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Renema, J. J. et al. Phys. Rev. Lett. (2014).
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Outline

1 – High energy quasiparticles injection

2 – Low energy quasiparticles injection

T. Jalabert, et al., Nat. Phys. (2023)



Scanning Critical Current Microscopy
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Mapping the local critical current
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𝑙 ≈ 𝜆𝑝ℎ for 𝑉𝑏 = 20 meV

A. Sergeev and V. Mitin, Phys. Rev. B  61 (2000)

F. C. Wellstood,  C. Urbina, and John Clarke, Phys. Rev. B  49 (1994)



Electronic temperature

Σ = 1 𝑡𝑜 8 109 W𝐾−5𝑚−3



Spatial dependence



Beyond the stationary thermal model



𝑛𝑠 ≈ 𝑁0 ∆

𝑗𝑠 = 𝑛𝑠 𝑣𝑠 e

𝐼𝑠 = 𝑗𝑠 d w = 𝑛𝑠 𝑣𝑠 e d w 

𝐼𝑠 = 𝐼𝑠
′ ⇒ 𝑣𝑠

′ =
𝑛𝑠

𝑛𝑠−𝛿𝑛𝑠
𝑣𝑠

𝑗𝑠
′ = 𝑛𝑠 − 𝛿𝑛𝑠  𝑣𝑠

′ e

Superconducting transition : 𝑣𝑠
′= 𝑣𝑐 ⇒ 𝛿𝑛𝑠 =  𝑛𝑠 1 −

𝐼𝑐

𝐼𝑐0

Hot spot radius : 𝐴 𝑡 = 4 𝐷 𝑡 𝑙𝑛 𝑀 𝑡  

Hot spot model

𝛿𝑁𝑠𝑙𝑎𝑏 =
𝐾 (1 − 𝑒

−
𝑡
𝜏) 𝜉

𝜋 𝐷 𝑡

Out-of-equilibrium quasiparticles in the slab at the transition : 𝛿𝑁𝑐 = 𝑁0∆ 𝜉w d 1 −
𝐼𝑐

𝐼𝑐0

Generation of quasiparticles : 𝑀 𝑡  = 𝐾 (1 − 𝑒−
𝑡

𝜏) with 𝐾 ≈
𝑒 𝑉𝑖

Δ
 

𝐼𝑐 = 𝑛𝑠 𝑣𝑐 e d w 

A. Semenov, et al., Eur. Phys. J. B 47 (2005)
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Numerical simulation of the hot spot dynamics



Numerical simulation of the hot spot dynamics
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High bias injection conclusion
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➢𝜏~40 𝑝𝑠 T. Jalabert, et al., Nat. Phys. (2023)



Low bias injection

Non-thermalized quasiparticles : - No electronic temperature
       - Non-Fermi-Dirac distribution function
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Low bias injection
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𝑒 𝑅𝑇
𝑁𝑆(𝐸)(𝑓𝑆 𝐸 − 𝑓𝑡𝑖𝑝(𝐸 − 𝑒𝑉𝑏) = −𝑒Ω𝑁0𝑁𝑆(𝐸)

𝑓𝑆(𝐸) − 𝑓𝐹𝐷(𝐸)

𝜏𝑟𝑒𝑐
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∫ 𝑑𝐸 𝑁𝑠(𝐸) 𝑓𝑠(𝐸) − 𝑓𝑡𝑖𝑝(𝐸 − 𝑒𝑉𝑏)

Ω = 𝐷𝜏𝑟𝑒𝑐 𝑤𝑑

𝜏𝑟𝑒𝑐= 100 – 600 nsAt the spectral gap 𝑒𝑉𝑏 ∼ 0.45 Δ0

-Quasiparticles trapping Ω = 𝐿𝑤𝑑 𝜏𝑟𝑒𝑐= 60 - 90 ns



Low bias injection
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- Phonon trapping 𝜏𝑟𝑒𝑐
′ = 𝜏𝑟𝑒𝑐(1 +

𝜏𝑒𝑠𝑐

𝜏𝑏𝑟𝑒𝑎𝑘
)² A. Rothwarf and N.B. Taylor, Phys. Rev. Lett. (1967)

𝜏𝑟𝑒𝑐=460 ns



Low Bias Conclusion

➢Non-thermal quasi-particles
➢ Distribution function effect
➢𝜏𝑟𝑒𝑐~ 100 − 500 𝑛𝑠



Scanning Critical Current Microscopy Outlook

Quasi-particles trapping in a vortex

Vortex pinning



Current crowding

Highly disordered superconductors

InOxTiN

Scanning Critical Current Microscopy Outlook



➢Non-thermal quasi-particles
➢ Distribution function effect
➢𝜏𝑟𝑒𝑐~ 100 − 500 𝑛𝑠

Conclusion
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➢Thermal effect

➢Quasiparticle dynamics
➢𝜏~40 𝑝𝑠 T. Jalabert, et al., Nat. Phys. (2023)
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