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1 Introduction

One of the important characteristic of a topological twist [1, 2] is that the BRST charge
of a quantized topological field theory relates to a supercharge. Omne can construct a
new algebra which is called twisted superalgebra by using the twisting procedure. These
algebras consist of scalar, vector and tensor generators. The twisted supersymmetry is
investigated in various models and various dimensions [3-16]. We are especially interested
in Dirac-Kéhler twist [17] which is connected with lattice fermion. The advantage of this
twist is that ghost fields in the quantized topological field theory are directly related to the
gaugino or matter fields in supersymmetric theory and that an untwisted theory is easily
constructed from the twisted supersymmetric theory. A twisted superspace formalism are
then constructed from the twisted superalgebra [18, 19]. Twisted supersymmetric Yang-
Mills theories on the superspace formulation based on the Dirac-Kéahler twist was derived
in two and four dimensions [20, 21]. Three dimensional twisted supersymmetric Yang-Mills
theory was investigated in [22]. A recent development of the twisted superspace is that
a path-integral quantization procedure with respect to the subsuperspace which consists



of scalar and vector fermionic coordinates is proposed in four dimensional N=2 super
Yang-Mills case [23, 24].

In previous paper [25] we constructed a N=2 twisted superspace formalism with a cen-
tral charge using the Dirac-Kahler twist. Our formulation was based on a tensor formula-
tion coming from the Dirac-Kahler twisting procedure. We proposed a N=2 twisted multi-
plet with a central charge. This multiplet includes a bosonic vector field. We then proposed
a new off-shell twisted supersymmetric action and gave a gauge covariant version of this
action. It turned out that this action plus Donaldson-Witten action has the on-shell N=4
TSUSY and the four-dimensional Dirac-Kéhler twist is equivalent to the Marcus’s twist [26].

In this paper we propose a new N=2 twisted real form of the hypermultiplet with a
central charge [27-29]. This multiplet consist of a bosonic scalar and a bosonic self-dual
antisymmetric tensor fields. In this case a covariantized on-shell action similarly possesses
a N=4 twisted supersymmetry. An algebra of this symmetry is different from the Marcus’s
one. An assignment of ghost number is especially different in these theories. We insist that
this theory is equivalent to the Vafa-Witten theory [30, 31].

Another important motivation of this work comes from the recent study of lattice
SUSY. It is well known that the Dirac-K&hler fermion mechanism is well-defined on the
lattice [32-34]. Supersymmetric models with modified Leibniz rule on the lattice was stud-
ied in [35-38]. The characteristic of these models is that all of the twisted supersymmetries
are exactly defined on the lattice. Other models by using the Dirac-Kéhler fermion with-
out modified Leibniz rule possess the partial twisted supersymmetries. These models was
investigated in [39-49]. In the recent development of lattice SUSY, there are matrix formu-
lations on which we impose Zy orbifold conditions [50-66]. These models are constructed
under the orbifold condition coming from some global symmetries of some mother theories.
The lattice SUSY models based on the twisted SUSY may be related to the one based on
the matrix formulation.

This paper is organized as follows. In section 2 we give a brief introduction of the N=2
twisted superspace formulation with a central charge based on the Dirac-Kéhler twist. In
section 3 we propose a twisted real form of the hypermultiplet which is constructed by the
scalar and tensor superfields. we summarize a correspondence between the theories of the
N=2 hypermultiplets and the twisted theories. In section 4 we derive a Donaldson-Witten
theory coupling to the hypermultiplet. We show that the supersymmetries of the theory be-
come the N=4 twisted supersymmetry which is correspondence with Vafa-Witten type one.
In section 5 we reconstruct the N=4 twisted SYM theory with respect to the N=4 twisted
superspace formulation. We summarize the results in section 5. We provide several appen-
dices to summarize the notations and show the full transformation of on-shell N=4 TSUSY.

2 N = 2 twisted SUSY with central charge

In a previous paper [25] we derived the N=2 twisted SUSY algebra and superspace formal-
ism with a central charge with respect to the Dirac-Kéhler fermion [67, 68]. This algebra is
a twisted version of the ordinary N=2 SUSY algebra with a central charge [69, 70]. N = 2
twisted SUSY generators consist of a scalar, vector, anti-self-dual tensor and central charge



{sT, s;‘, 5;',/ and Z}. The algebra of the twisted supercharges are
{S+’ S:} = P,u’ {Sj’ S:} = _6X7MVPV’ {S+a Sj =0,
{st,s7} = Z, {s:,sj =02, {sh,s5} = 5X,BZ’ (2.1)

where the others (anti)commute, the capital {A} denotes the second rank tensor indices
uv and 51—51/700 (5;; p) is defined as 5;;7/)0 = 0up0ve — Ousdup — €uvpo- Through this paper we
consider the Euclidean flat spacetime.

We now introduce the N = 2 twisted superspace based on the algebras. The superspace

consist of the bosonic coordinates z,,, z and fermionic ones 0t, 9:, 9;;,, where 2z is a bosonic

parameter corresponding to the central charge Z and 0;@ are fermionic anti-self-dual tensor
parameters with 6, = —L€upe07P7. We define differential operators {QF, Qr, of, 2}
corresponding with the twisted supercharges {s™, sj, sj, Z} as follows:
0 i i, 0
= —— 4+ 0O, + -0 —
Q 96+ 2 Rt
0 i i i, 0
+ _ Yorg _tor gu T+t 9
Qu = ggrm T30 O 30w+ 30 g
0 i i,,0
+_ Y _tse+r ptpgr P+ 9
Qi = ggra ~ oaw? T 00
0
Z = —i&. (2.2)

These differential operators satisfy the following anticommuting relations:

{Q+’ Q,J[} = iaﬂ’ {Qj’ Q:} = _Z.(S;\r,;way’ {Q+? QJ/E} =0,
{@".0"=-2 {9l &} =-0uzZ, {9, Q5 =052, (23

where 89%9; = 5;{’ p and Z commutes all the differential operators. The sign of the space-
time derivative is reversed with respect to the algebra (2.1). We then introduce differential

operators {DT, D:, Dj} which anticommute with the differential operators {Q™, Ql‘f, Qj},

d i i .0
+ - 7 _ Zptm _ "t 7
p 00+ 26 On 26 0z’
9 i i i .0
+ _ _ "pt “pt v " pt+ 7
D} = TR 20 3u+29,w0 2% 5o
d i i 0
+ +  ptrao +
DY = WJF?SAMH Py° — 5%@- (2.4)

These operators {DT, DZ, D} satisfy the following relations:

{D*, D} = —id,, {D}, D} =i} w0 {DT,Di} =0,
{D*, D"} = Z, {D}. D)} =02, (D}, D} =64 52, (2.5)

where Z commutes these operators {DT, DZ, Dt



3 A new twisted hypermultiplet

In the previous paper we constructed the twisted multiplet introducing the bosonic su-
perfield with vector index. We now introduce bosonic superfields with a scalar and an
anti-self-dual tensor indices, VT and V;; respectively. Since a general superfield has many
component fields, we need to eliminate superfluous fields. We then use the R-symmetry
in order to impose a condition on the superfield. We also introduce R-transformations for
the superfield VT, V;{ and supercharges:

RVt = —§V+,

RVE = 445 V* = gl VO,

st: = —%52;”54'”,

st‘L = —%si",

Rish = 20hn 5" — tThpo 570,

st: = —%5j’ws+”, (3.1)

where FXBC is an anti-symmetric tensor defined in the appendix. The {D*} operators
transform in the same manner with respect to the supercharges. We can find the following
R-invariant terms,

RI(DIVT + D™V =0,
1
R} <D+V+ - ZD+BV§> =0,

1
R} (Dgw ~ DTV + EFECDZﬁCV*D) = 0. (3.2)

We may impose the following conditions:

Ri(D*V') = R{(DV") = RE(DEVY) =
+

RY(DYVY) = RE(D} V) = RE(DEVE) = (3:3)

The constraints (3.3) mean that D VT and DfV} should be the R-invariant, where
{Df} = {D*‘,D:,Dj}. We can then find the following relations between V' and Vi
by using egs. (3.2) and (3.3):

5+

AWD*”V* +Dvi =0,

DIVt +DVL =0,
DiVE +DEpVi — 204 gDV =0,

1
DIV - DLV — Z1“*A;BC(D+CV+ - DYt = 0. (3.4)



We define the component fields as follows:

VH =, Vi =, ZVT| =K, 2Vl = K},
DAVF =A%, DIVT| = A, DIV =4, (3.5)

where | means to take the lowest components of the 0’s. Higher components of €’s in the
superfields V1 and V[ are expressed by the derivative of the fields (3.5). From egs. (3.4),
we show some twisted supertransformations:

stol = 9TV =DV} = -\,

sTA= QDY =D DTV = %zvﬂ = %K (3.6)

We can also find the other transformation laws of components fields.
N=2 TSUSY with a central charge and R-invariant action is the following form,
1

Sy = 5 /d4xTr( — Moy — iaﬂvAa,wA + 4" (OuA — 0" A\w)

1
ny ZK“‘KX). (3.7)

This action can be represented by the superfields. We omit the explicit form of the super-
field action because of a complicated one. We will show a covariantized action with respect
to the superfields in the next section.

