 3 _ 29 (szgz ))’ giik (\PJ%@)”“ B i'sjkl\lla¢((122),l)’ i (T3P g3 A
61a(TJ)Otﬂ <¢£§)7j5 TJ ﬁwaw ) (5“)‘ T3 aﬂ¢ \Pw(g) a=i



12¢ (4¢% + 9¢ — 99) @ e
5(c —3)(2¢ + 9) (¢ + 26¢ + 9) <sz BT >

27 (6¢2 + 21c — 1 - (3)
_ ( c + c ) \PJ’¢((122)7
10(¢ — 3)(2¢ +9) (¢ + 26¢ + 9)
3 (14¢® 4+ 49¢? — 129¢ — 180 (8 1
( 20010 (Gigl$hi~ Loy
10(c — 3)(2¢ +9) (c? + 26¢ + 9)
2
5(c—3)(2¢+9) (c? +26c+9) 2

(3) _ 2c i iyaB 7iy(3).5.8
+ Caz,(%)(Q) (c=1)(c+ 15)6 ()™ T b,
_ 30 \Iljilpgf),a:z

(c—1)(c+ 15)
6c i (3)e=i 1 (3),i,a:i>)
+(c —1)(c+15) <G Yas 3990
(3) ( 3ic(c — 2) ¢(4 ia=i 9i(c—2) o (%)d.a=i
@2,(2)2) \ 2(¢c + 3)(7c — 6) (c +3)(Tc—6)

M (3),a=1 ( ) (4)i,a=i (4)
Tt 3)(Te—6) T ) Coan(3) %2 + G, w( 4)( w)
3.

There exists a new primary current ¢a2 with the structure constant C( )(3)( ) which is the
lowest spin component of a new superspin-2 .4 =3 supermultiplet(SO(3) singlet) in the third
order pole. This current explains every undetermined terms with the structure constant C’g?(g)(g)
in the previous two subsections. The OPEs are described in spin-ascending order. However, the
computation is proceeded in the descending order of the degree of poles. This explains the
appearance of the undefined currents in the previous sections. The other primary current \Ilwc(é )
also appears in the third order pole. A primary current ¢a3 with the structure constant C' (3 ?(3)(2)
which is the lowest spin component of a superspin-3 .4 =3 supermultiplet(SO(3) singlet) is newly

appeared in the second order pole. The current explains the term with the structure constant

3) (3)

C’a37(3) @) in subsection 3.3. Four more primary currents? with the structure constants C’% ()@
and CCE 2 5)2) emerged in the second order pole. There is a new primary current 1/1(% with the
25\ 2
structure constant C( )(3)( ) which is the lowest spin component of a new superspin-4 .4 =3
supermultiplet(SO(3) singlet) in the first order pole. We have ten more primary currents'’ and
or (3) (2) (3)
ten more quasi-primary currents'! with the structure constants C*2 an(2)(2) Ca27(3)(2), Ca27(%)(2),

9Those are J* ai)z, B\Ifw(g?) —ia 1’1/}&2%) , 1(132>7 5132“"’:"

WThose are Wrigld)", wrip{d) T welB) T GiglBheTt  1ps@iesi GiglHt _ 2gipe0)
§i(T9)B Jig@i8 | piy 3=t g gig@)i 19 (Ji¢gz2>,i)7 Brie=i g@)ie=i

WThose are Ty — £.0%0), WG o2 — totwore(2) wriyipld) wripld) ol — 1002 yiciyl) -
Lrogl, S, s owwe), 10w — 1o (awﬁf) ~ 19 (wﬁf))) - 50 (wﬁf))



C’C(LZ’?( 2)(2)’ and Clsz’zg)@) in the first order pole.

4 The SOPE between the first and the second ./"=3 supermul-
tiplets, and some component OPEs between the two lowest
higher spin supermultiplets

4.1 The SOPE between the first and the second .4/ =3 supermultiplets

It is obtained the structure of the SOPE between the first and the second .4#=3 supermul-
tiplets with undetermined coefficients from the component OPEs which are described in the
previous section by applying the .4#'=3 superspace formalism [5, 17, 18]. To be more specific,

applying the replacement [5]

. A+,
P = @B ¢§i 20 __gipi B, (4.1)
wéiA+l),i,O¢ — D3 Z@ 04‘01 —o» giA‘f‘%)v D3 O@ Oé‘a 0

to the OPEs described in section 3 gives us the structure of the SOPE between the first and sec-
ond .4/'=3 supermultiplets with undetermined coefficients. The .4#"=3 supermultiplets appeared
in the right hand side of this SOPE and the SOPE between the first .4/'=3 supermultiplet and
itself'? are as follows [4,5]:

3

i1 ; 1 (2 -
7 (2) = Lol o) + 5 ) + 0 G () + 0700 o)

i il 3y —04(5
@g?<z>=§w<>< 9+ 05060 () + 0 U + 0000l o),

(I)(g) A 9@7 (3),i 93—1‘} (%) 030 4(4)
ai (Z) = wal()+ ¢ (2) + 077" Svhal ™ (2) + 07770, (2),

i )sisex il i, —0 4(3)a
SUD(=) 06 () + 0 LD (2) + 806 ),

d3)(7) = 5

ai

3

G oy 15y _
2 (2) = i) + 0150 ) + 07 50 () + 00,

B (7) = 02 () + 00" (2) + 0l (e) 4 60060 (2),

2
2o t 1,0 _2‘1 D)o _ o
23 (2) = §¢a2 “(2)+0 *d)( )i () 4 6° §¢g§) (2) + 030 (2),
! )i *il i,00 _ N«
BEZ) = (=) + 0 26E ) + 0 L) + 806 ),
i N ;1 i e
‘I'((l?(z) = §¢( '(2) + 9’*%3 (z) + 63 5%‘;)7 (2) + 63 0¢¢(1§)(z),

)a ii i il (9 - o
B42°(2) = Sukd " (2) + 0 Lol () + 05l (o) + 050500 ),

4 i 3—il (5) 3-0 (%)
B(2) = SulD () + 0508 () + 871 (2) + 000k (), (42)

12 As we obtain the structure of the SOPE between the first and the second .# =3 supermultiplets, one can find
out this SOPE structure from the OPEs between the component currents of the first .4#'=3 supermultiplet which
are described in []
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The first to the fourth .#'=3 supermultiplets are described in [1]. The fifth to the last .4"=3
supermultiplets are specified in this this thesis and [5]. Note that the general form of a =3
superfield we are dealing with as follow [, 5]:

pA = %?/)éf)’“ + 91-% ¢giA+%>ﬂxa n 93_%%14“),@-@ n 93—0% ¢§f+%)’a, (4.3)
where a-index relates with the representation of SO(3) and i-index relates with the SO(3) vector
representation.

Actually, the OPEs in section 3 have already determined coefficients because those OPEs
are final results. However, one can only obtain the structure of those OPEs in the first place
because the OPE calculations are conducted at the coset field level with the fixed value of (N,M).
Concretely, the coefficients of the currents in the right hand side of the OPEs in section 3 are
specific numbers, which means that we need to change those numbers into the languae of the
central charge of the theory(The enhanced ./'=3 Kazama-Suzuki model). Therefore, we replace
those specific numbers with undetermined coefficients. The OPEs between the components of
the 4#'=3 supercurrent J and the component currents of all .4#'=3 supermultiplets emerged in
the right hand side of the SOPE between the first and the second .#'=3 supermultiplets can
be also acquired by using the superprimary conditions described in the appendix B of [1](See
also [12,13]). Therefore, one can find out the undetermined coefficients of the SOPE between the
first and the second .4#"=3 supermultiplets by using Jacobi identities between the components
of the A4"=3 supercurrent J and the component currents of the first and the second .A4"=3
supermultiplets. Those procedures are conducted by Mathematica. We build the code for those
procedures to obtain the SOPE in the .4#'=3 superspace. The code is described in the appendix
A. We, then, have the SOPE [5]

3 301 12 (3 3
o\ (20 (2) ~ [—c‘” J¢23)+Cii?<3><z>‘l’é?] (%)

c a2,(3)(2)

073, (670 (2) A(Te+15) i ia(3)
T2 {4‘9< 2 _te”m> ~Cu@e ((c— Ger o) I e

16(8¢ + 3)

(c—3)(5¢ + 6)
c? — 25¢ — 42 3)
D370¢a2

T c—3)(B5e+6) )

3

S A(5) o i g (3)50 (3) (3)
2l 30 D'®ad” +Co )0 ®ay | (Z2)

03 [ (3 (c—=15) 3 ,2(3) c+9 (3 3(5c—3) ;o (3)
P _7D 1@a2 _ DZ(I,a2 _ 7D7, (I)a2
+ 22, {Caza(g)@) ( (c—3) 2 c(c—3) J 2 c I Pa >

3 1 3
(amég) - 40(J<1>§§’)>

5

)

L @ i (2) , (3 iog (3, )0
3@ Pa T O )0 &7 | (Z2)

0" 1 2 i (3)
& [30112,(3)(2)1) oz | (22)
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1 3 3
+ {0(2)3)(2@25)] (%)

212 QQ,(
930 93-0 93-0 §3-0
+ 382 5— —term | + 8 (—5— —term) — §8(—3 — term)
z12 |10 279 3 212 4 " 2z

€)) C12(c+1)(c—=12) L s i (2)
+ o ><z>< dc—3)cqap TP P
12(c+ 1)(c — 12) 3—i rmiag(3) L i pa2a(3)
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~1080(c+1)
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2(c+1)(c—
(c—3)(c+3)?
180(c + 1) 13— (3
- | —D'JD I P2
(c—3)(c+3)2< T T B,
 (4¢* =3¢ —135) i rnigs) 1 i 1rig(2)
Cr 93 OD'JD'®a; — 50 ( D' D@y}
(32¢% +51¢* + 207c — 324) L2 53
c(c—3)(c+ 3)2 “

1 2 1 S\ 1 (2)
50 <an>a2 10 (J% >> 20 (J<I>a2 >>>

2 72(8¢* + 53c + 57 A
* C‘(LQ?(S)(Q) <5(02 + 2(66 +9)(2¢+9) ()c —3) DD )
6(2c® + 7c? + 63c + 90)
 5(c +26¢+9)(2¢+9)(c — 3)
12¢(4c? + 9c — 99) 30 9 3 5
T 5@ 1 26¢ 1 9)(2¢ + 9)(c - 3) (_D T~ 07 ® 2 )>
54(6¢% + 21c — 1)
5(c2 4 26¢+9)(2¢+9)(c — 3)
3(14c® + 49¢% — 129¢ — 180) <—D3iJDi<1><2> B 182@(2)>
5(c? 4+ 26¢ +9)(2¢+9)(c — 3) a@ 100
N 72(4¢% + 9¢ — 99)
5(c2 +26¢+9)(2¢+ 9)(c — 3)

. . 3
JD'JD T2

)) <D3 zJD3 1@((12)

5uaD3 0@((12)>

1

6
) . (3

i 1JaD’q>flg)>

D'JD* e

JD'JD'®?)

aJJ<1>g22>>

(3) L io iz i 7 i (38
+Ca2,(g)(2) ((C+ 15)(6— 1)5 (T ) D'JD’ ®,;
120 T
—5ZCVJDZJ¢a2
- (c+15)(c—1) 2
o A2 g i (B 1o (5)a
+ 9 e 15)(c—1) ( D' P2 68D P,z

(3) 3 =2)  iaps-ig®)a
+Co) ( et 3)(7c—6) "

__9%e=2)  siagpig@®a_ _ 2404c—3)
Ccxa)ie—06° V%" T im0
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93—1’ 93—1‘
+ {38< 5 —term)

z12 |5 279
+ C((ai D (—m <—JD3—iJ¢§§) - iJ&D’@é?)
B (o
R (pa L)
T
e ot
_memk <JDjJDk<I>g§) + ésj’“’JaD’@g)»
+ G <5(c - 3?6(32c +9) I 10((:3—?0
- o (DI - o0el)
_5(23(509; 3)_ 3)° 2 (D]JDk B+ oejklaDl@(Z)»
* C<(a2),2>(2> <c— o))
L) (—D?’-ﬂ'«béé)’ﬁ - ;<Tj>ﬁ”8<1>§§””>)
o® < 3i(c—1) 5i(T9)8 DI g6

JD3" 12

6
gxe (3),«
T Caz2)(2) Tc—6 65 T®a, )

+1c® D<I>()+C(2)( )(2)5““@22)’1](22)

6 a‘37( )( ) az
ot 1[0 3y 54(c+ 1) ()
Z 1z = —¢ 2 —— _JD'J®2
+ [ 8( 5 erm>+C'2 <c(c—|—3)(c—3)J JP,2

—

Z12 2 212 (%)(2)

9(c+1) 3 a3 1 (D)
T _p3ige? — ZoDid,?
(c+3)(c—3) < 249 2

1 o 3y 1 . 3
g (spred  gontel?)
3

_® ¢ i@ % rpie@ . Y
D°7'® D'®
Ca27(3)(2) < 20(0 —3) ay T 10(c — 3) J az 5(c — 3)

. 5 o
5za(Tj)a,3qu)( )5 E 15104!]-.1)23)7 >

pac)
a2,(3)(2) 6(0—1)
+CD )y @] (22)

a2,(2)(2)
1 |1 1
— | =0(— —t Z9). 4.4
+212 {38(212 erm)]( 2) (4.4)

One can recover the OPEs between the component currents of the first and the second A4'=3

supermultiplets by applying superderivatives to the SOPE (4.4).
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4.2 Some component OPEs between the two lowest higher spin supermulti-
plets

3
We have found another lowest higher spin current <I>¢(1§). One can consider the OPEs between

3 3 3 3
those currents, i.e. @fg)(zl)@gg)(zg) and @ég)(zl)égg)(zg) [5]. We will describe the structure

of some component OPEs between those currents. The structure of those OPEs are as follows:

2] - W] ~ 1]+ (D] + 5 @],

[M%M%[}wawwmm+mwww?ﬁ

] 2] ~ 1)+ (TF)288%% 4 8P)[p37] + (T7)2B 5% + kg0 4 619)[p2k7]
T (T9)9P 510 4 679) [ p2)] 4 519920 4 (62 4 (1) Bgok )
+ ] + [ + (¢80 + [ + [,

2] - [02) ~ 1] + 2] + 5o 2]

(62 2] ~ (1] + [ + [0 + (@) 25k 2,

3] W] ~ (1] + (@026 4 574) 2]+ (T7)oP 6ok 4 idkgiP 4 §i8) (2]
(TP 510 4 699) [ p25] 4 g1 gD 4 (6] 4 (TR ok D)

2 3),a=1t 3), 3), 3),a=1
+ (6] + (067 + [ + W + [T, (45)
We followed the notations in [1]. The notation [A] represents the superconformal family of the
3 « 2 o ,l,a
field A. One can observe that new primaries are emerged. The new ﬁelds wég)’ ) ((123) , a3) ,

(%)

and ¢§L§)’°‘Zi are components of ®,2°. The new primaries qzbaS , %4 , ¢a4 )a=i , and w(?’) = are

5 5
component of <I>£L§), @gi), @gi), and @515), respectively. Therefore, we newly have

3 NeY 7 3 ZZ i i 72704
¢%><m:>wkka+e§%? () + 6 0ld " (2) 4 064 2),
(5) ii i —1i ) —
33 (7) = Ll () + 0260 ) + 0l (2 + 0 0000),
2 iy : i1 (D) _
o;(2) = fww< 2) + 0500 (2) + 0TS0 (2) + 000 ),

Z’L i —il i o 3 9.0
B()(2) = Lol + 016D () + 00 ) 1 0631 ),

i, 1 ; N.a
Ew() ( )+921¢a5)” ( )_~_93—z§wc(é)7z7a(z)+63—0¢§1§)7 (Z) (46)

®B)(7) = 5

as

Some of new primaries are not determined in the above OPEs. Specifically, S;E,“ and gbt(li)’i are

. ) ()

obtained from ,;" and g
(3) (3) 3).,(3) 3).,(3)

Va2’ and 1, are determined at the second order pole of the OPEs ¢q, 143" and ¢g, ¥e3 , which

are not described in this thesis, respectively.

, respectively, by using the primary conditions. The new primaries
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5 Conclusion

We specified the SOPE between the first and the second .4#'=3 supermultiplets in the en-
SU(N+M)y x50(2N M), L
SU(N) g4 p x5U(M) g1 N XT(1) N M (N+M)(N+M+F)

k = N + M (Critical level). One can have the component approach of this SOPE by conducting

hanced Kazama-Suzuki model which have the coset

superderivatives on it.

On the right hand side of the SOPE relation (4.4), various supermultiplets are newly ap-
peared. Those are listed on (4.2)(The fifth to the last supermultiplets). As we have observed
in the previous section, there are many structure constants with various higher spin multi-
plets. It follows that we need more OPE relations to obtain more Jacobi identies [5]. To be
specific, it is needed to compute the OPEs between the two superspin—% supermultiplets, i.e.
@é%)(zl)@fé)(zg) and @gg)(Zl)ng%)(ZQ) [5]. The brief structure of the component approach
for those OPEs are proposed in (4.5). In the equation (4.5), we have another new Spin—% pri-
mary. It follows that we can consider the OPEs @2%)(21@%)’&(22), @gg)(Zl)@fé)’a(Zg), and
q)é?’“(zl)éﬁ)’ﬁ(zg). Obtaining the complete structure of those OPEs, however, will not be
easy because the computation of the OPEs described in the section 3 already have huge com-
plexity. Even though the (N,M)=(3,2) case, the number of the operators of spin-4 currents are
more than 180000. The worse part is that the more we find new multiplets, the more possible
combinations of operators with undetermined coefficients, which slow down the computation,
we need to compute OPEs. The capacity of the memory of computer is also problem. Although,
we detoured it by using the piece by piece strategy, this takes too much time.

