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Several approaches toward lattice SUSY use the Dirac-Kahler(or

topological) twist: s.catterall et.al, D.B.Kaplan et.al, FSugino, A.d'Adda et.al, J.Giedt, ..
Dirac-Kahler(D-K) twist
e recombination of supercharges
e useful to make nilpotent supercharge

Using D-K twist, we proposed the following approach for
2-dim. N = 2 and 3-dim. N = 4 cases: [pkkn]

e assign supercharges V 4 on links
e keep the algebra — all charges are exactly kept
Questions
In the gauge theory, the gauge link variables satisfy
U,(z,z+ p)t =U,(z + p,z) : real cond. for gauge filed
What is the corresponding relations for supercharges on link?
What is the Majorana condition?

[Hermiticity and Majorana condition fortwo-dimensional super Yang-Mills ona lattice with Dirac-K&hler twist — p.2/10




~Plan of this falk_

1 Introduction

WO-di

ermiticity and

ISCUSSI

Majorana condition

© o DN

[Hermiticity and Majorana condition fortwo-dimensional super Yang-Mills ona lattice with Dirac-K&hler twist — p.3/10




A.D’Adda, I.K. N.Kawamoto and K.Nagata, PLB633,645 (2006)

Supertransformation(s) ~ v0: {s,s1} =0

S S1 SUSY trans.(s) on link
It gives shift of the field
S(f9)au
S1 S —

(Sf a:—i—a,a:gaz,a: —|_ fa:—l—a,x—l—a(sg)a:—l—a,x

Constraints for SYM
{s,s,} =iU,, {5,s,}=te,ld_,, {others} =0. (s3 =0)
U, ,: Covariant difference
Action(s-exact)
S = 7 Z Tr s5s155 (uﬂbu_ﬂ + L{_MU+M)
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Configuration. on the | attice

\\\ )\1

\\\ )\1

“p Gauge field and scalar

(Uﬂ:u)xiu,w
~ F(0, — 1A, £ W)

Dirac-Kahler fermion
p i = 5 (Lp+ 7N +750)

A Aux. field

K
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Configuration. on the | attice

Gauge field and scalar

Dirac-Kahler fermion
Yai = 5 (Lo + 7, M +50)

Aux. fileld K

s 4 should be expressed by a super covariant derivative V 4:

SAQ = {VA, gb] with {V, Vﬂ} — iu—Hu
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Uy(x,z+ ) =Ux+ pz)  (=U(z,z+p)™"):
real condition for the gauge field
V', =? : Majorana condition for the supercharge

(V', # V4 since it lives on link)

{(V,V,o} =ild_,
{va v1} — iZ/[+1

{Yv v2} — Z.Z/{—|—2
YV, V1) = —ild
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| Mai it

Uy(x,z+ ) =Ux+ pz)  (=U(z,z+p)™"):
real condition for the gauge field
V', =? : Majorana condition for the supercharge

(V', # V4 since it lives on link)

{(V,V,o} =ild_,
{va v1} — iZ/[+1

{Ya v2} — Z.Z/{—|—2
YV, V1) = —ild

A naive guess:
(i, = (iUz,), VI ~ Vand VI ~ v,
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| Mai it

Uy(x,z+ ) =Ux+ pz)  (=U(z,z+p)™"):
real condition for the gauge field
V', =? : Majorana condition for the supercharge

(V', # V4 since it lives on link)

{(V,V,o} =ild_,
{vv v1} — iZ/[+1

{Ya v2} — Z.Z/{—|—2
YV, V1) = —ild

A naive guess:
(i, = (iUz,), VI ~ Vand VI ~ v,

But it does not work because it gives (V') = —V 4.
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Original algebra(Euclidean); {V,V,} = i, {V,V,} = ie, U_,

{V,V1} = ildy (V,V,) =ildys
(V,V,o)} =il 4 (V,Vi} =|—ild_,
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Original algebra(Euclidean); {V,V,} = i, {V,V,} = ie, U_,

{V,V1} = ildy (V,V,) =ildys
(V,V,o)} =il 4 (V,Vi} =|—ild_,

H (counter-)Wick rotation
New algebra(Lorentzian): {V,V,} = itd,, {V,V,} = i, U
with " = Nuv = (—|—, —),501 = —¢cg1 = 1
(V,V1)} =il (V.V} = illyg
{(V, Vol = -t =ild_4 (V,Vi} =id % =ilU_q

= Vi=V, VI=vi (U= (ilUs,) Majorana cond.
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Spinors
V_in terms of spinor(in continuum)
Vie = (VO +iV, " C7L+ V*CY)

a. SO(1,1) spinor of spacetime
1. SO(1,1) spinor of R-symmetry
C'. charge conjugation matrix

Dirac conjugation: ¥/ = (Via)*(79)# (7°)&”

Majorana condition for twisted charge: V' = @, v;g =V,

U
Majorana cond. | V;, = (750—1)2-]-0;517‘76
Algebra
{Via: V"} = =2(9%)7 (49)a" V. + 2(1°7)i7 00" 6
V,: covariant derivative
. scalar Uy — V£ a
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e Majorana cond. for supercharges= Lorentzian
e R-symmetry is SO(1,1): noncompact
e (illy,)" = ill=, = gauge group is unitary because
U_, — GEU_,)Gt = G M(ildy,)TGT
e Other choice of the lattice structure?

e Another way of treatment:
introduce V', as new d.o.f=>charges are doubled, N = 4?
( ~ dim. reduction from D =3, N = 4)

different
structure:
s lives on site

__the only

"1 choice w.r.t
a ay Hermiticity?
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N =4 algebra
V.V =iy, {99, = iquld,
V.V =i, V.V =ieulds, —Va~V
(V.V} = {V,V} = —iW {V,,V,} = —id,, [ « new scalars

~ Ui
Action

S = tr 5151528 WW = tr ZES?S’FF

T T
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Transformation(N_=.2)

S 3 Sp
U, 0 +eupA, €
U_, — A\, 0 0w
N : : il U]
+ 0 (K + 5|Usp, U ))
p | —2U U] — K | +2e,0U_p, U] 0
P | —26ulUip, Uiy | +2UL U — K 0
+ 2 Ut ps A ~ 560 [U-p; Ao] | =3 [Usps ] — 30U, P

Dirac-Kahler fermion

Gauge field and scalar

hai = 5 (1p + 7N +750) .

Aux. field
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Action: 2-dim N_=_2 Super_Yang-Mills
SUSY is kept exactly: (s4 = 0, s4-exact form)

1
= o > Trsdss Uy +U-Us,)

1
Ze,ul/epa [Z/{—I—uaz/{—i—l/]a:,x My —"Ny [Z/{—pau—G]HZ Np—"Ng,T
7 1
B E[Z/{—HJ) )\M]x,x—a(p)x—a,w o E(p)x r+aCpy [Z/{—LH )\y]x+&,aﬁ
) 7 ~
+ E(p)x,aﬂ—a [Z/{+M7 )‘M]:JH—CL,CB + 2 7 Cu [Z/{—/M A ]93 x—&(p)x—&,x
T —ny U_|_1 X T —n U- 4
> ",0 x".
W2 WS 75  closedloop = gauge inv.
zia ;;d
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