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Introduction

Supersymmetric Gauge Theory

» Supersymmetry seems a fundamental symmetry of space-time.
(an extension of the translational symmetry @ — (z,6) )

» Supersymmetry seems to be necessary to unify the interactions.

» [Exact results in quantum field theory.
(Seiberg-Witten theory, Nekrasov’s formula, Dijkgraaf-Vafa etc...)

» Gauge/Gravity duality (AdS/CFT Correspondence)

» Connection to superstring theory

‘ We want a way to analyze SUSY ‘ lattice?

gauge theory non-perturbatively.
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Difficulty

It seems impossible to construct a SUSY invariant theory on a lattice.

SUSY Invariant action in continuum space-time

Suppose an action is written as
S = / dedfF (P (xz,0)) ®d(x,0) ; superfield

Essentially, a SUSY generator can be represented as
SP = eQd Q= 8y + 00,
Variation of the action

5.5 = /d:z:dt?F(dD + €Qd) — F(d)

’/ Leibniz rule
— /d:z:dﬂ cQF (d)

- /dfsdﬂe (8y + 6T 9,) F(d) = 0
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continuum theory lattice theory

differential operator difference operator
Oy Apf(n) = f(n+ i) — f(n)
Leibniz rule # deformed Leibniz rule
Ay (f(n)g(n))
O (f(x)g(x) "
;((6 f(m));(:r) F £(2) (9ug(2)) = fn+@)g(n+p) — f(n)g(n)
a a = (Auf(n)) g(n) + f(n+ i) (Apg(n))

It seems impossible to keep all SUSY on a lattice.

: 3

Can we keep a part of SUSY on a lattice?

Yes!
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ORBIFOLDING

A.Cohen, E.Katz, D.Kaplan, M.Unsal,

P.H.Damgaard, S.M. P.H.Damgaard, S.M.

(2007) (2003) (2007)
Equivalent ! Equivalent !
Supersymmetric
GEOMETRICAL -
DISCRETIZATION Lattice LINKd?PPROACH
- A. D'Adda, |. Kanamori,
<00 Gauge Theories « kawamo. k. Nagata
(2005)

A Derived

Takimi (2006)
LATTICE TFT
F.Sugino
(2003)
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§ 2 Review of Orbifold Lattice Theory

Basic ldea ~ matrix as a collection of lattice fields ~
MATRIX LATTICE

F A2x(1.2) 1

(2,2)x(3,2)

Strateqgy with keeping SUSY

1. Starting with a matrix theory (mother/theory)
2. Project out “non-local” elements(
3. We interpret the projected matrix theory as a lattice theory.
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Construction of 2D N=(2,2) SYM on lattice

Mother theory

dimensional reduction of 4D N=1 SYM theory with a gauge group

1 1 _
Sm = —2Tl' (_Z[ﬂm U,-?]Q + )G alva, d)]) a,f=0,-,3
g |

V¢ : four hermitian matrices (gauge boson)

1, 1 : 2 component spinors (gaugino)

Symmetries

maximal U(1) subgroup
1) global symmetry  SO(4) x U(1)r D U(1); xU(1)> xU(1)p

2) gauge symmetry  vq — gvag_l? g € U(NCNQ)
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Equivalent expression in which the U(1) symmetries are manifest:

Sm = gizTr Gllzm, wn]|? + %[zm, Zml? + YmlZms 1] — Xmnlzm, w’”])

Z1 = v1 + 1vo, P = (Xl?) 1/_) — (zj;l} ?fﬁz)

zo = vg + 103, n

— U(1) charges

Z1 2z 0 X12 U1 o

q1 1 0 1/2 —1/2 1/2 —1/2
\_Necantak(_ean_y qo 0 1 1/2 -1/2 -1/2 1/2
linear combination.

q3 0 0 1/2 1/2 —1/2 —1/2

] 1 0 0 —1 1 0
where 5 0 1 0 —1 0 1

1 — q1 — 43, ro — {2 — g3
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Orbifold projection

N'—1

Combining the U(1) and gauge symmetry,

Ya
we consider a Z% transformation generated byﬂ/

Yo i P = WP, (a=1,2)

where w = e2™/N and

1
2 IN.®U ® 1N, U = ( ) - clock matrix
o, o

In.®1y®U,
c.f.)
|7 (UCDU_]')EJ — Ldi_jq)ij

We keep only components
that are invariant under this transformation.
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2 22 7 X12 1 o
(r1,r2) | (1,0) (0,1) (0,0) (-1,-1) (1,0) (O,1)

