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The blocking transformation

@ averaging of the continuum field ¢(x) around the lattice point
Xp = an:

dpfp] = /dx f(x — xn)e(x)
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The blocking transformation

@ averaging of the continuum field ¢(x) around the lattice point
Xp = an:

dpfp] = /dx f(x — xn)e(x)

o define a blocked lattice action S[¢] depending on lattice fields
¢n for a given continuum action Sg[¢]

oSl . % /dso o 26—l nanm(—PleD)m o Sail¢]
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Relation

The blocking transformation

@ averaging of the continuum field ¢(x) around the lattice point
Xp = an:

dpfp] = /dx f(x — xn)e(x)

o define a blocked lattice action S[¢] depending on lattice fields
¢n for a given continuum action Sg[¢]

oSl . % /w o 26—l nanm(—PleD)m o Sail¢]

@ simple interpretation if f(x — x,) — d(x — x,) and & — oo as
a — 0 since S — S.; more generally

/d(b e Slel+Je — e%JoflJ /dSO e Salel+so[¢]
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A lattice symmetry

@ continuum action is invariant under infinitesimal continuum
symmetry transformations:
Salp + 0¢] = Sal(1 +eM) ] = Saly]
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Relation

A lattice symmetry

@ continuum action is invariant under infinitesimal continuum
symmetry transformation§:
Salp + 8¢] = Sal(1 +eM)iel] = Saly]

@ to translate the continuum sym-
metry transformations M into naive lattice transformations M:

&1 [g] = /dx fu(x) 1901 (x) = M, &[]
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A lattice symmetry

@ continuum action is invariant under infinitesimal continuum
symmetry transformation§:
Salp + 8¢] = Sal(1 +eM)iel] = Saly]

@ to translate the continuum sym-
metry transformations M into naive lattice transformations M:

&1 [g] = /dx fu(x) 1901 (x) £ M o] ]

@ can not be found for every M and f < additional constraint
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Relation

A lattice symmetry

@ continuum action is invariant under infinitesimal continuum
symmetry transformation§:
Salp + 8¢] = Sal(1 +eM)iel] = Saly]

@ to translate the continuum sym-
metry transformations M into naive lattice transformations M:

&1 [g] = /dx fu(x) 1901 (x) £ M o] ]

@ can not be found for every M and f < additional constraint

e naive lattice symmetry transformations: (6¢)), = eMZ, ¢,
@ naive invariance: S[¢ + d¢] = S[¢]
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Inherited symmetry of the blocked action

oS0l _ %/ /d(p o Salel o~ 36— 0le])a(d—ole))
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Inherited symmetry of the blocked action

M4 ) —S[¢] _ i do e—5c1[<P] MU 0 e—%(¢—¢[@])a(¢—¢[¢])

@ infinitesimal naive transformation of the blocked action:
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Inherited symmetry of the blocked action

o 0 ~L(s-oleDa(é—ole])

0¢

@ infinitesimal naive transformation of the blocked action:
@ infinitesimal continuum transformation of ; use additional constraint:
P[Myp] = MP[y]
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Inherited symmetry of the blocked action

@ infinitesimal naive transformation of the blocked action:
@ infinitesimal continuum transformation of ; use additional constraint:

®[My] = Mo[y]
e express (¢ — ®) in terms of % and a1

05 <55 55 %S

i

= (Ma~1)i J(qu" — W) + (STrM — STri)

STr M accounts for infinitesimal change of the measure — anomaly
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Symmetry relation for the lattice action

My - =

. . 2
05 _ (M), (2202 05
S 0P OdmO,
o ag' drops out if (a5 M)T + Mag! = 0 (supertransposed o = o)
= same relations for =% and a1 + ozgl

) +(STrM — STri)
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Symmetry relation for the lattice action

e . s 2 ~
Mi 6 2> = Moty (2205 - 0 ) L stom s
597 5o 00, ogia

o ag' drops out if (a5 M)T + Mag! = 0 (supertransposed o = o)

= same relations for ! and o~ + ag

e for a quadratic action, S = %qﬁj,K,’,Jm m the relation turns into
MTK +(MTK)T = KT [(Ma~')T + Ma~'] K and can be rewritten as

Miet TK + KT Maeg = 0;  Maer = M(1 — o 1K)

A Remnant of Susy. on the Lattice Georg Bergner, FSU Jena arXiv:0807.1110



Introduction Relation Additional constraint SUSYQM Conclusions

Symmetry relation for the lattice action

MY - =
nm m5¢‘7

. 2
(Mol < 5S 5SS

50 OPh S,

o ag' drops out if (a5 M)T + Mag! = 0 (supertransposed o = o)
= same relations for = and a1 + ag

e for a quadratic action, S = %qﬁj,K,’,Jm m the relation turns into
MTK +(MTK)T = KT [(Ma~')T + Ma~'] K and can be rewritten as

) +(STrM — STri)

Miet TK + KT Maeg = 0;  Maer = M(1 — o 1K)

@ conditions for M.t to define a deformed symmetry

@ Myes local
@ Maer approaches continuum counterpart (excludes Mger = 0)

= restricts possible choices of o and K
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Symmetry relation for the lattice action

Ginsparg-Wilson relation

Opm = gdnm

° {vs,D} = aD~sD

MTK +(MTK)T = KT [(Ma))T + Ma™] K

MLiK + KT Mgt = 0;  Myes = M(1 — a7 1K)

