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Il. Coplanar Antiferromagnet

In a coplanar antiferromagnet the order parameter is

not a vector but rather an SO(3) rotation.

The prime example is the Heisenberg antiferromagnet
H=JY S5

'thin spectrum': eigenstates with an energy O(1/N) that vanishes in the (i5)

thermodynamic limit, and who have a degeneracy structure that reveals the order on a triangular lattice with the magnetic order

parameter symmetry.

This tower of states can be used to discover the symmetry broken state numerically.

In general, the ground state entanglement can reveal the low-energy spectrum of a

I. What is the ‘tower of states’?

A system that exhibits spontaneous continuous symmetry breaking (SSB) in the
thermodynamic limit will, for any finite system size, have a unique ground state.
How then can any finite system show signatures of its symmetry breaking fate?
Anderson pointed out that such a finite size system contains a 'tower of states' or

phase. A ,
For SSB-systems, the entanglement spectrum will have the ‘tower of states’ 3 ) T {
structure. This is shown for collinear magnets in [1], in this work we show it for ’ S i

coplanar antiferromagnets. defined by the three vectors n,, ng and nc.

I1l. SO(3) Nonlinear Sigma Model

The coplanar antiferromagnet can be described by a nonlinear sigma model, where the vector a lives on the 3-sphere,
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where the vector field 7~ a defines the anisotropy between in-plane and out-of-plane spin waves.

IV. The Entanglement properties computed in Four Steps

IV.A. To compute the ground state wavefunction, we split off the k=0 components of the a-field into the constant component 7o and the spin wave
fluctuations (). The wavefunction for the o component is a singlet, for the spin waves we get an anisotropic Gaussian wavepacket,
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IV.B. The Reduced Density Matrix can be obtained by integrating out the degrees of freedom on a subregion B, starting from the
4 full density matrix p(@,a’) = plaly*[a’], Therefore we expand the fields around the north pole of the 3-sphere,

@ ao(f) =1 —m(2)%/pi, @i(f) = (%) /\/Pi. After Gaussian integration over subregion B we obtain
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IV.C. The k=0 component of the reduced density matrix now displays the IV.D. The entanglement entropy can now be computed.
tower of states. To see that, we can write out the zero momentum part The spin waves are just free bosons, and hence give an area law
in terms of an entanglement Hamiltonian, contribution to the entanglement entropy.

g 1 2 (prer — PHCH) Ty LA1)2 The k=0 component of the reduced density matrix can be raised to
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wherell depends on the size of subregion B, P mo, ] ~ 32 (27") (det &p)~ =D/ 2 exp 7%(@ — 7)) eeij(mo — my )’
I= 1 / d?xd*yQ(&,§) ~ Llog(l/a) so that the Von Neumann entanglement entropy obtains an extra
A . logarithmic term due to the tower of states,
The lowest elggr}stat.es.are now of the2form {7 }mimaz) with energies 5575 ~ 2 log £ + const.
Ejmymy ~ 1 (aJ (7 +1) +b(m2) ), which is lower than the spin 2 .
. ith o(lo Z)fl where the universal prefactor N/2 counts the number of Goldstone

wave eigenstates with energy & ’ modes of the symmetry broken state.

V. Comparison to VI. Conclusion

¢ ToS levels
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is the same as found by

Kolley et al [2] using
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WEL/2=6, J /4= 1 g | LEr=ne = | numerics Using an SO(3) nonlinear sigma model, we show that the
% .| The structure of the ground state entanglement spectrum of a coplanar
g 4 . - states in the antiferromagnet displays the 'tower of states' structure.
@ /:f"’f -] § L &@— entanglement Consistent with earlier results for SO(N)S models, the
© ) - . & §“’“’ = spectrum that we entanglement entropy counts the number of Goldstone
o O AL found using the modes of the broken symmetry state.
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