An untwisted theory of the twisted multiplet corresponds to the real form of the
hypermultiplet [29]. The spacetime tensor fields v, and K, in the action (3.7) are not
spacetime tensor in the untwisted theory any more. We will discuss the detail of the untwist

of the theory. We apply the Dirac-Kahler formalism to the super transformations,

1 ]
(QP4)ar(Py¥)y5 = =50u0705(Pr)rs — 20k (VP

8
1 1
+50as(P4) g1 K + §5aﬂ(7AP+)J1K+, (3.8)
1 1
(VP )ar = 5{ <)\ + Pt + Z)\J,ZWA> P+} )
al
1
(QP)ar = {(s + s, + Zsjv“‘) P+} , (3.9)
al

where a, 3,1, J € {1,2,3,4} are still the same spinor indices. In the above transformation

we may ignore I = 3 and I = 4 components because of the projection matrix P,. The

indices I,J € {1,2} are identified with indices of the SU(2); R-symmetry group of the

N=2 supersymmetry. We exchange (y*);; to (I'*);r, where I'* is the gamma matrix of

the internal SO(4) symmetry. In this case the gamma matrices appears with the projection

P, so that the internal symmetry reduce to the SU(2) symmetry. The transformation is
i

N ‘ i 1 1 :
Qa'Wjs = —50" 11000 — a0 A (0) + 50" j0ap K + S0apK{ ()i, (3.10)



where i = [ and j = J, {i,j} € {1,2}. In this section ¥V=2,% denotes ¥, without
confusing. Thus the vj and KX are not spacetime tensor fields but spacetime scalar fields.
We redefine the bosonic fields as follows,

W=, (wif)* = ivX(JA)ij, (K7)* = EKX(JA)iJ’. (3.11)

The w;; satisfies the following relations,
wij = Wy, (wij)* = eikeﬂwkl (3.12)
where w;; = —ejkwik. The scalar fields w and K are 1 and w;; and K;; are 3 of SU(2);

R-symmetry group, respectively. An action of the untwisted theory is
1 1 y — ] 1.
S, = /d4x< — 58%)8“(41 — Z@“w”(%wlj + 2iV;410, V" + §K2 + ZK”KZ-]). (3.13)

This action is known as the real form of the hypermultiplet.
The theory possesses an additional SU(2) symmetry. Redefine the fields we can see
clearly the SU(2) symmetry.

where @;/ and K;/ are 2 ® 2 of SU(2); R-symmetry. One of the SU(2) indices can be
regarded as a independent SU(2) index. For example,

o — %, K7 — K,*, U, — U, (3.15)

where index a is SU(2)pg which is known as Pauli-Giirsey group. An action and transfor-
mations are

1 . — 1~ ~
Sy = / d4m< — 00" Ddia + 200D, 0" + ZK“KM>, (3.16)
_ i o 1 -
Qalq]aﬁ = _i(wu)aﬁaueabemwjb + §€abEZ]Kjba
Qaid)ja _ 4\Ijaa5ji7
Qu'K;" = 4i(y,0"T0"),0;". (3.17)

When we take a diagonal subgroup of SU(2); ® SU(2)pg in the action (3.16), the action
corresponds to the action (3.13).

We here summarize twisting procedure of this theory. The global symmetry group
is SU(2), ® SU(2)g ® SU(2); ® SU(2)pg, where SU(2);, ® SU(2)g is the rotation group
SO(4). Since the theory has two independent automorphism groups, we can define three
different twisted theories. We can identify SU(2); with SU(2)g and SU(2)pg with SU(2)g,
respectively.

1
0" — (Dozﬁ = U(Saﬁ + ZU:V(OJW)Ozﬁ7
gaﬁgﬁzl \d 5_1)\4-(0#”) B
(07 (07 2 « 4 0z « bl

. . 1 .
ﬁaa — naﬁ = §w“(ﬁﬂ)a6, (3.18)



where U7 = (£,%,i7%%), and a twist of K;% is similar to that of @;* . The twisted multiplet
consists of the ﬁelds {v, vlfy, K K, XX 4 and v, }. This multiplet is the twisted version
of the real form of the hypermultlplets.

We can identify SU(2); with SU(2)r and SU(2)pg with SU(2)1, respectively.

Wig — Wag = iVu(Uu)ada

Kiy — Waa = _Z'K,u(o'u)ada
1~
faa — Eaa = §¢u(au)ac’w
. . 1/ .. 1 .
Tt = 3 (9 D). 3.19)

This multiplet consists of the fields {V,,, K,,7,x, and 1/~1M} The twisted multiplet was
derived in [25].

The action (3.16) corresponds to the Fayet-Sohnius hypermultiplet action, when we
adopts the following relations,

A = ol Al = g2, Ul =0, 0,2 =-CT.,

K;, = K;, Kl = VK2 (3.20)

where W, is Dirac spinor. The last twist is given by taking a diagonal subgroup of SU(2); ®
SU(2) g only. This twisted model was given in [19].

4 Connection to the Vafa-Witten theory

We pointed out that the twisted multiplet action coupling to the gauge multiplet possess
the twisted N=4 supersymmetry at on-shell level [25]. We will investigate the N=4 twisted
supersymmetry in this case. We define covariantized operators in order to introduce the
gauge multiplet.

vVt =Dt -l
+ — pt _
V., =D, —ily,
Vh = Df —iTa4,
Vi =0y —ily, (4.1)

where {I',T',,T'4} and I', are fermionic and bosonic connection superfields, respectively.
We then use the superconnection formalism [19, 71, 72]. The supercurvatures are defined

as the following commutation relations,

(VO Vi ==V,  {VL Vi =idh V" (v, Vvi}=o,
{er er} =Z- Z]:’ {V:,Vj} = 6AW( - ZW)’ {VA’VE} = 5;{,3(2 - if)’
{v;uv } - uua (42)

where F and W are bosonic curvature superfields and appearing in the twisted vector
multiplet and F,, , are supercurvatures with the gauge fields. The curvature superfields F,

W and F,,, commute with the central charge Z.



In the covariant case the constraints of the superfield corresponding to the con-
straints (3.4) are

+
5A,MV

vVt ViV =0,
AV VA van Vs g}
VAVE + VEVE - 285 ;v =0,
1

ViV - VRV -

Tl o (VTOVT - vyt = o, (4.3)

We define component fields of superfields which is consistent with Abelian case.

Fl= ¢, ViF|=Cy, iéj,wvﬂv”ﬂ = —¢t,
W| =6, VWl = x4, VW] = x,
V| =, Vil =}, ZVT| =K, ZVil= K],
vivti=xh, Vvt =), ViV =1y,
Vul =Dy, L.l =A,, (4.4)

where D, and A, stand for the usual covariant derivatives and the gauge fields, respectively.
Taking into account the Wess-Zumino gauge, we eliminate the lowest components of the
fermionic superconnections and some fields appearing in higher components of 6’s. For
example a nontrivial TSUSY transformation can be derived in the following manner,

sTA = QFVTVH = vivipt
1 ) 1 )
g —Z + —_ — + == _K_ by . 4-
SZVH = {FE V= SK — [, (45)

We can also find the other twisted supertransformations for all the component fields. We
show the N = 2 twisted SUSY transformations of the hypermultiplet in A.

These transformations satisfy the following commutation relations,

{sT,sT Yo =Zo—ild, ¢, {sT, s Yo =—iDyp, (s, Z]p =0,

+ ot =8 Zo—1id. b + T —ist DV + 7l =0
{sp 80 Yo =0 Zp —ibuw(9, ¢l {si,satp=1id,, 1D, [s;,Z]p=0,
{sh,shle =04 gZe — i} plo,¢l,  {sT,s4te =0, [sh, Z]p =0, (4.6)

where ¢ = v, vj, A, )\j, Y, K, KX and D, = Oup — iwy, p]. These algebras are closed at
the off-shell level up to the gauge transformation.

A genaral method of the constructing (twisted) supersymmetric actions with a central
charge is unknown unfortunately. Adopting the Sohnius’ method [70], we can construct a
covariantized action of the real form of the hypermultiplet. We derive the action by taking



the lowest components of the #’s. We then obtain the covariantized action as follows:

1
S =5 / d*zLy (4.7)

1
= §/d41’TI'

1/1 , ,
x{ (—61“*A;Bwv+ﬂv+ (YHAzZytE) L vyt vzl — VJVZW))

121

64
1
_ar-iA-BCererA(VJrBZVJrC) +

1/1 1
+E< g VHAVTB(VTCZYT) - 6—4rjmv+Av+B(v+zv+C )

1
1

1 1 1
+35 (Zv“‘v*(v*zvj;) + Zv+v+f‘(vj‘zv+) + Ev“‘v*B(v;gzvj;)

)

1 1 1
—Zv“‘v*(vjzvﬂ — Zv*v“‘(v*zv};) — Ev“‘v*%v}zv@) }

where we impose the R-symmetry (3.1) on the action to restrict forms of the action. The

invariance of the TSUSY is guaranteed as follows:
Q+£H‘ = V+LH‘
= 2'8“{Tr(VJrZV:[VJr — ZVJFV:[VJF
+ Zotryt + vyt
VR, ZVTVYT+ 2V, VY )H (4.8)

This implies that the lowest component of Ly transforms as a total divergence under the
st transformation. The rest of the TSUSY transformations have the same character. The
action is invariant for all the TSUSY transformations, but the action cannot be expressed
by {sT, s}, s}} exact form.

