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Motivations \ 52-56,2008. y

. Constructive formulation of SUSY models
* Non-perturbative dynamics
 Fermions v.s. Regularization
« AdAS/CFT, etc...
Obstacles
 Lattice symm. group < Cont. symm. group
 Lattice Leibniz rule problem : {Qa,Q@B} ~ A4,

Axpf(x)g(z) = (Axpf(x))g(x) + f(zEtn,)(A+ug(T))
« Fermion doubling, etc...
July 15, 2008 LATTICE 2008 @ Williamsburg 2



Phys. Lett. B 633 (2006) 645-652; Nucl. Phys. B 798 (2008) 168-183.
« KN, JHEP 0801 (2008) 041.

Lattice Leibniz rule problem M Fermion doubling l

PreViOUS WOrkS [°A. D'Adda, |. Kanamori, N. Kawamoto, KN, Nucl. Phys. B 707 (2005)100-1441

(Dirac-Kahler) Twisted SUSY Staggered Fermions
N — 2 D — 2 (DKkN, 2005, 2006) Ne=2D = 2

{ N —= 4 D — 3 (DKKN, 2008, KN 2008) Nf =4 D=3
N =4 D = 4 (pxxn, 2006) +r=4D =4

can preserve Lattice Leibniz rule

I

“Mild” Non-commutativity [, 04] = 2(aa)u0a
in Superspace : where aa ~ O(lat. const.)

Manifestly SUSY invariant models (Wess-Zumino, SYM)
w.r.t. all the supercharges at tree level

What about the quantum corrections ?
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In this talk ( KN, arXiv:0805.4235 [hep-iat]

(1) A novel “star” product honestly representing the “mild” NC :
Zp, 04l =, %04 —0axxy = 2(an),ba

<I>1(a3, OA) X <I>2(ac,013) # (I)z(w, HB) X (Pl(CU, HA)

(2) Perturbative corrections for mass and coupling const. in

global U (IN) Wess-Zumino model
with N = 2 D = 2 Twisted SUSY

Planar diagrams strictly respect exact Lattice SUSY
Non-planar diagrams spoil Lattice SUSY ~ O(a?/N)

ﬁ} Exact Lattice SUSY realization w.r.t. all the supercharges
in the 't Hooft large-N limit
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Introduce a “star” product

Superspace : (xu,04) =1~y  superfields : ®1(x,04), ®2(x,08), ...

/(I)l($, HA) * @2(%,93) — H(fglfR (:Dl(wa HA) ® (]:)Z(ma BB))

F, = oSr L al@a)s0a 585855,

e Twist elements : = I W 22 ®(an)p0458x

« Multiplication map : u(f ® g) = fg

e Associative : ((I)l * (:[)2) * g = Py % ((:[)2 * (:[)3)

satisfies : For derivative :
04 * f(x) =0af(z—aa) & 1 _— o
Tys mo— |l = —2(aa), =0
f(CIJ) *OA = f(a:—|—a,A)0A [ ak BQA] ( ):""BBA
&f(w) =x Grassmann parameters : £a

(o] (o] o

113 - b2 " w — 2 a/
Mild” non-comm. relation [z, Eal- (@aa)u€a
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Lattice SUSY Algebra & transformation

Qa,B: supercharges
=d
Q4,951 - d, : “formal” difference operator

0AP(z,0c) = [£aQa,P(x,00)]«

04,0B]P(x,0c) = —£A€Bd,[P(r —aa —ap,0C)
. —®(x+aa+apB,0c)]
cont. limit

= —£A£Bé9u<1>(w, 9(;)
Lattice Leibniz rule conditions aa ap

as+ap = and d, =

_rn,“

N =2 D = 2 (DkkN 2005, 2006)
N =4 D = 3 (DkkN 2008, KN 2008)
=4 D=4

(DKKN 2006)

satisfied for Dirac-Kahler
Twisted Algebra of
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N=D=2 Twisted SUSY Algebra on Lattice

pw=1,2: 2D Euclidean
{Qai, Qpjt = 20045 (V) apOu

o, 3 : spinor indices
1, J : internal indices
Y1 = 03,72 = 01,75 = 7172

Symm. choice
A +n>

{Q’ QN} — iaﬂ? {Qa Qu} — _ieuuau a2 a
Lattice ~@ ) >< X
=~ . . —ny +nq
{Q9 QM} — 'Ld;t, -

Dirac-Kahler expansion
a Qai — (]-Q + FY[LQ[,L S5 '75Q)a'i,

a aq
~ vV —n3
a+a,=-4n, a—+a, = —|ew|n
d:[ _ _% d, = _|_% Asymm. choice
+n2
4 — 9O + 10 dt a
o0 27K 2
— 9 4 iggt _ ig — a=0
B 06, T 20d"" 29€uudv 4'n, ai -T—’n,
N O i — —ni 1
26 — 20u€ud, p
v —n2
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N=D=2 Twisted SUSY inv. action at tree level

