O(NN) model with Nienhuis action

Ferenc Niedermayer and Ulli Wolff
University of Bern and Humboldt University Berlin

Lattice 2016, Southampton, July 26

e action ‘optimized’ for simple loop formulation (<> worm)
e investigate transfer matrix and Monte Carlo

e result: ‘effectively’ in the right universality class



O(N) model
partition function for standard lattice action:
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Nienhuis truncation (same universality class?!):
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e exactly solved in D =2 for —2 < N <2 on honeycomb lattice
O in these cases critical region covered for BN <1

® includes XY, Kosterlitz Thouless

e Ising, N =1: equivalent for 3 =tanh ()

e N =3 will require 6 > 1 = serious sign problem for spins, not for worm

® truncation desirable: simpler worm simulation
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Transfer matrix
T|s’, s] =Tg[s’, s] T]s]

Tols',s] =] (1+85'(2)-5(2)),  Tuls]= ] (1+08s(%)-s(7))

Z (ZF)
e T acts on [s| defined on a row of spins, L, periodic
e Ty finite dimensional projection, dim= (1 + N)
e = build finite matrix, find spectrum |[possible: L < 14|
o JK, KTK != real symmetric
e cigenvalues real, A\ <0 possible

e two-step matrix T?: real, positive



Eigenvalues

o

o

o

L=8, [3=1.9144

1 L.
g |

6 L

.l _—

2 —‘\

ol __ ¥ .
1(;0 1c;2 164

spectrum for g2=m(L)L=1.0595

e [ =o0dd,m<0: triplet becomes

m(L)L

e [ =even: minimal 72 reached

e standard action: g2=1/8+c¢(L)/B*+...\ 0 as f—o0 PT

L=12
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coupling vs. 3 for L =o0dd, even

groundstate!




Worm Simulation

start from:
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Monte Carlo Results
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e [ >1 clearly required — sign problem in s(z), not kq({)
e falling branches: ¢g*(2L) > ¢*(L), sign for as. freedom

e minima rising with L



Measuring SSFs [X(u, L™%) = g2(2L) g2(1)=x]
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e run up to L=48—2L =96, * = exact
e data seem to ‘know’ *, deviations small

e cut-off effects look non-monotonic at our precision



Balog, Niedermayer, Weisz:
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e reasonable fits, competing logs



Conclusions

for a given g2 only (L/a) <c¢(g?) can be realized

o — no complete continuum limit a/L — 0

o larger L/a possible for larger g2 (¢’>0) (all g2 77)
perturbatively small g2 not reached; m L — oo okay”

BUT: for §2=1.0595, 0.9
we got very close to exact answer up to tiny cutoff effects

small g2 via ODD L: totally off...

effective theory?

analogue: triviality in 4d A¢?: for given A\ >0
no complete limit amgr— 0

opposite to here: smaller Ai allows smaller amp