Zip ~ ]‘ﬁ ® 5lE = > 21(k) ® By, jpy+1 ® Ep, ke,
- keZ?3
Lo ~ H.E ® .]iﬁ =Y 2(k) ® E, k; ® Epy kot1
o~ H.E ® H'E = nk)® Ely kg @ By ky
O O
X12 ~ %F( ® %F( = x12(k) ® Ep; 41k, @ Epyt1 ks
Y1 ~ ]‘ﬁ ® H.E - Z"Dl(k) ® Eky k141 @ By iy
0
V2~ H.ﬁ N ]‘ﬁ B Z?’Dz(k) ® By ky @ By ko1
o
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Orbifolded action €1 = (1,0), e =(0,1), k= (k1,ko) € Z%

1 1 2
Sorb =FTF Z (Z E-m(k)zn(k +em) — Z-n.(k)ﬂm(k + en)
k

1 ) B 2
+ é (E*n:r.(k)Z*.rn.(k) - 3?1?-(1{ - E”?-)z”?-(k - Em_))

+ “@'rx’-m(k) (Em(k)?}‘(k) - ’-"?(k + E-;n-)gm.(k))

1

— EXm.n(k) (Zm(k)y’m(k +en) —Yn(K)zm(k+e,) — (m < n)))

Kinetic terms

We introduce kinetic terms and a lattice spacing by shifting
e (k) — % ¥ oom(K).  Zm(k) — é+ Fm(k), a€Ry
mmm) casy to see kinetic terms
or equivalently, 2m (k) are regarded as link variables:

1 . - _
2m(k) — —e®mK) = 7 (k), Zn(k) — L azn(k) = Um (k)
(1l (1
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Finally, we get the action:

1 2

- 1
=2
Slfat - QTFZ(Z

9 k

vj:zﬂ(k) - vj_zm(k) -+ zm(k)zn(k + Em) - zrr(k)zm(k + Eﬂ)

2
-+ %(?,t (Zm(k) + Eﬂ?(k)) -+ zm.(k 4+ em )Em(k -+ Em) - E.‘rn(k)zm(k))

+ (k) (?j:'-'}(k) — zm(k)n(k) + n(k + en )Em(k))
+ %Xnm(k)(v;!;’#{’u(k) + Errr(k}’ﬁl’-{’ra(k + Em) - "I.l'-[’u.(k}zm(k + en) - (?” — ”*)))

where

ViEok) = i ($(k + em) — d(K)).

continuum theory

2D N=(2,2) SYM theory with the gauge group U ( N,).
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Preserved Supersymmetry

Original matrix theory

1 1 -~
Sm = —2Tl’ ( [?-}fl! Ulﬁ]z + iwa-ﬂ[f”ﬂ*% Qp])

2 \ 4
SUSY
dva = —iTaé + i€aat,
0 = —1V,30,438,
01) = 10,380 0,
with
R — Recall
¢ = (*‘gz) E= (R | e

X12
7

)=

(df”l& 2/”2)

27/11/2008 NBIA
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The variation of the action is zero when the SUSY parameters are c-numbes;

RK,KkK12,K1,kRo2 X 1;\-"@-\?2

Projection of the supersymmetry

The supersymmetry parameters have definite U(1) charges:
They are projected out
[\ Crre 1 Ry > o i)
— — by orbifolding.
(r1,72) w —e; — €3 ©1 eo
The only preserved supersymmetry is the one corresponding to K.
5Zm, —_ Q'EE-'E,"T-’”; -I_ 23';%7717?,

0zZm = _Qiaﬁlﬂﬂpﬂ - Qé%?z.X?'er
) )
(5?} —_ —H‘,[,me. Em] + _ETHﬂ[zma zﬂ]: .
> 2 ‘ §b = 2iRQOD
P - [ _
dx12 = —ik[z1, 22] — Eﬁlz[zm-f Zm),

B 1 _
5?,L‘m i?ﬁn ([Zmﬁ zﬂ-] - 5‘5?””[%? ZI]) )
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O-invariant expression of the lattice action

ol — 1 ~[1 2
’SI|:I"IT2 — zTr>__, (4 Tj:’_,”(k) _ vj_:”.'(k) _|‘ -’J.r.'.'(k):l.u(k + E,.,-,.) — :”(kjﬂm(k + l‘.'!”)