S = ZU d*OK,.(®,P) + /d29F*(<I>) + fd29F*(<I>)]

d*0 = d0d0d0.d0, d20 = dO,d6:, d20 = dOdo
Chiral superfield : [¢D, ®], = [€D, ®], = 0,
Anti-chiral superfield : [¢,,D,,, ®]. = 0, (u :no sum)

4 — —
K.,=tr®x® ®,® € u(N) e e
F, =tr[zm® « ® + 2B % & * P] ?
— SR — @======< @r====== ORSS oO------ to)
F,=tr[;m®+«® + 2& x & x P]
@ o ® o o

For symm. choice :

Zz Z + Z & Z + Z ~Q---- - Q------- Q------ Q------ O-

r @ (mi,mz2) O(mi+3z,m2+3) @ (mitz,m2) O(mi,ma2+3)

\_/( \_/( j ® ? ® f
SUSY trans. SUSY trans.
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Superfield Propagators

-

11 12

_ox (47)2

' =UxPxU1, 0a = (01,02)
P =U1x®xU, 04 = (0,0)

U = e—g(eo,idj—ewée,,,d;)
— Cx%

Spectrum doubling in two-fold
27 d2p B . T d2p
/_27r @n)? 4(copies) X /_7T @m)? ]

. N = d’p
= 4(copies) X 4(Dirac-Kéhler) x /
-z (47‘(’)2

2(spinor) X 2(N = 2)
Voi(z) = (Ix(x) + Yutbu(xz + nu) + vsx(T + 11 + 12)) i
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131 13 i [T dPp @

1 e P2 _ girgh cip(@® —2)
(11/)1 (1) (2) &) 2 _on (47)2

(x',0,7) ('%),0,"7)

. . 27 2
P/ e - @’.?2 _ 6‘725‘71 / d b eip(w(l)—ic(2)) (&
sin? Py + m?

—m

sin? p,, + m2

+El&21) sin p,,

62(0) — 9(2))

(i) = () g() 5(5) g i)
E() = 0D0D + ¢,,6000

— e .

b d i

i s m—— ‘

— b
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Vertex functions at tree level

a _

(P,J'1 2 1 2 3

1 U

v ) . . . (3) _n(2)

e x5 lofsol o TLOPP — o) (09777 — 6)
@ P p® ) ’ 4 ) 2)
0 ' 4 ~ 0 i2 o711 <7 1)— 2 1 3
A ~JA + ol ol [I0 ™" — 050" — o)

@/.7_2 @1.73 A

PP = k)i an)url?

Note : &, By £ By * By e, 0a]e = 2(an)n0a
iyl aa ~ O(lat.const.)

. J[0577 — @) (0P~ — 6§y | cont. limit
A = §2(6M) — 9)§2(6M) — 9(3))

_n(3) (2)
e J[67 -6 oP" —0)
A

On the lattice
Planar diagrams = Non-planar diagrams I
10
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Issue of “proper” ordering v.s. Superfields

* F. Bruckmann, M. de Kok, Phys.Rev.D 73, 074511 (2006)
* F. Bruckmann, S. Catterall, M. de Kok, Phys.Rev.D 75, 045016 (2007)
* A. D'Adda, I. Kanamori, N. Kawamoto, KN, Nucl. Phys. B 798 (2008) 168-183
* S. Arianos, A. D'Adda, N. Kawamoto, J. Saito, PoS LATTICE2007:259,2007.
* S. Arianos, A. D'Adda, A. Feo, N. Kawamoto, J. Saito, arXiv:0806.0686 [hep-lat]

) = ¢1(x) +0atr(z) +... - - %
b UNE

m— e o o V() —iA,ué(x) Emrﬂo{f] “;tﬂié‘p‘r""(ﬂf)

@2 ¢2 (w) —I_ Bsz (m) _l_ D(2) | i€epnA s (2) 0 —iCA ()
o(z) x(@) 0 )
(I)l * (I)Z # @2 * él :(:c] 0 —ig,Ap0(x) £p(z)
X(z) —£p(z) i€pe€pNop(2) 0
Q @(z) 0 A X() + 1o e Arx () 0

04(P1(z)P2(x)) # da(P2(x)P1(x))

Component fields should be “properly” ordered.
Nevertheless : (“wa Large-N feature of this formulation)

* Superfields automatically accommodate the “proper” ordering.