On the other hand, because we considered a two dimensional conformal field theory, one can

study the corresponding gravity theory, i.e. AdSs gravity. According to [3], the enhanced ./'=3
g’lj(N-‘rM)k ><§?)(2NM)1
SU(N) gt 2 X5U(M ) g N XU(L) N M (N4M)(N+MA+k)

with the critical level &k = N + M, have the corresponding higher spin gravity with extended

Kazama-Suzuki model, which is specified with the coset

supersymmtry. One may study the explicit structure of this gravity theory for low higer spin
fields.
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Appendix A Mathematica source: SOPE package

We provide mathematica code for the SOPE between the first and the second .4#'=3 mul-
tiplets. One can obtain not only the SOPE between the first and the second .#'=3 multiplets
but also all OPEs from the component approach of the SOPE by following the procedures from
subsection A.1 to A.3. This package is the deformation of the SOPE package for .#'=4 case
which is coded by Man Hea Kim.

A.1 Defining fields and OPEs for Jacobi identities

<< OPEdefs.m

OPEdefs Version 3.1 (beta 4) by Kris Thielemans
Type TOPEdefsHelp for a primer on OPEdefs.

$RecursionLimit = Infinity

o0

PhizHepl[3]=1(3),
Phi3Hcp2[i, 2]=¢?)
Phi3Hep3[i,3]=v(3)7,
Phi3Hcp4[3]=¢®),

Phi2cpl[2]=¢
Phi2cp2[i, g]: (%)’Z,
Phi2cp3[i,3]=y ),
Phi2epd[Z]=¢(2),

Phi3cpl[3, {a}]=y®)2,
Phisep2li, I, {a}]=¢(2) 4,
Phi3cp3[i,4,{a}]=1y*e,
Phigepd(2, {a}]=¢(2),
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NewPhizHep1[3]=u(3),
NewPhi3Hcp2[i, 2]=¢?),
NewPhi3Hcp3[i,5]= 1;(%),17
NewPhi3Hep4[3]=¢(),
NNewPhi3Hepl[2, {a}]=p(2),
NNewPhi3Hcp2[, 2, {a}]=¢ (2
NNewPhidHep3[i,3, {a}]=¢(
NNewPhi3Hcp4[3,{a}]=¢(3),

III

NewPhiE)Hcpl[% {a}]=2 (%)7“
NewPhi5Hcp2[i,

NewPhi5Hcp3[i, 2,{a}] (%)
NewPhi5Hcp4[4,{a}]=¢*),

NewPhi3cpl|3,
NewPhi3cp2[i, 5,
NewPhi3cp3[i,4 {}]:@(4)7%}&7
NewPhi3cp4|3,

NNewPhi3cp1[3]=¢®),
NNewPhi3ep2[i, 3]=¢(2)7,

5
5)7270'
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NNewPhi3ep3[i, 4=y ®7,
NNewPhigepd[2]=4(2),

NewPhi7Hepl[Z, {a}]=1) p(3)e,
NewPhi7Hep2[i, 4,{a}]=¢@+
NewPhi7Hep3[i,,{a}]|=¢ (%)
NewPhi7Hepd|[5,{a}]=4(),

NewPhidcpl [4]=4®),
NewPhidcp2(i, gi_)(
NewPhidcp3[i,5]=¢
NewPhidcp4[% <5(

[MRe)

Sl=6(2)",
5

)

)

2
o &

J=
11 ] ,
Bosonic[Ts]
Fermionic[¥]
Bosonic[J[1], J[2], J[3]]

Fermionic[G[1], G[2], G[3]]

Fermionic[Phi3Hcp1[3/2]]

Bosonic[Phi3Hep2[1, 2], Phi3Hcep2(2, 2], Phi3Hep2[3, 2]]
Fermionic[Phi3Hcp3(1, 5/2], Phi3Hcp3[2, 5/2], Phi3Hcp3(3, 5/2]]
Bosonic[Phi3Hcp4(3]]

Bosonic[Phi2cpl1[2]]

Fermionic[Phi2cp2[1, 5/2], Phi2cp2(2, 5/2], Phi2¢cp2(3, 5/2]]
Bosonic[Phi2¢p3[1, 3], Phi2cp3|2, 3], Phi2cp3|3, 3]]
Fermionic[Phi2cp4[7/2|]

Fermionic[Phi5Hcepl[5/2]]

Bosonic[Phi5Hcp2(1, 3], Phi5Hcp2[2, 3], Phi5Hcp2(3, 3]
Fermionic[Phi5Hcp3(1, 7/2], Phi5Hep3[2, 7/2], Phi5Hcp3(3, 7/2]]
Bosonic[Phi5Hcep4[4]]
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Bosonic[Phi3cp1[3, {1}]]
Bosonic[Phi3cp1[3, {2}]]
Bosonic[Phi3cp1[3, {3}]]

Fermionic[Phi3cp2[1, 7/2, {1}], Phi3cp2[2, 7/2, {1}],
Phi3cp2(3,7/2, {1}]]
Fermionic[Phi3cp2[1, 7/2, {2}], Phi3cp2[2, 7/2, {2}],
Phi3cp2(3, 7/2, {2}]]
Fermionic[Phi3cp2[1, 7/2, {3}], Phi3cp2[2, 7/2, {3}],
Phi3cp2(3,7/2, {3}]]

Bosonic[Phi3cp3[1, 4, {1}], Phi3cp3[2, 4, {1}], Phi3cp3[3, 4, {1}]]
Bosonic[Phi3cp3[1, 4, {2}], Phi3cp3[2, 4, {2}], Phi3cp3[3, 4, {2}]]
Bosonic[Phi3cp3[1, 4, {3}], Phi3cp3|2, 4, {3}], Phi3cp3[3, 4, {3}]]

Fermionic[Phi3cp4[9/2, {1}]]
Fermionic[Phi3cp4[9/2, {2}]]
Fermionic[Phi3cp4[9/2, {3}]]

Fermionic[NewPhi3Hcp1[3/2]]

Bosonic[NewPhi3Hcp2[1, 2], NewPhi3Hcp2[2, 2], NewPhi3Hcp2[3, 2]]
Fermionic[NewPhi3Hcp3([1, 5/2], NewPhi3Hcp3(2, 5/2],
NewPhi3Hcp3[3,5/2|]

Bosonic|[NewPhi3Hcp4|3]]

Fermionic[NNewPhi3Hcp1[3/2, {1}]]
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Fermionic[NNewPhi3Hcp1[3/2, {2}]]
Fermionic[NNewPhi3Hcpl[3/2, {3}]]

Bosonic[NNewPhi3Hep2[1, 2, {1}], NNewPhi3Hcp2[2, 2, {1}],
NNewPhi3Hcp2([3, 2, {1}]]
Bosonic[NNewPhi3Hcp2[1, 2, {2}], NNewPhi3Hcp2(2, 2, {2}],
NNewPhi3Hcp2[3, 2, {2}]]
Bosonic[NNewPhi3Hcp2[1, 2, {3}], NNewPhi3Hcp2(2, 2, {3}],
NNewPhi3Hcp2(3, 2, {3}]]

Fermionic[NNewPhi3Hcp3[1,5/2, {1}], NNewPhi3Hcp3[2,5/2, {1}],
NNewPhi3Hcp3(3,5/2, {1}]]
Fermionic[NNewPhi3Hcp3[1, 5/2, {2}], NNewPhi3Hcp3[2, 5/2, {2}],
NNewPhi3Hcp3(3, 5/2, {2}]]
Fermionic[NNewPhi3Hcp3[1,5/2, {3}], NNewPhi3Hcp3[2, 5/2, {3}],
NNewPhi3Hep3[3, 5/2, {3}]]

Bosonic[NNewPhi3Hcp4(3, {1}]]
Bosonic[NNewPhi3Hcp4(3, {2}]]
Bosonic[NNewPhi3Hcp4[3, {3}]]

Bosonic[NewPhi2cp1[2]]

Fermionic[NewPhi2cp2(1, 5/2], NewPhi2cp2[2, 5/2],
NewPhi2cp2[3,5/2]|

Bosonic[NewPhi2cp3([1, 3|, NewPhi2cp3|2, 3], NewPhi2cp3[3, 3]
Fermionic[NewPhi2cp4[7/2]]
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Fermionic[NNewPhi5Hcp1[5/2]]

Bosonic[NNewPhi5Hcp2[1, 3|, NNewPhi5Hcp2[2, 3], NNewPhi5Hcp2[3, 3]]
Fermionic[NNewPhi5Hcp3[1, 7/2], NNewPhi5Hcp3[2, 7/2],
NNewPhi5Hcp3(3, 7/2]]

Bosonic[NNewPhi5Hcp4[4]]

Fermionic[NewPhi5Hcp1[5/2, {1}]]
Fermionic[NewPhi5Hcp1[5/2, {2}]]
Fermionic[NewPhi5Hcp1[5/2, {3}]]

Bosonic[NewPhi5Hcp2[1, 3, {1}], NewPhi5Hcp2[2, 3, {1}],
NewPhi5Hcep2[3, 3, {1}]]
Bosonic[NewPhi5Hcp2[1, 3, {2}], NewPhi5Hcp2[2, 3, {2}],
NewPhi5Hcp2[3, 3, {2}]]
Bosonic[NewPhi5Hcp2[1, 3, {3}], NewPhi5Hcp2[2, 3, {3}],
NewPhi5Hcp2(3, 3, {3}]]

Fermionic[NewPhi5Hep3[1, 7/2, {1}], NewPhi5Hcp3[2, 7/2, {1}],
NewPhi5Hcp3(3,7/2, {1}]]
Fermionic[NewPhi5Hcp3([1, 7/2, {2}], NewPhi5Hcp3(2, 7/2, {2}],
NewPhi5Hep3[3, 7/2, {2}]]
Fermionic[NewPhi5Hcp3([1,7/2, {3}], NewPhi5Hcp3(2, 7/2, {3}],
NewPhi5Hcp3[3, 7/2, {3}]]

Bosonic[NewPhi5Hcp4[4, {1}]]

Bosonic[NewPhi5Hcp4[4, {2}]]
Bosonic[NewPhi5Hcp4[4, {3}]]
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Bosonic[NewPhi3cpl[3, {1}]]
Bosonic[NewPhi3cpl[3, {2}]]
Bosonic[NewPhi3cpl[3, {3}]]

Fermionic[NewPhi3cp2[1, 7/2, {1}], NewPhi3cp2(2, 7/2, {1}],
NewPhi3cp2[3,7/2, {1}]]
Fermionic[NewPhi3cp2[1, 7/2, {2}], NewPhi3cp2(2, 7/2, {2}],
NewPhi3cp2[3,7/2, {2}]]
Fermionic[NewPhi3cp2[1, 7/2, {3}], NewPhi3cp2(2, 7/2,{3}],
NewPhi3cp2[3,7/2, {3}]]

Bosonic[NewPhi3cp3|[1, 4, {1}], NewPhi3cp3[2, 4, {1}],
NewPhi3cp3(3, 4, {1}]]
Bosonic[NewPhi3cp3|1, 4, {2}], NewPhi3cp3[2, 4, {2}],
NewPhi3cp3[3, 4, {2}]]
Bosonic|[NewPhi3cp3[1, 4, {3}], NewPhi3cp3|2, 4, {3}],
NewPhi3cp3[3, 4, {3}]]

Fermionic[NewPhi3cp4[9/2, {1}]]
Fermionic[NewPhi3cp4[9/2, {2}]]
Fermionic[NewPhi3cp4[9/2, {3}]]

Bosonic[NNewPhi3cp1[3]]
Fermionic[NNewPhi3cp2[1, 7/2], NNewPhi3cp2[2, 7/2],
NNewPhi3cp2([3,7/2]]
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Bosonic[NNewPhi3cp3[1, 4], NNewPhi3cp3[2, 4], NNewPhi3cp3(3, 4]]
Fermionic[NNewPhi3cp4[9/2]]

Fermionic[NewPhi7Hcp1[7/2, {1}]]
Fermionic[NewPhi7Hcpl[7/2, {2}]]
Fermionic[NewPhi7Hcp1[7/2, {3}]]

Bosonic[NewPhi7Hcp2[1, 4, {1}], NewPhi7Hcp2[2, 4, {1}],
NewPhi7Hcp2[3, 4, {1}]]
Bosonic[NewPhi7Hcp2[1, 4, {2}], NewPhi7Hcp2[2, 4, {2}],
NewPhi7Hcp2(3, 4, {2}]]
Bosonic[NewPhi7Hcp2[1, 4, {3}], NewPhi7Hcp2[2, 4, {3}],
NewPhi7Hcp2(3, 4, {3}]]

Fermionic[NewPhi7Hcp3[1,9/2, {1}], NewPhi7Hcp3|2,9/2, {1}],
NewPhi7Hcp3[3,9/2, {1}]]
Fermionic[NewPhi7Hcp3([1,9/2, {2}], NewPhi7Hcp3(2,9/2, {2}],
NewPhi7Hcp3[3,9/2, {2}]]
Fermionic[NewPhi7Hep3[1, 9/2, {3}], NewPhi7Hcp3[2,9/2, {3}],
NewPhi7Hcp3[3,9/2, {3}]]

Bosonic[NewPhi7Hcp4[5, {1}]]
Bosonic[NewPhi7Hcp4[5, {2}]]
Bosonic[NewPhi7Hcp4[5, {3}]]

Bosonic[NewPhidcp1[4]]
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Fermionic[NewPhi4cp2(1, 9/2], NewPhidcp2[2,9/2],
NewPhidcp2[3,9/2]]

Bosonic[NewPhidcp3|1, 5], NewPhi4cp3[2, 5], NewPhidcp3[3, 5]
Fermionic[NewPhidcp4[11/2]]

Tmatirx[1,1,1] = 0;
Tmatirx(1,1,2] = 0;
Tmatirx[1,1, 3] = 0;
Tmatirx[1,2,1] = 0;
Tmatirx[1,2,2] = 0;
Tmatirx[1,2, 3] = —i;
Tmatirx[1,3,1] = 0;
Tmatirx[1, 3, 2] = i;
Tmatirx[1, 3, 3] = 0;

Tmatirx[2,1,1] = 0;
Tmatirx([2,1,2] = 0;
Tmatirx[2,1, 3] = i;
Tmatirx[2,2,1] = 0;
Tmatirx(2,2,2] = 0;
Tmatirx[2,2, 3] = 0;
Tmatirx[2,3,1] = —i;
Tmatirx(2, 3,2] = 0;
Tmatirx[2, 3, 3] = 0;

Tmatirx([3,1,1] = 0;
Tmatirx[3,1,2] = —i;
Tmatirx[3,1, 3] = 0;
Tmatirx[3,2,1] = i;
Tmatirx[3,2,2] = 0;
Tmatirx[3, 2, 3] = 0;
Tmatirx[3,3,1] = 0;
Tmatirx[3,3,2] = 0;
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Tmatirx(3, 3, 3] = 0;

OPE[Ts, Ts] = MakeOPE[{(cOne),/2, 0, 2Ts, Ts'};
OPE([Ts, ¥] = MakeOPE[{(1/2)¥, ¥'}];

OPE[Ts, J[i.]] = MakeOPE[{J[i], J[i|'}];

OPE[Ts, G[i]] = MakeOPE[{(3/2)Gli], G[il'}];

OPE[¥, ¥] = MakeOPE[{(cOne)/3}];

OPE[Y, J[i]] = MakeOPE[{0}];

OPE[¥, G[i.]] = MakeOPE[{J[i]}];

OPE[J[i], J[j-]] =

MakeOPE [{ ((cOne)/3)Deltafi, ], I * 5%, Epsilonts, j,x1]./lx1] } ;
OPE[J[i],G[i] =

MakeOPE | {Deltafs, j]¥, I + 5°%,_, Epsilonfi, j, x1]G[x1] }] ;

OPE[G[i], G[i-] =
MakeOPE [{((2cone) /3)Delta[i, j], 21 * 33, _, Epsilon[i, j, x1]J[x1],
9Deltali, j]Ts + I * 3%, _, Epsilon[i, j, x1]J[x1]'}] ;

c¢= (3% NN xMM)/2;
J8(3)

OPE([Ts, Phi3Hcpl[3/2]] =

MakeOPE[{(3/2)Phi3Hcp1(3/2], Phi3Hcp1(3/2]'};

OPE|[Ts, Phi3Hcp2[i_, 2]] = MakeOPE[{2Phi3Hcp2li, 2], Phi3Hep2[i, 2]'}];
OPE|[Ts, Phi3Hcp3li_, 5/2]] =

MakeOPE([{(5/2)Phi3Hcp3[i, 5/2], Phi3Hcp3[i, 5/2]'};
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OPE[Ts, Phi3Hcp4[3]] = MakeOPE[{3Phi3Hcp4[3], Phi3Hcp4[3]'}];

OPE[GI[i.], Phi3Hcp1[3/2]] = MakeOPE[{Phi3Hep2[i, 2]}];

OPE[GIi], Phi3Hcp2]j_, 2]] =

MakeOPE[{Deltalz, j]3Phi3Hcp1[3/2],

Deltal[i, j]Phi3Hep1([3/2])'+

i3°3, _, Epsilon(s, j, x1]Phi3Hcp3[x1,5/2] }] ;

OPE[GIi], Phi3Hcp3lj_, 5/2]] =

MakeOPE [{412 53 _, Epsilon[i, j, x1]Phi3Hep2[x1, 2],

2Deltafs, j]Phi3Hep4[3] + i 33, _, Epsilonli, j, x1]Phi3Hep2[x1, 2]'}] ;
OPE[GIi], Phi3Hcp4[3]] =

MakeOPE[{(5/2)Phi3Hep3li, 5/2], (1/2)Phi3Hep3[i, 5/2'}];

OPE[J[i], Phi3Hep2j_, 2]] =

MakeOPE [{z 53, _, Epsilon([s, j, x1]Phi3Hcp2[x1, 2] }] :

OPE[J[i_], Phi3Hcp3[j_, 5/2]] =

MakeOPE[{3Delta[i, j]Phi3Hcp1[3/2],

i3°3, _, Epsilon(s, j, x1]Phi3Hcp3[x1,5/2] }] ;

OPE[J[i_], Phi3Hcp4[3]] = MakeOPE[{2Phi3Hcp2[i, 2], 0}];

OPE[¥, Phi3Hep3|i_, 5/2]] = MakeOPE[{Phi3Hcp2[i, 2]};

OPE[¥, Phi3Hep4[3]] =

MakeOPE([{(3/2)Phi3Hep1[3/2], —(1/2)Phi3Hep1[3/2]'}];
J®?)

