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ABSTRACT 

The plasma closure of spatial filter pinholes is a critical 
parameter in the performance of high energy glass laser systems. Using 
50-100 J, 300 psec FUHM laser pulses on the Janus laser, an investigation 
has been made on closure effects in 300 pm to 500 pm diameter pinholes of 
various materials and thicknesses. Calorimetry measurements have yielded 
data on pinhole transmission and intensity loading on the periphery of 
the pinhole. Ultrafast streak photography measurements indicate effective 
closure velocities of 2 x 10 7 cm/sec to 5 x 10 7 cm/sec. Scattered light 
measurements have shown the transmission loss through a typical spatial 
filter configuration to be primarily refractive in nature. 
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STUDIES OF CLOSURE PHENOMENA IN PINHOLES 
IRRADIATED BY Nd LASER PULSES 

High energy Nd glass lasers such as the ARGUS and SHIVA systems have 
been given the ability to focus terawatts of power on targets of sub-millimeter 
extent by the use of spatial filtering and image relaying2'' of the bean through 
the amplifier chain. The spatial filtering removes small scale fluctuations 
in the beam which self-focus into hot spots and destroy optical coatings. The 
non-uniformities in the beam additionally lead to beam break-up resulting in a 
significant portion of the beam energy diffracting around the target. 

In the initial beam propagation experiments on the ARGUS laser, the laser 
pulses of interest were typically 100 psec FWHM. For these short pulses, 
spatial filter with f/10 optics and 300 urn I.D, pinholes were found to have 
transmissions of 98%. As emphasis shifted towards the propagation of 500-1000 
picosecond pulses for fusion experiments designed to produce ablation-driven 
implosions, the phenomenon of pinhole closure appeared. The same spatial fil
ter configurations used for the short pulse experiments now transmitted only 
20%-30% of the tens of joules of energy incident on their input lens. Far 
field beam pictures showed good beam quality implying the transmission loss 
was attributable to plasma closure,. Plasma closure of the pinholes had thus 
manifested itself as a crucial parameter in the design of high energy laser 
systems. If improperly accounted for, pinhole closure could result in losses 
of many kilojoules of energy in planned laser systems such as SHIVA NOVA. 

To quantitatively determine the nature of closure, a set of experimerts 
was performed on the JANUS laser facility. As summarized in figure 1, pinholes 
of various diameters, thicknesses and materials were irradiated by 300 psec-
400 psec FWHM laser pulses with energies from 20 joules to 100 joules. Experi
ments were conducted to measure pinhole transmission, onset of closure, effec
tive closure velocity, scattered light distribution, and energy loading on the 
periphery of the pinhole. 

As sho'̂ n in figure 2, transmission loss due to plasma closure can be 
either refractive or reflective in nature. In the former case, the plasma 
flowing into the pinhole produces an index of refraction distribution similar 
to a positive lens. The incoming rays are thus focused to a smaller spot than 
with the input lens alone and subsequently seme diverge outside the acceptance 
angle of the spatial filter output lens. This loss mode is expected when the 
plasma is underdense, i.e. the plasma density is below the critical density 
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for the laser light. For 1.06 um this density is n = 10 cm" . When the 
plasma density equals or exceeds the critical value, the laser light is re
flected back towards the input lens. 

Transmission measurements with pinholes irradiated by the f/10 lens are shown 
in figure 3. Incident and transmitted energies were measured with laser calori
meters calibrated to 1%. As the curves show, transmission is essentially in
dependent of material and incident energy but is a strong function of pinhole 
I.D. The second graph also shows that closure is essentially independent of 
incident energy for this range of experiments. The repeatability of closure 
experiments is very small, implying closure may be very sensitive to such factors 
as beam breakup, alignment,and irregularities in the pinhole surface. 

Having determined that closure in the 300 um I.D. pinholes was significant, 
diagnostics were then set up to measure the forward and backscattered light 
distributions. Light scattered out to thirty degrees from the target chamber 
axis was measured with an array of photodiodes. Light backscattered through 
the irradiating lens was measured with a laser calorimeter. Figure 5 shows typical 
results. The scattered light distribution shows that the transmission loss is 
due to refraction of the laser light outside the acceptance angle of the collecting 
lens. The backscatter calorimeter received less than 1% of the incident energy, 
implying essentially no reflection off a critical density plasma layer. Detailed 
analysis of the refraction requires a measurement of the plasma gradients. This 
information could be obtained using pulsed holographic interferometry'techniques. 

