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Long Range O(N) models
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Why d = 2 XY model?

J
H=— Z 4o COS (6; — Oi1r)
i,r
d In the SR: a line of fixed points

d Numerical results: hard to get

d Analytical mappings fail beyond n-n couplings

(e.g. Villain, Sine-Gordon representations)




Short-range BKT transition

Nearest-neighbors case:
H=-J Z cos (6; — 6)

<i,j>
Low-temperature approximation

cos (05 — 0;) ~ %|V0|2

Gaussian power-law correlations

(s0 - sr)g = (cos(fo — Or))y ~ =57

» M. Gréater and C. Wetterich, Phys. Rev. Lett. 75, 378 (1995).
» P Jakubczyk, N. Dupuis, B. Delamotte Phys. Rev. E 90, 062105 (2014)
 ND, A. Trombettoni, |. Nandori, T Enss, Phys. Rev. B 96, 174505 (2017)




What about topological configurations?
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Coulomb gas representation:
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Vortex fugacity




BKT flow equations

J = —4n®J%y? Gaussian FPs line
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Low-temperature phase
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Field-theoretical approach: long-range

Long-range perturbation:

H = HSR — Z %—0 COS (Hi — 9i+r)
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Tricky continuous limit Non-local
Z AN

/ N
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Dimension of the perturbation - Interacting

(cos OV cos ) ~ L7 (cosf cos ) ~ L~ +nsr(J))




Gaussian FPs line
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BKT transition First Order Phase Transition in the Plane Rotator
Ferromagnetic Model in Two Dimensions

survives
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Abstract. We show that the two-dimensional isotropic ferromagnetic rotator
model exhibits a first order phase transition if the interaction decays as r *
with 2< < 4.
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J = nsr(‘])g » \ortices
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Low-Temperature phase

For low temperatures:

g — 00 Ner — 0

Effective Gaussian theory

Sy ~ —g/d2x9 va\e
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g ~ 66(2_0) — CLQ_G m = <COS 9) ~ e_a2—cr/g




Universal scaling

g~ o~ (Te=T)71/2 2-0

Infinite order phase transition

Slowing down

Inm ~ —e(TC_T)_1/2
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Villain model

Discrete link variables

Long-range version of the Villain model /

H = JE p20 (9i+r — 0; — 27mi,r)2

\;

: Continuous
Always a relevant perturbation

Ser ~ / d*z V0 Sy ~ / d*x V70

Not in the same universality class of XY!




Vortices gas Hamiltonian

H=nJY mm;U(lr; — ;) + € Y m?
)
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Vortex-vortex potential

U(r) ~r*77 — 1

<o <2 \0<1

U(r) ~Inr Always irrelevant

Puzzling results!




Conclusions

O SCHA: suggests BKT survives
O QFT: coexistence of BKT and SSB for% <0o<2

d Infinite order phase transition

O What about o < Z?




Non-Hermitian many-
body phases of matter



Adiabatic Elimination
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Cold atoms in imaginary potential
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Tomonaga Luttinger Liquid Theory
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Bosonic field: ‘?T(x) = /ﬁ(x)e_ié(x)

ﬁz"dx{z;[ (ae) +%<ax$)2

Y.Ashida, S. Furukawa & M. Ueda Nat. Comm. 8, 15791 (2017)
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PT-Symmetric sine-Gordon model
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BKT Flows compared
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Superfluid Stiffness compared
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FRG description of the sine-Gordon model
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BKT at a d=4 Lifshitz
point!?
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non-Hermitian RG vs FRG
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non-Hermitian RG vs FRG
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Breakdown of the TTL phase also in the PT broken regime

New massive phase



non-Hermitian RG vs FRG
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