OPE[Ts, Phi2cp1[2]] = MakeOPE[{2Phi2cp1[2], Phi2ep1[2)'}];

OPE[Ts, Phi2cp2[i_, 5/2]] =

MakeOPE([{(5/2)Phi2cp2[i, 5/2], Phi2cp2[i, 5/2]'}];

OPE[Ts, Phi2cp3|i_, 3]] = MakeOPE[{3Phi2cp3[i, 3], Phi2cp3[i, 3]'}];
OPE|[Ts, Phi2cp4[7/2]] = MakeOPE[{(7/2)Phi2cp4(7/2], Phi2cp4[7/2]'};
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OPE[GI[i.], Phi2cp1[2]] = MakeOPE[{Phi2cp2]i, 5/2]}];

OPE[GI[i], Phi2cp2[j_, 5/2]] =

MakeOPE[{Delta[i, j]4Phi2cp1[2],

Delta[i, j]Phi2cp1[2] + i 3°3,_, Epsilon[i, j, x1]Phi2cp3[x1, 3] }] ;

OPE[GI[i], Phi2cp3[j_, 3]] =

MakeOPE [{52 53, _, Epsilon([s, j, x1]Phi2cp2[x1, 5/2],

2Deltal[i, j]Phi2cp4[7/2]+

i3°3, _, Epsiloni, j, x1]Phi2cp2[x1, 5 /2]'}] :

OPE[GI[i], Phi2cp4[7/2]] =

MakeOPE[{3Phi2cp3[i, 3], (1/2)Phi2cp3[s, 3]'}];

OPE[J[i], Phi2cp2[j_, 5/2]] =

MakeOPE [{z 523, _, Epsilon(s, j, x1]Phi2ep2[x1, 5/2] }] ;

OPE[J[i], Phi2cp3[j_, 3]] =

MakeOPE[{4Deltali, j]Phi2cp1[2],

i3°3, _, Epsilonls, j, x1]Phi2cp3[x1, 3] }] ;

OPE[J[i_], Phi2cp4[7/2]] = MakeOPE[{(5/2)Phi2cp2]i, 5/2], 0}];

OPE|[¥, Phi2cp3[i-, 3]] = MakeOPE[{Phi2cp2[i, 5/2]}];

OPE[¥, Phi2cp4[7/2]] = MakeOPE[{2Phi2cp1[2], —(1/2)Phi2cp1[2]'}];
Jo(%)

OPE[Ts, PhisHcpl[5/2]] =

MakeOPE[{(5/2)Phi5Hcp1[5/2], Phi5Hcp1([5/2]'};

OPE([Ts, Phi5Hep2li_, 3]] = MakeOPE([{3Phi5Hcp2[i, 3], Phi5Hep2[i, 3]'}];
OPE[Ts, PhisHcp3|[i_, 7/2]] =

MakeOPE[{(7/2)Phi5Hcp3[i, 7/2], Phi5Hcp3li, 7/2]'};

OPE|[Ts, Phi5Hcp4[4]] = MakeOPE[{4Phi5Hcp4[4], Phi5Hep4[4]'};

OPE[G[i], Phi5Hcpl[5/2]] = MakeOPE[{Phi5Hcp2[i, 3]}];
OPE[G[i], Phi5Hcp2[j_, 3]] =
MakeOPE[{Deltalz, j]5Phi5Hcp1[5/2],
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Deltal[i, j]Phi5Hcepl[5/2])' +

i Y3 _, Epsilon[i, j, x1]Phi5Hcp3[x1, 7/2] }] ;

OPE[GIi], Phi5Hcp3[j_, 7/2]] =

MakeOPE [{ez' 3 _, Epsilon[i, j, x1|Phi5Hcp2[x1, 3],

2Deltafs, j]PhisHep4[4] + i 33, _, Epsilonli, j, x1]Phi5Hep2[x1, 3]'}] ;
OPE[GIi], Phi5Hcp4[4]] =

MakeOPE[{(7/2)Phi5Hep3[i, 7/2], (1/2)Phi5Hep3[i, 7/2)'}];

OPE[J[i_], Phi5Hep2]j., 3]] =

MakeOPE [{z 53, _, Epsilon([s, j, x1]Phi5Hcp2[x1, 3] }] :

OPE[J[i_], PhisHcp3[j_, 7/2]] =

MakeOPE([{5Deltali, j]Phi5Hcpl[5/2],

i3°3, _, Epsilon(s, j, x1]Phi5Hcp3[x1, 7/2] }] ;

OPE[J[i_], PhiSHcp4[4]] = MakeOPE[{3Phi5Hcp2[i, 3], 0}];

OPE[¥, Phi5Hep3|i_, 7/2]] = MakeOPE[{Phi5Hcp2[i, 3]};

OPE[¥, Phi5Hep4[4]] =

MakeOPE[{(5/2)Phi5Hep1[5/2], —(1/2)Phi5Hep1[5/2]'}];
J3(3)

OPE|[Ts, NNewPhi5Hcpl[5/2]] =
MakeOPE({(5/2)NNewPhi5Hcp1(5/2], NNewPhi5Hep1[5/2]'}];
OPE|Ts, NNewPhi5Hcp2[i, 3]] =

MakeOPE[{3NNewPhi5Hcp2[:, 3], NNewPhi5Hcp2[z, 3]'}];
OPE|[Ts, NNewPhi5Hcp3[i, 7/2]] =
MakeOPE([{(7/2)NNewPhi5Hcp3[i, 7/2], NNewPhi5Hcp3[i, 7/2]'}];
OPE|[Ts, NNewPhi5Hcp4[4]] =

MakeOPE[{4NNewPhi5Hcp4[4], NNewPhi5Hcp4[4]'}];

OPE|[G[i_], NNewPhi5Hcp1[5/2]] = MakeOPE[{NNewPhi5Hcp2[z, 3]}];
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OPE[GIi_], NNewPhi5Hcp2[j_, 3]] =

MakeOPE([{Delta[i, j]5NNewPhi5Hcp1[5/2],

Delta[i, j]NNewPhi5Hcp1[5/2]'+

i3°3 _, Epsilon[i, j, x1]NNewPhi5Hcp3[x1, 7/2] }] ;

OPE|G[i_], NNewPhi5Hcp3[j-, 7/2]] =

MakeOPE [{6z' 523, _, Epsilon([s, j, x1]NNewPhi5Hep2[x1, 3],

2Delta[i, j]NNewPhi5Hcp4[4]+

i3°3, _, Epsilon(s, j, x1]NNewPhi5Hep2[x1, 3]'}] :

OPE|[G[i_], NNewPhi5Hcp4[4]] =

MakeOPE[{(7/2)NNewPhi5Hcp3[i, 7/2], (1/2)NNewPhi5Hcp3[i, 7/2]'}];

OPE[J[i], NNewPhi5Hcp2]j_, 3] =

MakeOPE [{z 53, _, Epsilon([s, j, x1]NNewPhi5Hep2[x1, 3] }] :

OPE[J[i_], NNewPhi5Hcp3[j_, 7/2]] =

MakeOPE([{5Delta[i, j]NNewPhi5Hcp1[5/2],

i3°3, _, Epsilon(s, j, x1]NNewPhi5Hep3[x1, 7/2] }] :

OPE|[J[i_], NNewPhi5Hcp4[4]] = MakeOPE[{3NNewPhi5Hcp2[i, 3], 0}];

OPE[¥, NNewPhi5Hcp3[i_, 7/2]] = MakeOPE[{NNewPhi5Hcp2[i, 3]}];

OPE[¥, NNewPhi5Hcp4[4]] =

MakeOPE([{(5/2)NNewPhi5Hcp1[5/2], —(1/2)NNewPhi5Hcp1[5/2]'}];
J®B).a

OPE[Ts, Phi3cpl[3, {a_}]] =

MakeOPE([{3Phi3cpl[3, {a}], Phi3cp1(3, {a}]'}];

OPE[Ts, Phi3cp2[i-, 7/2, {a.}]] =

MakeOPE[{(7/2)Phi3cp2[i, 7/2, {a}], Phi3cp2[i, 7/2, {a}]'}];

OPE[Ts, Phi3cp3|i_, 4, {a_}]] =

MakeOPE [{— 53 (Tmatirx[i, a, j|Phi3cpl[3, {b}]), 4Phi3cp3[i, 4, {a}],
Phi3cp3[i, 4, {a}]'}];

OPE[Ts, Phi3cp4[9/2, {a_}]] =
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MakeOPE [{—(1 /253, (z?dl:l(Tmamx[idl, a, b|Phi3cp2[id1, 7/2, {b}])) ,
(9/2)Phi3cp4(9/2, {a}], Phi3cp4(9/2, {a}]'}];

OPE[G[id ], Phi3cpl[3, {a_}]] = MakeOPE[{Phi3cp2[id, 7/2, {a}|}];

OPE|G(id1], Phi3cp2[id2_, 7/2, {a_}]] =

MakeOPE|

{6Deltalid1, id2]Phi3cpl[3, {a}]—

iy (21:;1 Epsilon[id1, id2, x1] Tmatirx[x1, a, b|Phi3cpl[3, {b}]) ,
Delta[id1,id2]Phi3cpl[3, {a}]'+

i3°3, _ (Epsilon[id1, id2, x1]Phi3cp3[x1, 4, {a}])}] ;

OPE[G[id1.], Phi3cp3[id2-, 4, {a_}]] =

MakeOPE [{n 53 _, (Epsilon[id1, id2, x1]Phi3cp2[x1, 7/2, {a}])+
3, Tmatirx[id2, a, b|Phi3cp2[id1, 7/2, {b}]—

3 ( 3 _, Delta[id1,id2](Tmatirx[x1, a, b|Phi3cp2[x1, 7/2, {b}])) ,
9Deltafid1, id2]Phi3cp4[9/2, {a}]+

i "3, _ (Epsilon[id1, id2, x1]Phi3cp2[x1, 7/2, {a}]") }] ;
OPE[G[id1.], Phi3cp4[9/2, {a_}]] =

MakeOPE [{- 33 | Tmatirx[id1, a, b|Phi3cp1[3, {b}],
4Phi3cp3[idl, 4, {a}]+

(i/2)

213;=1 ( 31=1 (Zi2=1 Epsilonlid1, x1,x2]

(Tmatirx[x1, a, b|Phi3cp3[x2, 4, {b}]))),

(1/2)Phi3cp3fidl, 4, {a}]'}];

OPE[J[id1.], Phi3cp1[3, {a_}]] =

MakeOPE [{— 53| Tmatirx[id1, a, bjPhi3cpl(3, {b}]}] ;
OPE[J[id1.], Phi3cp2[id2-, 7/2, {a_}]] =

MakeOPE [{1, (Z§1=1 Epsilon(id1, id2, x1](Phi3cp2[x1, 7/2, {a}])) -
53 Tmatirx[id1, a, 5jPhi3cp2(id2, 7/2, {b}] }] ;

OPE[J[id1.], Phi3cp3[id2-, 4, {a_}]] =

MakeOPE]|
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{6Deltalid1, id2]Phi3cpl(3, {a}]—

i Y3 _, Epsilon[id1, id2, x1] (Z§=1 Tmatirx[x1, a, b|Phi3cpl[3, {b}]) ,
i 33 _, (Epsilon[id1, id2, x1]Phi3cp3([x1, 4, {a}])—

(zﬁzl Tmatirx[id1, a, b|Phi3cp3[id2, 4, {b}]) }] ;

OPE[J[id1.], Phi3cp4[9/2, {a_}]] =

MakeOPE]|

{(7/2)Phi3cp2[id1, 7/2, {a}]+

(i/2)

Yot ( x-1 (232=1 Epsilonlid1, x1,x2]

(Tmatirx[x1, a, b|Phi3cp2[x2, 7/2, {b}]))),

— 53 . Tmatirxfid1, a, 5|Phi3cp4[9/2, {b}] }] ;

OPE[¥, Phi3cp2(idl., 7/2, {a.}]] =

MakeOPE [{— 5°3_| Tmatirx[id1, a, bjPhi3cp1[3, {b}] }] ;

OPE[¥, Phi3cp3[id1_, 4, {a_}]] =

MakeOPE]|

{Phi3cp2[id1, 7/2, {a}]+

3 ( 3 _ (222=1 Epsilon[id1, x1,x2]

(Tmatirx[x1, a, b|Phi3cp2[x2, 7/2, {}]))) };

OPE[¥, Phi3cp4[9/2, {a.}]] =

MakeOPE[{3Phi3cp1[3, {a}],

—(1/2)Phi3cpl[3, {a}'—

(1/2) T3y (S Tmatinidl, o, {Phi3ep3fid1, 4, {5}]) }] ;

3
2

J3(3)

OPE|[Ts, NewPhi3Hcpl[3/2]] =
MakeOPE[{(3/2)NewPhi3Hcp1[3/2], NewPhi3Hcp1[3/2]'}];
OPE|Ts, NewPhi3Hcp2[i-, 2]] =
MakeOPE[{2NewPhi3Hcp2[:, 2], NewPhi3Hcp2[i, 2]'}];
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OPE[Ts, NewPhi3Hcp3[i_, 5/2]] =
MakeOPE[{(5/2)NewPhi3Hcp3|i, 5/2], NewPhi3Hcp3([i, 5/2]'}];
OPE[Ts, NewPhi3Hcp4[3]] = MakeOPE[{3NewPhi3Hcp4[3], NewPhi3Hcp4[3]'}];

OPE|G[i_], NewPhi3Hcpl[3/2]] = MakeOPE[{NewPhi3Hcp2[:, 2] }];
OPE[G]i], NewPhi3Hep2]j., 2]] =

MakeOPE[{Deltali, j]3NewPhi3Hcp1[3/2],

Delta[i, j]NewPhi3Hep1([3/2]'+

i3°3 _, Epsilon[i, j, x1]NewPhi3Hep3[x1, 5/2] }] ;

OPE|G[i_], NewPhi3Hcp3[j-, 5/2]] =

MakeOPE [{42' 523, _, Epsilon(s, j, x1]NewPhi3Hcp2[x1, 2],
2Delta[i, j]NewPhi3Hcp4[3]+

i3°3, _, Epsilons, j, x1]NewPhi3Hcp2[x1, 2]'}] ;

OPE|G[i.], NewPhi3Hcp4[3]] =

MakeOPE[{(5/2)NewPhi3Hcp3|[i, 5/2], (1/2)NewPhi3Hcp3[i, 5/2]'}];

OPE|[J[i_], NewPhi3Hcp2[j_, 2]] =

MakeOPE [{z 53, _, Epsilon(s, j, x1]NewPhi3Hcp2[x1, 2] }] ;
OPE[J[i.], NewPhi3Hcp3[j., 5/2]] =

MakeOPE([{3Deltal[i, j]NewPhi3Hcpl[3/2],

i3°3, _, Epsilonli, j, x1]NewPhi3Hcp3[x1, 5/2] }] ;

OPE[J[i.], NewPhi3Hcp4[3]] = MakeOPE[{2NewPhi3Hcp2[;, 2], 0}];
OPE[¥, NewPhi3Hcp3[i, 5/2]] = MakeOPE[{NewPhi3Hcp2[i, 2]}];
OPE[¥, NewPhi3Hcp4([3]] =

