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1. Introduction

Lattice construction of SUSY gauge theory 1s difficult.
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SUSY breaking = Fine—tuniﬁg problem

*taking continuum limit

Ditticult :
u { * numerical study



Candidate to solve fine-tuning problem__

A lattice model of Extended SUSY
preserving a partial SUSY @

Q : does not include the translation

(BRST charge of TFT (topological tield theory))
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CKKU models (Cohen-Kaplan-Katz-Unsal) —
2-d N=(4,4),3-d N=4, 4-d N=4 etc. super Yang-Mills theories
(JHEP 08 (2003) 024, JHEP 12 (2003) 031, JHEP 09 (2005) 042)
Sugino models

(JHEP 01 (2004) 015, JHEP 03 (2004) 067, JHEP 01 (2005) 016 Phys.Iett.
B635 (2006) 218-224)

Catterall models
(JHEP 11 (2004) 006, JHEP 06 (2005) 031)

(Relationship between them: T.T (JHEP 07 (2007) 010))
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Do they really recover the
target continuum theory ?




Perturbative studies
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Non-perturbative studies

No sufficient study

I have done it
with the study of
Topological Field Theory




Non-perturbative study

For 2-d N=(4,4) CKKU mbdel§ 0 # @(something

Imply Target
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Non-perturbative quantity
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(Set of Fields) = AU {P}




BRST transformation BRST parm@

QA 1S Set

| Qsy = Eg, — Q&a _ [@.j 53]} | of homogeneous
| QHS = [®,x°), ~— Qx°=HC 1 | linear function of A

QH =@\, ~—— Qx“=H,

def
QHY — [, x|, ~—— Qx"—HY,
QP =1, — Qn=[@3], + | Q i
Qe=o0. E ________ homogeneous A
ker@ ={P} QA tregése r%gg)n of
Questions

(I) Is BRST transformation homogeneous ?

(II) Does & change the gauge transformation laws?
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Answer for (I) and (II)

(T
_________________ T i

)
QALL — ’:\lufs D Q}\ﬂ = lDﬂlI’,
Q)sy = %(A + )J) — (550):_.@&-50 _ [@), .5-.;.]} Q Change the gauge
()s3 = 553 o Qfn =, s3], transformation law

Ay — gAugt + gougt

|

I I
I |
I h - i |
| QHE =[®, %], «~—— Qx“*=H% |
I QH® = [® 1], «—— Qx*F = H™, :
: .
|

QH® =[D,X%], «—— Qx*=H", ﬂ BRSTQ
L@ =n_ _ _ _ — Wn=[0% _ 4
0d = 0. A — 9Aug

(D Q is not homogeneous

QA\y = i0ud — [®, Ay]  : not homogeneous of A
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2.2 BRST cohomology in the continuum theory

AT RRFTE . e e T A T s D L a1 TR (1O O N
(= WILLCIL, Lomnmuin. vidatn. rnys. 11/ (17606) 3259)

KWO — Tr P2

Wi =

\WQZ_

T P

[T DF 4+ AN A

satistying

:> descent relation
QWj = dWp._q

Integration of Wy, over k-homology cycle

O;_: — f"ﬂ: W}L

:> BRST—cohomology

Ok are BRST cohomology composed by A. A, ®
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Due to (11)

Or  can be BRST cohomology
O. —— formally BRST exact

/ W1 / QTI‘ Ad
& ga!

not BRST exact !

/ Wi JIT AN A
Y2 72
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not gauge invariant

BRST exact — ()(gauge invariant quantity)

) change the gauge transformation law(II)
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BRST exact form

1 = o
N EZQ:(BmFm@“)‘

- 1 _ - -
E(an -;Cn: {I)n) — Tl- ET?H[(IIIN (I)ll] —I_ fﬂ ] (Hﬂ o ?(C“)
-+ %{An ("}(]-I;(flll (bll—FlXT} + )l(-ll-l 1(}'i n— I{I)“ o {i)“_i‘x“_i)

n—j

+ j‘ln(yxj{{i)n — {i)n+j an + )‘T (}/ﬂ—j &)H IR &)H—j}/]l—j)}‘ )

Set of Fields = -/'In J Py
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BRST transformation on the lattice

L QX0 = An. — QA= Dp X, — XDy, |
e QYa =, QA= DYy — VD,
E_Q_Jfl_n_j: QH; = [Pn. \y]. «—s  Qxy = Hy. : g
' QH = Cuxy — \nPuris], Qxy = Hy. |
L=, e Q=[P Pul, ]
QPy = 0. | BRST partner sets

—

(L )Homogeneous transformation of A, = (B, Fy)

: t_gz—i# = A# Q)\# = 'I',J_]'_}'u,'@j

| Qs0 = 3(A+ A1) = (&o), Q& = [P, s0],
\ (Ds3 = &aa, Q&ss = [D. s3],
i RH® = [®, x*“], Qx*- = H",

v QHST = [®, ], Qx~" = H*T,
 QHT = [B,\F], QxF = HF,
\@e=mn_ _______________Qn=18.2],

Ob =0

(I)Not Homogeneous transformation of A
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Homogeneous property

O tangent vector

o 9 J o Y
-KYH +XT +K1f‘|—}n _|"i) _I_ /_:1 — .
= ? ﬁ[l;‘ Z JAL I\, O Oy \ oH,

N[umbg?%@pﬂlﬁt%f\ma%isg{ Q,Qt = N o+ mr
counts h¥ndifberraf Meltls i1, — (B, Fy)

i)
A

5,
+ (D, Y, — ¥,d, O,V — YD,
( +“:'m + il

+ H, i
@, close&‘“term i

???_Jludmg the field of An = (Bu, Fn)

() exact form

Ry = -n-;llf\a N, = -??.-EI{Q, Q}hn A= n 4 A (th)




(I1)Gauge symmetry under & on the lattice

* (1) Gauge transformation laws do not
change under BRST transformation

Ay — E,-*A,uiif_l + gOug1
(Q BRST
A — gAug ™3

In continuum theory
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3.2 BRST cohomology on the Ia ttice theory

(K.Ohta, T.T (2007))
BRST cohomology
cannot be realized!

Only the polynomial of @
can be BRST cohomology
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Essence of the proof of the result

Q closed terms /'n. including the fields in A

hn, must be BRST exact.

(1) Homogeneous property of ()

|Only polynomial of &

can be BRST cohomology
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hn 4 : gauge invariant 4 Q hn 4 : gauge invariant
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N=(4,4) CKKU model without mass term would

not recover the target theory non-perturbativel

N=(4,4) CKKU model Target theory
. Topological field
Topological field _theoty
theory

.

BRST cohomology are composed by A, A, &
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5. Summary

The topological property
(like as BRST cohomology)
could be used as

a non-perturbative criteria to judge
whether supersymmetic lattice theories

(which preserve BRST charge)

have the desired continuum limit or not.
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We apply the criteria to N= (4,4) CKKU model
without mass term

The target continuum limit

would not be realized

mm) [mplication by an explicit form.

[Perturb ative study

» did not show it

It can be a powertul criteria.

2.9,




Comment on the No-go result
(I)and (Il) plays the crucial role.

:> These relate with the gauge

transformation Iaw on the lattice.

Gauge parameters are detined on each
sites as the /ndependent parametetrs.
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Contribute to the realization of BRST
cohomology in the continuum theory 2



BRST cohomology Or = | W,

Topological quantity defined by the inner

product of homology and the cohomology

The realization is difficult

due to the independence of gauge parameters
(Singular gauge transformation)

Admissibility condition etc. would be
needed
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