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Overview
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Current status
— statistics of the layering process

— demonstrated <1-um rms layers (all modes);
but not throughout the target

— layer smoothness varies for different MC’s;
the layering sphere is the limiting factor
e Foam targets
— improved transparency

Cooling targets below the triple point
— variable behavior

Effect of shroud retraction on target condition
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High quality ice layers were attained; ice roughness was
below 1 um (rms) for all modes for ~16% of the ice surface
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The ice layer is formed using a stepwise temperature ramp

without any subjective intervention from the operator
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Sequence:
* [nitial state: liquid D, and OPO power =1 to 2 Qpt

o Step 1: Determine the temperature on the layering sphere
where the liquid freezes; (AT = -50 mK/2 h)

— Issues
- the best layers are formed with a small AT between
the target and the boundary
- lengthy thermal time constant to remove
the Hgysion (~ 1 mJ).

e Step 2: Melt the ice and repeat the freeze, starting closer
to the triple point temperature; (AT = —10 mK/2 h)

— melting a good quality target and relayering it using
the same protocol returns a “similar” layer (both rms
roughness and crystallographic quality)
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Ice layer formation is rapid (<3 h) with 1 to 2 Qp; determining
the initial conditions for forming the ice layer can take days
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Temperature below the triple point upon gas pressure
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Layering, melting, and relayering the target using the same
protocal resulted in a 0.6-um variability in the rms roughness
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* Four separately formed ice layers 10
(in the same capsule) have
a similar thickness distribution. 5

— demonstrates the variability
of the solidification process

— preferred low mode
orientation

* The ice layer shows significant
variation azimuthally within the Keyhole

layering sphere. 90° : : 31 270°
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The ice layer “relayered” when it was rotated

at the center of the layering sphere
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e Conclusive evidence in one layering sphere: T < 20 min
— the response repeated for a second target, to a lesser extent
* Ice moved laterally within the target, transposing the / =2 mode into a / = 1 mode.

Change in the position of the brightband with time when
the tarqget is rotated 180° to ¢ = 150°

320 i i | 1 358 I — i
318 Mass gained 5~356 il + 68 min _
316 2 o 4\/\ to + 17 mingy -
314 . [ ) -
312 — S 350 - _
=
=
0]

Inner radius (pixels)

310 to + 68 min to + 17 min 348 I~ }
308 m o 346 > -
306 -~ \Mass lost =34 |- N
304 | | | J 342 | | |
0 100 200 300 400 0 100 200 300 400
Angular position in bright ring Angular position in bright ring

Possible causes: nonuniform IR illumination, temperature gradients
within the layering sphere, the Be target support, or the “keyhole.”
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Determining the effect of small thermal gradients within the
layering sphere requires a full 3-D model of the upper shrouds
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The magnitude of these effects depends upon the He gas
pressure and the Qp in the target.




A 0.25 um pore foam with IR illumination (950 nm) allows

the inner ice layer in a foam target to be observed
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Separate views through the same foam/ice target
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Melting the ice in a foam target revealed

clearly defined brightbands
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Cooling targets below the triple point temperature
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* The behavior of a target when cooled below the triple point varies!
— from no observable effect to a substantial effect

— usually, the first 0.5 to 1.0 K has little effect—the next 1.0 K
can affect the target

— there is a weak correlation between the likelihood of the target
roughening and the initial crystallographic quality
of the ice

Cooling rate
0.02K/20 min

Initial rms = 3.6 um  Initial rms = 2.1 um
Final rms = 3.7 um Final rms = 1.7 um

Defect-free ice is more likely to survive the thermal
contraction associated with the temperature gradient.
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Target behavior when, exposed to ambient radiation,
allows the effect of the shroud opening time on target
conditions to be calculated
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* Monitoring how rapidly a cryogenic target melted and exploded when the
shrouds were retracted allowed the heat flux to the target to be calculated.

e 10 sto meltice

e 78 s to explode
target (42°K)

e Radiance on target

e 0.173 mW (calc.)

* 14 mdJ required to explode
(based on time to explode

and enthalpies of
deuterium)

Experiment: target Model of ice melting

melting and exploding
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This heat flux allowed the rise in temperature of the ice and the rise
in density of the deuterium gas in the interior to be calculated.






The thermal model indicates that the ice heats rapidly

but that the gas density changes gradually
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The ice temperature rose to the triple point after 0.05 s, but the gas density rose more
slowly. If the ice roughens unacceptably with heating (volumetric expansion) then
the exposure time will have to be very short, otherwise a longer exposure is acceptable.

T1944




Summary

We have made significant progress improving
the quality of the ice layers; more work remains
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e Demonstrated 1-um rms roughness (over a portion of the target)

 Minimum time to adequately layer and characterize a target
is 2 days.

* Need to identify the source of the residual low-mode
roughness—Ilayering sphere

 An ice layer surface is observed in a foam target.

 The ice layer quality is preserved when it is cooled 0.8 K
below the triple point

e When the shroud is removed from a cryo target,the temperature
rises rapidly and the gas density rises slowly.

* Improving the layer quality will be achieved by redesigning
aspects of the layering sphere
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