MakeOPE([{(3/2)NewPhi3Hcp1[3/2], —(1/2)NewPhi3Hcp1[3/2]'}];
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OPE[Ts, NNewPhi3Hepl1[3/2, {a_}]] =
MakeOPE[{(3/2)NNewPhi3Hcp1[3/2, {a}], NNewPhi3Hcp1[3/2, {a}]'}];
OPE|Ts, NNewPhi3Hcp2[i-, 2, {a_}]] =
MakeOPE[{2NNewPhi3Hcp2([i, 2, {a}], NNewPhi3Hcp2[i, 2, {a}]'}];
OPE|Ts, NNewPhi3Hcp3[i_, 5/2, {a-}]] =
MakeOPE [{- 53 (Tmatirx[i, a, NNewPhi3Hep1[3/2, {b}]),
(5/2)NNewPhi3Hcp3[i, 5/2, {a}], NNewPhi3Hcp3[i, 5/2, {a}]'};
OPE|Ts, NNewPhi3Hcp4[3, {a-}]] =
MakeOPE]
{—(1 /2)53 (2?d1=1 (Tmatirx[id1, a, )NNewPhi3Hep2[id1, 2, {b}])) ,
3NNewPhi3Hcp4[3, {a}], NNewPhi3Hcp4(3, {a}]'}];
OPE|[G[id-], NNewPhi3Hcpl1[3/2,{a_}]] =
MakeOPE[{NNewPhi3Hcp2[id, 2, {a}]}];
OPE|[G[id1.], NNewPhi3Hcp2[id2_, 2, {a_}]] =
MakeOPE([{3Delta[id1, id2]NNewPhi3Hcpl[3/2, {a}]—
)

3 _ (2,“3:1 Epsilon[idl, id2, x1] Tmatirx[x1, a, b]
NNewPhi3Hep1[3/2, {b}]),
Delta[id1,id2]NNewPhi3Hcpl[3/2, {a}]'+
i3 _ (Epsilon[id1, id2, x1]NNewPhi3Hcp3[x1, 5/2, {a}]) }] ;
OPE|G[id1.], NNewPhi3Hcp3[id2-, 5/2, {a_}]] =
MakeOPE [{41' 53 _, (Epsilon[id1, id2, x1]NNewPhi3Hep2[x1, 2, {a}])+
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33 | Tmatirx[id2, a, b)NNewPhiSHcp2[id1, 2, {b}]—

8 ( 3 _, Deltalid1, id2](Tmatirx[x1, a, NNewPhi3Hcp2[x1, 2, {b}])) ,
2Delta[id1,id2]NNewPhi3Hep4(3, {a}]+

i3°% _ (Epsilon[id1, id2, x1]NNewPhi3Hep2[x1, 2, {a}]") }] ;

OPE[G[id1.], NNewPhi3Hep4[3, {a_}]] =

MakeOPE [{— 53 Tmatirx[id1, a, NNewPhi3Hcp1[3/2, {b}],
(5/2)NNewPhi3Hep3[id1, 5/2, {a}]+

(i/2)

>t ( X1 (232=1 Epsilon(id1, x1,x2]

(Tmatirx[x1, a, )NNewPhi3Hcp3[x2, 5/2, {b}]))),
(1/2)NNewPhi3Hcp3[id1, 5/2, {a}]'}];

OPE[J[id1.], NNewPhi3Hcp1[3/2, {a_}]] =

MakeOPE [{— 53 Tmatirx[id1, a, )NNewPhi3Hep1[3/2, {b}] }] ;

OPE[J[id1_], NNewPhi3Hcp2[id2_, 2, {a_}]] =
MakeOPE [{z (zfd:l Epsilon(id1, id2, x1)(NNewPhi3Hep2[x1, 2, {a}])) -
53| Tmatirx[id1, a, NNewPhi3Hcp2[id2, 2, {b}] }] ;
OPE[J[id1_], NNewPhi3Hcp3[id2., 5/2, {a_}]] =
MakeOPE([{3Delta[id1, id2]NNewPhi3Hcpl[3/2, {a}]—
i 33 _, Epsilon[id1,id2,x1]
(z:g:l Tmatirx[x1, a, NNewPhi3Hep1[3/2, {b}]) :
i 33 _, (Epsilon[id1, id2, x1]NNewPhi3Hcp3([x1, 5/2, {a}])—
(z§=1 Tmatirx[idl, a, NNewPhi3Hcp3[id2, 5/2, {b}]) }] ;
OPE|[J[id1_], NNewPhi3Hcp4[3, {a_}]] =
MakeOPE|[
{2NNewPhi3Hcp2[id1, 2, {a}]+
(i/2)
St (2211 (- Bosilonfid1, x1,x2)
(Tmatirx[x1, a, ))]NNewPhi3Hcp2[x2, 2, {b}]))),
— 53 | Tmatirxfid1, a, NNewPhi3Hcp4[3, {b}] }] ;

OPE[¥, NNewPhi3Hcp2[id1-,2,{a_}]] =
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MakeOPE [{- 53 | Tmatirx[id1, a, iNNewPhi3Hcp1[3/2, {b}] }] ;

OPE[¥, NNewPhi3Hcp3|id1_,5/2,{a.}]] =

MakeOPE|

{NNewPhi3Hcp2[id1, 2, {a}]+

)

o ( x=1 (232=1 Epsilon[id1, x1,x2]

(Tmatirx[x1, a, ))NNewPhi3Hcp2[x2, 2, {b}])))}];

OPE[¥, NNewPhi3Hcp4[3, {a_}]] =

MakeOPE[{(3/2)NNewPhi3Hcpl[3/2, {a}],

—(1/2)NNewPhi3Hep1[3/2, {a}]'—

1/2) 3., (z;'j:l Tmatirx[id1, a, ) NNewPhi3Hep3[id1, 5/2, {b}]) }] ;
Jo(2)

OPE[Ts, NewPhi2cp1[2]] = MakeOPE[{2NewPhi2cp1[2], NewPhi2cp1[2]'}];
OPE|Ts, NewPhi2cp2[i_, 5/2]] =
MakeOPE[{(5/2)NewPhi2cp2[i, 5/2], NewPhi2cp2[i, 5/2]'}];
OPE|Ts, NewPhi2cp3[i-, 3]] =

MakeOPE[{3NewPhi2cp3[i, 3], NewPhi2cp3[i, 3]'}];

OPE|Ts, NewPhi2cp4[7/2]] =
MakeOPE([{(7/2)NewPhi2cp4[7/2], NewPhi2cp4[7/2]'};
OPE|G[i_], NewPhi2cp1[2]] = MakeOPE[{NewPhi2cp2[i, 5/2]}];
OPE|[G[i.], NewPhi2¢cp2[j-, 5/2]] =

MakeOPE[{Deltali, j]4NewPhi2cpl[2],

Delta[i, j]NewPhi2cp1[2]'+

i3°3, _, Epsilonli, j, x1]NewPhi2cp3[x1, 3] }] ;

OPE[G[i], NewPhi2cp3|j_, 3]] =

MakeOPE [{51 53, _, Epsilon(s, j, x1]NewPhi2cp2[x1, 5/2],
2Deltal[i, j]NewPhi2cp4[7/2]+

i3°3, _, Epsilon[i, j, x1]NewPhi2cp2[x1, 5 /2]'}] ;

OPE|[G[i_], NewPhi2cp4[7/2]] =
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MakeOPE[{3NewPhi2cp3[i, 3], (1/2)NewPhi2cp3|[i, 3]'}];
OPE[J[i], NewPhi2cp2[j_, 5/2]] =
MakeOPE [{z 53, _, Epsilon([i, j, x1]NewPhi2cp2[x1, 5/2] }] ;
OPE|[J[i], NewPhi2¢cp3[j-, 3]] =
MakeOPE([{4Delta[i, j]NewPhi2cp1[2],
i3°3, _, Epsilonli, j, x1]NewPhi2cp3[x1, 3] }] ;
OPE|[J[i-], NewPhi2cp4[7/2]] = MakeOPE[{(5/2)NewPhi2cp2[i, 5/2], 0}];
OPE[¥, NewPhi2cp3[i-, 3]] = MakeOPE[{NewPhi2cp2[i, 5/2]}];
OPE[¥, NewPhi2cp4[7/2]] =
MakeOPE[{2NewPhi2cp1[2], —(1/2)NewPhi2cp1[2]'}];

J5(3)

OPE|Ts, NewPhi5Hcpl[5/2, {a_}]] =
MakeOPE[{(5/2)NewPhi5Hcp1[5/2, {a}], NewPhi5Hcp1[5/2, {a}]'}];
OPE([Ts, NewPhi5Hcp2[i_, 3, {a_}]] =
MakeOPE[{3NewPhi5Hcp2[i, 3, {a}]|, NewPhi5Hcp2[i, 3, {a}]'}];
OPE|[Ts, NewPhi5Hcp3|i-, 7/2,{a_}]] =
MakeOPE [{— 53 (Tmatirx[i, a, )NewPhisHepl[5/2, {b}]),
(7/2)NewPhi5Hcp3[i, 7/2, {a}], NewPhi5Hep3([i, 7/2, {a}]'}];
OPE|Ts, NewPhi5Hcp4[4, {a_}]] =
MakeOPE [{—(1 /2)53 (zf;il:l(frmamx[idl, a, b]NewPhi5Hcp2[id1, 3, {b}])) ,
4NewPhi5Hcp4[4, {a}], NewPhi5Hcp4[4, {a}]'}];
OPE|[G[id-], NewPhi5Hcp1[5/2, {a_}]] = MakeOPE[{NewPhi5Hcp2[id, 3, {a}]}];
OPE|[G[id1.], NewPhi5Hcp2[id2_, 3, {a_}]] =
MakeOPE[{5Deltalid1, id2]NewPhi5Hepl[5/2, {a}]—
1
3 (Z§=1 Epsilon[idl, id2, x1] Tmatirx[x1, a, b]
NewPhi5Hcp1[5/2, {b}]),
Delta[id1,id2]NewPhi5Hcpl[5/2, {a}]'+
i3°3, _ (Epsilon[id1, id2, x1]NewPhi5Hep3[x1, 7/2, {a}]) }] ;
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OPE|G[id1], NewPhi5Hep3[id2_, 7/2, {a_}]] =

MakeOPE [{Gi 53, _, (Epsilonid1, id2, x1]NewPhi5Hcp2[x1, 3, {a}])+
3_, Tmatirx[id2, a, |NewPhi5Hcp2[id1, 3, {b}]—

3 ( 3 _, Deltaid1, id2](Tmatirx[x1, a, /NewPhi5Hep2[x1, 3, {b}])) ,
2Delta[id1,id2]NewPhi5Hcp4[4, {a}]+

i3°3, _ (Epsilon[idl, id2, x1]NewPhi5Hcp2[x1, 3, {a}]) }] ;
OPE|[G[id1.], NewPhi5Hcp4[4, {a_}]] =

MakeOPE [{— 53 | Tmatirx[id1, a, b]NewPhi5Hepl[5/2, {b}],
(7/2)NewPhi5Hcp3[id1, 7/2, {a}]+

(i/2)

Y1 ( xi=1 (2?:2:1 Epsilon[id1, x1, x2]

(Tmatirx[x1, a, b]NewPhi5Hcp3([x2, 7/2, {b}]))),
(1/2)NewPhi5Hcp3[id1,7/2, {a}]'}];

OPE[J[id1_], NewPhi5Hcpl[5/2,{a_}]] =

MakeOPE [{ - S25_, Tmatirx{id1, a, bjNewPhi5Hep1[5/2, {b}]} ] ;
OPE|[J[id1.], NewPhi5Hep2[id2_, 3, {a_}]] =
MakeOPE [{z (Zfd:l Epsilonlidl,id2, x1](NewPhi5Hcp2[x1, 3, {a}])) -
33| Tmatirx[id1, a, b]NewPhi5Hcp2[id2, 3, {b}] }] ;

OPE|[J[id1.], NewPhi5Hcp3[id2_, 7/2, {a_}]] =
MakeOPE([{5Delta[id1, id2]NewPhi5Hcpl[5/2, {a}]—
i 33 _, Epsilon[id1, id2, x1]

(z§=1 Tmatirx[x1, a, NewPhi5Hcp1[5/2, {b}]) ,
i 33 _, (Epsilon[id1, id2, x1]NewPhi5Hcp3([x1, 7/2, {a}])—

(zj,f;1 Tmatirx[id1, a, NewPhi5Hep3[id2, 7/2, {b}]) }] ;
OPE|[J[id1_], NewPhi5Hcp4[4, {a_}]] =
MakeOPE|

{3NewPhi5Hcp2[id1, 3, {a}]+

(i/2)
St (S21o1 (32—, Epsilonfid1, x1,x2)

(Tmatirx[x1, a, b]NewPhi5Hcp2[x2, 3, {b}]))),
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— 53 | Tmatirx[idl, a, NewPhi5Hep4[4, {b}] }] ;

OPE[¥, NewPhi5Hcp2[id1_, 3, {a_}]] =
MakeOPE [{— 53| Tmatirx[id1, a, b]NewPhi5Hcp1[5/2, {b}] }] ;

OPE[¥, NewPhi5Hcp3[id1_, 7/2, {a_}]] =

MakeOPE|

{NewPhisHcp2[idL, 3, {a}]+

b1 (32121 (3525, Epsilonfid1, x1,x2]

(Tmatirx[x1, a, b|NewPhi5Hep2[x2, 3, {6}])))};

OPE[¥, NewPhi5Hep4[4, {a.}]] =

MakeOPE[{(5/2)NewPhi5Hepl[5/2, {a}],

—(1/2)NewPhi5Hcpl([5/2, {a}]'—

1/2) 3., (2,%:1 Tmatirx[idl, a, bNewPhi5Hep3[id1, 7/2, {b}]) }] ;
JoB)a

OPE[Ts, NewPhi3cpl[3, {a_}]] =

MakeOPE[{3NewPhi3cpl[3, {a}], NewPhi3cp1[3, {a}]'}];

OPE[Ts, NewPhi3cp2[i_, 7/2, {a_}]] =
MakeOPE([{(7/2)NewPhi3cp2[i, 7/2, {a}], NewPhi3cp2[i, 7/2, {a}]'}];
OPE|Ts, NewPhi3cp3[i, 4, {a-}]] =

MakeOPE [{ — 53 (Tmatirx[i, a, b|NewPhi3cpl[3, {b}]),
4NewPhi3cp3([i, 4, {a}], NewPhi3cp3|[i, 4, {a}]'}];

OPE|Ts, NewPhi3cp4[9/2, {a-}]] =

MakeOPE|[

{—(1 /2)53 (Z?dl:l(Tmatirx[idl, a, b]NewPhi3cp2[id1, 7/2, {b}])) ,
(9/2)NewPhi3cp4[9/2, {a}], NewPhi3cp4[9/2, {a}]'}];

OPE[G[id], NewPhi3cpl[3, {a_}]] = MakeOPE[{NewPhi3cp2[id, 7/2, {a}]}];

OPE|G[id1.], NewPhi3cp2[id2_, 7/2, {a_}]] =
MakeOPE][
{6Delta[id1, id2]NewPhi3cpl(3, {a}]—
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i3 (zjg:l Epsilon[id1, id2, x1] Tmatirx[x1, a, jNewPhi3cp1(3, {b}]) ,
Delta[id1, id2]NewPhi3cpl[3, {a}]'+
i3°3, _ (Epsilon[id1, id2, x1]NewPhi3cp3[x1, 4, {a}]) }] ;

OPE|[G[id1.], NewPhi3cp3[id2_, 4, {a-}]] =

MakeOPE [{72 53 _ (Epsilon[id1, id2, x1]NewPhi3cp2[x1, 7/2, {a}])+
S°3_, Tmatirx[id2, a, jjNewPhi3cp2[id1, 7/2, {b}]—

3 ( 3 _, Delta[id1,id2]

(Tmatirx[x1, a, b|NewPhi3cp2[x1,7/2, {b}])),
2Delta[id1,id2]NewPhi3cp4[9/2, {a}]+

i3, _ (Epsilon[id1, id2, x1]NewPhi3cp2[x1, 7/2, {a}]') }] ;
OPE|[G[id1.], NewPhi3cp4[9/2, {a_}]] =

MakeOPE [{— 58 | Tmatirx[id1, a, b]NewPhi3cp1[3, {b}],
4ANewPhi3cp3[idl, 4, {a}]+

(i/2)

>t ( =1 (Ei2=1 Epsilon[id1, x1,x2]

(Tmatirx[x1, a, b|NewPhi3cp3[x2, 4, {b}]))),

(1/2)NewPhi3cp3[id1, 4, {a}]'};

OPE|[J[id1_], NewPhi3cp1[3,{a_}]] =

MakeOPE [{— 53 | Tmatirx[id1, a, b]NewPhi3cpl[3, {b}] }] ;
OPE[J[id1.], NewPhi3cp2[id2_, 7/2, {a_}]] =

MakeOPE [{z (Zfd:l Epsilon[id1,id2, x1](NewPhi3cp2[x1, 7/2, {a}])) -
5°3_| Tmatirx[id1, a, b]NewPhi3cp2[id2, 7/2, {b}] }] ;

OPE|[J[id1_], NewPhi3cp3[id2_, 4, {a_}]] =

MakeOPE|[

{6Deltalid1, id2]NewPhi3cpl[3, {a}]—

i3, _, Epsilon[id1,id2, x1] (z§=1 Tmatirx|x1, a, bNewPhi3cp1[3, {b}]) ,
i 33 _, (Epsilon[id1, id2, x1]NewPhi3cp3[x1, 4, {a}])—

(Z,:Ll Tmatirx[id1, a, b)]NewPhi3cp3[id2, 4, {b}]) }] ;

OPE[J[id1], NewPhi3cp4[9/2, {a_}]] =
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MakeOPE|[

{(7/2)NewPhi3cp2[id1, 7/2, {a}]+

(i/2)

>t ( =1 (2?:2:1 Epsilon(id1, x1,x2]

(Tmatirx[x1, a, b]NewPhi3cp2[x2, 7/2, {b}]))),

— 53 | Tmatirxfid1, a, /NewPhi3cp4[9/2, {b}] }] ;

