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The fields (¥, &) and (5,77) can be identified as SL(2,R) doublets, ¥@ and 7®,
a =12, and the three scalar fields (&, [, ®) as a SL(2, R triplet, #%, i = 1,2,3. The index
and i are respectively raised and lowered by the volume form €45 of SL(2,RQ) and the Minkowski
metric 7;; of signature (2,1). Both BRST and antiBRST operators can be assembled into a
SL(2, R) doublet 5@ = (s, 5).
The horizontality condition {.) can be solved, with the introduction of three 0-form Lagrange
multipliers, 7,7, b and a 1-form T.

;o 8A=T —dse SA=W —dsé

| sW = —da® - o, 0] S =T —d4l - [¢, ]

| 5= —[e, @) 8 =—f— [,®]

‘l s =n— e & 3% = —|z, ]

| a=[®8]~c,n) sn=~[®,L] - [&n]
sL=1 ~[c, L] §L=-n-[g L]
=2, L] - [e,7) #1=(®, 8] - [c,7)
s =T - [¢,¥] U = —dad - [, )
5T = [®,%] - [¢, T) ST = —dan+ L, ¥] - [, %) - [5T]
se=® —¢? se=L-b
sE=b—[c, se=%-¢*
sh=|®,¢ - [e,2 sb=n+[¢e L]

These equations are not SL(2,R) covariant because of our simplest choice of the transfor-

mation of antighosts transformations, like s& = b - [¢,2]. By suitable redefinitions of auxiliary

fields, one can get, however, a manifestly SL(2, R) covariant formulation of the symmetry, as
follows:

sTA =0T —dye”

5™ = 20504, 5] ~ [¢7,
sy = 5T - ”'ﬂndﬁ‘pi-lcu.‘l’pl K o (i D3] = [c* mp]

e 1 )
o = Lot o 0y ST = Sdan® +0* P[0y, Wg) — e, 7
=5 :
1
s%cp = —d5b+ o' By — 3leeal

1 1 1 1
Ah = S g B, @ 1.5 o _ Lra
5% 30 +2a [®s, ea] + lz[t Jleas )] 2[,‘ )
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The Cartan algebra (that we will denote by the subindex (o)) is obtained by adding gauge
e L

transformations with parameters ¢ and &, from & and &, respectively. It reads :

E R
i a
s&,0p = 05T —a'p dati
1
3?.:)¢i = ic’im"iﬂ
The equivariant (Cartan) algebra is the one that will match by twist with the relevant part

of the twisted supersymmetry algebra. Its closure is only modulo gauge transformations, with

st = =20%7 5" [@:, ;)

suT = lidArp“‘ + o' P @y, )

parameters that are ghosts of ghosts.
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The complete Faddeev-Popov ghost dependent vector and scalar topo-
logical symmetries in seven dimensions

We now directly construet the scalar and vector BRST topological openxors the
equivariant analogs of which are 5%, and §7,. One -H:scalur Faddeev-Popov ghosts, ¢,&, 7, §,
which are associated to the equivariant BRST operators s(g,,é(,,,ﬁm,s(ﬂ, respectively.
The relations (14) suggests the following horizontality condition, with (d+s+3§+3+8)% = 0:
} (d4s+ 54548 (A 4 cta+|nly+IalF) + (A+c+ e+ |kly + xH)*
=F+¥+ T +g(R)(n47) 4iexC(V+¥) 4+ (L4 |s)(2+ L+ &) (18)

Itis SL(2,R) By construction, this equation has the following indetermination:

{s,8}+ (5,8} =0 (19)

This degeneracy is raised, owing to the introduction of the constant vector «, with,

ﬂ(s.6)=c~ (5.8} = —Lx f (20)

This relation is fulfilled by completing Eq. (18) by the following ones:

(d+s+6—i)(A1 et |nly) + (.‘1-{~::-0»|r=|-y)2

=F 4+ ¥ 4 g(K)n 4 ix x C(T) + (& + |s*d) (21)
(43548 +i)(A+c+ [clF) + (A + 8+ [xl5)?

=F 4T +g(R)f + 1 4 CH () 4 (B 4 |x?0)  (22)
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One has the closure relation s(':;‘sf(! = 0" %8 uge(P;). The Cartan vector algebra is:
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Invariant action

There are two gauge functions which fit in a fundamental multiplet of § L(2,K.), and satisfy:
7Pty =0 (28)

The action is defined as:

5= _% / Tr FAF +55,¥, (29)
M

Eq. (28) completely constrains the gauge function (up to a global scale factor), as follows:

o W= / Tr (*x{,H, Fxldi kB g x T+ J % Ugndahy - G'aﬂ'l’p *da®;
M
o i 1
2404, gl 5] - 20*a xbl0s, ha) + 5 % ersrxblY, h"]) (30)

The action (29) is 6% and s* invatiant. Indeed, one can check that it verifies:

1
rrs = —%[M”ﬁ FAF + 538 a® = _E/M“ me}i,c&@ (31

1 1 1
yzf Tr (m,ﬂ' +hed" s F 4 SErchh'thtK — ¥ at w“na) (32)
M

with

1 " 0 o
g = /M”I\- ( —ig(n),\((A —~ AYA(F + F) = (A - 4)%)
- % seprh! Lpa h® + %58 6ga (Sheh! - g.{.-‘@‘.))

These facts remind us that we are in the context of a N = 2 theory. The critical points of
the Morse function & in the field space are given by the equations "~ Daloea o TOFT
1 oenn and-
S F b vyl W] =0 » L."*

daxhpdl =0

Ol g qj\,- +he whu.a‘? Repamita L (',uwtqﬂ.

[« § empr susvspseTad™ |

e

T4, . A - .
AT w f—""‘t‘”‘-“?’/wmﬁ“ Hﬂ} S, & owd o Fuowm VEtad pade
ditermms $h oo (29,

Tist 6 Aamen’me wdsol o whls W= 4 Susy (“;’lfﬁ

7
(2
?

Expanding the action §, and integrating out T and H', reproduces the A = 4 action in its
twisted form w

i 1 .
S /,.‘, Tr (— FF*F 4 qdahe wdART 4 2049 x dg®; — XTI 4 dyWq | 2V & dyny

+ 2 lhr, XE) 4 Iy« WO, W]+ re xR, XK
= 2% 0" (B, xb] = 2% 0 Pna i, ] — 20" + B4, W)

1 " -
- E*{h,.hl][h’,h’l — 2% [®F, hf][®;, A1) - 4*[@’_@][@,@0

In fact, it is not necessary to ask SL(2, R)-invariance from the beginning. Rather, looking
for a 4, s and § invariant action, with ghost numbet zero, determines a unique action, Eq. (29).
This action has the additional SL(2,f) and § invariances. Thus the N’ = 4 supersymmetric
action is determined by the invariance under the action of only 6 generators s, 5,4, with a much
smaller internal symmetry than the §L(2, &.) R-symmetry, namely the ghost number symmetry.
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