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Presence of Fermi surface is the base of 
solid state science.

BCS, Kondo, C(S)DW, Plasmon theories are all  
assumed, it has been already well established.
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to photo-generate Fermi surface 

from true electron vacuum?



Experiment by V.Zhukov et al, PRB70(2004)233106.

Motivation
Rapid relaxation dynamics of optically excited electrons in metallic systems, has

already been widely investigated. In most cases, however, only a few electrons are
excited, while, the main part of electrons is still in the ground state, works as an
infinite heart reservoir, resulting in quite rapid relaxation of newly given energy and
momentum.



What occurs, if a macroscopic number of electrons are 
excited, at once, into a truly vacant conduction band,       

without electronic heat reservoir?
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Coulombic inter-electron scatterings 
within the conduction band,

being completely elastic, 
can give no net energy relaxation.



c.f.  Luttinger theorem
PR 118(1960)1417.

Critical 
slowing down

avalanching initially, but soon it slows down infinitely, 
as approaches Fermi degeneracy, 

since only low energy phonons are available.

Phonon relaxation,  two time regions



Two pulse excitations of GaAs, InP by visible laser
Time resolved photo-emission spectrum of conduction band electron

Phonon relaxation, and 
photo-generation of 

Fermi degenerate phase 

Most simple,  but ultimate photo-induced phase transition 
from true electron vacuum.
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Lattice structure of  
GaAs, InP

Energy bands

N.Cavassilas et al, 
PRB 

64(2001)115207.

L.Dacal et al, 
SSC 

151(2011)781.
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Avalanching
Experimental determination of two time regions
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0.4 ps (InP) 
1.0 ps (GaAs) 

by Kanasaki
and Tanimura
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Power law,   half-life can not be defined.



without electron temperature approximation



without electron temperature approximation





Rate equation for ൏ ો,ܓܖ ܜ ൐
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Occupation around ۴



Residual photo-excitation energy ܚ at final stage

ܚ ۴
૛



	܍ܜ܉ܚ	ܖܗܑܜܑܛܖ܉ܚ܂ ≡ Γ , Γ ∝ ሺ∆۴ܓሻ૝

Final stage of phonon relaxation

ܖܗܚܜ܋܍ܔ۳ െ 	ܚ܍܊ܕܝܖ	܍ܔܗܐ ∝ ۴ܓ∆	

	܍ܜ܉ܚ	ܖܗܑܜܑܛܖ܉ܚ܂ ≡ Γ , 	　Γ ∝ ሺ∆۴ܓሻ૝

Phonon mode density 	∝ ሺ∆۴ܓሻ૛

Phonon energy  	∝ ۴ܓ∆	



ここに数式を入力します。ሺ∆۴ܓሻ૛ ∝ ۴ሻܓ∆۴ሻ૝,    ૒ሺܓ∆ሺܜ∆
૒ܜ

∝ ሺ∆۴ܓሻ૜, 			 ∝	۴ܓ∆ ିܜ
૚
૛

Finally



Avalaching Critical slowing down

∝ 	
૚

܍ܕܑ܂	
∝ ሺ∆۴ܓሻ૛

Relaxation dynamics of residual excitation energy ∆۳ܚ, Theory
Two time regions
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Available ૑ also 
increases as ࡲ࢑

increases.

ડܓ,ܘ܍ା 　 ∝ ૑	ࡲ࢑　

Avalanching speed rapidly increases as 
electron density ࡲ increases.
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Never terminates.





Decay channels

4. Inter-band Coulomb scattering,
similarly to the intra-band one,
gives no dissipation.