OPE[¥, NewPhi3cp2[idl-, 7/2,{a_}]| =

MakeOPE [{— 53 | Tmatirx[id1, a, b]NewPhi3cpl[3, {b}] }] ;

OPE[¥, NewPhi3cp3[idl_, 4, {a_}]] =

MakeOPE|

{NewPhi3cp2[id1, 7/2, {a}]+

)

o ( x-1 (232=1 Epsilon(id1, x1,x2]

(Tmatirx[x1, a, b|NewPhi3cp2[x2, 7/2, {b}]))) }];

OPE[¥, NewPhi3cp4[9/2,{a_}]] =

MakeOPE[{3NewPhi3cpl[3, {a}],

—(1/2)NewPhi3cpl[3, {a}]'—

(1/2) Sy (Thoy Tmatirx(id1, o, bjNewPhisep3(id1, 4, {6}]) }
Je®)

OPE|[Ts, NNewPhi3cp1[3]] = MakeOPE[{3NNewPhi3cp1[3], NNewPhi3cp1[3]'}];
OPE|[Ts, NNewPhi3cp2|[i_, 7/2]] =

MakeOPE[{(7/2)NNewPhi3cp2[i, 7/2], NNewPhi3cp2[i, 7/2]'}];

OPE[Ts, NNewPhi3cp3|i_, 4]] =

MakeOPE[{4NNewPhi3cp3[i, 4], NNewPhi3cp3|[i, 4]’ }];

OPE|Ts, NNewPhi3cp4[9/2]] =

MakeOPE([{(9/2)NNewPhi3cp4[9/2], NNewPhi3cp4[9/2]'}];

OPE[G[i_], NNewPhi3cpl[3]] = MakeOPE[{NNewPhi3cp2[i, 7/2]}];
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OPE[GI[i_], NNewPhi3cp2[j., 7/2]] =

MakeOPE([{Delta[i, j]J6NNewPhi3cpl[3],

Delta[i, j]NNewPhi3cp1([3]'+

i3, _, Epsilon[i, j, x1]NNewPhi3cp3[x1, 4] }] ;

OPE|[G[i_], NNewPhi3cp3[j-, 4]] =

MakeOPE [{n 53, _, Epsilon(i, j, x1]NNewPhi3cp2[x1, 7/2],
2Delta[i, j]NNewPhi3cp4[9/2]+

i3°3, _, Epsilons, j, x1]NNewPhi3cp2[x1, 7/2]'}] :
OPE|G[i_], NNewPhi3cp4[9/2]] =
MakeOPE[{4NNewPhi3cp3[z, 4], (1/2)NNewPhi3cp3[i, 4]'}];

OPE[J[i_], NNewPhi3cp2[j_, 7/2]] =

MakeOPE [{z 53, _, Epsilon(s, j, x1]NNewPhi3cp2[x1, 7/2] }] ;

OPE|[J[i-], NNewPhi3cp3|[j_, 4]] =

MakeOPE([{6Delta[i, j]NNewPhi3cpl[3],

i3°3, _, Epsilon[s, j, x1]NNewPhi3cp3[x1, 4] }] ;

OPE|[J[i_], NNewPhi3cp4[9/2]] = MakeOPE([{(7/2)NNewPhi3cp2[i, 7/2], 0}];

OPE[¥, NNewPhi3cp3|i_, 4]] = MakeOPE[{NNewPhi3cp2[i, 7/2]}];
OPE[¥, NNewPhi3cp4[9/2]] =
MakeOPE[{3NNewPhi3cp1[3], —(1/2)NNewPhi3cp1[3]'}];

J5(3)

OPE[Ts, NewPhi7Hcpl[7/2, {a.}]] =
MakeOPE[{(7/2)NewPhi7Hcpl[7/2, {a}], NewPhi7Hcp1[7/2, {a}]'}];
OPE[Ts, NewPhi7Hcp2[i_, 4, {a_}]] =

MakeOPE[{4NewPhi7Hcp2]i, 4, {a}], NewPhi7Hcp2[i, 4, {a}]'}];
OPE[Ts, NewPhi7Hcp3[i_, 9/2, {a_}]] =
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MakeOPE [{- 53 (Tmatirx[i, a, )NewPhi7Hepl[7/2, {b}]),
(9/2)NewPhi7Hcp3([i, 9/2, {a}], NewPhi7THcp3[i, 9/2, {a}]'};
OPE|Ts, NewPhi7Hcp4[5, {a_}]] =
MakeOPE [{—(1 /23, (E?dl:l(Tmatirx[idl, a, b|NewPhi7Hcp2[id1, 4, {b}])) :
5NewPhi7Hcp4[5, {a}], NewPhi7Hcp4[5, {a}]'}];
OPE[G[id_], NewPhi7THcp1(7/2, {a_}]] = MakeOPE[{NewPhi7Hcp2[id, 4, {a}]}];
OPE|[G[id1.], NewPhi7Hcp2[id2_, 4, {a_}]] =
MakeOPE[{7Delta[id1, id2]NewPhi7Hcpl([7/2, {a}]—
)
3 (Z§=1 Epsilon[idl, id2, x1] Tmatirx[x1, a, b]
NewPhi7Hepl[7/2, {b}]),
Delta[id1, id2]NewPhi7Hep1[7/2, {a}]'+
i 33 _, (Epsilon[id1, id2, x1]NewPhi7Hcp3([x1,9/2, {a}]) }] ;
OPE|G[id1.], NewPhi7Hcp3[id2., 9/2, {a_}]] =
MakeOPE [{Si 53, _, (Epsilon[id1, id2, x1]NewPhi7Hcp2[x1, 4, {a}])+
S3_, Tmatirx[id2, a, jjNewPhi7Hcp2[id1, 4, {b}]—
D ( 3 _, Delta[id1, id2](Tmatirx[x1, a, bjNewPhi7Hcp2[x1, 4, {b}])) ,
2Delta[id1,id2]NewPhi7Hcp4[5, {a}]+
i3°3,_, (Epsilon[id1, id2, x1]NewPhi7Hcp2[x1, 4, {a}]') }] ;
OPE[G[id1.], NewPhi7Hep4[5, {a_}]] =
MakeOPE [{ — 33| Tmatirx[id1, a, )NewPhi7Hcp1[7/2, {b}],
(9/2)NewPhi7Hcp3[id1,9/2, {a}]+
(¢/2)
Z,:Ll ( il=1 (2?:2:1 Epsilon[idl, x1,x2]
(Tmatirx[x1, a, b)NewPhi7Hcp3([x2, 9/2, {b}]))),
(1/2)NewPhi7Hcp3(id1,9/2, {a}|'};
OPE[J[id1.], NewPhi7Hepl[7/2, {a_}]] =
MakeOPE [{— >3, Tmatirx[id1, a, bjNewPhi7Hcp1[7/2, {b}] }] ;

OPE|[J[id1_], NewPhi7Hcp2[id2_, 4, {a_}]] =
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MakeOPE [{z (2511:1 Epsilonid1, id2, x1)(NewPhi7Hcp2[x1, 4, {a}])) -
22=1 Tmatirx[id1, a, b]NewPhi7Hcp2[id2, 4, {b}] }] ;

OPE[J[id1_], NewPhi7Hcp3[id2_,9/2, {a_}]] =
MakeOPE[{7Delta[id1, id2]NewPhi7Hcpl([7/2, {a}]—
i 33 _, Epsilon[idl, id2,x1]
(z§=1 Tmatirx[x1, a, NewPhi7Hcp1[7/2, {b}]) ,
i 33 _, (Epsilon[id1, id2, x1]NewPhi7Hcp3([x1, 9/2, {a}])—
(zjj:l Tmatirx[idL, a, b|NewPhi7Hcp3[id2, 9/2, {b}]) }] ;
OPE[J[id1_], NewPhi7Hcp4[5, {a_}]] =
MakeOPE|
{4NewPhi7Hcp2[id1, 4, {a}]+
(i/2)
Z,E::l ( il=1 (E?&:l Epsilon[idl, x1,x2]
(Tmatirx[x1, a, b|NewPhi7THcp2[x2, 4, {b}]))),
— 53 . Tmatirx[id1, a, 5NewPhi7Hcpd[5, {b}] }] :

OPE[¥, NewPhi7Hcp2[id1_, 4, {a_}]] =

MakeOPE [{— 53| Tmatirx[id1, a, b]NewPhi7Hcp1[7/2, {b}] }] ;

OPE[¥, NewPhi7Hcp3[id1_,9/2,{a_}]] =

MakeOPE|[

{NewPhi7Hcp2[idL, 4, {a}]+

Y1 ( -1 (2?:2:1 Epsilon[id1, x1,x2]

(Tmatirx[x1, a, 5NewPhi7Hcp2[x2, 4, {b}])))}];

OPE[¥, NewPhi7Hcp4[5,{a_}]] =

MakeOPE[{(7/2)NewPhi7Hepl[7/2, {a}],

—(1/2)NewPhi7Hcpl[7/2, {a}]'—

1/2) 3, (zj:l Tmatirx[id1, a, |NewPhi7Hcp3[id1, 9/2, {b}]) }] ;
Jo®
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OPE[Ts, NewPhi4cp1[4]] = MakeOPE[{4NewPhidcp1[4], NewPhidcp1[4]'}];
OPE[Ts, NewPhidcp2[i_, 9/2]] =

MakeOPE[{(9/2)NewPhidcp2[i, 9/2], NewPhidcp2[i, 9/2]'}];

OPE|Ts, NewPhi4cp3[i-, 5]] =

MakeOPE[{5NewPhi4cp3[i, 5], NewPhidcp3([i, 5]'}];

OPE|[Ts, NewPhidcp4[11/2]] =

MakeOPE[{(11/2)NewPhidcp4{11/2], NewPhidcp4[11/2]'}];

OPE[G[i_], NewPhicp1[4]] = MakeOPE[{NewPhidcp2[i, 9/2]}];
OPE|[G[i.], NewPhi4cp2[j-, 9/2]] =

MakeOPE[{Deltal:, j]8NewPhidcpl[4],

Deltal[i, j]NewPhidcpl[4]'+

i3°3, _, Epsilonli, j, x1]NewPhidep3(x1, 5] }] ;

OPE|G[i], NewPhidcp3|[j-, 5]] =

MakeOPE [{Qz Z?d:l Epsilon([i, j, x1]NewPhidcp2([x1,9/2],
2Deltali, j]NewPhidcp4[11/2]+

i3°3, _, Epsilonls, j, x1]NewPhidep2[x1, 9 /2]'}] ;
OPE|[G[i_], NewPhidcp4[11/2]] =
MakeOPE[{5NewPhidcp3[i, 5], (1/2)NewPhidcp3|[i, 5]'}];

OPE[J[i_], NewPhidcp2[j_,9/2]] =

MakeOPE [{z 53 _, Epsilon[i, j, x1]NewPhidcp2[x1, 9/2] }] ;

OPE|[J[i], NewPhidcp3[j-, 5]] =

MakeOPE[{8Delta[:, j]NewPhidcpl[4],

i3°3,_, Epsilon[i, j, x1]NewPhidcp3[x1, 5] }] ;

OPE|[J[i_], NewPhi4cp4[11/2]] = MakeOPE[{(9/2)NewPhidcp2|[i,9/2],0}];
OPE[¥, NewPhi4cp3[i-, 5]] = MakeOPE[{NewPhi4cp2[i, 9/2]}];

OPE[¥, NewPhidcpd[11/2]] =

MakeOPE[{4NewPhidcpl[4], —(1/2)NewPhidcpl[4]'}];
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A.2 The package for .4 =3 superspace formalism

Delta and Epsilon from Thielemans: [17]
Clear|Delta]
Deltaja_,a_] =1
Deltali_, j]:=0/;i!=j
SetAttributes[Delta, {Orderless}|;
1
Epsilon[___,a_,___,a_,__]=0;
Epsilon[a__]:=Signature[{a}|Apply[Epsilon, Sort[{a}]]/;
10rderedQ[{a}]
Epsilon[x_]:=1/;{z}==Range[Length[{x}]]
Clear|EpsilonRule]
EpsilonRule[n_] = Literal[Epsilon[ints : (_Integer)..,rest : (-)..]]:>
Block[{remlist =
Permutations|
Complement[Range[Length[{ints}] + Length[{rest}]], {ints}]
]

b
Apply[Plus,
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Function|rem,
Epsilon[ints, Sequence@@Qrem)|*
Inner[Delta, {rest}, rem, Times]
|/@remlist
]

|/;small[{ints, rest }, Length[{ints, rest }]|&&
Length[{rest}|<=n;
(*smalltestsifanyoftheargumentsislargerthanthetotallength.
Note : donotteston{ints}alone, otherwisethelargeiwillbe
shiftedinto’rest’.

*)

small[l List, n_Integer]:=
And@Q@QMap|#<=n&, Select[l, IntegerQ]]

ComponentOPE of SuperOPE

The portion of Grassman Variable rule.
Clear[CGSign|
CGSign[v1_Integer, v2_Integer]:=1
CGSign[v1_Integer, v2_Integer]:= — 1/;0ddQ[v1]&&0ddQ[v2]
Clear[RLT]
RLT[A List]:=Length[A]
RLT[{ZR}]:=2
Clear[BElz]
BElz[x1__]:=Delete[{x1}, Position[{x1}, ZR]]
Clear|[Elz|
Elz[x1_]:=BElz[x1]/;BElz[x1] # {}
Elz[x1_] = {ZR};
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Clear[COQ)]
COQ[CH|A List, B_List]| = True

True

Clear[GrM]

HoldPattern[GrM[A___,B_+ C_,D__]|:=
GrM|A, B, D] + GrM|[A, C, D]

HoldPattern[GrM[A___,s B_,C__]]:=
sGrM[A, B, C]/;C6Q|B]&&NumberQ|s]

GrM[CO[{x1--}, {y1--}], CO[{x2_}, {y2--}]]:=
CGSign[RLT[Elz[y1]], RLT[Elz[x2]]|Co[Elz[x1, x2], Elz[y1, y2]]
GrM[CO[{x1__}, {y1-}], 0]:=CO[{x1}, {y1}]

GrM[0, CO[{x1..}, {y1--}]]:=CO[{x1}, {y1}]

Co{Z1}.{Z2}]
71 grassman component

Z2 grassman component
Chcegl[1,0):=CO[{ZR}, {ZR}]
Chcg2[1, 0] = Chcgl[1,0];

Chegl[2,i]:=CO[{i}, {ZR}]
Cheg2[2,i):=CO[{ZR}, {i}]

Chegl[3,1] = CO[{2, 3}, {ZR}];

Chegl[3,2] = CO[{3,1}, {ZR}];
Chcgl[3,3] = CO[{1,2}, {ZR}];

o1



Chcg2[3,1] = CO[{ZR}, {2, 3}];
Chcg2[3,2] = CO[{ZR}, {3,1}];
Chcg2[3,3] = CO[{ZR}, {1,2}];

Chegl[4,0] = C8[{1,2,3}, {ZR}];
Chcg2[4,0] = CO[{ZR}, {1,2,3}];

Clear[BLHSign)]

0ddQ EvenQ
EvenQOddQ

BLHSign[col_,c02_] = 2;
BLHSign|[col_, co2_]:=1/;0ddQ[col]&&EvenQ[co2]

Clear|LHSign]

LHSign[col_, co2_]:=(—1)BLHSign[col,co2]
(0-12)"(3-1)

Clear[B1SExpension]

B1SExpension[3,i_|:=

53 1 (Chay—1 (Epsilonli, j, kay GrMICO[{5}, {ZR}] - CO[{ZR}, {7}],
Col{kay}, {ZR} - CO{ZR}, {kay}]})

B1SExpension[2,i_]:=C0[{i}, {ZR}] — CO[{ZR}, {i}]

Clear[B2SExpension]

B2SExpension(3, 1]:=
GrM [BlSExpension[3, 1], %, GrM[CH[{3}, {ZR}], CO[{ZR}, {i}]]]
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B2SExpension(3, 2]:=
GrM [BlSExpension[3, 2,33, GrM[C6[{i}, {ZR}], CO[{ZR}, {z‘}]]]
B2SExpension[3, 3]:=
GtM [BlSExpension[3, 3], %, GrM[C6[{i}, {ZR}], CO[{ZR}, {i}]]]

B2SExpension[2,i_|:=
GrM [BlSExpension[2, i), Y89 GrM[CO[{b2e}, {ZR}], CO[{ZR}, {b2e}]]—
GrM[CO[{z}, {ZR}], CO[{ZR}, {i}]]]

Clear[B3SExpension]

B3SExpension[2,i_]:=

GrM[B1SExpension[2, i,

> b3te1 (Eﬁsze=1(GrM[GrM[(l/ 2!)Co[{b31e}, {ZR}], CO[{ZR}, {b31e}]],
GrM|[Cé[{b32e}, {ZR}], CO[{ZR}, {b32e}]]]))—

Y base—1 (GrMIGrMICO[{3}, {ZR}], CO{ZR}, {i}]],
GrM[CO[{b33e}, {ZR}], CO{ZR}, {b33e}]]])]

Clear[SGrM]

HoldPattern[SGrM[A_+ B_,C___,D__E__F__||:=
SGIM[A, C, D, E, F| + SGtM[B, C, D, E, F]|

HoldPattern[SGrM[s_.A_,C__,D__E__F__|]:=
sSGrM[A, C, D, E, F]/;C6Q[A]&&NumberQ|s]

SGrM[C#O[x1_List, y1_List], gn_, comp_, pole_, {i_}]:=
SuperInfo[GrM[CO[x1, y1], Thetali]], SP[gn, comp, pole, i]]
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Theta[0]:=CO[{ZR}, {ZR}]
Theta[1]:=CO[{ZR}, {1}]
Theta[2]:=CO[{ZR}, {2}]
Theta[3]:=CO[{ZR}, {3}]
Theta[4]:=CO0[{ZR}, {2, 3}]
Theta[5]:=CO[{ZR}, {3,1}]
Theta[6]:=CO[{ZR}, {1,2}]
Theta[7]:=CO[{ZR}, {1, 2, 3}]

SuperExpension
3—0
SExpension[4,0,pole_,i_|= %M}mwl@ﬂﬁwgw_@

3—1

SExpension(3, 1 pole_i]= %2 :dewzegwﬁw@fw3wQW$w@}

Zpole

expand about 0

pole
12
9 91

1
Zf;le (Zl 22 pole + f Zl z2 pole + ...

Clear[SExpension]

SExpension[4, 0, pole._,i]:=

SGrM[GrM[CO[{1},{ZR}] — CO[{ZR}, {1}],

GrM[C6[{2}, {ZR}] — CO[{ZR}, {2}], CO[{3}, {ZR}] — CO{ZR}, {3}]]],
4,0, pole, {i}]

SExpension[3, cp_, pole_,i_|:=

(1/2N)*

(SGrM|[B1SExpension|[3, cp], 3, cp, pole, {i}]+
poleSGrM|[B2SExpension|3, cp|, 3, cp, pole + 14, {i}])
SExpension[2, cp_, pole_,i]:=

SGrM|[B1SExpension|2, cp), 2, cp, pole, {i}]+
poleSGrM[B2SExpension|2, cp], 2, cp, pole + 1, {i}]+
pole(pole + 1)SGrM[B3SExpension|2, cp), 2, cp, pole + 2i, {i}]

SExpension([1, 0, pole_,i]:=
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SuperInfo[GrM[CO[{ZR}, {ZR}], Theta[i]], SP[1, 0, pole, i]]+
poleSGrM [ 2x01=1 GrM|[CH|[{sx01},{ZR}], CO[{ZR}, {sx01}]], 1,0,
pole + 13, {i}]+

pole(pole + 1)(1/2!)