4

1 ‘ , ‘ 2
+ s (Tj_.' (lm(k) + Em(k)) + fhu{k + f-'-:.u)z:r.'(k + Um} - Erra(k)-ﬂér:r(k))
+ *'.-':!.'H(k)(vj_,.?}'(k) o Elﬂé(k)”(k) _|_ ”(k —|_ “-’n‘-‘):‘”(k))

1 , | x
+ Ekrr”;(k)(?j:{;-'”.'(k) + :r.:,l(k),'l_-'*”(k —I— E,-”) — f.-'.'”(k) :m(k _I_ e”) - (.I'H*:—'.’ H)))

= %Tr ZQ(n(k) (VT; (zm(k) + Zm(k))
g k

+ 2m(K)Zn (k) — Zm(k — em)zm(k — em))
+ Xmn (K) (ViF Zm (k) — Vi Za(K)
+ Zn (ke + e)Fn(K) — Flk + em)Zn(K)) )

Q-invariance is manifest since Q is nilpotent: Q"2=0.
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List of constructed lattice theories by orbifolding

mother theory
(matrix theory)

4D N=1 SYM
(4 SUSY)

6D N=1 SYM
(8 SUSY)

10D N=1 SYM
(11B matrix model)
(16 SUSY)

27/11/2008

N

NBIA

lattice gauge theory

> 2D N=(2,2) SYM

> 2D N=(4,4) SYM
> 3D SYM with 8 SUSY

» BFSS matrix theory (1D)
» 2D N=(8,8) SYM

» 3D SYM with 16 SUSY
» 4D N=4 SYM
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§ 3 Relation between Geometrical
Discretization and Orbifolding

P.H.Damgaard and S.M. (2007)
P.H.Damgaard and S.M. (2008)

Catterall’s discretization rules (review) s.catterall (2004)

Starting with a BRST invariant continuum theory with conditions:

1) kinetic terms are written by complex differential derivatives:

2) all the fields (including fermions) are in p-forms:

S = S[Du> Dys fuy -]
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Prescription to construct lattice action by Catterall

1) Complex covariant derivatives are mapped to link variables:

Dy — Up(k) )
Dy — Uu(k) —
[ C—

U, (k)

2) p-form field is mapped to a variable on a p-cell:

frgpp (@) = frugepp(K)

N[

f|12(k)

3) Curl-like differential is mapped to a forward covariant difference:

Dufu(x) — Uu(k) fu(k + ) — fu(kK)Uu(k + v)

4) Divergent-like differential is mapped to a backward covariant difference:

Dufu(z) = fu(®Uu(k) — Uu(k — fi) fru(k — fi)

27/11/2008 NBIA
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Claim
This prescription is automatically reproduced by orbifolding.

P.H.Damgaard and S.M. (2008)

Additional condition

1) all the fields (including fermions) are in p-forms
S = S[Dy, f);f- fﬂ-l"':”}:r]

2) kinetic terms are written by complex differential derivatives
Dy = 0y + i(Ap+ iBu) = 0u + Ay
Dy = 0y —i(Ay, —iBy) = 0, + A,

3) the theory has U(1)"d symmetries with charge assignment:
D,U?: ﬁ=(0?11}?0)
f);u: _ﬁz(oay_laao)
+ e s
fgl---gp . ()u’l + + U‘P)
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1) dimensionally reduce the continuum theory to 0-dim

We get the action of a mother theory (matrix theory)

S — S[A,U"} -’E}Ja f,izl'u,up]

2) Using the U(1) charge, we carry out the orbifold projection:

Ap =) Au(k) ® Ex x 17

Ap = Au(k) ® By px
iy =3 fi 0 (K) ® B gt iy ot i,
Sty = Z fﬁi_l*“ﬁip(k) ® Byt g+t iip k
‘ We obtain 1) and 2) in the prescription

NOTE

This is more than the prescription since we can decide the direction
of the cell-variables automatically from the assignment of the U(1) charge.
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Since the continuum theory is supposed to be Lorentz and U(1) invariant,
possible derivative terms are in the form:

curl-like differential

- +
Dufﬁl“‘ﬁp ~ [-’4-.!.-"-; fﬁl'”ﬁp]

S == 1 +
Dufﬁl“‘ﬁp ~ [-’4-.!.-"-; fﬁl'”ﬁp]

Duff.