—

° [GWI{Ws,debD} =0; V5,def = 75(]1—04_117)}
g %def local " a . . GW: excludes Wilson
def @PpProaches continuum counterpar fermions
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Solution of the additional constraint for SUSY

[ o am) 721() = 115, 00 L] = M, fobe £(x — am) (4

e trivial if M7 merely acts on multiplet index j; but for SUSY
derivative operators appear in the continuum transformations
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Solution of the additional constraint for SUSY

[ o am) 721() = 115, 00 L] = M, fobe £(x — am) (4

e trivial if M7 merely acts on multiplet index j; but for SUSY
derivative operators appear in the continuum transformations

@ must hold for all ¢; in Fourier space

[V(pk) — iPk]f(pk) =0

for px = 2Lk, k € Z and V(p + %) = V(p)
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Solution of the additional constraint for SUSY

[ o am) 721() = 115, 00 L] = M, fobe £(x — am) (4

e trivial if M7 merely acts on multiplet index j; but for SUSY
derivative operators appear in the continuum transformations

@ must hold for all ¢; in Fourier space

[V(pk) — iPk]f(pk) =0

for px = 2Lk, k € Z and V(p + %) = V(p)
@ solutions: nonlocal SLAC-derivative; otherwise effective cutoff
below 2% is introduced by f(p)

a
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Setting for supersymmetric quantum mechanics

@ transformations in the continuum,

¢ (x) = (X(x), F(x), ¥(x), ¥(x)):
ox = —&p+ep 6F = —Z0y —edip
o) = —edxy —eF 6 = 0% — EF

@ naive transformations on the lattice, ¢/, = (xn, Fn, U, Un):

0 0 —& €

0 0 -V —eV
—eV  —¢ 0 0
VAR 0 0

= (eM 4+ EM)¢

e M=
<€ M6

V solution of additional constraint (SLAC-derivative)
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Setting for supersymmetric quantum mechanics

@ invariant quadratic action in the continuum:
1 - 1 -

= /dx [;(axx) + POtp — %F2 + mrp — mFX]

@ ansatz for the lattice action § = %¢K¢:

_Dnm Mp.nm 0 0

Kij —Mp pm —lom 0 0
2 0 0 0 (V = mf)am

0 0 (V4 mf)om 0

1, O, mp, mg symmetric; V antisymmetric
translation invariance: all circulant matrices (— commute)
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Conclusions

Solutions for a quadratic action

e solve M[ ;K + KT Maer = 0 with Mger = M(1 — a~1K)
e diagonal blocking matrix (as for overlap: & ~ d,mm) leads to
nonlocal action (use freedom to choose agl to reduce matrix

elements)
a 0 O 0 ~ - v
02 El 0 0 Vo ms = 1+30+81mb+(n:17+azmb)v
(0™ )m = ) Somi —O0 4 m2 = Y Am
" 0 0 0 —a | ™ +m} = oy
0 0 ai 0 I =1
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Solutions for a quadratic action

e solve M[ ;K + KT Maer = 0 with Mger = M(1 — a~1K)
e diagonal blocking matrix (as for overlap: & ~ d,mm) leads to
nonlocal action (use freedom to choose agl to reduce matrix

elements)
a 0 O 0 ~ - v
02 El 0 0 Vo ms = 1+30+81mb+(n:17+azmb)v
(0™ )m = ) Somi —O0 4 m2 = Y Am
" 0 0 0 —a | ™ +m} = oy
0 0 ai 0 I =1

@ local solutions like V symmetric derivative, [ = V2 | =1,
and mp = ms = m + m,, generically lead to nonlocal a1
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Solutions for a quadratic action

e solve M[ ;K + KT Maer = 0 with Mger = M(1 — a~1K)
e diagonal blocking matrix (as for overlap: & ~ d,mm) leads to
nonlocal action (use freedom to choose agl to reduce matrix

elements)
a 0 O 0 ~ - v
02 a O 0 Vo ms = 1+30+81mb+(n:17+azmb)v
(0™ )m = ) Somi —O0 4 m2 = Y Am
" 0 0 0 —a | ™ +m} = oy
0 0 ai 0 I =1

e local solutions like ¥V symmetric derivative, 1 = @2, =1,

and mp = ms = m + m,, generically lead to nonlocal a1
@ demand My and K

0 0 0 / A
o o o v | V=NV
Mt =| ¢ _;v o o ; | — 1, IV — 0y cont. limit

0 0 0 0 | and IV must be local
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Beyond the quadratic action

final goal: construct a supersymmetric local interacting lattice
action

o the given relation extends beyond the quadratic case

@ it connects different orders of the field — generically
nonpolynomial solutions

@ not unexpected since blocked action is comparable to the
effective action

@ under special conditions a truncation can be achieved

A Remnant of Susy. on the Lattice Georg Bergner, FSU Jena arXiv:0807.1110



Conclusions

Conclusions and outlook

@ symmetry of a continuum action implies the fulfilment of
certain relations for the lattice action which ensure a
symmetric continuum limit and define deformed lattice
symmetry operators

@ requirement: definition of a naive lattice transformation by
the “averaged” continuum symmetry transformation
(additional constraint) < SLAC-derivative for SUSY

@ severe restriction: Myer and the action must be local; can be
fulfilled under special conditions

@ although the relation couples different orders of the fields,
even for interacting theories a polynomial solution can be
achieved

@ from the GW point of view: more careful investigations of the
conditions for lattice SUSY is needed: compare with other
symmetries; use the knowledge from ERG studies for
interacting case; generalise the setup
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