SGrM|

53 0a=1 (a0 (GIMIGHMICS[{sx102}, {ZR}], C[{ZR}, {sx102}],
GrM[CO[{sx202}, {ZR}], CO[{ZR}, {sx202}]]])), 1,0,

pole + 2i, {i}]+

pole(pole + 1)(pole + 2)

SGrM[GrM[CH[{1}, {ZR}],

GrM[CO[{ZR}, {1}], GrtM[CO[{2}, {ZR}],

GrM[CO[{ZR}, {2}], GrtM[CO[{3}, {ZR}], CO[{ZR}, {3}]]]]]],

1,0, pole + 3i, {i}]

(FH**)

Clear[ZeroQ)]
ZeroQ[0]:=True
ZeroQ[x_]:=False/;z # 0

Clear[dNSort]
ONSort[x1_List]:=(1 + Wrong * Count[x1, 0])Sort[x1]

Clear[61]
Clear[02]

01[x1_]:=Signature[{x1}|01@QHINSort[{x1}]/;
10rderedQ[{x1}]
02[x1_]:=Signature[{x1}]|#2@Q@ONSort[{x1}]/;
10rderedQ[{x1}]
01[x1_]:=0/;ZeroQ|Signature[{x1}]]
02[x1_]:=0/;ZeroQ|Signature[{x1}]]
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91[x1__, ZR]:=01[x1]
91[ZR, x1_]:=01x1]
92[x1_, ZR]:=62(x1]
92[ZR, x1_]:=62(x1]

Clear[TRABSCM]

TRABSCM[XX |:=XX/.{C8 — M6}
Clear[M6)]

MO[{A_}, {B__}|:=01[A]62[B]

*SuperOPE max change

SuperOPEnonzerothebiggestpole(max)
max4— > 9370

max3— > 37!

max2- > 6

max1— > 6°
max4 = 3;
max3 = 2;
max2 = 2;

max] = 2;

SUPEROPEframe =
7 (( ma.x4(SE . ind
gindex=0 a1=1(SExpension[4, 0, al, gindex]) ) +
3 _ max3 SExpension|3, a2, al, gindex]) ) +
a2=1 | 2ual=1

31 (Z:ﬁ‘f (SExpension|[2, a2, al, gindex])) +

Z:ﬁ‘% SExpension[1,0,al, gindex]) ;

ODelta
Clear[#TrNumber]
0TrNumber[{ZR}]:=0
0TrNumber([{1}]:=1

o6



60TrNumber[{2}]:=2
0TrNumber[{3}]:=3
0TrNumber[{2, 3}]:=4
0TrNumber([{1, 3}]:=5
60TrNumber[{1, 2}]:=6
60TrNumber[{1, 2, 3}]:=7

Clear[fDelta]

0Delta[01[z_], 01[w_]]:=Delta[dTrNumber[{z}], 6 TrNumber[{w}]]
ODeltal01[z__|, —01[w_]]:= — Delta[@TrNumber[{z}], 6 TrNumber[{w}]]
ODelta[—01[z_], 01[w_]]:= — Delta][dTrNumber[{z}], 6 TrNumber[{w}]]
0Delta[—01[z__], —01[w_]]:=Delta[dTrNumber[{z}], 6 TrNumber[{w}]]

0Delta[02([z__], 62[w__]]:=Delta[#TrNumber[{ 2}], / TrNumber[{w}]]
0Delta[02[z-], —62[w_]]:= — Delta[#TrNumber[{z}], 6 TrNumber[{w}]]
ODelta|—02[z_], 02[w__]]:= — Delta[@TrNumber[{z}], 6 TrNumber[{w}]]
0Delta[—02[z_], —02[w_]]:=Delta[#TrNumber[{z}], /TrNumber[{w}]]

#Delta[f1[z_], 62[w_]):=0
#Delta[f1[z_], —02[w_]]:=0
ODelta—01[z_], 62[w_]]:=0
#Delta[—01[z_], —92[w_]}:=0

ODelta[A _, 0]:=0

Clear[@1Derivative]
HoldPattern[#1Derivative[Di_, A_ + B_]]:=
01Derivative[Di, A] + #1Derivative[Di, B]
HoldPattern[#1Derivative[Di_,s_A_|]:=
sf1Derivative[Di, A]/;NumberQ|s]

01Derivative[Di_, SuperInfo[CO[{th1__}, {th2__}],SP[a_,b_ c_,d]]]:=
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ODelta[Di, 01[th1]]SuperInfo[CO[{ZR }, {th2}], SP|a, b, ¢, d]|
01Derivative[Di_, 0]:=0

Clear[#2Derivative]
HoldPattern[#2Derivative[Di_, A_ + B_]]:=
02Derivative[Di, A] + 82Derivative[Di, B]
HoldPattern[#2Derivative[Di_, s_A_]]:=

s62Derivative[Di, A]/;NumberQ|s]

02Derivative[Di_, SuperInfo[CA[{th1__}, {th2__}],SP[a_,b_,c_,d]]]:=
6Delta[Di, #2[th2]|SuperInfo[CO[{th1}, {ZR}], SP[a, b, ¢, d]]
02Derivative[Di_, 0]:=0

Select Pole
Clear[CSPQ)]
CSPQ[SP[a_,b_,c_,d_]]:=True

Clear[SelPole]

HoldPattern[SelPole[A_+ B_,p_]]:=
SelPole[A, p] + SelPole[B, p]

HoldPattern[SelPole[s_A_, p_]]:=
sSelPole[A, p|/;CSPQ[A]&&NumberQ]s]

SelPole[SP[a_, b_, c_,d_], wantPole_]:=
Delta[Re|c| + Im[c], wantPole] * SuperOPE|a, b, Re[c], d]

Result

$RecursionLimit = Infinity
00

SChegl[1, 0]:=01[ZR]
SChcg2[1, 0] = 02[ZR];
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SChegl[2,i.]:=01[i]
SChcg2[2,i]:=02]i]

SChcgl|[3,1] = 61[2, 3];
SChegl|[3,2] = 01[3,1];
SChegl|3,3] = 61[1,2];

SCheg2[3,1] = 62[2, 3);
SCheg2[3, 2] = 623, 1];
SChcg2[3, 3] = 621, 2];

SChcgl[4,0] = 11,2, 3];

SCheg2[4, 0] = 62[1,2, 3];

Clear[DelZR]
HoldPattern[DelZR[A_+ B_]|:=
DelZR[A] + DelZR[B]
HoldPattern[DelZR[s_A_]]:=
sDelZR[A]/;NumberQ[s]
DelZR[SuperInfo[CO[{ZR}, {ZR}], SP[a_, b_, c_,d_]]]:=SP[a, b, ¢, d]

Clear[normalcoeff]
normalcoeff = {(i/2)71, (i/2)71, (1/2)71,1};
SuperOPE[3,2,1,6]; 2-> Phi_{4,2}

That is -> SuperOPE][ , , ,x] —>Theta[x]

Clear|[DeSuperSpace]

DeSuperSpace[{comp1_, subcompl_}, {comp2_, subcomp2_}, wantPole_|:=
normalcoeff[[comp1]] * normalcoeff[[comp2]] * LHSign[comp1, comp2]x*
SelPole[DelZR[#2Derivative[SChcg2[comp2, subcomp?2],
01Derivative[SChcgl[compl, subcompl], SUPEROPEframel]||, wantPole]
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normalcoeff

convention SpJ3 = LU+ 0" LJ[1]+637LG[i]+63Ts compensates 3

SuperSpace Library Construction

SpJ3 = $U+ 0" LJ[1]+63 " LGi]+630Ts
GrassB= even number of #, GrassF= odd number of

FieldB= Boson, FieldF= Fermion,

SpJ3 = {{{ZR}, (:/2)¥, GrassB, FieldF}, {{1}, (i/2)J[1], GrassF, FieldB},
{{2}, (¢/2)J 2], GrassF, FieldB}, {{3}, (i/2)J[3], GrassF, FieldB},

{{1,2}, (1/2)G[3], GrassB, FieldF}, {{3, 1}, (1/2)G|2], GrassB, FieldF},
{{2,3}, (1/2)G[1], GrassB, FieldF}, {{1, 2, 3}, Ts, GrassF, FieldB} };

SpPhi3H = {{{ZR}, (:/2)Phi3Hcp1[3/2], GrassB, FieldF},
{{1}, (i/2)Phi3Hcp2[1, 2], GrassF, FieldB},

{{2}, (i/2)Phi3Hcp2[2, 2], GrassF, FieldB},

{{3}, (i/2)Phi3Hcp2[3, 2], GrassF, FieldB},

{{2,3}, (1/2)Phi3Hcp3([L, 5/2], GrassB, FieldF},
{{3,1}, (1/2)Phi3Hcp3|2, 5/2], GrassB, FieldF},
{{1,2}, (1/2)Phi3Hcp3[3, 5/2], GrassB, FieldF},
{{1,2, 3}, Phi3Hcp4[3], GrassF, FieldB} };

SpPhi2 = {{{ZR}, (/2)Phi2cp1[2], GrassB, FieldB},
{{1}, (i/2)Phi2¢cp2[1, 5/2], GrassF, FieldF},

{{2}, (¢/2)Phi2cp2[2, 5/2], GrassF, FieldF},

{{3}, (i/2)Phi2cp2[3, 5/2], GrassF, FieldF },

{{2,3}, (1/2)Phi2cp3[1, 3], GrassB, FieldB},

{{3,1}, (1/2)Phi2cp3[2, 3], GrassB, FieldB},

{{1,2}, (1/2)Phi2¢cp3[3, 3], GrassB, FieldB},

{{1,2, 3}, Phi2cp4[7/2], GrassF, FieldF} };

SpPhi5H = {{{ZR}, (i/2)Phi5Hcp1[5/2], GrassB, FieldF},
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{{1}, (i/2)Phi5Hcp2[1, 3|, GrassF, FieldB},
{{2}, (i/2)Phi5Hcp2[2, 3|, GrassF, FieldB},
{{3}, (i/2)Phi5Hcp2[3, 3|, GrassF, FieldB},
{{2,3}, (1/2)Phi5Hcp3|[1, 7/2], GrassB, FieldF},
{{3,1}, (1/2)Phi5Hcp3[2, 7/2], GrassB, FieldF},
{{1,2}, (1/2)Phi5Hcp3[3, 7/2], GrassB, FieldF},
{{1,2, 3}, Phi5Hcp4[4], GrassF, FieldB} };

SpPhi3[orth]:={{{ZR}, (i/2)Phi3cp1[3, {orth}], GrassB, FieldB},
{{1}, (¢/2)Phi3cp2[1, 7/2, {orth}], GrassF, FieldF},

{{2}, (:/2)Phi3cp2|[2, 7/2, {orth}], GrassF, FieldF},

{{3}, (i/2)Phi3cp2[3, 7/2, {orth}], GrassF, FieldF},

{{2,3}, (1/2)Phi3cp3[1, 4, {orth}], GrassB, FieldB},

{{3,1}, (1/2)Phi3cp3[2, 4, {orth}], GrassB, FieldB},

{{1,2}, (1/2)Phi3cp3|[3, 4, {orth}|, GrassB, FieldB},
{{1,2,3},Phi3cp4[9/2, {orth}], GrassF, FieldF}};

SpNewPhi3H = {{{ZR}, (i/2)NewPhi3Hcp1[3/2], GrassB, FieldF},
{{1}, (¢/2)NewPhi3Hcp2[1, 2], GrassF, FieldB},

{{2}, ({/2)NewPhi3Hcp2[2, 2], GrassF, FieldB},

{{3}, (/2)NewPhi3Hcp2[3, 2], GrassF, FieldB},

{{2, 3}, (1/2)NewPhi3Hcp3[1, 5/2], GrassB, FieldF},

{{3,1}, (1/2)NewPhi3Hcp3[2, 5/2|, GrassB, FieldF },

{{1,2}, (1/2)NewPhi3Hcp3[3, 5/2], GrassB, FieldF },

{{1,2, 3}, NewPhi3Hcp4[3], GrassF, FieldB}};

SpNNewPhi3H[orth_|:=

{{{ZR}, (i/2)NNewPhi3cp1[3/2, {orth}], GrassB, FieldF},
{{1}, (¢/2)NNewPhi3cp2[1, 2, {orth}], GrassF, FieldB},
{{2}, (/2)NNewPhi3cp2[2, 2, {orth}], GrassF, FieldB},
{{3}, (i/2)NNewPhi3cp2[3, 2, {orth}], GrassF, FieldB},

{{2, 3}, (1/2)NNewPhi3cp3[1,5/2, {orth}], GrassB, FieldF},
{{3,1}, (1/2)NNewPhi3cp3[2, 5/2, {orth}], GrassB, FieldF },
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{{1,2}, (1/2)NNewPhi3cp3[3, 5/2, {orth}], GrassB, FieldF },
{{1,2, 3}, NNewPhi3cp4[3, {orth}], GrassF, FieldB}};

SpNewPhi2 = {{{ZR}, (i/2)NewPhi2cp1|2], GrassB, FieldB},
{{1}, (¢/2)NewPhi2cp2[1, 5/2], GrassF, FieldF},

{{2}, (i/2)NewPhi2cp2[2, 5/2], GrassF, FieldF},

{{3}, (i/2)NewPhi2cp2[3, 5/2], GrassF, FieldF},

{{2, 3}, (1/2)NewPhi2cp3|1, 3], GrassB, FieldB},

{{3,1}, (1/2)NewPhi2cp3([2, 3], GrassB, FieldB},

{{1,2}, (1/2)NewPhi2cp3|3, 3|, GrassB, FieldB},

{{1,2, 3}, NewPhi2cp4[7/2], GrassF, FieldF } };

SpNNewPhi5H = {{{ZR}, (:/2)NNewPhi5Hcp1[5/2], GrassB, FieldF},
{{1}, ({/2)NNewPhi5Hcp2[1, 3|, GrassF, FieldB},

{{2}, ({/2)NNewPhi5Hcp2|[2, 3|, GrassF, FieldB},

{{3}, (i/2)NNewPhi5Hcp2|3, 3], GrassF, FieldB},

{{2,3}, (1/2)NNewPhi5Hcp3[L, 7/2], GrassB, FieldF},

{{3,1}, (1/2)NNewPhi5Hcp3|2, 7/2], GrassB, FieldF},

{{1,2}, (1/2)NNewPhi5Hcp3[3, 7/2], GrassB, FieldF},

{{1,2, 3}, NNewPhi5Hcp4[4], GrassF, FieldB}};

SpNewPhi5H|[orth_|:=

{{{ZR}, (i/2)NewPhi5Hcp1[5/2, {orth}], GrassB, FieldF'},
{{1}, (¢/2)NewPhi5Hcp2[1, 3, {orth}], GrassF, FieldB},
{{2}, ({/2)NewPhi5Hcp2[2, 3, {orth}], GrassF, FieldB},
{{3}, (i/2)NewPhi5Hcp2[3, 3, {orth}], GrassF, FieldB},