Dvf p1

Dot

I‘_jyf’fl—l

27/11/2008

l orbifolding & deconstruction

(@) = UK T (k) — £, (U (k4 ),
oy (@) = U (k4 ) iy (K €0) = fi oy (U (KD,
"‘Hp(m) — fﬁﬁ'“ﬂp(k -+ Eu)ﬂu(k + P'») — Z/_{u(k)fi}..ﬂp

(k),

..up(x) — f;j_lm,i_zp(k + eV)Z/H!V(k) '_ gﬂ(k + #)f;:l---y.p(k)a

Covariant Forward Difference

NBIA
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divergent-like differential

Dﬁ-ff,[:UQ-"Up ~ [AP'J? f,u_vg'”b"p]
‘I—)'[_J,f;__;_l;2...yp ™~ ["I.U"J f;::l;fg'”lfp]

l orbifolding & deconstruction

D;Hf;l“.ﬁp(:ﬂ) — Up;(k+p — ﬁi)f;lmﬁp(k) — f;lu-,u.p(k — i) Uy, (k —ey;),
I_)Hifﬁ:l;"'ﬂp(m) — f,t_i-l_l---up(k)aﬁ--;(k + 1 — i) — Uy (k - ﬁf)f:;'"ﬁf-p(k — i),

Covariant Backward Difference (= fin A+ fip)

‘ We obtain 3) and 4) in the prescription

Catterall’'s scheme to construct a lattice theory
IS a short-cut rule of orbifolding.
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§ 4 SUSY In Link Approach from Orbifolding

P.H.Damgaard and S.M. (2007)
Brief review of Link Apploach

A. D'Adda, I. Kanamori, N. Kawamoto, K. Nagata (2005)
Continuum (topologically twisted) N=(2,2) SUSY algebra

{Q, QH} = 10y, {Q12, Qpﬁ} = —t€urOy

1 on lattice
— requirement

{Q.Qu} =iA} — Zu(k), {Q12,Qu} = —ieuw D, — ez (k)
with a modified Leibniz rule:
Qa(F(k)G(k))
= (QAF (k) G(k) + (-D)IFIF(k — a,) (Q1G (X)),
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{Q,Q1,Q2,Q12} are supposed to live on links,
(k1 k + El), (k k + al): (k* k _I_ 32)! (k* k _l_ 312)

respectively and a 4 satisfy

a—+ am = em, aio +am = —lf-m,ﬂ,lcn-,- a-—+ al -1 ao -4~ aip = 0.

A typical example
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back

They showed that the algebra is satisfied by

0P (k) = 2ik(QP) (k) — 2ik12(Q12P) (k) + 2ikm(Qm®P) (k)
with

53-}]1(1() — QEH?,bm(k) —I— Qiﬁ?nn(k):
55}11(k) — - 2’1'f‘i3-r11--n,"§bn(k — en) — Qif"ﬁn){mn(k)e

57}(1{) — %Fﬂ (Em.(k)gm(k) - E'm(k — E*rn)zm(k - Em))
+in1p(21(k — e1 — e2)zp(k — e5) — zp(k — e1 — e)z1(k — e1) ),

3x12(Kk) = — in(Z1(k+ ) Z2(K) - Z(k + e1)E1 () )

- %EIQ(Z??t(k)Ern(k) — Zm(k — em)zm(k — em))a

dYm(k) =ikp (Em(k + en)zn(k + em) — zZn(k)zm (k)

- ~bmn (200700 ~ 21k — etk —e) ) ).
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o
QD
O
>

and the lattice action,

1 1

9 k

2

,z“(k)ﬁu(k + Ep:) - EU(k)zﬁi(k + en)

1 ~ ~ 2
+ é(zﬁ(k)zp(k) — Eru(k — E;L)E;L(k - EH))

+ n(k) (Eﬁ_l(k +a—e)Yuk+a—ey) —Yulk+a)zu(k + a))
— %X;w(k) (zﬁa(k)’ﬁbn(k +eu) — Yu(k)zu(k+ ay)

— 2 (K)u(k 4 ) + (k)2 (k + a“.)) |

satisfy \

QAS — 0 almost the same with the orbifold action

The continuum limit is 2D N=(2,2) SYM theory.
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From Orbifolding to Link Apploach

Recall the U(1) charges of the fields in the mother theory with 4 SUSY

Z1 Zp M X12 U1 Yo
|1 0 1/2 -1/2 1/2 -1/2
|0 1 1/2 -1/2 -1/2 1/2
g3/ 0 0 1/2 1/2 -1/2 -1/2

— r ey ex a ajp ag an

a4+ am = em,
new ry=qy — miq3 m m ;
combination o = go — Maq3 ajo +an = —|Enm|3n
a+a;+ar+aj>=0.

