Phase separation in the non-equilibrium Verwey transition in magnetite
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ABSTRACT WHY THE VERWEY TRANSITION?

The possibility of triggering a non-equilibrium transient metallic state Verwey insulator-to-metal phase transition at 7y, = 123 K.

High temperature phase:
8 - Inverse spinel structure .
by an x-ray study [1]. We studied the optical properties of magnetite < | . A and B sites for Fe ions Low temperature phase [2]:

- A sites: Fei;r with d orbitals
S occupied by | spins
out-of-equilibrium optical data bear the initial electronic response | + B sites: random distribution of /

associated to localized photo-excitation, the occurrence of phase Fey, Fer;"

in insulating magnetite by photo-excitation was recently demonstrated

both at equilibrium and out-of-equilibrium after photo-excitation. The Charge ordering on the B sites

separation, and the transition to a transient metallic phase for excitation d-orbitals 57T 51 14

density larger than a critical value. The Verwey transition is the ideal playground to study out-of-equilibrium phase transitions
(clear variation of the optical properties at the transition).

EQUILIBRIUM AND OUT-OF-EQUILIBRIUM OPTICAL PROPERTIES
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PHASE TRANSITION DYNAMICS

Where to look for phase separation?
Out-of-equilibrium phase transition

The physical scenario
Spectral response of the nucleating

Out-of-equilibrium phase separation
and non-separability of the response

and its relation to equilibrium metallic phase
Intermediate fluence regime
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Sample at 35 K, very similar at 80 K
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Biased physical picture?

NO!: singular value decomposition
tells us that [£2£]|n.¢ is the furthest
from being separable in the
intermediate regime (v green curve).

0.00} Nucleation of the metallic

phase
Non-linear response: just
0.6 eV losing spectral

Correspondence to equilibrium thermodynamics
(inset)
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Intermediate fluence: out-of-
equilibrium phase separation

CONCLUSIONS

- Close to the threshold for the triggering of the photo-induced phase transition (intermediate fluence regime), out-of-equilibrium phase separation occurs in the system.
- The results of this work may have a general relevance for systems displaying photo-induced out-of-equilibrium first order phase transitions.
- A non-separable dynamical response may be a general fingerprint for out-of-equilibrium phase separation and a straightforward way to identify it.
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