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Introduction

Nano-scale heat transport

Dimensions
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Beyond Fourier’s Law … a dispersion relation perspective

Temperature waves: graphite and correlated materials

Temperonic Crystal

Time
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Beyond Fourier’s Law

𝒒 𝒙, 𝑡 = −𝑘𝑇𝛻𝑇 𝒙, 𝑡 no causality

Dual-Phase-Lag-Model
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+ conservation of energy
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+ conservation of energy

𝛻𝑇
Cause

𝒒
effect

𝜏𝑞 > 𝜏𝑇
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Frequency 𝜔

Wave vector 𝑘

Dispersion relation:

1 + 𝑖𝜔𝜏𝑇 𝑘2 =
𝜏𝑞
𝛼
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𝑖
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Dispersion relation perspective

Temperature

Spin

SVO3

Graphite Sr2IrO4

Generality

10 ns, 10 GHz 
@10-100K
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Key parameters:
tT and tQ
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Layered Correlated Materials

𝑡‖ interlayer hopping

𝑡⊥ intra-layer hopping

𝑈 Coulomb interaction

Hubbard Model

G. Mazza et al., Nat. Comm. (2021)

𝑇ℎ𝑜𝑡

𝑇𝑐𝑜𝑙𝑑

U
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Layered Correlated Materials

𝑇ℎ𝑜𝑡

𝑇𝑐𝑜𝑙𝑑

U

𝑁𝑛
𝑛𝑒𝑞

𝜀, 𝑡 = 𝑓ℎ𝑜𝑡𝜌ℎ𝑜𝑡 + 𝑓𝑐𝑜𝑙𝑑(1 − 𝜌ℎ𝑜𝑡)

𝑓𝑐𝑜𝑙𝑑 =
1

exp
𝜀

𝑘𝐵𝑇𝑐𝑜𝑙𝑑(𝑛, 𝑡)
+ 1

𝑓ℎ𝑜𝑡 =
1

exp
𝜀

𝑘𝐵𝑇ℎ𝑜𝑡
+ 1

time (ps)
0 0.4 0.8

Energy density 𝐸𝑛(𝑡) Heat flux
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Heat diffusion regimes

• Ballistic: large heat flux, no temperature dynamics

• Hydrodynamic: positive heat flux, temperature 

oscillations

• Fourier: 𝑞 ∝ −𝛻𝑇
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Delay times for correlated materials

For SrVO3

𝜏𝑇 ∼ 5 fs (scattering time from optics)

𝜏𝑞 ∼ 500 fs (from neq. dynamics)

𝑘 = 10 − 20 W m−1 K−1
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Temperonic Crystal

3 nm 3 nm

300 K 100 K

Phononic Crystal

Photonic Crystal
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𝑇𝑒𝑙(𝑥, 𝑡)

A Superlattice for Temperature Waves in Correlated Materials 
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Temperonic Crystal

A Superlattice for Temperature Waves in Correlated Materials 
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Phononic Crystal

Photonic Crystal
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𝑇𝑒𝑙(𝑥, 𝑡)
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Spatio-temporal evolution of temperature
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Temperonic crystal:

extendible to graphene…



12

Conclusions

Temperonic Materials

Beyond Fourier’s Law … a dispersion relation perspective

Temperonic Crystal

Temperature

Spins

SVO3

Graphite Sr2IrO4
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Thank you for your attention!!!

❑ Special Issue “Opto-Thermo-Mechanical 
Interactions in Nano-Objects and Metasurfaces”

Special Issue Website:     

https://www.mdpi.com/journal/optics/special_issues/
object_meta

https://www.mdpi.com/journal/optics/special_issues/object_meta