We can carry out the orbifold projection using these U(1) charges.

|

Coincide with the lattice action of Link Approach
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Supersymmetry of this theory

The actions obtained by Orbifolding and Link Approach are identical.

but _
Link Approach

Orbifolding )
All the supersymmetry

Only one supercharge : .
. . IS preserved on a lattice
IS preserved on a lattice : "

in a modified sense.

Action of __ Action of Orbifolded
Lattice Theory = Matrix Theory

from the view point
of matrix theory

* What is the “preserved” SUSY in the matrix theory sense?

 Are they really preserved?

27/11/2008 NBIA
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Deformation of supersymmetry parameters

o
QO
O
>

SUSY transformation of the mother theory (matrix theory):
dzm = 2iKYm + 2ikmn,

0zZm = —2iKkmn¥n — 2iKnXmn,
. _ T
on = Ef‘i[zﬂh Zm] + §f‘i?ﬂm[zﬂ'u znl,

d0x12 = —ik[z1, 20] — 5?5312[3?:1-; Zm)

- _ 1 -
OYm = tkn ([Em: E«”n] - E(Smn [zh Z.’.]) 1

— RECALL

E—,A . anti-commuting c-numbers

with U(1) charges (a = 0)

K K12 K1 Ko
O —e;—e> €1 eo

27/11/2008
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‘//5/ ‘ only SUSY corresponding
% to K survives.
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In order that all E%A survive after orbifolding, we reinterpret them as matrices:

kKa=Kkg® V)Y

with
0 0
1 1 N 1 0 1 0
R=K® ® K12 = K12 ® ®
1 1 1 0 1 0
0o 1 1 1 0 1
RK1=RKR1® 0 1 & . Ko =Ko ® ® 0 1
0 1 0

Substituting to o
the SUSY transformation orbifolding
of matrices

the same SUSY transformation given in Link Approach.
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A Comment
~ supersymmetric Wilson loop ~

Supersymmetric Wilson loop of N=4 SYM Drukker-Gross-Ooguri (1999)

v =20,---,

W(C) = %Tr’)?(if (Apdt(s) + id5'(s)) ds), i1

This is half-BPS when

. 2 -2
'{‘E,{L—yi = 0.

One specific choice

20 = S, yl = +s, others = 0.

W = %TrPG/(AO i@'d)l)ds) — %Tr’P(z’/Zl(Zl)ds)

The combination of 4, and 9; is not unnatural in this sense.

Is the supersymmetric Wilson loop essence of the SUSY lattice formulation?
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Future Problems

e Numerical simulations

v’ recovering of the supersymmetries in the continuum limit
v’ comparison with exact results
v' non-perturbative estimation of non-BPS operators

* Connection to the superstring theory

v relation to 11B matrix theory?
v’ D-brane interpretation?
v' AdS/CFT correspondence?

e Matter theories in detall N

v Why did the procedure work?
v" other theories with matter
v" higher-dimensional theory
\_ v’ connection to string theory? _J
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§ A Orbifold Lattice Gauge Theory with Matter

: _ _ S.M. 0805.4491
We start with the dimensional reduced theory of 4D N=2 SYM:

1 1 __ |
Sm = g—le’ (_Z[Umﬂﬁ]z + Y2 alva, @D]) (,=0,--,5)

0 Z-ﬂ: . -
= | = : 6D gamma matrices
o= (2 %) o0

1 1 1
= Tr (Gllza: 2] + Sz, 2D = 5D (abe=1.2.3

1
+ Yalza, ] + fab[za; 7»bb] + §Xabc[zaa ﬁbc])

)
Za = V2q—2 + U241

P! = (n,€23,€31,€12)
v = (=11, X123, %3, —¥2) .

