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Universality classes
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Topologically trivial — Ising

 —— / /
; 00 0 o0 o0 4 L g Ly L g o0
2x Haldane (gapped) Disordered, Next-Nearest-Neighbor

A (NNN) Haldane (gapped)
Topologically trivial

[TTII7 J77777

Zs, Dimerized (gapped)

Topologically non-trivial

Break 7,

Ising!

Topologically trivial

Z, transitions in QLMs 4 /14



What if we break another Z, symmetry?
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A toy model to study quantum spin chains

quantum spin chain

# # 8 # w0 # q
o AR (R | S | SR - AR

* Singlet sector

* Constrained Hilbert space:
dim H =3" vs. dim H ~1.68"

quantum loop model (QLM)
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A toy model to study quantum spin chains

quantum spin chain quantum loop model (QLM)
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Intermediate Z, phase and two Ising transitions
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Symmetry point of view — Ashkin-Teller
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What it symmetry alone is not enough?
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7, Commensurate-Incommensurate transition

S * Ashkin-Teller: 5 > v
) [Ag| x & =0
250 500 |.7_éo_| 1000 1250 * Chiral: B =V
] |Aq| x & — constant
£ x |0 —0.]7": correlation length ) |ilo‘ati€ng phase:
_ X — 00
|Aq| o< |6 —6.|° : distance to g=1/2 !

Huse, Fisher, Phys. Rev. Lett. 49 793 (1982)
Huse, Fisher, Phys. Rev. B 29 293 (1984)
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Ashkin-Teller point and chiral
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Can we manipulate this phase diagram?
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Plaquettes are essential for crit
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Characterizing the chiral end point
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Summary

0 Zx, * 74 transitions in QLMs on a zig-zag ladder

L5 4 * Two Ising — Ashkin-Teller point

o JAVAV. . * Extended chiral transition

Floating * Columnar density manipulates quantum criticality
0.5 | Fhase * Possibly different critical theory chiral end point
<>
0.0 F
Outlooks

" Disordered * Nature of chiral endpoint?
T VAN / * Heisenberg spin-1 chain: plaquettes essential?
s . . * Slowly adding spins back to the model?
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How do we simulate local 1D quantum systems?

* Local Hamiltonian

Density Matrix

Many-body Hilbert space Renormalization group

(DMRG)
Fragmented Hilbert space
Constrained DMRG

Chepiga, Mila, SciPost Phys 6 033 (2019) /

Simulate N = 3000 sites!

S manass ??

Oi+1 Oi42

_ Z., transitions in QLMs Supplementary information

Area-law states

Orus, Ann. Phys. 349 117-158 (2014)




Constrained DMRG
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1. Ising: scaling of order parameter

Dia = [(ns) — (niy1)]
versus [V in log-log plot
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Conformally invariant
Central charge ¢
Ising: ¢ = 1/2

Reduced entanglement entropy:

Sn(n) = glndN(n)—l—lng—i—sl

Calabrese, Cardy, J. Stat. Mech. P06002 (2004)

Conformal distance:
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2. Ising transition between Z2 and Z4
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Extra data
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Locating the disorder line
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Two Ising — Ashkin-Teller (AT)

Ising xIsing A

* Weak universality class L — 1\ disordered phase
* Universal d and ¢
 Ts this the full Z, transition v=2/3

picture? ;Stttite o>

Liischer, Mila, Chepiga Phys. Rev. B 108 184425 (2023)
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C-IC transition

£ x |0 —0.7": correlation length

_ Ising xIsing
[Ag| o< |0 —0.|° : distance to g=m/2 y — 1 [ disordered phase
. : e v=2/3
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|Ag| x £ — 0 Pots 2 o R .
* Chiral: 5 = v

|Aq| x & — constant

—————

* Floating phase:
[Ag| x § — o0

Z., phase
Liischer, Mila, Chepiga Phys. Rev. B 108 184425 (2023)

Huse, Fisher, Phys. Rev. Lett. 49 793 (1982)
Huse, Fisher, Phys. Rev. B 29 293 (1984)
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Extracting quantities
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t'=2 : First order
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Weak first order
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/., chiral transition in Rydberg atoms
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Research 4 043102 (2022)
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