{{2, 3}, (1/2)NewPhi5Hcp3[1, 7/2, {orth}], GrassB, FieldF },
{{3,1}, (1/2)NewPhi5Hcp3[2, 7/2, {orth}], GrassB, FieldF},
{{1,2}, (1/2)NewPhi5Hcp3[3, 7/2, {orth}], GrassB, FieldF },
{{1, 2,3}, NewPhi5Hcp4[4, {orth}], GrassF, FieldB}};

SpNewPhi3[orth_|:={{{ZR}, (i/2)NewPhi3cp1|[3, {orth}], GrassB, FieldB},
{{1}, (i/2)NewPhi3cp2[1, 7/2, {orth}], GrassF, FieldF},
{{2}, (¢/2)NewPhi3cp2[2, 7/2, {orth}], GrassF, FieldF},
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{{3}, (i/2)NewPhi3cp2[3, 7/2, {orth}], GrassF, FieldF},
{{2,3}, (1/2)NewPhi3cp3|1, 4, {orth}|, GrassB, FieldB},
{{3,1}, (1/2)NewPhi3cp3[2, 4, {orth}]|, GrassB, FieldB},
{{1,2}, (1/2)NewPhi3cp3|[3, 4, {orth}]|, GrassB, FieldB},
{{1, 2,3}, NewPhi3cp4[9/2, {orth}], GrassF, FieldF} };

SpNNewPhi3 = {{{ZR}, (i/2)NNewPhi3cp1|[3|, GrassB, FieldB},
{{1}, (¢/2)NNewPhi3cp2[1, 7/2], GrassF, FieldF},

{{2}, (i/2)NNewPhi3cp2[2, 7/2], GrassF, FieldF},

{{3}, (i/2)NNewPhi3cp2[3, 7/2|, GrassF, FieldF},

{{2, 3}, (1/2)NNewPhi3cp3[1, 4], GrassB, FieldB},

{{3,1}, (1/2)NNewPhi3cp3[2, 4], GrassB, FieldB},

{{1,2}, (1/2)NNewPhi3cp3[3, 4], GrassB, FieldB},

{{1, 2,3}, NNewPhi3cp4[9/2], GrassF, FieldF} };

SpNewPhi7H[orth_|:=

{{{ZR}, (i/2)NewPhi7Hcp1[7/2, {orth}], GrassB, FieldF},
{{1}, (¢/2)NewPhi7Hcp2[1, 4, {orth}], GrassF, FieldB},
{{2}, (/2)NewPhi7Hcp2[2, 4, {orth}], GrassF, FieldB},
{{3}, (i/2)NewPhi7Hcp2[3, 4, {orth}], GrassF, FieldB},
{{2,3}, (1/2)NewPhi7Hcp3[1,9/2, {orth}], GrassB, FieldF'},
{{3,1}, (1/2)NewPhi7Hcp3[2,9/2, {orth}], GrassB, FieldF },
{{1,2}, (1/2)NewPhi7Hcp3[3,9/2, {orth}|, GrassB, FieldF},
{{1, 2,3}, NewPhi7Hcp4[5, {orth}], GrassF, FieldB}};

SpNewPhi4 = {{{ZR}, (i/2)NewPhi4cp1[4], GrassB, FieldB},
{{1}, (¢/2)NewPhidcp2[1,9/2], GrassF, FieldF},

{{2}, ({/2)NewPhidcp2[2,9/2], GrassF, FieldF},

{{3}, (i/2)NewPhidcp2[3,9/2], GrassF, FieldF},

{{2, 3}, (1/2)NewPhidcp3|1, 5], GrassB, FieldB},

{{3,1}, (1/2)NewPhidcp3|2, 5], GrassB, FieldB},

{{1,2}, (1/2)NewPhidcp3|3, 5|, GrassB, FieldB},

{{1,2, 3}, NewPhidcp4[11/2], GrassF, FieldF}};
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Clear[ZeroQ)]
ZeroQ[0]:=True
ZeroQ)[i-]:=False/;i # 0

Clear[OneQ)]

OneQ|1]:=True

OneQ[i]:=False/;i # 1

Clear[CDerQ)]

CDerQ[A List, B_List]:=True

CDerQ[A List, B_List]:=False/;Intersection[A, B] # {}

Clear|[TransG]
TransG|[GrassB|:=GrassF
TransG|GrassF|:=GrassB

Clear[GrMW]

GrMW[{w1.}, {w2_}|:={wl, w2}
GrMW([{w1.}, {ZR}]:={w1}
GrMW[{ZR}, {w2_}]:={w2}
GrMW([{w1.}, {w1._}]:=Wrong

Clear[DGrMW]

DGrMWI[i, A_List]:=

Delete[A[[1]], Position[A[[1]], Intersection[{s}, A[[]|[[L[[1]1/;
Delete[A[[1]], Position[A[[1]], Intersection[{s}, A[[]]][[1]]][[1]]] #
{}

DGrMW|[i_, A List]:={ZR}

Clear[DOPpt]

DOPpt[i_, A _List]:=

{GrMW/[{:}, A[[1]]], Derivative[1][A[[2]]], TransG[A[[3]]], A[[4]]}/;
CDerQ[{i}, Al[]]

DOPpt[i_, A _List]:=
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{DGrMW[i, A], (—1)V+Positionl AL AN A[[2]], TransG[A[[3]]], All4]]} /3
OneQ[Count[A[[1]], 7]]

Clear[DOP]
DOPY[i_, A List]:={DOPptl[i, A[[1]]], DOPpt[i, A[[2]]],

DOPpt[i, A[[3]]], DOPpt[i, A[[4]]], DOPptl[:, A[[5]l], DOPpt[i, A[[6]],
DOPpt[i, A[[7]]], DOPpt[, A[[8]]]}

Clear|[TRT]
TRT[{n1__}]:=62[n1]

Clear[SF]
SFA Listli= 3°8,_, (TRT[A[xU][[L]]] « Alix][[2]);

DJ[i__] ~ D-J
DSpPhi3H[i__] ~ D*-®(/2)
Clear[DJ]
DJ[i_, j-, kay_]:=SF[DOP[i, DOP[j, DOP[kay, SpJ3]]]]
DIJ[i,j.]:=SF[DOPJi, DOP[j, SpJ3]]]
DJ[i]:=SF[DOP[;, SpJ3]]
DJ[0]:=SF[SpJ3]
Clear[DSpPhi3H]
DSpPhi3H[i_, j_, kay_]:=SF[DOP[i, DOP[j, DOP[kay, SpPhi3H]]|]
DSpPhi3H[i_, j]:=SF[DOP[i, DOP[j, SpPhi3H]]]
DSpPhi3H[i_]:=SF[DOP][;, SpPhi3H]]
DSpPhi3H[0]:=SF[SpPhi3H]
Clear|[DSpPhi2]
DSpPhi2[i_, j., kay_]:=SF[DOP[i, DOP[j, DOP [kay, SpPhi2]]]
DSpPhi2[i_, j-]:=SF[DOP};, DOP[j, SpPhi2]]]
DSpPhi2[i_]:=SF[DOP[i, SpPhi2]|
DSpPhi2[0]:=SF[SpPhi2]
Clear[DSpPhi5H]
DSpPhisHIi_, j_, kay_]:=SF[DOPJ;, DOP[j, DOP[kay, SpPhi5H]]]]
DSpPhi5HIi_, j]:=SF[DOP[i, DOP[j, SpPhi5H]]]
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DSpPhi5H[i_]:=SF[DOPJ;, SpPhi5H]]
DSpPhi5H|[0]:=SF[SpPhi5H]

Clear[DSpPhi3]

DSpPhi3|[i_, j-, kay_, {orth_}]:=

SF[DOP[i, DOP|j, DOP [kay, SpPhi3[orth]]]]]

DSpPhi3|i, j-, {orth_}]:=SF[DOP][i, DOP|j, SpPhi3[orth]]]]
DSpPhi3|[i_, {orth_}]:=SF[DOP[i, SpPhi3[orth]]]
DSpPhi3[0, {orth_}]:=SF[SpPhi3[orth]]|
Clear[DSpNewPhi3H]

DSpNewPhi3H[i_, j_, kay_|:=SF[DOP:i, DOP[j, DOP [kay, SpNewPhi3H]|]]
DSpNewPhi3H[i_, j.J:=SF[DOP[i, DOP[;, SpNewPhi3H]]]
DSpNewPhi3H[i_|:=SF[DOP[i, SpNewPhi3H]]
DSpNewPhi3H[0]:=SF[SpNewPhi3H]

Clear[DSpNNewPhi3H]

DSpNNewPhi3H][i_, j_, kay_, {orth_}]:=

SF[DOPYi, DOP[j, DOP[kay, SpNNewPhi3H[orth][[]]

DSpNNewPhi3H[i_, j_, {orth_}|:=SF[DOP[:, DOP|j, SpNNewPhi3H|orth]]]]
DSpNNewPhi3H][i_, {orth_}|:=SF[DOP|:, SpNNewPhi3H|[orth]]]
DSpNNewPhi3H[0, {orth_}|:=SF[SpNNewPhi3H|orth]]
Clear[DSpNewPhi2]

DSpNewPhi2[i_, j_, kay_|:=SF[DOP[:, DOP[j, DOP [kay, SpNewPhi2]]]]
DSpNewPhi2[i_, j.|:=SF[DOP[i, DOP[j, SpNewPhi2]]]
DSpNewPhi2[i_|:=SF[DOP|i, SpNewPhi2]]
DSpNewPhi2[0]:=SF[SpNewPhi2]

Clear[DSpNNewPhi5H]

DSpNNewPhi5H[i_, j., kay_]:=SF[DOP[i, DOP[j, DOP [kay, SpNNewPhi5H]||
DSpNNewPhi5H][i_, j_]:=SF[DOP[i, DOP[j, SpNNewPhi5H]]]
DSpNNewPhi5H[i_]:=SF[DOP[i, SpNNewPhi5H]]
DSpNNewPhi5H|[0]:=SF[SpNNewPhi5H]

Clear[DSpNewPhi5H]
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DSpNewPhi5H[i_, j., kay_, {orth_}]:=

SF[DOP[i, DOP[j, DOP[kay, SpNewPhi5H]orth]|]|]

DSpNewPhi5H[i_, j-, {orth_}]:=SF[DOP][i, DOP[j, SpNewPhi5H|[orth]]]]
DSpNewPhi5H[i_, {orth_}]:=SF[DOP[i, SpNewPhi5H]orth]]]
DSpNewPhi5H[0, {orth_}]:=SF[SpNewPhi5H|[orth]]

Clear[DSpNewPhi3]

DSpNewPhi3l[i_, j_, kay_, {orth_}]:=

SF[DOP[i, DOP[j, DOP/[kay, SpNewPhi3[orth]]]]]

DSpNewPhi3l|i_, j—, {orth_}]:=SF[DOP[i, DOP[j, SpNewPhi3[orth]]]]
DSpNewPhi3[i_, {orth_}]:=SF[DOP][i, SpNewPhi3[orth]]]
DSpNewPhi3|[0, {orth_}|:=SF[SpNewPhi3[orth]]

Clear[DSpNNewPhi3]

DSpNNewPhi3li_, j_, kay_]:=SF[DOP[i, DOP[j, DOP [kay, SpNNewPhi3]]]]
DSpNNewPhi3li_, j.J:=SF[DOP[i, DOP[;, SpNNewPhi3]]
DSpNNewPhi3[i_]:=SF[DOP[i, SpNNewPhi3]]
DSpNNewPhi3[0]:=SF[SpNNewPhi3]

Clear[DSpNewPhi7H]

DSpNewPhi7H[i_, j_, kay_, {orth_}]:=

SF[DOP[i, DOP[j, DOP[kay, SpNewPhi7H]orth]]]|]

DSpNewPhi7H[i_, j_, {orth_}]:=SF[DOP[i, DOP[j, SpNewPhi7H|[orth]]]]
DSpNewPhi7H[i_, {orth_}|:=SF[DOP[:, SpNewPhi7H[orth]|]
DSpNewPhi7H]0, {orth_}]:=SF[SpNewPhi7H[orth]]

Clear[ DSpNewPhi4]

DSpNewPhid[i_, j_, kay_]:=SF[DOP[i, DOP[j, DOP [kay, SpNewPhid]||]
DSpNewPhid[i_, j]:=SF[DOP[i, DOP[j, SpNewPhid]|
DSpNewPhid[i_]:=SF[DOP[i, SpNewPhi4]]
DSpNewPhi4[0]:=SF[SpNewPhi4]

Clear[TLDJ]
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TLDJ[1] = DJ[3,2);
TLDJ[2] = DJ[1, 3);
TLDJ[3] = DJ[2,1];

Clear[TLDSpPhi3H]

TLDSpPhi3H[1] = DSpPhi3H[3, 2];
TLDSpPhi3H|[2] = DSpPhi3H[L, 3];
TLDSpPhi3H[3] = DSpPhi3H][2, 1];

Clear[TLDSpPhi2]

TLDSpPhi2[1] = DSpPhi2[3, 2|;
TLDSpPhi2[2] = DSpPhi2[1, 3|;
TLDSpPhi2[3] = DSpPhi2[2, 1];

Clear[TLDSpPhi5H]

TLDSpPhi5H[1] = DSpPhi5H][3, 2];

TLDSpPhi5H|[2] = DSpPhi5H][L, 3];

TLDSpPhi5H([3] = DSpPhi5H[2, 1];

Clear[TLDSpPhi3]

TLDSpPhi3[1, {orth_}]:=DSpPhi3(3, 2, {orth}];

TLDSpPhi3[2, {orth_}]:=DSpPhi3[1, 3, {orth}];

TLDSpPhi3[3, {orth_}]:=DSpPhi3[2, 1, {orth}];
Clear[TLDSpNewPhi3H]|

TLDSpNewPhi3H[1] = DSpNewPhi3H[3, 2];
TLDSpNewPhi3H|[2] = DSpNewPhi3H][1, 3|;
TLDSpNewPhi3H[3] = DSpNewPhi3H][2, 1];
Clear[TLDSpNNewPhi3H]

TLDSpNNewPhi3H[1, {orth_}]:=DSpNNewPhi3H][3, 2, {orth}];
TLDSpNNewPhi3H[2, {orth_}]:=DSpNNewPhi3H][1, 3, {orth}];
TLDSpNNewPhi3H[3, {orth_}|:=DSpNNewPhi3H|2, 1, {orth}];

Clear[TLDSpNewPhi2]
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TLDSpNewPhi2[1] = DSpNewPhi2[3, 2];
TLDSpNewPhi2[2] = DSpNewPhi2[1, 3];
TLDSpNewPhi2[3] = DSpNewPhi2|[2, 1];

Clear[TLDSpNewPhi5H]|

TLDSpNNewPhi5H|[1] = DSpNNewPhi5H][3, 2];
TLDSpNNewPhi5H[2] = DSpNNewPhi5H][1, 3|;
TLDSpNNewPhi5H([3] = DSpNNewPhi5H][2, 1];

Clear[TLDSpNewPhi5H]

TLDSpNewPhi5H[1, {orth_}]:=DSpNewPhi5H][3, 2, {orth}];
TLDSpNewPhi5H|2, {orth_}|:=DSpNewPhi5H][1, 3, {orth}];
TLDSpNewPhi5H[3, {orth_}]:=DSpNewPhi5H][2, 1, {orth}];

Clear[TLDSpNewPhi3]

TLDSpNewPhi3[1, {orth_}]:=DSpNewPhi3[3, 2, {orth}];
TLDSpNewPhi3[2, {orth_}]:=DSpNewPhi3|1, 3, {orth}];
TLDSpNewPhi3[3, {orth_}]:=DSpNewPhi3[2, 1, {orth}];

Clear[TLDSpNNewPhi3]

TLDSpNNewPhi3[1] = DSpNNewPhi3[3, 2];
TLDSpNNewPhi3[2] = DSpNNewPhi3([1, 3|;
TLDSpNNewPhi3[3] = DSpNNewPhi3[2, 1];
Clear[TLDSpNewPhi7H]

TLDSpNewPhi7H[1, {orth_}]:=DSpNewPhi7H|[3, 2, {orth}];
TLDSpNewPhi7H|2, {orth_}|:=DSpNewPhi7H][1, 3, {orth}];
TLDSpNewPhi7H[3, {orth_}]:=DSpNewPhi7H[2, 1, {orth}];

Clear[TLDSpNewPhi4]
TLDSpNewPhi4[1] = DSpNewPhi4[3, 2];
TLDSpNewPhi4[2] = DSpNewPhi4[1, 3|;
TLDSpNewPhi4[3] = DSpNewPhi4|2, 1];
Derivative[n_|[0]:=0

NOJ[0,X]:=0
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NO[X_, 0]:=0

SUPERD|SpD|[A,B]] Leibniz’s rule, Single Di derivative mnot D"ij...
Add scll scl2 sc22 if needed
Shoud be CoeffQ = True

Clear[CoeffQ)]
HoldPattern[CoeffQ[A- + B_]|:=CoeffQ[A]
HoldPattern[CoeffQ[s_A_]|:=CoeffQ[A] /;NumberQ|s]

CoeffQ[scl1[x_]]:=True

CoeffQ[sc12[x_]]:=True

CoeffQ[sc22[x_]]:=True

CoeffQ[newsc12[x_|]:=True

CoeffQ[0]:=True

Clear[ConfD]

ConfD[OP_]:=

False/;Factor[Solve[GetCoefficients| OPEPole[2][Ts, OP] — hxOP] == 0, hx]][[
1,1,2)] == 0