We construct an off-shell Donaldson-Witten theory coupled to the twisted real form of
the hypermultiplet. The off-shell Donaldson-Witten theory are given by using the twisted

superspace formalism [19, 21]:
1
Sow = 5 / d*zd*0 TrF>

1 —
=3 / d4:vTr< — ¢DFDy¢ — iC*(Dyx — DVX) + (Fn)?

+%¢{x, X} + %¢{X+A7xj} + %5{0"7 Cp}

1., = 1
+716: 01" = 2(6)* ). (4.9)
4 4
We redefine the component fields as
1 1 1 — _
A— 5)‘, )‘—iA_ - 5)‘+a T;Z),u - _§¢ﬂa ¢ - —Qb, (410)



in order to adjust coefficients in the action. We then derive the off-shell Donaldson-Witten
theory coupled to the twisted real form of the hypermultiplet as follows:

S = —(Su + Spw)
= —% / d4xTr< — DMDyw — iD%AD“vA +¢D"Dyd + (F),,)?
— (D = D" Nw) + 20, Uk = 5BV} - SF )
—iCH(Dux = D) = SB(CH, Cud + 2600 X+ 200, X
LAY + DO () i ()
Fio{C", 9} — S0 A + oA AR — v A)
ol [Bool] + 3008, 16,0l + 20416, B ]

+vt A5, 0, vl + 116,81 + 5ol

7

1
64F+ABC¢A wh,vd] + KK + 4K+AK:{ - Zw%;). (4.11)

This action possesses the off-shell N=2 twisted supersymmetry. We then investigate a
symmetry when we eliminate the auxiliary fields K, Kj and gbi" The equations of motion
of the auxiliary fields are

(bj = _érzBC[U—FBvU—FC] + i[”j{?”]? K = KI =0. (4'12)

We find that the Z transformations for the components {v,vj, A, )\X,wu} of the twisted
hypermultiplet are equivalent to the on-shell conditions and therefore these transformations
disappear at the on-shell level. The on-shell action is given by the following form:

1
Son-shell = 5 / d'aTr
X < — D*vDyv — 1D”vAD,ﬂ)A + D' Dy + (F,)°
—ip" (DA — D" M) + <¢>W Yu} — —¢{A A} — ¢{A+A AL
—iC*(Dpx — D”x,w) -~ —¢{C“, Cu}+ —¢{x, X+ gqﬁ{x“‘,xA}
— Sl + ST O A — i {07, )

+iv{CH, 4} — —v+A{xA, A+ v+A{x, M) —iv{x, A}

—{—%’U[(ﬁ, [gb’ UH + §U[¢, [gb’ UH + gv [gb’ [¢’ UAH + gv [gba [gb’ UXH
—%[vj,vg][erA,erB] — i[vj,v] [U+A,v]>. (4.13)

,10,



vt v} v, | v Ve v V.,
VH—F 0 0 |—ivt —iV —iVy —iFy
Z} —i6} g F .0 iyj —iaz’BW— iTh gVt . ifiX’VpV.ﬁ —z'fA,Z
V.. —i0,, F | =iV, 65, V" 0 VT — iV | —iF .
v —iW 0 0 —iF,
Va —i6} W 0 —iFa,
Vi —i6,, W —iFu
A —iFuw

Table 1. N=4 twisted supercurvatures

We then find that the action (4.13) possesses the following symmetries:

¢ — —5, 5—> -, v — 0, vj — —vj,
X< >\’ Xj - )\J/E’ C,U« « A,Un Ap, - Ay,- (414)

Applying these discrete symmetries to the twisted SUSY transformations, we obtain new
fermionic symmetries which is shown in A. We express new scalar, vector and anti-self-
dual tensor supercharges as {5*,5:,5}}. We then find that the commutation relations
of the supercharge form a new N=4 twisted SUSY algebra and this action possesses the
N = 4 twisted supersymmetry. The explicite form of the N=4 twisted SUSY algebras are
given in A. These algebras closed at the on-shell level up to the gauge transformations.
In this case the ghost numbers of twisted scalar supercharges s™ and 5 are +1 and —1,
respectively. sT is BRST charge and 57 is anti-BRST charge. We conclude that this N=4
twisted supersymmetric theory is equivalent to the Vafa-Witten theory.

5 N = 4 twisted superconnection formalism

The Marcus type N=4 twisted supersymmetric theory was derived from N=4 twisted su-
perconnection formalism [73]. We then reconstruct the N = 4 twisted super Yang-Mills
theory (4.13) which is derived from the N=2 superspace formalism by using N=4 twisted
superconnection formalism, similarly. We represent sixteen supercovariant derivatives as
{V*,V:,Vﬂﬁtﬁ:,ﬁ;}. We impose special constraints on general curvature super-
fields based on the twisted superalgebras in A, and construct the N = 4 twisted super
Yang-Mills theory directly. We define the (anti)commutation relations of these superco-
variant derivatives in table 1, where F, W, VT and V;; are bosonic supercurvatures, J,,
Faws Fuw, Fu, Fa, and F,,, are fermionic supercurvatures and F,,, is a bosonic super-
curvature which includes the ordinary curvature F,,. We can gauge z;vvay some superfluous
fields in the superconnections by taking Wess-Zumino gauge. From Jacobi identities of the

supercovariant derivatives, we derive the following nontrivial relations:

VIF=ViF=V F=0,
VW =Viw=viw=0, (5.1)

— 11 —



Fu= —%v;f, Fau= —%6X7WV+”}', Fow = —%6WV+}" + %ijf,
Fu= —%ij, Fap = —%qwﬁw, Fow = —%5Wv+w - %vjww, (5.2)
Fuy = —%vw,ij + %[v;, VIHF
_ —%ﬁvm + i[ﬁj Thw, (5.3)

vyt = —%ﬁf, ViVt = %V:{}', vivt = —%ﬁf,
vHyE = —%ﬁf, ViV = —%cﬁwv*”&f,
ViVt = —%V*W, ViVt = %VIW, Vvt = —%vjw,
Vv = %vjw, ViV = %QWV*”W,

1., — 1. -
ViV = 3556V F+ ThacVOF,

— 1 1

VaVh = ~50h VW = ST VW,

It should be noted that the curvature superfields F and W are (anti)chiral superfield of
non-Abelian type from eq. (5.1). Fu, Fau, Fuv, ?H, ?A,,u and ?M,z are expressed by the
superfields F and W. We define the comi)onent fields of these superfields F, W, VT and
V1 as the following forms:

Fl=¢, VF| =, VuF| = Cy, VaF| =Xy, V| = —v,
Wi=-6, YW=x, VW =4, VaWl=xi Vil=vi. (54

We can derive N = 4 twisted supertransformations by using the above equations. The N =
4 twisted supertransformations strictly correspond with the twisted ones for Donaldson-
Witten theory coupled to the real form of the hypermultiplet at on-shell level in A.

6 Euclidean N = 4 super Yang-Mills action

We derive an ordinary N = 4 super Yang-Mills theory by untwisting the twisted N = 4
super Yang-Mills theory of the Vafa-Witten type in this section. We construct Dirac-Kéhler
fermions from the tensor fermions {\, )\JAf,ibﬂ, X,XJAF, C,} appearing in the twisted N = 4
super Yang-Mills theory. We, however, cannot construct one Dirac-Kéhler fermion form

1

these fermion.® The reason is that the Dirac-Kédhler fermion needs to a self-dual tensor

field and a anti-self-dual tensor field but this action does not contain self-dual one. Thus we

define two Dirac-Kéhler fermions with the chiral projection (P;)r; where I,J =1,...,4:
N 1 1o,
\IJZJN72 = waJ(P—i—)JI = 5{ <)\ + wuf)’u + Z)\+M 7uu> P+} Ia
(6%
IN=2 _ 1 o 1 +pv
Xa = Xas(Pr)or = 5y (X + O+ Xy | P (6.1)
al

1t should be noted that in the case of Marcus type an ordinary Dirac-Kéhler fermion without projections
is constructed by fermions {¢,.,, X4, X, X1, Cu} in four dimensions [25].

- 12 —



I = 3 and I = 4 components are vanished in these fermions because of the chiral projection
P,. It means that these fermions are the N=2 fermions.

The action (4.13) can be represented by the Dirac-Kéhler fermions (6.1).