The rate at which a pinhole closes depends on the inward flow of plasma. 
In order to develop correct simulations of closure for future spatial filter 
design, two parameters must be measured experimentally: the loading on the peri
phery of the pinhole and the effective closure velocity. 

The pinhole loading for the f/10 optics configuration was measured indirectly 
using the method shown in figure 5. 300 m diameter gold disks were placed at 
the focus of the irradiating f/10 lens. The transmitted light at the target 
plane was imaged by a 4X multiple image camera and its energy measured with a 
laser calorimeter. Previous holographic interferometry studies5of disk targets 
have indicated that plasma blowoff is normal to the irradiated surface of the 
disk. Therefore, the transmitted light pattern is not affected by the plasma 
blowoff from the disk and gives a true picture of the energy loading on a 300 pm 
I.Do pinhole. As shown in the figure, an incident pulse of 72 J/315 psec FWHM 

2 12 2 produced a loading of 600 J/cm or 2 X 10 U/cm . Based on the degradation of 
transmission of 300 ym pinholes as shown in figure 2, it appears that closure 
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becomes significant for 300 psec pulses and loadings of - 10 w/cm . Extra
polating these results to larger laser systems in which loadings could be 100 
times greater, closure could have catastrophic results. 

The time dependent history of the closure process was studied with the 
LLL Ultrafast Streak Camera7which has a temporal resolution of 10 psec. As 
shown in figure 6, a pinhole was positioned at the common focus of the f/10 
lens set simulating the spatial filter configuration. The incident and trans
mitted light beams were made to arrive simultaneously on the S-l streak camera 
through the use of optical delay lines. At the plane of the streak camera slit, 
the two beams were in the near field of the positive "lens in front of the camera. 
The photograph on the left shows the incident and transmitted beam streaks in 
the absence of a pinhole. They are obviously identical. On the right the 
effects of pinhole closure are manifested on the transmitted streak. The 
quality of the streak deteriorates into a pattern of large speckles. The time 
at which the streak deteriorates relative to the start of the pulse can be used 
to compute a rough estimate of the closure velocity. If R is the pinhole radius 
and T the time, then for the closure velocity one has approximately 

Vclos ~ R / T 

Streak measurements on several pinholes indicated effective closure velocities 
in the range 2 X 10 cm/sec to 5 X 10 cm/sec. A second closure velocity 
measurement was based on the property of the plasma in the pinhole acting as a 
positive lens. The effect of this lens is to decrease the diameter of the 
focal spot of the irradiating lens. The decrease depends on the total refrac
tion angle through the plasma which is a function of the mean plasma density n, 
the transverse gradient ?. and the total ray nath length, throuoh the olasna. 

Thus a thick pinhole would shrink the focus more than a thin pinhole (L is lar
ger). So tc maximize chances of observing this effect, a thick pinho7e (1 mm 
thick, 300 pm I.D. diamond) was used for the experiment. The target set-up is 
illustrated in figure 7. The pinhole is positioned in the far field of the 
irradiating beam. The f/1 collecting lens and the lens in front of the streak 
camera are used to image the plane of the pinhole on the streak camera slit. 
A beam block is placed behind the collecting f/1 lens to allow only an annulus 
of light to be imaged by the camera. If the block were not used, blooming in 
the camera intensifier would obscure the small expected closure effects. The 
effect of the plasma in the pinhole is to refract the rays inwards, thus the 
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streak camera which receives an image of the beam at the pinhole should record 
an annulus with a diameter increasing in time. More specifically since the 
slit allows only recording two points on the annulus, the streak record 
should show two streaks converging towards each other if closure effects 
are present and two parallel vertically oriented streak lines if no closure 
effects are present. The overfilling of the pinhole by the beam enhances the 
plasma production since L as defined above will be greater. Figure 8 shows 
streak records for the 300 um 1.0. thick diamond pinhole and a 500 urn I.D. 
20 urn thick gold pinhole. The larger diameter and short plasma length of the 
gold pinhole resulted in no evidence of closure on the streak record. The 
diamond pinhole on the other hand, emitted sufficient plasma to produce the 
converging streaks as shown. The effective closure velocity is calculated 
by extrapolating the lines to where they intersect. The time from the 
beginning of the streak is the closure time. This quantity is divided into 
the radius of the pinhole to give ai. effective closure velocity of 3 x 10 7 cm/sec 
(.3 ym/psec). Thus, for a 300 um I.D. pinhole and a 500 psec puise, plasma will 
have completely engulfed the pinhole. 

