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Development and characterization of multi-keV x-ray sources on Z 

1-5 keV: Opacity plays 

a major role  
 For low atomic number 

materials Z is very efficient at 

ionizing to the K-shell 

 Data for Al indicates that pinch 

size and structure changes 

effective opacity2 

 

 

 

 

 

 

• Compact uniform pinch has high 

opacity 

• Diffuse structured pinch has lower 

opacity and emits much higher 

yields 

 Similar effects may be present 

in Ar gas puffs3,4 

Progress in source 

characterization9 

 Recently considerable effort has been 

placed on improved characterization 

of K-shell sources9 

• Combined efforts of Z RES program, Non-

thermal LDRD and Grand-Challenge LDRD 

 By combining multiple yield 

diagnostics we can determine yields 

to ~10% accuracy9 

 

 

 

 By combining multiple crystal 

spectrometers we can measure 

spectra continuously from 1-25 keV2,9 

 

 

 

 

 

 By combining multiple diagnostic 

platforms we can assess the spectrum 

from 100 eV – 1 MeV9,10 

>15 keV: Kα due to 

energetic electrons 
 For >15 keV, velocities for 

efficient K-shell emission are 

impractical (~2000 km/s) 

 Mo & Ag pinches emit Kα lines 

from inner-shell ionization due 

to energetic electrons7 

• Occurs during disruption 

 

 

 

 

 Modeling and data indicate Kα 

emission scales favorably to 

higher photon energies8 

5-15 keV: High velocity 

is critical 
 For moderate atomic number, 

pinch needs to achieve high 

temperature to emit efficiently 

 For stainless steel find 

temperature and yield peak for 

110 cm/µs implosions5 

 

 

 

 

 Experiments have begun to 

optimize 13-keV Kr emission 

• Tailored density profiles enhance 

pinch stability6 
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Contrasting processes in 1-25 keV sources1 
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    >4keV at                Axial  spectrum           >4keV at  
    peak soft                                                    peak Kα 
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Wire arrays:  

Al, stainless steel, Cu, Mo, Ag 

Gas puffs:  

Ar, Kr 
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Bolometer ~30% 

 

 

 

 

 Weighted mean & uncertainty 
~10%   

 
 

 

 

 

PCD ~25% 

 

 

 

 

 

Calorimeter ~15% 
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 z2543 - Ramped, no jet

 z2640 - Ramped, no jet

 z2639 - Ramped, jet~0.044 mg/cm

 z2641 - Ramped, jet~0.088 mg/cm

Kr He

Increasing  

opacity 
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