1
S = —§/d4xTr

1 _

X ( — DDy — ZD“’UADHUA + ¢D"D,p + (FL)Q
_iEiNZQ,YWDM\I,iN:Z _ iYiN:Q,YuzDMXiN:Q
~2i¢ T PLwIN=2 4 0ip TN TP N
4216 FN=2P, IN=2 _ 9i yiN=2p_yiN=2
—2ip TP V=2 4 240 TN TP Py iN=2

— % YiN:2P+\I/iN:2 + 2iv YiN:2P_\I/iN:2

b A ) oo A
—22'( - &Wvﬂ”) \IIZN_2P+X]N:2 + 2i< 4 AWU—FW) \I’ZN_2P7XJN:2

—

1

4

1 y_ . a_ .
—|—2Z< _ Z&NUU‘F;U/) YZN:2P+\I]']N:2 _ 2Z< _ A“V,U+,ul/> XZN:2P7\I]']N:2

o

45006, 6,01) + 500,10, + 50+, [3,04]) + g6 [0, o)
+316.87 = 0 0Bl 4,0 - 1okl o)), (6:2)

where 6# = %(O’“EU —ovah), ot = (01,0203, 0%) 0" = (—o!, —0?, —03,0%),

ot = ilays. We furthermore construct a fermion W/ with the internal SU(4) R-symmetry
from the UEV=2 and x?V=2 with the internal SU(2) R-symmetry. We define the fermion

Ul with the SU(4) R-symmetry as follows:

vl = piN=2 {I=1,2},
VL= xa {1 =3,4}. (6.3)

We construct fields ¢! and @7 of a 6 representation with SU(4) symmetry from the
bosonic fields: ¢, ¢, v and v;{ as follows:

8 0 v+ 112 —U13 — 14
$l = 0 o V13 — V14 U — 1012
. . )
UV — 112 V13 + 1014 —¢ 0
—v13 + 114 U+ U9 0 —¢
—(b 0 —U — 1'1)12 V13 + iU14
<17 0 —(b —v13 + 1'7)14 —v + ivm
317 _ | | 4 (6.4)
—V + 112 —V13 — V14 (b 0
V13 — U4 —U — V12 0 o

,13,



The ¢!/ and ¢!’ are satisfied with the following relations:

(b-l[.J = —91J, (E;J = —(5[‘], (6.5)
(€8s = —5ernca(CO)F, (6.6)

where ¢, ¢, v and v;{ are the anti-hermitian. We can interpret the W/ as spinors in the
N = 4 SYM theory since the Lorentz symmetry in twisted theory separate the Lorentz
symmetry into the internal R-symmetry. We reparametrize component fields as

\I/I—>i\1jl7 ¢IJ_>_Z'¢IJ7 (5[‘]—>—’L.(5[J, (67)
and we derive a N = 4 super Yang-Mills action as follows:

1-~ Y- 1,
S=- / d4xTr<§¢”D“DMq§‘H + 50D+ S (F,)

+?EW%”+?PW%”—$W%&WWTMW) (6.8)

7 Conclusions and discussions

We have constructed the Vafa-Witten theory by using N = 2 or N = 4 twisted super-
space formalism based on the Dirac-Kéhler mechanism. We summarize the Dirac-Kéahler
mechanism in this paragraph. The Dirac-Kahler mechanism gives the way to identify the
N = 4 extended SUSY suffix {i} as the Lorentz spinor suffix {a}, i.e., diagonal subgroup
SO(4) ® SO(4); [21]. The N=4 fermions based on the Dirac-Kéhler mechanism consist
of two scalar, two vector, a self-dual tensor and an anti-self-dual tensor. These fields just
correspond to the fields which appear in the Marcus’s theory. Since Vafa-Witten theory
possesses two anti-self-dual fields, we cannot construct one Dirac-Kéahler fermion. We can,
therefore, construct two Dirac-Kéhler fermion on which is imposed the chiral projection
(Py)i; with respect to the R-symmetry.

We proposed the N = 2 twisted superspace formalism of the twisted real form of
the hypermultiplet with the central charge based on the Dirac-Kahler twist. We then
introduced the bosonic superfields with a scalar and an anti-self-dual tensor indices, VT
and VX respectively, while we introduced the bosonic superfields V,, with a vector index in
the previous paper. The theory given by using the superfield with the vector index is as a
result Marcus’s theory [25]. In the scalar and the tensor superfields case we have derived
the off-shell action with the auxiliary fields K+ and KAL by imposing the constraints on
the superfields from the R-symmetry. We have also construct the twisted gauge covariant
action with the Wess-Zumino gauge and have derived the off-shell Donaldson-Witten theory
coupled to the covariantized real form of the hypermultiplet. Integrating out these auxiliary
fields K™, K;{ and qﬁj, we then found that the Donaldson-Witten theory coupled to the
real form of the hypermultiplet possessed the discrete symmetries. From these discrete
symmetries we can derive other fermionic symmetries whose generators are {§+,§:,§JA§ .
Thus the symmetries of the theory is enhanced to the N = 4 twisted SUSY without a
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central charge. The ghost number of {5%,5,, sh}are {—1,+1,—1}, while the ghost number

of {sT,s l‘f, st} are {+1,—1,+1}, where two scalar supercharges s™ and 5 are identified
with the BRST charge and the anti-BRST charge, respectively. We claim that this twist
is identified with Vafa-Witten twist. We explain this more precisely. We can immediately

represent the Dirac-Kéhler fermions by using these twisted supercharges as follows:

1
(111‘5{<3 + sy +4’YW+>P+} E
an
1
izz{< +ME) +47W+>P+} E (7.1)
an

where we define {Q!;, Q2.} as Q. We can then represent {i, A} € {1,2} as the suffixes
of the SU(2); and SU(2)4 group, respectively. In this theory, the internal R-symmetry
group is SU(2); ® SU(2) 4 ~ SO(4);. We have shown that the untwisted theory possesses
N=4 SUSY with SO(4); R-symmetry. As the manner of the twist are well known in
the papers [30, 31], the Vafa-Witten’s twist is given by taking the diagonal sum of
SU(2); of the R-symmetry group SU(2); ® SU(2)4 and SU(2); of the rotation group
SU2). ® SU(2)g. In two component spinor notation, QA is divided into QAi and QA
where Q is independent of Q2" in Euclidean spacetlme We then identify internal SU( )
index ¢ with SU(2); index [ : Qé’ — Qa , 6;4@ — Qaﬁ The supercharge Qa

expressed by the two scalar charges and the two anti-self-dual charges. On the other

ai?

hand the supercharge 6;45 is expressed by two vector charges. We then found that the
Dirac-Kéahler twist of Qg‘z with chiral projection is equivalent to the Vafa-Witten’s twist
after rewriting the tensor representations with the spinor representations. We found that
this action corresponded to the Vafa-Witten theory because of possessing the same ghost
number of charges and the same algebras. Untwisting the theory, we have immediately
derived the N = 4 super Yang-Mills theory by using the Dirac-Kahler mechanism.

One of the main aim is to establish the off-shell theory in the N = 4 twisted su-
perspace. We have tried to construct the N = 4 twisted superconnection formalism of
the twisted vector multiplet without a central charge. We then introduced the bosonic
curvature superfields {F, W} and {VT,V1} corresponding to the Donaldson-Witten the-
ory and the twisted hypermultiplet, respectively. We have imposed the special con-
straints on the anti commutation relations of the fermionic supercovariant derivatives
{V*t, V+ v, vt V VI} and constructed the N = 4 twisted super Yang-Mills theory.
Unfortunately, we have naturally derived the equations of motion from the Jacobi identi-
ties of the supercovariant derivatives and derived the same twisted supertransformations
as the Donaldson-Witten theory coupled to the twisted real form of the hypermultiplet at
the on-shell level.

In N=2 supersymmetric theory the action (3.16) has the internal automorphism group
SU(2); ® SU(2)pg. Thus we can construct three different twisted models: (i) diagonal
subgroup of SU(2); ® SU(2)r and SU(2)pg ® SU(2)g, (ii) diagonal subgroup of SU(2); ®
SU(2)g and SU(2)pe®SU(2) 1, (iii) diagonal subgroup of SU(2); ®SU(2)g. In this paper we
have proposed the type (i) twisted real form of the hypermultiplet model. The action (3.7) is
similar to a vector-tensor multiplet [74-77]. A difference is that the vector-tensor multiplet
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sT sj
v A PH
Ug _)\E ‘ B,Lu/wy
A Z[(b, V] —%D v—i—ZD”vJr
)‘E IKE +3 [¢a UA] Z6E W/DVU + %DNUE ZFEC,LWDV +C
Yy éDV/U - ZDPU 6;WK 1K+ - Z(S,ul/[gb, ] [¢a MV]
K —iDH, + [ v] —iD )\+1D”)\+ Z[CH, v]
+g0xh, v + g, Al +51C7,vf] + (6, )
K} zag WDW — Lx5.v] + E]x, vh]| idh WD”)\ + iDL + ’PECWD”)\*C
3 PECD[ +C’ U+D] - Z[(bv )‘E] Z(SE w/[cu’ ] [C;u UB]
+§FEC/J,V [CV v+C] 16—5 4 |:¢? ’IJZ)V:I
Table 2. st and s:[ transformations of the N=2 TSUSY.

is a gauge multiplet with central charge. One can derive a twisted version of the vector-
tensor multiplet by using the Dirac-Kéhler twist.

