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α-RuCl3 as promising material for
Kitaev model describing spins S=1/2 

on a honeycomb lattice

Simon Trebst
Kitaev Materials
arXiv:1701.07056
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 Characterizing ZZ spin configuration

https://www.nature.com/articles/s41586-018-0274-0#citeas
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Direction and field dependent isothermal 
MO spectroscopy

Highly anisotropic MLD response

 

In equilibrium

(1-T/TN)2β

β= 0.19±0.07
2D Ising universality 
class

(H-Hc)
γ

Hc = 7.480 T and
 γ= (0:31±0.07), 
-> 
0.32, 2D  Ising 
symmetry class
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Temperature-field phase diagram of α-RuCl₃ 
is shown for two in-plane field directions:

❑ {1,1,0}: perpendicular to the Ru–Ru 
bond.

❑ {1,0,0}: along the Ru–Ru bond.

Three magnetic regimes are identified:
❑ Regime I (ZZ): Zigzag order with 

three initial domains.
❑ Regime II (SF): Spin-flop phase.
❑ Regime III (ZZ2): Modified zigzag 

order.

npj Quantum Materials (2022) 7:28
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  Out-of-equilibrium  Studies > Magneto optics

Static phase diagram  

Dynamics phase diagram  
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photoexcited α-RuCl3

Sandilands et al. PRB94, 
195156 (2016)

<
probe

pump

Low Fluence- Zero Magnetic field  

PHYSICAL REVIEW B 105, 224428 (2022)

0.7     2.8 µJcm-2

 

We extended the study

More excited carriers

Pump Fluence

Physical
Review B 
103, 
245105
(2021)

Extended
Not only in time and

Excitation density
But

To all 
ZZ-SF-ZZ2 and PM

phases
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photoexcited α-RuCl3
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photoexcited α-RuCl3
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Dynamics/mechanisms

Phenomenological model

Faraday Discuss., 2022, 237, 237
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photoexcited α-RuCl3

• Low holon-doublon population
• Less HBE creation
• Still Strong antiferromagnetic 

background
• No plateau- long lived AF disorder

•Weaker antiferromagnetic background
•High holon-doublon population -> faster 
 and more MHE pop 
•Fluence dependent plateau- long lived AF 
disorder• Saturation of Δθ -> suppression of AF

• Signatures of PM phase in high field
• Non-thermal phase transition
• No recovery in 4 ns

Suppression of AF phase vs PED
Low 

Intermediate

High

Antiferromagnetic background

LOW 
fast h-d recombination/

No long-lived MHE
Magnon emission/disturbing AF BG

Intermediate 
Creation of long lived MHE

Presence of Strong AF BG
Easier MHE recombination 

High Intermediate 
Excess Creation of long lived MHE

Presence of weak AF BG
Difficult pathway for MHE decay 

High
Total suppression of AF BG 

 

PRB 105
064409
(2022)

Monte Carlo mag. dynamics
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photoexcited α-RuCl3

 

 

Fattuzo model 
domain growth 

Faraday Discuss., 2022, 237, 237
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• More details on metamagnetic transitions by static MO spectroscopy

• Long-lived disorder AF phase in out-of-equilibrium
• Signatures of non-thermal phase transition induced by strong optical excitation
• The mechanisms lead to spin disorder are discussed but the true magnetic nature 

of this non-thermal phase needs more investigation
• Recovery dynamics is fluence independent and follows Fattuzo-like behaviour

                                            

Extend this kind of studies to other correlated materials and spin liquid candidates

Looking at non-thermal phase transition at 2D limit

Outlook

Characterize the non-thermal phase using different methods (such as Raman) 
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                         (MO) Spec. and Antiferromagnetism

Hamoon Hedayat 23

The magnetization is measured by analyzing the 
polarization of the reflected Probe. 

p-pol
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