ConfD|[Derivative[n_|][OP_]]:=

False/;Factor[Solve[GetCoefficients| OPEPole[2][Ts, OP] — hxOP] == 0, hx]][[
1,1,2]]==0

ConfD[OP_]:=

Factor[Solve[GetCoefficients| OPEPole[2][Ts, OP] — hxOP] == 0, hx]|[[1, 1, 2]]
ConfD[Derivative[n_][OP_]]:=

Factor[Solve[GetCoefficients| OPEPole[2][Ts, OP] — hxOP] == 0, hx]|[[1, 1,2]]
ConfD[Onel:=0

Clear[BFOP]
HoldPattern[BFOP[s_B_]|:=BFOP|[B] /;NumberQ|s]
HoldPattern[BFOP [Derivative[i_|[B_|]:=BFOP[B]

BFOP[Ts:=1
BFOP[J[x_]]:=1
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BFOP[G[x]]:=—1
BFOP[¥]:= -1

BFOP[OP_J:= — 1/;0ddQ[2ConfD[OP]]
BFOP[OP_]:= + 1/;EvenQ[2ConfD[OP]]

Clear[Sub#2ZR]

Sub§2ZR[X_]:=

X/.{62[ZR] — 1,62[1] — 0,62[2] — 0,62[3] — 0,62[1,2] — 0,
92[1,3] — 0,62[2,3] — 0,62[1,2,3] — 0}

Clear[DtransSign|
DtransSign[X__|:=BFOP[Sub§2ZR|[X]]

Clear[M62]
Mo2[{B_}]:=62[B]
Clear[62zeroQ)
92zeroQ[02[ZR]]:=True
Clear[#2notzeroQ]
92notzeroQ[02[ZR]]:=False
92notzeroQ[82[X_]:=True

Clear[SUPERD)]

HoldPattern[SUPERD[Di_, A_ + B_]|:=
SUPERDID, A] + SUPERD[D, B]
HoldPattern[SUPERD[Di_, ce_A_|]:=
ceSUPERD|Di, A]/;CoeffQ[ce]
HoldPattern[SUPERD[Di_, A_ce_||:=
ceSUPERD|Di, A]/;CoeffQ]ce]
HoldPattern[SUPERD|[Di_,s_A_]|:=
sSUPERDID}, A]/;NumberQ|s]
HoldPattern[SUPERDI[Di_, Derivative[i_][A_]]]:=
Derivative[i][SUPERD|Di, A]]
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HoldPattern[SUPERD[Di_, SpD[A__, B_]]]:=
SpD[SUPERDID, A], B] + DtransSign[A] * SpD[A, SUPERDI|Di, BJ]

SUPERD|Di_, X_02[y_]|:=

02[Di, y] X /;Intersection[{Di}, {y}] # {Di}&&62notzeroQ[02[y]]
SUPERDIDi_, X_82[y_]}:=

(1) +Positionliy} DIMIMNIM2[Complement [{y}, {Di}]| X /;
Complement[{y}, {Di}] # {}&&02notzeroQ[02[y]]
SUPERD|Di_, X__82[Di_]]:=02[ZR] X /;#2notzeroQ[62[y]]
SUPERD|Di_, X__02[y_|]:=602[Di]Derivative[1][ X]

SUPERDIDi_, 0):=0

SUPERDIDi_, One]:=0

Clear[TrNO]

TrNO[X ]:=

X /.{62[ZR] — 1,62[1] — 0,62[2] — 0,62[3] — 0,62[1,2] — 0,
62[1,3] — 0,62[2,3] — 0,62[1,2,3] — 0}/.{SpD — NO}

Clear[SCPOPE]

HoldPattern[SCPOPE[A_ + B.]]:=SCPOPE[A] + SCPOPE[B]
HoldPattern[SCPOPE[s_A_]]:=sSCPOPE[A] /;NumberQ|s]

SCPOPE[SuperOPE[a_, b_, c_, 0]]:=TrNO[SOPE][a, b, c]]
SCPOPE[SuperOPEJa_, b_, c_, 1]]:=TrNO[SUPERD|1, SOPE|a, b, c|]]

SCPOPE[SuperOPE[a_, b_, c_, 2]|:=TrNO[SUPERD|2, SOPE|a, b, c||]
SCPOPE[SuperOPEJa_, b_, c_, 3]]:=TrNO[SUPERD|3, SOPE]|a, b, c|]]
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SCPOPE[SuperOPE[a_, b_, c_, 4]:=TtNO[SUPERD(3, SUPERD|2, SOPE[a, b, c]]]]
SCPOPE[SuperOPE[a_, b_, c_, 5]):=TtNO[SUPERD[1, SUPERD|[3, SOPE]a, b, c]]]]
SCPOPE[SuperOPEJa_, b_, c_, 6]]:=TrNO[SUPERD|2, SUPERD|[1, SOPE[a, b, ¢]|]]

SCPOPE[SuperOPE[a_,b_, c_, 7]]:=
TrNO[SUPERDI3, SUPERD[2, SUPERD[1, SOPEJa, b, c]][]]
SCPOPE[0]:=0

A.3 The package for SOPE and its component approach
SpD = Super normal ordering
DJ[x]= D*J= J*

TLDJ[x]= D37 %J= J3°¢
DJ[3,2,1)=D3"9)=73-0

DspPhiX[ i |=D'®®)
Dsp New PhiX[ i |=D'®®) (New=Dbar)

Dsp NNew PhiX[ i ]=D®) (NNew= tilde)
TLDsp ... [i]] —> D3¢

SOPE[ number of theta +1 , i, pole] <—— 614 (...)

SOPE[4 , 0, pole] <— £2(.)

[ Zroe
SOPE[ 3 i, pole] <— 2(..)
SOPE[ 2 , i, pole] <— 28 (...)
SOPE[1 , 0, pole] <— ﬁ(...)

SOPE[4, 0, 3]:=newsc12[1]DSpNewPhi2[0] + sc12[2]SpD[DJ[0], DSpNewPhi3H|[0]]
SOPE[4, 0, 2]:=3 (newsc12[1]DSpNewPhi2[0] + sc12[2]SpD[DJ[0], DSpNewPhi3H[0]])’+
sc12[3] 3°2_, SpD[DJ[i], DSpNewPhi3H[i]] + sc12[4]SpD[DJ[0], DSpNewPhi3H[0]']+
sc12[5]SpD[DJ[0)', DSpNewPhi3H[0]] +

sc12[6] 33 _, 372 | Deltali, o] DSpNewPhi5H][i, {a}] + sc12[7]DSpNewPhi3H][3, 2, 1]+
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newscl2[8|DSpNNewPhi3|[0]

SOPE[4, 0, 1):=sc12[9]SpD[DJ[3, 2, 1], DSpNewPhi2[0]] + sc12[10]DSpNewPhi2[0]"+
3, (sc12[11]SpD[DJ[0], SpD[TLDJ[3], DSpNewPhi3H[i]]])+

sc12[12] 32, (SpD[DJ[0], SpD[DJ[i], SpD[DJ[], DSpNewPhi3H[0]]]])+

sc12[13] 33 _, (SpD[DJ[0], SpD[DJ[i], DSpNewPhi2[i]]])+

sc12[14] 33 _ 53 | (Deltali, o]SpD[DJ[0], SpD[DJ[i], DSpNewPhi5H[0, {a}]]])+
sc12[15] 3°3_, (SpD[DJ[0], SpD[DJ[i], TLDSpNewPhi3H][i]]])+

sc12[16] 33 _ 52  (Deltali, a]SpD[DJ[0], DSpNewPhi3[i, {a}]])+

>3, sc12[17]SpD[TLDJ[i], DSpNewPhi2[i]]+

o1 S Deltali, of

(sc12[18]SpD[TLDJ[i], DSpNewPhi5H|0, {a}]] + sc12[19]DSpNewPhi5H][i, {a}]') +
3, 5c12[20]SpD[TLDJ[i], TLDSpNewPhi3H[3]] + sc12[21]DSpNewPhi3H|[3, 2, 1]'+
>3 (sc12[22]SpD[DJ[i], SpD[TLDJ[i], DSpNewPhi3H[0]]]+

sc12[23]SpD [DJ[i], DSpNewPhi3H][i]']) +

sc12[24] 33 (SpD[DJ[i], SpD[DJ[i], DSpNewPhi2[0]]])+

sc12[25]

Yot Yoy 33 S5, Deltali, o] Tmatirx[j, o, 8](SpD[DJ[i], DSpNewPhi5H[j, { 8}]])+
sc12[26] 3°3_, (SpD[DJ[i], TLDSpNewPhi2[i]])+

sc12[27] 323 _, 33 | Deltali, o](SpD[DJ[i], DSpNewPhi3[0, {a}]])+

sc12[28]SpD [DJ[0]', SpD[DJ[0], DSpNewPhi2[0]]] +

3, (sc12[29]SpD [DJ[i], DSpNewPhi3H[i]]) + sc12[30]SpD [DJ[0]”, DSpNewPhi3H[0]] +
sc12[31]SpD [DJ[0])’, DSpNewPhi3H[0]]' 4 sc12[32]SpD[DJ[0], DSpNewPhi3H[0]]” +
sc12[33] 33 _, 32 | Deltali, o] DSpNewPhi7H][i, {a}]+

sc12[34] 33 _ 572 | (Deltali, o] TLDSpNewPhi3[i, {a}]) + newsc12[35]DSpNewPhi4[0]+
3 (newsc12[1]DSpNewPhi2[0] + sc12[2]SpD[DJ[0], DSpNewPhi3H[0]])” +

sc12[3] 3°2_, SpD[DJ[i], DSpNewPhi3H[:]] + sc12[4]SpD[DJ[0], DSpNewPhi3H[0]']+

A~ W

sc12[5]SpD[DJ[0]’, DSpNewPhi3H][0]]+
sc12[6] 32 _, 372 | Deltali, o] DSpNewPhi5H[i, {a}] + sc12[7]DSpNewPhi3H][3, 2, 1]+
newscl2[8]DSpNNewPhi3[0])’
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SOPE[3,id., 2]:=newsc12[36] >3 _, Deltalid, o]DSpNewPhi5H[0, {a}]+
sc12[37]DSpNewPhi2[id] + sc12[38] TLDSpNewPhi3H][id]+
sc12[39]SpD[DJ[0], DSpNewPhi3H][id]] + sc12[40]SpD[DJ|id], DSpNewPhi3H[0]]

SOPE[3,id_, 1]:=sc12[41]SpD[DJ[0], SpD[TLDJ|id], DSpNewPhi3H[0]]]
+s¢12[42]SpD[DJ[0], SpD[DJ[id], DSpNewPhi2[0]]]+
>3_1 > #—1 Epsilon[id, j, k](sc12[43]SpD[DJ[0], SpD[DJ (5], DSpNewPhi3H[k]|]) —
scl12(44] x 33, 3 3°5_, (Delta[id, o] * Tmatirx[j, o, S]SpD[DJ[0], DSpNewPhi5H][j, { 8}]])+
sc12[45]SpD[DJ[0], TLDSpNewPhi2[id]]+
sc12[46] ¥ 3°3_, Deltal[id, o] * SpD[DJ[0], DSpNewPhi3[0, {a}]]+
sc12[47]SpD[TLDJ[id], DSpNewPhi2[0]] + sc12[48]DSpNewPhi2[id]'+

81 s, Epsilonfid, j, k]
(sc12[49]SpD[TLDJ([j], DSpNewPhi3H[k]]+
sc12[50] °3_, Epsilon[j, k, l]TLDSpNewPhi3H[l]’) +

31 > #—1 Epsilonid, j, k](sc12[51]SpD[DJ[5], DSpNewPhi2[k]])+

31 > 21 Epsilon(id, j, k](sc12[52] » SpD[DJ[5], TLDSpNewPhi3H][k]))+
(sc12[53]SpD [DJ[0]’, DSpNewPhi3H][id]] + sc12[54]SpD[DJ[0], DSpNewPhi3H[id]|') +
(sc12[55]SpD [DJ[id]’, DSpNewPhi3H[0]] + sc12[56]SpD[DJ[id], DSpNewPhi3H|[0])') +
sc12[57) * Yoy So5_) 35, Deltalid, o] Tmatirx[j, a, S]DSpNewPhi3[j, { 8}]+
sc12[58] DSpNNewPhi3[id]—

i:l Z?:l Z?,é=1 Deltalid, a| Tmatirx[j, a, ]
(sc12[59] TLDSpNewPhi5H[j, { 3}]+
5¢12[60] 5°3_; Tmatirx[j, §,7] * DSpNewPhisH[0, {1}]') +
newsc12[61] 323 _, Delta[id, o]DSpNewPhi7H[0, {a}]+
% (newsc12[36] 23 _; Delta[id, o] DSpNewPhi5H|0, {a}] + sc12[37]DSpNewPhi2[id]
+s¢12[38] TLDSpNewPhi3H[id] + sc12[39]SpD[DJ[0], DSpNewPhi3H][id]]+
sc12[40]SpD[DJ[id], DSpNewPhi3H[0]])’

SOPE[2,id_, 2]:=sc12[62]DSpNewPhi3H][id];

SOPE[2,id_, 1]:=newsc12[63] 3 _, (Deltafid, a]DSpNewPhi3[0, {a}])+
sc12[64] ( 3 Z?é:l E?ﬂ (Delta[id, o] Tmatirx[4, o, B]DSpNewPhi5H][j, {,3}])) +
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sc12[65] TLDSpNewPhi2[id] + sc12[66]SpD[DJ[0], DSpNewPhi2[id]]+
sc12[67] 33 _, Deltalid, o]SpD[DJ[0], DSpNewPhi5H[0, {a}]]+
sc12[68]SpD[DJ[0], SpD[DJ[id], DSpNewPhi3H[0]]]+
sc12[69]SpD[TLDJ[id], DSpNewPhi3H][0]] + sc12[70]SpD[DJ[id], DSpNewPhi2[0]]+
scl2[71] 3, (22=1 Epsilon[id, 7, ¥|(SpD[DJ[j], DSpNewPhi3H[k]])) +
sc12[72]DSpNewPhi3H[id]’;
SOPE[1,0, 2] = newsc12[73]|DSpNewPhi3H[0];
SOPE]1, 0, 1] = sc12[74]DSpNewPhi3H[0]';
3(3)a®  Jacobi Id.

Xn = {{1,0},{2,1},{2,2},{2,3},{3,1}, {3,2},{3,3}, {4,0}};

COMl1sp = {Phi3Hcpl [3], Phi3Hcp2[1, 2], Phi3Hcp2[2, 2], Phi3Hep2[3, 2],
Phi3Hep3 [1, 3] , Phi3Hcp3 [2, 3] , Phi3Hep3 [3, 5] , Phi3Hcp4[3]} ;
COM2sp = {Phi2cp1[2], Phi2cp2 [1, 3] , Phi2cp2 2, 3] , Phi2cp2 (3, 3] ,
Phi2cp3[1, 3], Phi2cp3(2, 3], Phi2cp3(3, 3], Phi2cp4 [2] } ;

Do[OPE[COM1sp|[Z1]], COM2sp|[Z2]]] =
MakeOPE[{OPESimplify[SCPOPE[DeSuperSpace[Xn[[Z1]], Xn[[Z2]], 7]], Simplify],
OPESimplify[SCPOPE[DeSuperSpace[Xn[[Z1]], Xn[[Z2]], 6]], Simplify],
OPESimplify[SCPOPE[DeSuperSpace[Xn[[Z1]], Xn[[Z2]], 5]], Simplify],
OPESimplify[SCPOPE[DeSuperSpace[Xn[[Z1]], Xn[[Z2]], 4]], Simplify],
OPESimplify[SCPOPE[DeSuperSpace[Xn[[Z1]], Xn[[Z2]], 3]], Simplify],
OPESimplify[SCPOPE[DeSuperSpace[Xn[[Z1]], Xn[[Z2]], 2]], Simplify],
OPESimplify[SCPOPE[DeSuperSpace[Xn[[Z1]], Xn[[Z2]], 1]], Simplify] }];
Print[COM1sp|[Z1]], COM2sp[[Z2]]], {Z1, 8}, {Z2, 8}]

J3Com = {V¥, J[1], J[2], J[3], G[1], G[2], G[3], Ts};

Clear|[TCH1, UTCH]]

TCH1 = Table[z, {n1,8}, {n2,1}, {n3, 8}];

Do[TCH1[[nl,n2,n3]] =

Simplify[GetCoefficients| OPEJacobi[J3Com|[[n1]], COM1sp[[n2]], COM2sp[[n3]]]]],
{n1,8},{n2,1}, {n3,8}]
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UTCH1 = Union|Flatten[TCH1]]

SUB = Simplify[Solve[UTCH1 == 0, Flatten[{ Array[sc12, 74]}]]]

Jacobi check
{{{0}}} —> Ok
Clear[TCH2, UTCH2]

TCH2 = Table[z, {n1, 8}, {n2, 8}, {n3, 8}];

Do[TCH2|[nl, n2,n3]] =

Simplify[GetCoefficients| OPEJacobi[J3Com[[n1]], COM1sp|[[n2]], COM2sp|[n3]]]/-
SUBJJ;

Iffn3 == 8,

Print|

{{Union[

Flatten[

Simplify[GetCoeflicients|

OPEJacobi[J3Com[[n1]], COM1sp[[n2]], COM2sp|[n3]]]/.SUB]]||},
nl,n2,n3}]], {nl, 8}, {n2, 8}, {n3, 8}]

UTCH2 = Union[Flatten[TCH2]]
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