Some topological twists were classified by the way of taking diagonal sum for two
global symmetries, i.e., the Lorentz symmetry and the internal R-symmetry in Euclidean
flat spacetime [1, 26, 30, 31].

which is one of the representations of the topological twists because the Dirac-Kéahler

We are particularly interested in the Dirac-Kahler twist

fermions correspond to the Kogut-Susskind or the staggered fermions on the lattice. In the
recent years the twisted supersymmetric theory is applied to the lattice theory. We have
constructed the Vafa-Witten theory by using the Dirac-Kahler mechanism in this paper.
We may therefore construct this theory on the lattice.
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instructive comments.

A N=2 and N=4 TSUSY transformations

The N=2 twisted SUSY transformations of the real form of the hypermultiplet coupling
to the vector multiplet are given in tables 2, 3 and 4.
We show the full list of the on-shell N=4 twisted SUSY transformations and the R-
transformations. The explicite form of the transformations are given in table 5, 6, 7 and 8.
The N=4 twisted supercharge {s", s}, sh,st, 50
tion relations up to the gauge transformation at on-shell level.

"
"

s+} satisfy the following commuta-

—i(Oup + Og(—w,)P);
—i(Oup + Og(—w,)P);

{ u ’ SA}(P
{su ) SA}(P =

syt =
75:}‘10 -

A ,uu(aytp + 5g(—w)@)
i A,uy(aygp + 5g(—w”)gp)
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+

SA
v )\+
v 5y pA+ 1rj peATC
A sK3 — 510,04
by 304 K IFXBCK—FC i‘SXBW, v] + §T A pole, v
Yy +50% oD — 5§D} + s hB, D vt

K —25XWD“¢”——[X7UA]+2[X e ]+32FXBC[X+B7U+C]+i[$7AX]
K| —i0} gDy — il g, DY + 5[k, vi] — 3[xE, vil + 1523[2@]
+50% g vb] + 0o T 0] — §T el v

+i6% 5o, Al + 1T A pold, A

Table 3. sj transformations of the N=2 TSUSY.

Z
v K
UE ' K+
A —iDMy, + 5[y, ] + S[W val + i, A
)‘E _Z(Sg #UDHTZJV + %[XE7 ] [XavB] + 32PECD[ +C7U+D] + Z[¢7 )‘E]
" —iD A+ DAL, + 5[Cy 0] + 3[CP, ] + i, 0]
K| =D'Dyv+i{C", wu} + 4{X+A MY+ %{X, Ay = glot vil
+Z[¢a ] + Z[gba ] 2 [gb’ [¢? H 2 [gb’ [¢a ]]
K —D“DH’UB 05 O+ i{XE, A} — i{X,_)\JE;}
6L 5epIXTC AT +2[¢ o] +ilg, K] +i[o, K]
+16FECD[¢+C vt + 316, (9, vE]] + 310, [6, v ]]
Table 4. Z transformations of the N=2 TSUSY.
{sT,s Yo =dg g, {5t 550 =0udgg e, {sh,sp}e =04 pdg—g)®,
Frstle=050  GiEle=0wigane. {50550 =0} pogg e
{s"50 e =0, {s7,50}0 = dg_ot)?: {s1,50}p=0
{ * 8:}(10 = 07 {§+7 8-’,4_}()0 = 5g(ng)(p7 {g—iA_a 8:}(10 =0
_ 1 _
{sh.55}¢ = 04 pdg)® — ijBcfsg(Uw)% {s7,5 o = dg) ¥,

{ N’ Sy }SD _5HV5g(U)SD + 5g(vf{u)90’
{s*,sh}p =0, {57,540 =0,

where dg(c)p = ile, @] and dg( Ay = Dye
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ght st sy
i
v 0 51)\ \ 2wﬂ
Ug 0 _5)‘; (%qu
A —i[p,v] —iDyv +iD v},
2\ i[¢, v}] 6} wD'v+ ﬂz;ﬂ’g - %_I’ECWDVU*‘C
Yy |—1| iDyv+iDPu}, — 0,0, v] + 1[0, v, ]
| 2 0 C,
¢ |—2 —X 0
x|-1 6,9 D3
XE -1|5 I\EC'D [U+C7 UJrD] _25455 MVDU¢
Cilopol — 2k
c,| 1 —iDy ¢ L I‘XBW[ +A,Q+B] - i_[v:,/,v]
+2F,, — 50u(9, 9]
A, O _%Cy —%(5;111)( - Xty)
Table 5. st and s transformations of the N=4 TSUSY.
Sk Ry
v 1 )\+ —%vj
) | . )
vh §5+ A + 1T;Bc)‘JrC %5;{,3” — §hpev™®
A —z[gb, UA] 0
AJ[% _iéj,B[¢’ U] + ABC[¢’ ] 0
. —%5XWADRU+%ILUA 10 hp,,Drvt? 0
¢ 0 0
¢ _XA 0
X e Fch[UJrB vt + Z[UA7 vl + 2F+ _%Xj
i + c 1+ cligt A c
XB Z[UA’UB] ZFABC[ vt v + FABCFJr %5A,BX - %FABCXJr
+504 (9, 9) |
C, z6j4r iprqﬁ —%6X7VPCP
A, —30,,C" 0

Table 6. sj and Rz transformations of the N=4 TSUSY.

B Four dimensional y-matrices in Euclidean spacetime

In this appendix we define Euclidean four dimensional y-matrices:

{%’ 71/} = 25,ulu ,}/MT =4,

where v, satisfies the Clifford algebra. We use the following notations:

1

_h/,u’ryl/]’

5 T = VY5

Yuv =

,18,
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- fi
" ! i
U 2XB 295, C"
Al —5[0, 9] —iDyu¢
)\E 3L2FECD [vTC v tP] + i[vg, v] — QFE ' i5§WD”¢
Yy iDy¢ T h g 0t v B v, 0] + 2,
+50,u[¢, 9]
¢ A 0
(b _O —%
X ilo, v —iD,v —iD v},
X5 i[e, vj] i0% ,, DYv — iDyvg + (T ke, DY vTe
c, iD,v — iDvy, i[9, 0] +i[¢, vyi, ]
A, —La, 20w = A5

Table 7. 57 and EI transformations of the N=4 TSUSY.

54 R,
v 53X 5vi
”E _%5;{,39( - %FXBCXJFC _%523” - %FXBCUJFC
A =T hpo[vt B o€ —iful, o + 2F) —5\h
Mgl Bl + AT H gt o] + 3T A FY| £6% pA — T A ATC
_%523[@8}
Wy —id 4,000 ~50% "
¢ A 0
10} 0 0
X _i[aa ’UX] 0
X5 0% pld, ] + 4T polé, v 0
C,| —id} ,,DPv — Dy + 4T p,, DPvtP 0
A, —500 0" 0

Table 8. 5 and E; transformations of

the N=4 TSUSY.

~v# can be constructed from the 2x2 matrices o and " in the following way:

where ot = (

ot o2, 0% ot

0 io*
wot 0

~(25)

and ¢ = (—ol, —¢2
bl

1 2 3 3

(B.3)

,—0>,0%). o' are Pauli matrices for i €

{1,2,3} and 0% = ilays. A matrix B and a charge conjugation matrix C are defined

as follows:

Y =nB~':B,
Y =nC"yC,

,19,
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where (n,¢) = (£1,-1).
In a four dimensional Euclidean space Majorana fermions do not exist because the

factor e should be equal to —1 [78]. A Majorana spinor satisfies the following condition,
V" = B, (B.5)
which leads
1 = B*t) = B*B1. (B.6)

Thus the existence of Majorana fermion requires B*B = 1. This condition can not be taken
in four dimensional Euclidean space. We can, however, take a SU(2)~USp(2) Majorana
fermion and a USp(4) Majorana fermion which satisfy the following condition, respectively,

V™ = €9 By, (B.7)
wl* _ Clmbm’ (B8)

where d,j € {1,2}, [,m € {1,2,3,4} and these fermions correspond to the fermions which
appear in N=2 and N=4 supersymmetric theory, respectively. In this paper we choose
(777 6) = (17 _1) and C = B = —7173-

C Four dimensional Euclidean supersymmetry algebras

In this appendix we explain the N=4 SUSY algebra with USp(4) Majorana condition in
FEuclidean spacetime. N=4 SUSY algebra is

{Qalaajﬁ} - 21]J(7“)a,(3pu- (Cl)

We can also represent the four components supercharge as the following form,

Qur = <Qai iQa;> (2)
al i@@ﬂ Qaz ) .

