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ADSTRACT

Some diagnostics techniques appiied to current
'aser fusion target expciiments are reviewed. Speci-
ficaliy, holographic ‘nte:ferometry of target plasmas,
coded aperture imaging of thermonuclear aipha-parti-
cles an’ reutron encepy spectrum measurements are

discussed.
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Diagnostics Developments and Applications for

Laser Fusion Experiments

Introcduction

Diagnostics techniques applied to current iaser Ffusion target exper-
iments must in genera! provide temporal and spatial resolutions on picosecond
and micron scales, respectively, in order to provide detailed data on the pra-
cesses under study. Three high-resolution diagnostics techriques, hologranhic
interferometry of target plasmas, coded uperture imaging of thermonuclear
o-particles, and necutron time of [iigut spectral measurements, all in current

use on experiments at Livermere, are discussed (Figure 1)

Plasma Interferometry

‘ihe measurement of the electron density distribution in Jaser-produced
pilasmas is impsrtant in detoermining the details of the processes occucrring
during the intevaction of the intense laser light pulse with the target
piasma.(',7) A high resolution holographic interferometry system utilizing
the {ourth-harmonic of the N¢ laser pulse for probirg the plasma has heen dev-
o!npod.(3) Figuie 2 shows the scheme cmploved at the Janus laser facility
for tie generation of the svachronous, 15 psec duration fourth-harmonic prob-
ing pulse. Figure 1 shows the details of the holagraphic interferometer as
instailed in the Janrus target chamber. This system is capable of providing
| um spatial resolution. Figure 4 is interfercgram obtained upon 1.06G um
irradiation of a 4l um diameter giass microsphere irradiated with an  intensity
of 10t4w/cm2. The probe pulse was odjusted so that this interferogram was
obtained at the peak of the 20 psec heating pulse. The plat on  the vright of
Figure & shows tho Ahe' inverted on-axis electron density distribution. The
result clearly displays a steepenec¢ profile, with a scale length of akout !.5
um, Aand a maximum measured electror density beyond criticel. Figure 5 is  an
interferogram obtained on a flat disk target at 1014¢:/cm?, This result
shows evidence af large scale cavity formation, small scale surface rvippling.
and apparently faster contour velocities on axis indicated by increased fringe

smearing.
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Coded Aperture Aipha Particie Imaging

The Fresnel zone plate coded aperture technique has been employed to
obtain images of the alpha particle emission region in compressed laser fusion
targets.(4) Figurc 4 outlines the two step shadowcasting and reconstruction
scheme used to obtein tomographic images via the zone plate technique. Figure
7 schematicully depicts the specific arrangement use¢ for the alpha particle
mcasurements.  ‘The alpha particles .are recorded in a cellulose nitrate track
dotector. The combination of an appropriate filter and careful etching pro-
cedures tor the cellulose nitrate ensures that the recorded pattern is due to
the thermonucloar alpha pacticles, ns susmarized in Figure 8. Figure 9 is a2
paotograph of the alpha particle produced zone-plate shadowgraph as recordec
on the (etched) cellulose nitrate for a target compressien experiment con-
ducted at Avgus. The target was an 86 ym, D-T filied (1.0 wmg/cm3) glass
microsphere irradiated from two sides with 2.4 x 1012 watts in a S0 psec
FWHM pulse. The neutron yield was 3 x 108. Figure 10 shows the reduced
data obtained {rom the reconstruciced image. The alpha paiticle cmission
region is uniform in shape and lics an extent of 27 um on the average. Spatial

resolution of this techinique is 10 um.

Neutron Spictral Measurements

Determination of the energy .pectrum of the neutrons emitted from o
cumpressed fusion target p-ovides ‘rfermation on the production mechanism  and
the reaction temperature. Neutror rpectra! measurcments at the Argus Nd  laser
taciiity are made with the :ime-of-{light spectrometer shown in Figuve
11,05, Figure 12 summarizes the steps in the dara ana'ysis process to ob-
tain the reacting ion temperature. TFigure 13 s an exampie of reduced encrgy
spectrum data obtained on a 7 x 108 yield target shot. the target in this
casc vas an 87 um Clamecter D-T filled microsphere (2.3 mg/cm3) irradiated
with 2.5 TW (38 psec FWHM pulse). The error bars on cach point represent the
statistical uncertdinty in each resclution interval hased on  the number of
reatrons detected. Figure 14 summarizes results ohtained on  several Argus

shots. ‘Typical ion reaction tempevatures measured are n the 5-6 KeV range,

A new, higher cesolurion, neutron time-of-fiight system is being im-
plemented for higher yield Shiva experiments. The capabilities of the Argus

and Shiva spectrometers are compared in Figure 15,
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Figure 16 sumnarizes the present status of our high
fusion diagnestic capabilities over a wide range of
those discussed above as well as others required for the detaiied study
laser fusion experiments.
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Figure Captions
Topics included in the paper and the principal investigators.

>

U. V. Heiographic Inter{erometer Probe Pulsc Optics set up at Janrus.
i

U. V. Hoiographic Interferometcer Target Chamber Set up at Janus.

Interferometry result on 4! pm diameter micreosphere at Janus.

Interferogram of irradiate’ flat disk target.

Principles of zone plate coded imaging.

Zone Plate coded Imaging of a-Particles from Laser compressed

targets.

Logic for Radiaticn Discrimination in a-imaging experiments.

Zone Plate coded image of a-emission from compressed D-T

microsphere.

a-particle jmaging results. Target was 86 ym diameter D-T filied

glass microsphere irradiared with 2.4 ¥ 1012 vatts at Argus.

Schematic of Argus neutron time-of-flight spectrometer.

