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Translation inv. & Locality (for infinite system)
=> Holomorphic function property

* “Locality” in finite system
* Multi-flavor system vs. Matrix representation
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For finite system, (D) = Z D o
m=—N/2+1
N/2

IA)(W) = 2 w" " "D(m—n)

m—n=—N/2+1

Just an algebraic function of w
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e Multi =~ -flavor system —> no-go theorem
on Leibniz rule

e Multilintinite ) -flavor system — Leibniz rule
holds

What difference between them? K-5-S, 2008
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o0

Productrule  (pxn) = ZCnmg(Pmnz

m/l

Difference operator

(Dp), =SD ¢ . (D1),=0
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w-representation w=e "=¢e

Infinite system Cowz)= Y w"z"Clnm)

m,n=—o0

bw=Y w'Dm) . D(1)=0

Mm=—oco
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Annulus region ,
NOT circle
in a complex plane

D
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infinite series Z w"D(n) uniformlyconverge at we )

N=—oc0

Lattice2012




Leibniz rule by using cality
C(w,z)(D(wz)—D(w)—D(z))=0 , D(1)=0

—> Nontrivial product C(w,z)#0 = D(wz)— D(w)— D(z)=0
Unique solution ﬁ(w) = Klogw=iKp

SLAC type, not holomorphicin we ) g.e.d
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* A key point
N-dep. (size dep.) for finite system

N-dep. is an important criterion for considered operators.

Or N as Infrared cut-off for infinite system
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“N-absolute bounc | o] product rule

N

= O(N")

a+ieN ,b+inN ‘ }

maaX { ‘f) a+ieN

for large Nand finite &€>0, n>0
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Complex Extension
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The sufficient conditions for “locality”

N

a+ieN a+ieN ,b+inN

mle{ D }zO(NO), nﬁx{‘C ‘}:O(NO)
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Similarily, | C(~m—n)

for xK*x2me>0,Ax27nm>0

. m(a-+ieN f+n(b+mN < ~27(em+nn) < ~(xx2me | m—~(Ax2mn)n] _ )
a+1£N b+inN 2 C(m’n) = ze C(m,n) = Kze g O(N )

m,n 1,1 m,n
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Leibniz rule by using only translation inv.

Ca,b(Da+b B Da a Db) = O
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2mia

This is SLAC-type owingto  w@{=e ¥ =¢" = a=p
And “locality” excludes this SLAC solution

...)
_2 a+ie N ( 1)>0(N0)
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If C

.» 1S nontrivial,
then D) is SLAC-type and “nonloca
g.e.d.

I”
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C =C(l-m,l—n)= 55 =" “nonlocal” product rule (K =0(NY))
mn b s N "

z N or trivial product rule (K=0(N") )

Leibnizrule — D,=D +D_ “local” diff. op.!

Special solution, D =0, D,
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0- X=X
SUSY transf.

00 = €W +WE

Sy =¢(iDp+F), 09 =&(-iDp+F),
0F =—ieDy — i€ Dy

Action inv.

05=0
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e Two kinds ¢

* Type-A : no kinetic terms (auxiliary fields?)

* Type-B : non-interacting fields
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Nabe
C'LM e

Flavor matrix form

( éﬁM )ac — (e

(lA)L )ab = [)Zb

LM 2
Leibniz rule by flavor matrix form

lm
( L+M LM ), , "

d
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.(discrete momenta)

N abc i a Na—1be b+l Sab+lc c+l Sabe+l
R (e)=—-¢€, C +E, CL,M +8MCL,M

M L+M — LM

A a
For finite flavor, -:> (AL+M -~
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type A  trivial difference op. A“(w) =0

type B trivial field product Ce —
LM
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Origin of “non-locality” and Leibniz rule

no separation bet. D and C
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1. “Local” nontrivia AC-type(“nonlocal”).

Imn mn

2. D is “local” = C, is “nonlocal” or trivial.

mn

New possibility supersymmetry application,

Dondi-Nicolai,(1977) Kawamoto et al, (2012)
3. D _ isSLAC-type(“nonlocal”) = C,  isarbitrary.
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- locality

Ny x N local D &C
MF Nyx N holds “non-locality” D &C

MR NXxN = N;x N; holds “non-locality” no
by N infinity
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