175 = <56] 50J> s (7“)043 - (z‘(EE)‘W Z’(U:;)O‘B> . (C.3)

The USp(4) Majorana condition (B.8) is the following form,

(Qar)* = CapQpsC5 1, (C.4)

Qo' Qi) _(-Q% QT ) (C.5)
QT Q iQai —Qa

Using the USp(4) Majorana condition, we define a @, as:

= (Qai)* (ZQal)* Qai iQdi
_ T . = - = . .
Q[a = (QQ’I) ((i~0ﬁ)* (Nai)* ) ( iQai —Qai> ’ (C 6)
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We can then describe the algebra (C.1) with respect to theses two-component supercharges,
{Qaiyadj} = 25ij(0'u)ao'zp;u {Qaia Qc’uj} = 25ij(0'u)ozdpua (07)
where supercharges with upper and lower indices are related through the e-tensor: Q% =

€¥Qp, Qo = —€apQ’.
In two component spinor notation, the Dirac-Kéhler twist give the following relations,

Qal - Qaﬁ = 3+5046 - ZS:V(O—W/)O{5’ Qaz - Qaﬁ = S:(E“)aﬁa
=4 =d T - - o
Q;—Q == 56—15“,,(0 )% g Qui = Qup = 5. (0") 0

On the other hand, Vafa-Witten twist is the following relations,

. 1 —Ahi A4 )
Q= Qi = A5, - Lgrom s, @ LT e, (e

T+ 4 I 24 24 24 — fot oF o+ wF =+ ot
where A € {1,2} and {s"",s,",s,0,8°", s, 500} = {sT,s,50,,57,5,,5,}

D Definitions of éf’B and I‘i:BC

In this appendix we give the definition of (ﬁ p and Fj pc- The suffix A is the second rank
tensor which denotes the suffix pv: p,v € {1,...,4 }. The definition of 5;? g is

6j,B = 5iu,po = 6#[)51/0 - 6#06Vp T €uvpo (Dl)

where 0*4B6%, o = 0. (Anti-)self-dual tensors x4 satisfy

1
XiA _ Z5iA,BXB’ (DQ)

where xp = XE + X5
Variants of the definition of I' 4 g which stand for the third anti-symmetric tensor for
ABC is

[EresvBpey — sav sBpsve - suv 587 spo | saB svy spr 4§08 svp sTa

_(5w5ﬁ“/50u 4 g P o geBsresii 4 58 6V 5P
:Feuaﬁ'y Fical == ehavp sBY L cpovy sBp o palBp sy

_ 6:|:ua,up65’y + 5:|:M04ﬂ’Y5VP _ 5:|:M047V’Y(Sﬁp _ 6:|:ua,ﬁp51ﬂ/, (D.3)
[+ABpo _ %(&I:A,Vp(g:tBWa _yEAvegEB o) (D.4)
[+ABC _ i(;iA,vp(;iBwff 65C . (D.5)

— 21 —



References

[1] E. Witten, Topological quantum field theory, Commun. Math. Phys. 117 (1988) 353
[SPIRES].

[2] L. Baulieu and I.M. Singer, Topological Yang-Mills symmetry,
Nucl. Phys. Proc. Suppl. B 5 (1988) 12 [SPIRES].

[3] D. Birmingham and M. Rakowski, Superfield formulation of Chern-Simons supersymmetry,
Mod. Phys. Lett. A 4 (1989) 1753 [SPIRES].

[4] D. Birmingham and M. Rakowski, Vector supersymmetry in topological field theory,
Phys. Lett. B 269 (1991) 103 [SPIRES].

[5] D. Birmingham and M. Rakowski, Vector supersymmetry in the universal bundle,
Phys. Lett. B 272 (1991) 217 [SPIRES].

[6] D. Birmingham, M. Rakowski and G. Thompson, Renormalization of topological field theory,
Nucl. Phys. B 329 (1990) 83 [SPIRES].

[7] F. Delduc, F. Gieres and S.P. Sorella, Supersymmetry of the D = 3 Chern-Simons action in
the Landau gauge, Phys. Lett. B 225 (1989) 367 [SPIRES].

[8] E. Guadagnini, N. Maggiore and S.P. Sorella, Supersymmetry of the three-dimensional
Einstein-Hilbert gravity in the Landau gauge, Phys. Lett. B 247 (1990) 543 [SPIRES].

[9] E. Guadagnini, N. Maggiore and S.P. Sorella, Supersymmetric structure of four-dimensional
antisymmetric tensor fields, Phys. Lett. B 255 (1991) 65 [SPIRES].

[10] A. Blasi and N. Maggiore, Infrared and ultraviolet finiteness of topological BF theory in
two-dimensions, Class. Quant. Grav. 10 (1993) 37 [hep-th/9207008] [SPIRES].

[11] F. Fucito et al., Algebraic renormalization: perturbative twisted considerations on topological
Yang-Mills theory and on N = 2 supersymmetric gauge theories, hep-th/9707209 [SPIRES].

[12] V.E.R. Lemes, M.S. Sarandy, S.P. Sorella, A. Tanzini and O.S. Ventura, The action of N = 4
super Yang-Mills from a chiral primary operator, JHEP 01 (2001) 016 [hep-th/0011001]
[SPIRES].

[13] R. Leitgeb, M. Schweda and H. Zerrouki, Finiteness of 2D topological BF theory with matter
coupling, Nucl. Phys. B 542 (1999) 425 [hep-th/9904204] [SPIRES].

[14] F. Gieres, J. Grimstrup, T. Pisar and M. Schweda, Vector supersymmetry in topological field
theories, JHEP 06 (2000) 018 [hep-th/0002167] [SPIRES].

[15] O.M. Del Cima, K. Landsteiner and M. Schweda, Twisted N = 4 SUSY algebra in topological
models of Schwarz type, Phys. Lett. B 439 (1998) 289 [hep-th/9806137] [SPIRES].

[16] J.M.F. Labastida and P.M. Llatas, Topological matter in two-dimensions,
Nucl. Phys. B 379 (1992) 220 [hep-th/9112051] [SPIRES].

[17] N. Kawamoto and T. Tsukioka, N = 2 supersymmetric model with Dirac-Kdahler fermions
from generalized gauge theory in two dimensions, Phys. Rev. D 61 (2000) 105009
[hep-th/9905222] [SPIRES].

[18] M. Blau and G. Thompson, Topological gauge theories of antisymmetric tensor fields,
Ann. Phys. 205 (1991) 130 [SPIRES].

[19] M. Alvarez and J.M.F. Labastida, Topological matter in four-dimensions,
Nucl. Phys. B 437 (1995) 356 [hep-th/9404115] [SPIRES].

— 22 —


http://dx.doi.org/10.1007/BF01223371
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=CMPHA,117,353
http://dx.doi.org/10.1016/0920-5632(88)90366-0
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHZ,5B,12
http://dx.doi.org/10.1142/S0217732389001982
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=MPLAE,A4,1753
http://dx.doi.org/10.1016/0370-2693(91)91459-9
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B269,103
http://dx.doi.org/10.1016/0370-2693(91)91823-E
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B272,217
http://dx.doi.org/10.1016/0550-3213(90)90058-L
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA,B329,83
http://dx.doi.org/10.1016/0370-2693(89)90584-4
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B225,367
http://dx.doi.org/10.1016/0370-2693(90)91898-L
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B247,543
http://dx.doi.org/10.1016/0370-2693(91)91140-Q
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B255,65
http://arxiv.org/abs/hep-th/9207008
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-TH/9207008
http://arxiv.org/abs/hep-th/9707209
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-TH/9707209
http://jhep.sissa.it/stdsearch?paper=01%282001%29016
http://arxiv.org/abs/hep-th/0011001
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-TH/0011001
http://dx.doi.org/10.1016/S0550-3213(98)00778-0
http://arxiv.org/abs/hep-th/9904204
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-TH/9904204
http://jhep.sissa.it/stdsearch?paper=06%282000%29018
http://arxiv.org/abs/hep-th/0002167
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-TH/0002167
http://dx.doi.org/10.1016/S0370-2693(98)01065-X
http://arxiv.org/abs/hep-th/9806137
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-TH/9806137
http://dx.doi.org/10.1016/0550-3213(92)90596-4
http://arxiv.org/abs/hep-th/9112051
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-TH/9112051
http://dx.doi.org/10.1103/PhysRevD.61.105009
http://arxiv.org/abs/hep-th/9905222
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-TH/9905222
http://dx.doi.org/10.1016/0003-4916(91)90240-9
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=APNYA,205,130
http://dx.doi.org/10.1016/0550-3213(94)00512-D
http://arxiv.org/abs/hep-th/9404115
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-TH/9404115

[20] J. Kato, N. Kawamoto and Y. Uchida, Twisted superspace for N = D = 2 super BF and
Yang-Mills with Dirac-Kdhler fermion mechanism, Int. J. Mod. Phys. A 19 (2004) 2149
[hep-th/0310242] [SPIRES].

[21] J. Kato, N. Kawamoto and A. Miyake, N = 4 twisted superspace from Dirac-Kdhler twist
and off-shell SUSY invariant actions in four dimensions, Nucl. Phys. B 721 (2005) 229
[hep-th/0502119] [SPIRES].

[22] K. Nagata, On the continuum and lattice formulations of N =4 D = 3 twisted super
Yang-Mills, JHEP 01 (2008) 041 [arXiv:0710.5689] [SPIRES].

[23] L. Baulieu, G. Bossard and A. Martin, Twisted superspace, Phys. Lett. B 663 (2008) 275
[arXiv:0802.1980] [SPIRES].

[24] L. Baulieu and A. Martin, Holomorphic superspace, JHEP 10 (2008) 044 [arXiv:0807.2386]
[SPIRES].

[25] J. Kato and A. Miyake, Topological hypermultiplet on N = 2 twisted superspace in four
dimensions, Mod. Phys. Lett. A 21 (2006) 2569 [hep-th/0512269] [SPIRES].