* No ordering ambiguity in superfield calculations.
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One-loop correction to < 3P >

ey DD / dq / d?0® a9 429> a?0(®
; 9() 9(4) ; l:Nie ja~Jje
. P ! \ P i j. j j, 1)—(p+ 6 1)— 3 1 j j 1)p+ 6 1 3
Pl e xR el ol TIOW T — o) 007 — o) + ol ofy ol TI0R” "—9,‘4))(054“—054))}
A AN 10 09 0 A A
1 is cjo i ~2)—a (1), a(2)—(p+a) 5(5) s sja s ~(2)a  5(4), s2)p+a  5(5)
e x |0k ool [10s " =050 T —05) + 0% 6% |15 — 0505 —05)
B B
. . 8+E‘(‘43) sin(p+q),. . . —E’(fe) sinq,,
X Ja £J3 Je §J5

i3 “1ia SinZ(p_'_q)M +m2 i5 “ie m (E‘(:J) = 0("')0[(1:7) _|_ 6“'/0(7')0'(;7) )

2 2 2
_ IN siagin +EGD sinp, / T dq 1 1 .
2 " _on (47)2 sin? (p+ q), +m2 sin? q, + m?
\ J

.
Exact SUSY wave function renormalization

2 2 2
_ 9 girgiretEGsinp, [ 44 ! ! O(a?
11 'Lze 2 .2 2 . 2 2 + (a’ )

2 —2x (47)2sin”(p + q), + m2?sin” g, + m

SUSY spoiling contribution suppressed by (’)(%2)
in the 't Hooft large-N limit : N — oco, A = g?N : fixed

July 15, 2008 LATTICE 2008 @ Williamsburg 12



One-loop correction to < '®’ >, < P’ >

o g |TJO9 70 - o070 — o) 4 T - 0P 00— 0P|
A A
A A

=0  (gg Exact SUSY

x g? [H(OS)_(”“) — 0P (P~ — 9P 4 [[(OLPTT — 0D~ (g1 — 9P~

A A

= 842000 0{? sin(a; - p) sin(az - p) ~ O(a?/N),

=0  (ga Exact SUSY

Mass and coupling const. are not renormalized
in the planar diagrams

+ cyclic permutation of

(i1 30)s (i o), (isrds) O V)
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Any-loop correction to < ®'®" >, < % >

< /dzg(l)d29(2) o d20™ 2o’ g2e’@ ... g2'(™)
(1) I 1(2) 1 13 1(2) —1) ' 1(n—1) g 7(1)
x[H(o’A — 00" (0" — 0RO — 0Dy x - x (07T — 0T (09" — 04

A

1)

x JT(05 ™ — a5 @™ — )0 — 05 - (@ — T 0™ — 63y”)
B

+ (the term with the opposite phase)}

= 2[[(6a—0,)[[(65 —0%)
A B

=0 (ga Exact SUSY

e /dzo(l)d20(2) e dzo(n) d20l(1)d20l(2) . dZol(m) d29"(1)d20"(2) . dzon(r)
(1) 1)1’ 1)1 2)1(1) 2)1(® 3)1(2) —1)I’'® (n—1) 4 7(1)
x [H(ofq =0 O oD O =0Ty X x (00T — 0T (0 — 0
A

1771 7(1)

_ egm)l/(m—n)(agm)ln B 0%11

« H(ﬂg'(l) _ ogl)l)(egl)l:u) _ ng)l'u))(egz)l,(a) _ gga)lr(z)) X x (ogm_l) )
B

x H(olél"(l) _ gg(l)l’)(ag(l)l“(z) _ gg(z)l”(l))(og(z)l"(a) _ 0’(;(3)”’(2)) X oeee X (eg(r—l)l(l) _ 02(7‘”"“'71))(02;(1'” _ olc(-l))
C

+ (the term with the opposite phase)}

= 2[4 — o5 [1o%" — o) [1(0 - o,
A B C

=0 (ga Exact SUSY

Chiral sectors are strictly protected in planar diagrams.
“w Manifestation of non-renormalization theorem on the lattice
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Summary & Discussions

* “Mild” Non-Commutative formulation of Lattice SUSY
‘wa Exactly realized in the 't Hooft large-N limit

e Why large-N limit ?
~wa Proper”ordering = Planarity in QFT language

Large-N reduction point of view

~wa Lattice SUSY ~ Supersymmetrizing T'.I'y = Z,,I',T', (TEK)
Non-perturbative with exact SUSY ?

~w Non-commutative probability theory (e.g. Gopakumar-Gross '94 etc.)

Proving Non-renormalization theorem on the lattice
~w Grisaru-Rocek-Siegel formulation on lattice

Application to super Yang-Mills ?
—w Lattice gauge cov. = “star” gauge cov. in “mild” NC superspace

July 15, 2008 LATTICE 2008 @ Williamsburg 15



July 15, 2008

LATTICE 2008 @ Williamsburg

16



	ページ 1
	ページ 2
	ページ 3
	ページ 4
	ページ 5
	ページ 6
	ページ 7
	ページ 8
	ページ 9
	ページ 10
	ページ 11
	ページ 12
	ページ 13
	ページ 14
	ページ 15
	ページ 16