In conclusion, these experiments show that beam induced plasma closure 
of spatial filter pinholes is a phenomenon that must be reckoned with in the 
design of high power fusion laser systems. In a sequentially spatially 
filtered system, such as the proposed Nova laser, the pinhole closure problem 
is avoided by requiring the perimeter of pinhole to be large enough so that the 
threshold for plasma formation (i.e., 10 watts/cm is not exceeded throughout 
the duration of the laser pulse. This design constraint is met by: 1) taking 
advantage of the imaging properties of the filters, i.e., the distribution of 
light in the focal plane of a particular filter is imaged onto the focal plane 
of the succeeding filter. This rerults in a reduced intensity of light outside 
the image of the perimeter of the first filter. 2) Choosing the appropriate 
spatial filter parameters, i.e. large enough pinhole diameters and long enough 
focai lengths for the spatial filter lenses. Extensive computer modeling of the 
Nova system has shown that this strategy prevents the pinhole closure problem 
while maintaining a good quality highly focusable beam. 



5 

REFERENCES 

1. D. R. Speck et.al., LLL UCRL 79816, Sept. 1977. 
2. W. W. Simmons et.al., IEEE/OSA Conference on Laser Engineering and 

Applications, Technical Digest, J. Quant. Elect. QE-11, 30D (1975). 
3. J. T. Hunt, J. A. Glaze, W. W. Simmons and P. A. Renard, LLL 

UCRL 79904 (Aug. 1977). 
4. J. F. Holzrichter and D. R. Speck, J. Appl. Phys. 47, 2459 (1976). 
5. D. T. Attvjood, Proc. XII International Congress on High Speed 

Photography, Toronto Canada (1976) LLL UCRL 77744. 
6. J. M. Auerbach, D. T. Attwood, P. H. Y. Lee and D. W. Sweeney, 

UCRL 79775 Oct. 1977. 
7. Laser Program Annual Report 1974, LLL UCRL 50021-74. 

Kcl'erenee in .i cump.np ,ir pi II.1HL.-I 
mime does not iinplx .ippnniil or 
rccoiiiniciiil.iu.iii ul I'IIL- puutu.-i b\ 
the l tmersiu oi ( ;ililomi.i HI MIL-
I .S. Department ol' I ne:ii\ in the 
exclusion of others th.it nu> he 
suiuililc 

NOTItl: 
"This report was prepared as an account of work 
sponsored by the United Slates Government. 
Neither the United Stales nor the United States 
Department of tnergy, nor any of their employees. 
no r an)' of their contractors, subcontractors, or 
their employees, makes any warranty, express or 
implied. 01 assumes any leg 1 liability or respon
sibility for the accuracy, completeness or 
usefulness of any information, apparatus, product 
or process disclosed, or represents that its use 
would not infringe privately-owned rights." 

http://ii.1hl.-i
http://th.it


6 
FIGURE CAPTIONS 

1. Summary pinhole closure experiments. 
2. Mechanism of pinhole closure. 
3. Pinhole transmission measurements. 
4. Scattered light distribution. 
5. Pinhole periphery energy loading. 
6. Temporal signature of closure. 
7. Measurement of closure velocity. 
8. Streak record showing closure. 

i 
i 



PINHOLE CLOSURE EXPERIMENTS L3 
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Fig. 1 



MECHANISM OF PINHOLE CLOSURE m 
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Fig. 2 



PINHOLE TRANSMISSION MEASUREMENTS 
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Transmission measurement data 300 n<m 
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Fig. 3 



SCATTERED LIGHT DISTRIBUTION 
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Fig. 4 



PINHOLE PERIPHERY ENERGY LOADING is 
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TEMPORAL SIGNATURE OF CLOSURE L5 
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MEASUREMENT OF CLOSURE VELOCITY A 
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STREAK RECORD SHOWING CLOSURE 

No closure 
Gold pinhole 
500 jum I.D. 
20 Aim thick 
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Closure 
Diamond pinhole 
300 jum I.D. 
1 mm thick 