[26] N. Marcus, The other topological twisting of N = 4 Yang-Mills,
Nucl. Phys. B 452 (1995) 331 [hep-th/9506002] [SPTRES].

[27] P. Breitenlohner and M.F. Sohnius, Matter coupling and nonlinear o-models in N = 2
supergravity, Nucl. Phys. B 187 (1981) 409 [SPIRES].

[28] P.S. Howe, K.S. Stelle and P.K. Townsend, The relaxed hypermultiplet: an unconstrained
N = 2 superfield theory, Nucl. Phys. B 214 (1983) 519 [SPIRES].

[29] A. Galperin, E. Ivanov, S. Kalitsyn, V. Ogievetsky and E. Sokatchev, Unconstrained N = 2
matter, Yang-Mills and supergravity theories in harmonic superspace,
Class. Quant. Grav. 1 (1984) 469 [SPIRES].

[30] J.P. Yamron, Topological actions from twisted supersymmetric theories,

Phys. Lett. B 213 (1988) 325 [SPIRES].

[31] C. Vafa and E. Witten, A strong coupling test of S duality, Nucl. Phys. B 431 (1994) 3
[hep-th/9408074] [SPTRES].

[32] J.B. Kogut and L. Susskind, Hamiltonian formulation of Wilson’s lattice gauge theories,
Phys. Rev. D 11 (1975) 395 [SPIRES].

[33] L. Susskind, Lattice fermions, Phys. Rev. D 16 (1977) 3031 [SPIRES].

[34] N. Kawamoto and J. Smit, Effective Lagrangian and dynamical symmetry breaking in
strongly coupled lattice QCD, Nucl. Phys. B 192 (1981) 100 [SPIRES].

[35] A. D’Adda, I. Kanamori, N. Kawamoto and K. Nagata, Twisted superspace on a lattice,
Nucl. Phys. B 707 (2005) 100 [hep-1at/0406029] [SPIRES].

[36] A. D’Adda, I. Kanamori, N. Kawamoto and K. Nagata, Exact extended supersymmetry on a
lattice: twisted N = 2 super Yang-Mills in two dimensions, Phys. Lett. B 633 (2006) 645
[hep-1at/0507029] [SPIRES].

[37] A. D’Adda, I. Kanamori, N. Kawamoto and K. Nagata, Exact extended supersymmetry on a
lattice: twisted N = 4 super Yang-Mills in three dimensions, Nucl. Phys. B 798 (2008) 168
[arXiv:0707.3533] [SPIRES].

[38] K. Nagata and Y.-S. Wu, Twisted SUSY invariant formulation of Chern-Simons gauge
theory on a lattice, Phys. Rev. D 78 (2008) 065002 [arXiv:0803.4339] [SPIRES].

,23,


http://dx.doi.org/10.1142/S0217751X0401763X
http://arxiv.org/abs/hep-th/0310242
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-TH/0310242
http://dx.doi.org/10.1016/j.nuclphysb.2005.05.024
http://arxiv.org/abs/hep-th/0502119
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-TH/0502119
http://jhep.sissa.it/stdsearch?paper=01%282008%29041
http://arxiv.org/abs/0710.5689
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=0710.5689
http://dx.doi.org/10.1016/j.physletb.2008.03.054
http://arxiv.org/abs/0802.1980
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=0802.1980
http://jhep.sissa.it/stdsearch?paper=10%282008%29044
http://arxiv.org/abs/0807.2386
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=0807.2386
http://dx.doi.org/10.1142/S021773230602161X
http://arxiv.org/abs/hep-th/0512269
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-TH/0512269
http://dx.doi.org/10.1016/0550-3213(95)00389-A
http://arxiv.org/abs/hep-th/9506002
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-TH/9506002
http://dx.doi.org/10.1016/0550-3213(81)90470-3
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA,B187,409
http://dx.doi.org/10.1016/0550-3213(83)90249-3
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA,B214,519
http://dx.doi.org/10.1088/0264-9381/1/5/004
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=CQGRD,1,469
http://dx.doi.org/10.1016/0370-2693(88)91769-8
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B213,325
http://dx.doi.org/10.1016/0550-3213(94)90097-3
http://arxiv.org/abs/hep-th/9408074
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-TH/9408074
http://dx.doi.org/10.1103/PhysRevD.11.395
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA,D11,395
http://dx.doi.org/10.1103/PhysRevD.16.3031
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA,D16,3031
http://dx.doi.org/10.1016/0550-3213(81)90196-6
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA,B192,100
http://dx.doi.org/10.1016/j.nuclphysb.2004.11.046
http://arxiv.org/abs/hep-lat/0406029
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-LAT/0406029
http://dx.doi.org/10.1016/j.physletb.2005.12.034
http://arxiv.org/abs/hep-lat/0507029
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-LAT/0507029
http://dx.doi.org/10.1016/j.nuclphysb.2008.01.026
http://arxiv.org/abs/0707.3533
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=0707.3533
http://dx.doi.org/10.1103/PhysRevD.78.065002
http://arxiv.org/abs/0803.4339
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=0803.4339

[39] J. Ambjern and S. Catterall, Stripes from (noncommutative) stars,
Phys. Lett. B 549 (2002) 253 [hep-1at/0209106] [SPIRES].

[40] S. Catterall, A geometrical approach to N = 2 super Yang-Mills theory on the two
dimensional lattice, JHEP 11 (2004) 006 [hep-1at/0410052] [SPIRES].

[41] S. Catterall, Lattice formulation of N = 4 super Yang-Mills theory, JHEP 06 (2005) 027
[hep-1at/0503036] [SPIRES].

[42] S. Catterall, On the restoration of supersymmetry in twisted two-dimensional lattice
Yang-Mills theory, JHEP 04 (2007) 015 [hep-1at/0612008] [SPIRES].

[43] S. Catterall, From twisted supersymmetry to orbifold lattices, JHEP 01 (2008) 048
[arXiv:0712.2532] [SPIRES].

[44] S. Catterall and A. Joseph, Lattice actions for Yang-Mills quantum mechanics with exact
supersymmetry, Phys. Rev. D 77 (2008) 094504 [arXiv:0712.3074] [SPIRES].

[45] F. Sugino, Super Yang-Mills theories on the two-dimensional lattice with exact
supersymmetry, JHAEP 03 (2004) 067 [hep-1at/0401017] [SPIRES].

[46] F. Sugino, A lattice formulation of super Yang-Mills theories with exact supersymmetry,
JHEP 01 (2004) 015 [hep-1lat/0311021] [SPIRES].

[47] F. Sugino, Various super Yang-Mills theories with exact supersymmetry on the lattice,
JHEP 01 (2005) 016 [hep-1at/0410035] [SPIRES].

[48] F. Sugino, Two-dimensional compact N = (2,2) lattice super Yang-Mills theory with exact
supersymmetry, Phys. Lett. B 635 (2006) 218 [hep-1at/0601024] [SPIRES].

[49] F. Sugino, Lattice formulation of two-dimensional N = (2,2) SQCD with exact
supersymmetry, Nucl. Phys. B 808 (2009) 292 [arXiv:0807.2683] [SPIRES].

[50] D.B. Kaplan, E. Katz and M. Unsal, Supersymmetry on a spatial lattice,
JHEP 05 (2003) 037 [hep-1at/0206019] [SPIRES].

[51] A.G. Cohen, D.B. Kaplan, E. Katz and M. Unsal, Supersymmetry on a Euclidean spacetime
lattice. I: a target theory with four supercharges, JHEP 08 (2003) 024 [hep-1at/0302017]
[SPIRES].

[52] A.G. Cohen, D.B. Kaplan, E. Katz and M. Unsal, Supersymmetry on a Euclidean spacetime
lattice. II: target theories with eight supercharges, JHEP 12 (2003) 031 [hep-1at/0307012]
[SPIRES].

[53] D.B. Kaplan and M. Unsal, A Buclidean lattice construction of supersymmetric Yang-Mills
theories with sizteen supercharges, JHEP 09 (2005) 042 [hep-1at/0503039] [SPIRES].

[54] M.G. Endres and D.B. Kaplan, Lattice formulation of (2,2) supersymmetric gauge theories
with matter fields, JHEP 10 (2006) 076 [hep-1at/0604012] [SPIRES].

[55] M. Unsal, Compact gauge fields for supersymmetric lattices, JHEP 11 (2005) 013
[hep-1at/0504016] [SPTRES].

[56] M. Unsal, Twisted supersymmetric gauge theories and orbifold lattices, JHEP 10 (2006) 089
[hep-th/0603046] [SPTRES].

[57] T. Onogi and T. Takimi, Perturbative study of the supersymmetric lattice theory from matriz
model, Phys. Rev. D 72 (2005) 074504 [hep-1at/0506014] [SPIRES].

[58] K. Ohta and T. Takimi, Lattice formulation of two dimensional topological field theory,
Prog. Theor. Phys. 117 (2007) 317 [hep-lat/0611011] [SPIRES].

