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Definition of WDM
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Strong inter atomic interaction + electronic excitations

Warm? melt and boil anything (even W)
Include 2-phase fluid region (around CP)
Electronic excitation state  or ionization
Not highly charge, not much radiation, not 
CR

Dense? Atoms interact with an environment
(disordered fluid?)

Matter?
Phase transition, material function,..

What relation form these details to real material problems?



Remarkable phenomena predicted in WDM

• Negative positive ion plasma
• Metal-nonmetal transition
• Fast black absorber
• Ultra-fast cluster formation
• Ionization distortion of 2φ boundary
• others
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We have measured Au, Cu, Al, W, Mo, Sn, Fe, SS304, SiO2. 

For λ=745nm various trajectory
( time-dependent reflection of probe pulse (t~ -0~3ps) )
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to be continued



Metal-Nonmetal transition in Hg 
Hg model(5d10 6s2)1)
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Black glass 
For λ=745nmvarious trajectory

( time-dependent reflection of probe pulse (t~ -0~3ps) )
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Wittmann et al. Rev. Sci. Instrum. 77, 083109 2006
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Electron-phonon coupling
Life time (electron trapping time)~150fs
No temperature dependence
No different between quartz and SiO2 glass

E1’ centers
Self-trapped excitation

(the same level for abs. & fluor.  )
Between crystal and amorphous
Defect efficiency different
Emission energy slightly different
lower decay time in a-SiO2
large temperature dependence >170K

5.2eV & 4.2eV abs. peak 
(broadening 0.5~1eV)

2.8eV luminescence peak
(broadening ~1eV)

Ionization process
(Ebg~9.6eV)

Atomic physics meta-stable?
Strong 2p-2s absorption?
Narrow width?

What’s happen in Glass



Absorption measurements for black glass in LBNL
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White light probe for the LBNL fiber experiments

trigger

core 110μm 
CCD Camera

4μF

Liq. N2

HCX Ion beam

Data line

Ref. line



clad remove area

110μm core

120μm clad

front image of sampleFiber target

polished

Ion beam

mfp ~ 1μm

Transmission mode?
After absorption, how much decreasing occurs?  

100μm

Ion beam 2MeV, 10mA/cm2

5μs
=>103J/cc



Calibration with Hg line
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Calibration with Hg line
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Spectrometer

Multi-mode fiber

Cylindrical lens
f~50

300fs – KrF laser

248nm USP laser experiment for SiO2
2 photon abs.
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K. Takahashi, ILS/UEC, 2006
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time integrated spectrum
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Conclusion
• Ultra-fast transient absorption or reflection change 

will be used for real optical device in high power 
laser systems.

• New type of hydro-test and evaporation test are 
now ready to check by EOS model.

• We have got the direct evidence for (broadband) 
transient black in SiO2 for the first time.

• We also have some evidence of changing optical 
properties in SiO2 under illumination of HCX ion 
beam. 




