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1. From continuum SUSY to lattice SUSY : Leibniz rule vs locality
2. Cyclic Leibniz rule and locality

3. D=1, N=2 supersymmetric quantum mechanics



continuum SUSY algebra : {Q, Q} = i0
SUSY invariant action : §S = [dzdL = [dxzd(x) =0
Leibniz rule is used for 6L 30A-B-C+ A-0B-C+ A-B-0C = 0(ABQC).

continuum — lattice : derivative op. @ — difference op. A

lattice SUSY algebra : {Q,Q} = iA

violation of Leibniz rule for A : A¢p - + ¢ - A # A(p)

it is possible to make a lattice SUSY invariant free action due to > (A®)nt¥n + ¢n(Ay), = 0.
it is difficult to realize lattice SUSY with interraction ¢ F, pab.

reconsider a general "local” difference op.
Apn = A(m —n), |A(m —n)| < Coe Ko™ 11 —n| >> 1. (1)
and a general "local” product rule

Mmn = M(m —lin—1), |[M(m —1ln—1) < Cye flm=li=fain=th (3



e and a inner product on a lattice space

(¢:9) = > buthn.

o >, Fududn = X ipn Mima Fipmen = (F, {6, ¢}").

e Momentum representation (w-expression) :

A(w) =

M(w, z)

oo

Z w"'A(n),

n=—oo

Z w" 2" M(m,n) = M(z,w).

m,n=—0o0

where w = e,z = €% = D = {w|l — e < |w| < 1 + €}.
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e A(n) is exponentially local. = A(w) is holomorphic on D.

e M (m,n) is exponentially local. = M (w, z) is holomorphic on D @ D.

e Leibniz rule :

(x, A{b, Y} = (x, {A¢, ¥} + (x, {6, Ay}

In w-expressin

(A(wz) — A(w) — A(2))M(w, z) = 0.

=0

A(w) = Blogw.

log w is not holomorphic on D, so that A(n) is not exponentially local.
Leibniz rule and locality are incompatible with each other.



e Introduce a new rule "cyclic Leibniz rule”

(Ax, {o, ¥}") + (Ao, {0, x}') + (AY, {x, o}") = 0. (10)

® |n w-expressin
- ~ 1 ~ 1 . ~ 1 .
M(w, z) A(—) + M(z, —)A(w) + M(—,w)A(z) =0 (11)
wz Wz wz

e A holomorphic (= local) solution is

w—w_l

A(w) = 5

- 1
, M(wz) = 6(2wz +wz w2+ 2(wz) Y. (12)



e D=1, N=2 super quantum mechanics with (¢, ¥, F},)
e N=2 SUSY transformation

Opn = €hy — €Y, (13)
0Yn = e((tAd)n + Fn), (14)
5, = e((—iAp), + Fp,), (15)
0F, = —e(iAy) — e(iAY). (16)

e SUSY invariant action under only € transformation.

S = (86, A9) +ild AY) + S (F, F)
+(F, (im 4+ iW) o) + (¢, (im + iW))
+ig(F,{$, 9}) — 2ig(¢, {¢, ¢}). (17)
6.5 = —ie((AY, {¢,d}) + (Ad, {9, ¥}) + (Ad, {¢p ¢})) = 0. (18)

5.S # 0. (19)