— 24 —


http://dx.doi.org/10.1016/S0370-2693(02)02906-4
http://arxiv.org/abs/hep-lat/0209106
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-LAT/0209106
http://jhep.sissa.it/stdsearch?paper=11%282004%29006
http://arxiv.org/abs/hep-lat/0410052
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-LAT/0410052
http://jhep.sissa.it/stdsearch?paper=06%282005%29027
http://arxiv.org/abs/hep-lat/0503036
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-LAT/0503036
http://jhep.sissa.it/stdsearch?paper=04%282007%29015
http://arxiv.org/abs/hep-lat/0612008
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-LAT/0612008
http://jhep.sissa.it/stdsearch?paper=01%282008%29048
http://arxiv.org/abs/0712.2532
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=0712.2532
http://dx.doi.org/10.1103/PhysRevD.77.094504
http://arxiv.org/abs/0712.3074
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=0712.3074
http://jhep.sissa.it/stdsearch?paper=03%282004%29067
http://arxiv.org/abs/hep-lat/0401017
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-LAT/0401017
http://jhep.sissa.it/stdsearch?paper=01%282004%29015
http://arxiv.org/abs/hep-lat/0311021
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-LAT/0311021
http://jhep.sissa.it/stdsearch?paper=01%282005%29016
http://arxiv.org/abs/hep-lat/0410035
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-LAT/0410035
http://dx.doi.org/10.1016/j.physletb.2006.02.064
http://arxiv.org/abs/hep-lat/0601024
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-LAT/0601024
http://dx.doi.org/10.1016/j.nuclphysb.2008.09.035
http://arxiv.org/abs/0807.2683
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=0807.2683
http://jhep.sissa.it/stdsearch?paper=05%282003%29037
http://arxiv.org/abs/hep-lat/0206019
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-LAT/0206019
http://jhep.sissa.it/stdsearch?paper=08%282003%29024
http://arxiv.org/abs/hep-lat/0302017
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-LAT/0302017
http://jhep.sissa.it/stdsearch?paper=12%282003%29031
http://arxiv.org/abs/hep-lat/0307012
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-LAT/0307012
http://jhep.sissa.it/stdsearch?paper=09%282005%29042
http://arxiv.org/abs/hep-lat/0503039
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-LAT/0503039
http://jhep.sissa.it/stdsearch?paper=10%282006%29076
http://arxiv.org/abs/hep-lat/0604012
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-LAT/0604012
http://jhep.sissa.it/stdsearch?paper=11%282005%29013
http://arxiv.org/abs/hep-lat/0504016
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-LAT/0504016
http://jhep.sissa.it/stdsearch?paper=10%282006%29089
http://arxiv.org/abs/hep-th/0603046
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-TH/0603046
http://dx.doi.org/10.1103/PhysRevD.72.074504
http://arxiv.org/abs/hep-lat/0506014
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-LAT/0506014
http://dx.doi.org/10.1143/PTP.117.317
http://arxiv.org/abs/hep-lat/0611011
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-LAT/0611011

[59] T. Takimi, Relationship between various supersymmetric lattice models, JHEP 07 (2007) 010
[arXiv:0705.3831] [SPIRES].

[60] P.H. Damgaard and S. Matsuura, Classification of supersymmetric lattice gauge theories by
orbifolding, JHEP 07 (2007) 051 [arXiv:0704.2696] [SPIRES].

[61] P.H. Damgaard and S. Matsuura, Relations among supersymmetric lattice gauge theories via
orbifolding, JHEP 08 (2007) 087 [arXiv:0706.3007] [SPIRES].

[62] P.H. Damgaard and S. Matsuura, Lattice supersymmetry: equivalence between the link
approach and orbifolding, JHEP 09 (2007) 097 [arXiv:0708.4129] [SPIRES].

[63] S. Matsuura, Ezact vacuum energy of orbifold lattice theories, JHEP 12 (2007) 048
[arXiv:0709.4193] [SPIRES].

[64] P.H. Damgaard and S. Matsuura, Geometry of orbifolded supersymmetric lattice gauge
theories, Phys. Lett. B 661 (2008) 52 [arXiv:0801.2936] [SPIRES].

[65] S. Matsuura, Two-dimensional N = (2,2) supersymmetric lattice gauge theory with matter
fields in the fundamental representation, arXiv:0805.4491 [SPIRES].

[66] S. Arianos, A. D’Adda, A. Feo, N. Kawamoto and J. Saito, Matriz formulation of superspace
on 1D lattice with two supercharges, arXiv:0806.0686 [SPIRES].

[67] D. Ivanenko and L. Landau, Zur Theorie des magnetischen Elektrons. I (in German),
7. Phys. 48 (1928) 340.

68] E. Kéhler, Der innere Differentialkalkul (in German), Rend. Mat. Appl. 21 (1962) 425.
69] P. Fayet, Fermi-Bose hypersymmetry, Nucl. Phys. B 113 (1976) 135 [SPIRES].
70] M.F. Sohnius, Supersymmetry and central charges, Nucl .Phys. B 138 (1978) 109 [SPIRES].

[
[
[
[71

]
]
]
] R. Grimm, M. Sohnius and J. Wess, Eztended supersymmetry and gauge theories,
Nucl. Phys. B 133 (1978) 275 [SPIRES].

[72] M.F. Sohnius, Bianchi identities for supersymmetric gauge theories,

Nucl. Phys. B 136 (1978) 461 [SPIRES].

[73] K. Nagata, Dirac-Kdhler twisted supersymmetry on a lattice: formulations with 8 and 16
supercharges, Dr. thesis, to appear.

[74] B. de Wit, V. Kaplunovsky, J. Louis and D. Liist, Perturbative couplings of vector multiplets
in N =2 heterotic string vacua, Nucl. Phys. B 451 (1995) 53 [hep-th/9504006] [SPIRES].

[75] R. Grimm, M. Hasler and C. Herrmann, The N = 2 vector-tensor multiplet, central charge
superspace and Chern-Simons couplings, Int. J. Mod. Phys. A 13 (1998) 1805
[hep-th/9706108] [SPIRES].

[76] N. Dragon, E. Ivanov, S. Kuzenko, E. Sokatchev and U. Theis, N = 2 rigid supersymmetry
with gauged central charge, Nucl. Phys. B 538 (1999) 411 [hep-th/9805152] [SPIRES].

[77] 1. Buchbinder, A. Hindawi and B.A. Ovrut, A two-form formulation of the vector-tensor
multiplet in central charge superspace, Phys. Lett. B 413 (1997) 79 [hep-th/9706216]
[SPIRES].

. ugo an JAL lownsend, upersymmetry and the division a georas,
78] T. K dPK.T d, § d the division algeb
Nucl. Phys. B 221 (1983) 357 [SPIRES].

,25,


http://jhep.sissa.it/stdsearch?paper=07%282007%29010
http://arxiv.org/abs/0705.3831
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=0705.3831
http://jhep.sissa.it/stdsearch?paper=07%282007%29051
http://arxiv.org/abs/0704.2696
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=0704.2696
http://jhep.sissa.it/stdsearch?paper=08%282007%29087
http://arxiv.org/abs/0706.3007
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=0706.3007
http://jhep.sissa.it/stdsearch?paper=09%282007%29097
http://arxiv.org/abs/0708.4129
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=0708.4129
http://jhep.sissa.it/stdsearch?paper=12%282007%29048
http://arxiv.org/abs/0709.4193
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=0709.4193
http://dx.doi.org/10.1016/j.physletb.2008.01.044
http://arxiv.org/abs/0801.2936
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=0801.2936
http://arxiv.org/abs/0805.4491
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=0805.4491
http://arxiv.org/abs/0806.0686
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=0806.0686
http://dx.doi.org/10.1007/BF01339119
http://dx.doi.org/10.1016/0550-3213(76)90458-2
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA,B113,135
http://dx.doi.org/10.1016/0550-3213(78)90159-1
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA,B138,109
http://dx.doi.org/10.1016/0550-3213(78)90303-6
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA,B133,275
http://dx.doi.org/10.1016/0550-3213(78)90270-5
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA,B136,461
http://dx.doi.org/10.1016/0550-3213(95)00291-Y
http://arxiv.org/abs/hep-th/9504006
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-TH/9504006
http://dx.doi.org/10.1142/S0217751X98000792
http://arxiv.org/abs/hep-th/9706108
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-TH/9706108
http://dx.doi.org/10.1016/S0550-3213(98)00708-1
http://arxiv.org/abs/hep-th/9805152
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-TH/9805152
http://dx.doi.org/10.1016/S0370-2693(97)01080-0
http://arxiv.org/abs/hep-th/9706216
http://www-spires.slac.stanford.edu/spires/find/hep/www?eprint=HEP-TH/9706216
http://dx.doi.org/10.1016/0550-3213(83)90584-9
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA,B221,357

	Introduction
	N=2 twisted SUSY with central charge
	A new twisted hypermultiplet
	Connection to the Vafa-Witten theory
	N=4 twisted superconnection formalism
	Euclidean N=4 super Yang-Mills action
	Conclusions and discussions
	N=2 and N=4 TSUSY transformations
	Four dimensional gamma-matrices in Euclidean spacetime
	Four dimensional Euclidean supersymmetry algebras
	Definitions of delta*pm(A, B) and Gamma*pm(ABC)