A

\
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'd -3I e- N\
11
<

Z3;

P
3, ¥m

= £m31 £10 = X123

/ (m,n=1,2)

1 1 _ 1 1
= 1Ir (ZI[Em En”? ‘I‘ 5([3??13 Em] ‘|‘ [Cb, CD])D _ EDQ +Z|[Zm: cb]|2

+ 7

+ 7
+ [P

usual orbifolding procedure /

27/11/2008

. 1

_Em: Iﬂm] + Efnm([zm; wn] — [an "lJm.])
: — 1_ — _
Zm s w’ml + Egﬂlﬂ([gﬂhwﬂ] — [En: ¢m])

— 1-— —
3 ”’?] - li’m[‘ba ?zb-m-] + §§mn[¢’: fmn])

( continuum limit
orbifold lattice theory 2m(k) = dm(x) + 1Am(2),
of 2D N=(4,4) SYM _
®(k) = ¢3(2) + ida(x)
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ldea

1) Let us assume the size of the matrices to be (N, + Nf)Nz_

NeN? NyN?
* * :
> | = = parity eden
N¢N
f ** *

2) The orbifold projection is carried out by

Yo i D = WD, (a=1,2)

with
2

Q25

Il

llr\_rc@'U@lN & ]-Nf®U®1N \ wl
U=
IN@IN@U)D (1IN, ®INBU w

3) We further project out blocks using Z_ 2 transformation,

| . 0
51 ® = £POP p:( N2 )

T

_‘1,.' nT
NyN?

“parity” of the field

27/11/2008
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( ()]0 Gu()] O (ag) | )
> — | #m -  __ |~ m
T ) T T Eaw) PEC Taw
__[¢m(k) ) = [AK) ) _ P2 )
- _ n = § _
d)m \_ "'f/«’m(k)/ . }\(k) J £12 L |/\12(k)J
( o)) = [ |ém))
D = — = =
(k) ) @ Lo(k) | )
- 1 zz(k) 1 - _( ’fi’m(k)] ~ _( |’$l?(k)]
L 77 \Jf'(k) J wm _@m(k)l J 612 @lQ(k)l J
uheaven" |attiC? ............................................................. Em(k),gm(k), X(k), Xm(k), X]_Q(k)
.................................................................................. ?(k} E‘E(k) @lz(k)-. ﬁ_}-’n(k)
F(k), p(K), P12(K), Prn(K)
real lattice d _/
— 2m(k), Zm k), A(k), Am(k), A12(K)
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Strategy

1) Substitute the matrices into the action of mother theory

2) Shift {Zﬂ?-(k)a E’m(k)} as well as {E-m.(k)~ gm(k)} by 1/a:

zm(k) — 1/a -

- Zm(k)

Em(k) —> ]_/-:1 -

- Zm (k)

Zm(k) — 1/a -

- Zm (k)

Em(k) — 1/a -

- Zm (k)

3) Fix the fields with “hat” to be zero with keeping Q-symmetry:
zm(k) = Efm(k) — J(k) = 0,
A(k) = An(k) = A2(k) =0
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Smatter =
- %5(1'1)[(V§: + zm(k})(v;!; —zZm(k)) + (vj'; — Zm(k —m))(V,, + zm(k —m))]o(k)

— SHOUV i + 2 ()T = E:n()) + (V3 = FnCle = 7)) (Vi + 20 = m)IFH)

+ %Tr (¢(k)G(k) — d(k)B(k))?

+ 9K (Vi + 2m (k) pm(k + 1)
+ (k) (Vi + 2m(k)),, (k + ™)

- %%m(k + 4+ i) [(‘m — Zm(k + 2a))Yn(k 4+ 72) — (VT = Zo(k + @) vm (k + m)]
- %[&T-,.(k + ) (ViE = 20 () (k) = Pk + 2 (Vi = Z20(k)) Py (K)))]
+ V2i ('@(k)/\(k)cﬁ(k) — SRANK)D (k) — P (k) Am (k) d(k + 172) + F(k) A (k)9 (k + 77)

+ %@mﬂ(k + i+ ) Amn (k) (k) — %é(k +n+ ﬁf)*-m”-(k)"’*?m”(k))
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properties

* The continuum limit gives the matter action of two-dimensional N=(2,2) Theory:
dimensionally reduced theory of
Lap = / 204292 (Q_DEQVCD + c’Be—Z‘VcTa)

* Q-symmetry is preserved.

* There is no fermion/boson doubler.
[kinetic term: f/JV+V—¢J

 Chiral symmetry is explicitly broken.
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