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Benchmark Data: Lowest energy levels for L=16, J=1.0

A PBC OBC S,
—2 ~8 ~7.5 L/2
—0.5 || —4.413613 | —4.190956 | 0O
0.5 | —6.042763 | —5.835389 | 0O
2 —9.906586 | —9.510953 | 0

All following data for L=16, J=1.0
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Figure 1: Lowest energy eigenvalue for the S, = 0 magnetization sector (blue data) and
the S, = +%£ sector (orange data) as a function of A € [—2,2]. As A < —1 the
ground-state changes from being in the S, = 0 sector to being in the S, = i% sector.
This hints to the fact that for A < —1 the system tends to a Ising ferromagnetic order
in the ground-state, as suggested by studying the limit A — —oo.
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Figure 2: Left panel: Lowest energy eigenvalue for the S, = 0 magnetization sector

(Eo(S: = 0), blue data) and for the S, = £3 sector (Eo(S, = £1/2), yellow data),
and first excited state energy for the S, = 0 magnetization sector (E1(S, = 0), orange
data), as a function of A € [0,2]. For A =1 the two energy levels E1(S, = 0) and
Eo(S, = +£1/2) cross. This is a signature of the transition to an anti-ferromagnetic
regime present for A > 1. This is more apparent in the right panel, where the S, = 0
excitation gap AFE(S, = 0) = E1(S, = 0) — Eg(S, = 0) (blue data) and the single-
particle gap AE;, = Eo(S, = £1/2) — Ex(S, = 0) (orange data), are plotted vs.
A € [0,2]. This level crossing can be qualitatively understood from the fact that in the
Ising anti-ferromagnet limit A — oo there are two doubly degenerate ground states
| T4 . ) and | LT4 .. 1), both with S, = 0, therefore AE(S, = 0) decays to 0 for
A — 00. On the other hand, in the anti-ferromagnetic limit there is a finite energy
cost scaling with A for adding a spin 1 or | excitation. On the other hand, the fact
that AE;, < AE(S, =0) for A <1 can be understood in the limit A = 0, where in
the limit L — oo with PBC there is an energy cost < dk = 2% for adding/removing
a particle (corresponding to a spin T excitation) on top of the ground-state Slater
determinant, whereas the cost for moving a particle from an occupied to an empty
low-lying single-particle state costs double the energy (removing a state with energy
x —dk and adding one with energy o dk).
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Figure 3: Up left: A = —10. Up right: A = —2. Down left: A = —1.1. Down right:

—1.
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Figure 4: Up left: A = —0.5. Up right: A = 0. Down left: A = 0.5. Down right:

A=1.
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Figure 5: Left: A = 2. Right: A = 10.