Outline of neutron time-of~flight data &nalvsis scheme.

D~T neutron energy spectrum from Argus target experiment.

Sunmarv cf some Argus neutron rime-of-flight measurements and

results,

Comparison of the characteristics of the Argus and Shiva neutron

time-oi~flight spectrometers.

Summary of current capability of laser fusion diagnostics.



TOPICS C

Interferometry (Attwciod, Sweeney)
Zone Plate a-Imaging (Ceglio)
Neutron Spectral Measurement (Lerche)
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FIG. 1



UV HOLOGRAPHIC INTERFEROMETER PROBE PULSE OPTICS
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UV HOLOGRAPHIC INTERFEROMETER TARGET CHAMBER SETUP LLg
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1.06 um, ~10"® W/em2, 41 um®
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FIG. 4
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'FLAT DISK TARCETS

(2660 A, 15 psec, 1 um)

A) Large scale
cavity formation

B) Smali scale -
surface rippling

C) Apparently faster
contour velocities
on axis

1.06 um, ~10%* W/cm?
40-90-0877-1517

FIG. 5
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Each zone plate shadowr uniquely characterizes the position of its
associated source point

image

Shadowgraph

Original three dimensional source distribution is reconstructed from

the shadowgraph
. 4,77

FIG. 6



ZPCI OF o-PARTICLE EMISSION FROM LASER COMPRESSED TARGETS |8

Technique: |

Filter foil-
(0.3 mil .Qe)

X-rays
Electrons
® {_'.. a-particles
Heavy ions
Light ions

Source:

Zone plate
(gold) 5 um thick

'Recording medium
{{dyed (red) polymer
6 um))
- 11/76

FIG. 7
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LOGIC FOR RADIATION DiSCRIMINATION IN ALPHA IMAGING
EXPERIMENTS
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Data appear as pinholes in the cellulose nitrate caused by
radiations producing an ionization track all the way through
the C.N. layer

X rays do not produce tracks

Electrons do not produce tracks

Heavy ions are stopped by the Be foil

Protons, deuterons, and tritons produce tracks only at low
energy (.5; 1.0; 1.5 MeV) and at that energy they bave a
range in the C.N. significantly less than its 6 um thickness.

Alphas emerging from the Be foil have appropriate
energy to produce ionization tracks clear through the C.N.

FIG. &
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CODED IMAGE OF « EMISSION FROM COMPRESSED D-T MICROBALLOON LS
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FIG. 9



ZONE PLATE CAMERA ALPHA IMAGING DATA:
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Shot parameters:

Target ball diamater: 86 um
Powsr on target: 2.4 X 102 watt
Neutron yield: 3 X 108

Shot I.D.: 36111611  RL-1-2



NEUTRON TIME-OF-FLIGHT SPECTROMETER
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- NEUTRON TOF DATA ANALYSIS

1. Raw time domain data is recorded on oscilloscope.

2. Raw data is corrected for detector system time response with a
computer code that uses an interative procedure.

3. Corrected time spectrum is converted to energy spectrum.

4. Energy spectrum is plotted as descrete points with error bars
that represent neutron detection statistics.

5. Gaussian curve which gives best least squares fit to energy
spectrum is determired.

6. D-T ion temperature is calculated from FWHM of Gaussian fit:

AE =177 /T,

40-46-0877-1906

FIc. 12



DT-NEUTRON ENERGY SPECTRUM
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SUMMARY OF NEUTRON TOF MEASUREMENTS AND
CALCULATED ION TEMPERATURES. THE RESULT FOR EACH SHOT

40-46-0477-1172

FIG. 14

IS THE AVERAGE FOR TWO DETECTORS. &
Average
Neutron neutron Energy lon
yield Neutrons  energy width temperature

Shot (X 108) detected (MeV) (keV) (keV)
36092905 4.2 £ 1.0 250 13.98 + 0.10 425 58 £+ 1.3
36093003 6.0 £ 1.0 360 13.98 = 0.10 405 52 + 1.2
36100812 6.7 £ 0.9 410 14.06 = 0.10 440 6.2+ 1.3
36101202 3.3t 0.5 200 14.02 = 0.10 385 47 + 1.2
36101203 4.4 + 0.6 270  14.02 £ 0.10 445 6.3+ 13

7/77



NEUTRON TOF SPECTROMETER CHARACTERISTICS

Flight path (meters)

Energy resolution (keV)

X-ray time of flight (ns)

D-T neutron time of flight (ns)
Neutron transmission

Measurements on a plasma with
an 8-keV ion temperature

lon temperature (+ 2 keV)
Spectrum (65 keV)
Spectrum (25 keV)

40-46-0877-1725

FIG.

Argus
44.5
65
149
869
0.94

Shiva
125
25
417
2441
0.32

Required neutron yield

Argus
2.1 X 108
1.6 X 10°

Shiva

4.9 X 10°
3.7 X 10'°
1.1 X 10"
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CURRENT STATUS OF LASER FUSION DIAGNOSTICS |®

At 6 psec (infra-red)
15 psec (x-ray)
Ax 1 um (infra-red, visible, ultra violet; time integrated)

3 um (x-ray; time intzgrated)

6 um (x-ray; 15 psec time resolutior:)
50 um (120 psec, full frame)
10 um (« particles, ions)

100 eV << hy < 100 keV (time integrated)

1 keV < hv < 20 keV (15 psec time resolution)

107% em—23 < n, < 1021 cm—3 (=15 psec exposures)
A(hv) = 1eV at “1 keV

AE =~ 100 keV for 14 meV neutrons, 3.5 meV alphas
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FIG. 16



