Unconventional PDV applications:
detecting plasma and radiation
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The Sandia Z machine produces many things

" |n less than 500 ns:
= | >20 megaamp
= P> 1 million bar
= T>1000to 10° K

= Radiation

= Photons (usually)

= Neutrons (sometimes) PDV has been very successful
for measuring pressure and in
inferring current. Can we build

= All sorts of plasma on this success?
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What does PDV measure?

= Apparent velocity:

d dn
= —— ~ —L
v - /n(a:,t) dx o

= Apparent velocity comes from:
= Actual motion
" Dynamic compression of optical windows
= Other refractive index changes
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Plasma detection

top anode (c) side
view 0 view slots

(a) |:|— ------ ———_ 1(0)
top

(@) F——>——1(b)

(@) > (b) bottom
! catroce [
slots current current

= Pass beam through vacuum

= (a) to (b) nz\/l——

= (a) to (b) to (a) 5
= Free electrons causen<1 N, — Me€o (2mC

20 - e? A
= N_=4.6x10%° electrons/cc




Sandia
m National

. %10 -5 Laboratories
/ Power Flow experiments =
o 1 Standard pulse
Machine time (ns) 2
2950 3000 3050 3100 f__‘s 0
< 20 : : G
S > -1 \
i I ©
E 10 = ol Bottom probe \
::; 0 — — Top probe '
-3 . .
- 2975 3000 3025
E Machine time (ns)
> 10
.6 O ><
e}
(O]
>
: 22 N\
S 2 Extended pulse \
- o
o
24 \
— Bottom probe
— — Top probe \
Relative power (dB) 6 . . . .
. 2750 2800 2850 2900 2950
Signal loss at 10'%-10"7 electrons/cc

Machine time (ns)




Sandia
I‘I‘ National _
Laboratories

Several interpretations

" Local density gradients may deflect the beam
= Less likely with retroreflective tape
= |ocal density may reach/exceed critical value
= WWe can only measure path average
= |ons and neutral atoms may also play a role
= Precise materials and ionization states unknown

= Fast density increases may exceed the measurement
bandwidth

In any event, PDV senses something that should not be
there (according to most simulations)
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Detecting radiation

Radiation drive experiment

= Negative velocity occurs % _‘?%{ interferometer
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= Effect only observed
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Feature shows up in shielded/capped probes

MagLIF experiment (photons and neutrons)
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Possible explanations

" |rradiated silica collapses to higher density
" Index goes up, apparent velocity < 0

= Radiation creates color centers

= Visible absorption accompanied by infrared index
changes (Kramers Kronig relations)

= More likely for Ge-doped silica than pure material
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Testing the role of Ge doping

= Photo-sensitive fiber
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Summary

= PDV can detect anything the modifies refractive index
= Apparent direction is the inverse of the dn/dt
= Plasma detection is easy
= Density calculation relies on several assumptions
= Radiation sensing needs to be calibrated
* Type/energy discrimination
= Material sensitivity (Ge concentration, ...)
= Potentially fast response (< 1 ns)

Dolan et al., J. Appl. Phys 123, 034502 (2018).
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