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Motivation

@ A

Can a spin glass transition occur without quenched disorder?

. J

* Infinite dimension => Yes. H. Yoshino SciPost Phys. 4, 040 (2018)

Disorder-free replica theory can be applied to spin systems.

« 3D system? <++ no exact answer.

Frustration is necessary to suppress ordinary long-range order.

A

=> geometrically frustrated system!!
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Experimental candidate Y,Mo,O- v v \




Y>,Mo,0-, Spin-glass transition without chemical disorder

Nonlinear magnetlc susceptibility FC-ZFC susceptibility
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Mo*+ (S=1): regarded as classical Heisenberg spins
around T,

NN AF Heisenberg model on pyrochlore lattice
=> Classical spin liquid evenat T=0

{ What is the origin of the spin glass transition? J




attice distortion

Microscopic mechanism of JT ice

=> KM, C. Hotta, H. Yoshino, PRResearch (2022)

XAFES data C. H. Booth, et al. PRB (2000)
Atom pair  o? (A?) R (A) Op (K) o, (A?
Mo-0O(1) 0.0045(3) 2.030(2) 950(40) 0.0024(1)
Mo-Mo 0.035(1) 3.628(2)* 260(fixed) 0.026(5)
Mo-Y 0.0055(1) 3.628(2)* 356(20) 0.0033(4)
Y-O(1) 0.0092(3) 2441(1) 325(12) 0.0046(3)
Y-O(2) 0.0036(1) 2.225(1) 860(60) 0.0009(3)
Y-Y/Mo 0.0042(1) 3.609(1) 381(1) 0.0020(2)
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Model

S; : Classical Heisenberg spin |S;| =1

(v = [111], [111], [T11], [111])

Exchange

Potential energy of distortions
(“Spin-ice” like Hamiltonian)

o; . Lattice displacement (orbital) o; = 0;é, o0; = +1

H/J = Z Joi 0,9 S —3620'7;-0'3- (¢, JJ > 0)
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Parameter

L :System size L =4,5,6,8 N =16L°

0 : Amplitude

. Elastic energy

€

0 =1.5

e = (0.0-1.2

Method: Monte Carlo simulation

Unit cell




Auto-correlation function

Spin

Common
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Spin: (7, zv) = (0.0695(19), 2.
Lattice: (Th, z) = (0.0686(5), 3.55(4))




A 1. 2V
Spin e=0.6 | 3.99(80) | 0.0695(19) | 2.79(12)
Spin e =0.65 | 4.91(154) | 0.0855(26) | 2.55(15)
Distortion €= 0.6 | 4.27(31) | 0.0686(5) 3.55(4)
Distortion €= 0.65 | 4.78(21) 0.0862(5) 3.54(3)
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Structure factor ((hhl)-plane)

Spin
1 N
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Lattice distortion

4 N
S, (k) = ﬁ SN ek g, g,

i=1 j=1

* No Brag peak at low temperature
* No notable differences between the two temperatures

mm) (Glass!!
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Nonlinear susceptibility e = 0.0

» Magnetic (1 =z, 9, 2) » Dielectric (v = [111], [111], [111], [111])
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Heat capacity
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Mean-field theory

A 4

U
f N>c>1
A A EXRE i
W@ with & = —
A A A M
X
Kagome Pyrochlore Bethe-lattice-like simplex network
_ kl 1 Z[Jo-,-,o—jsi .8;+¢€0;-0;] Spherical constraint
velk=1) 5 Si=(SL,S8H ..., ") N ISP =NM
Ja,-,aj = J[1+4d(o; - i'ij + o;- i’ji)] o = (O'il, O'l-z, c e O'l-c) Zi\; |o'i|2 — Nc
Replica trick
. 0 = 0 (spin-lattice decoupled):
—BF =logZ = lm%) 0,Z" essentially the same as the spherical SK model

=> Replica symmetry breaking doesn’t occur
Order parameter

- spin - |lattice distortion
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Free-energy functional
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The eigen value must be non-negative Hoy90 = — 30,5994



Phase diagram

§ =0 (spin-lattice decoupled)
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Order parameter (RS ansatz) N PR O
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Summary

We constructed a disorder-free spin-lattice glass model.

* Numerical simulation
=> Simultaneous spin-lattice glass transition

— divergence of relaxation times of spins and lattices at common 7',

— diverging features of nonlinear magnetic and dielectric susceptibilities around T

KM, C. Hotta and H. Yoshino Phys. Rev. Lett. 124, 087201 (2020).
- Mean-field theory

=> Complex free-energy landscape due to spin-lattice coupling

— replica symmetry breaking (RSB) occurs in the spin-lattice glass phase

KM and H. Yoshino Phys. Rev. B 107, 054412 (2023).

See also KM, C. Hotta and H. Yoshino Phys. Rev. Research 4, 033157 (2022).



