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. ABSTRACT
Experiments and calculations indicate that the threshold pressure in spatial filters for distortion of a

transmitted pulse scales approximately as142 and @#)z over the intensity range from 10’4to 2x1O’s W/cm2. We
also demonstrated an interferometric diagnostic that will be used to measure the scaling relationships governing
pinhole closure in spatial filters. Key words: laser, spatial filter pressure, pinhole closure, optical gas breakdo~

1. INTRODUCTION
Large vacuum spatial filters are essential for high energy fusion laser systems. They relay image the beam

profile over large distances and strip undesirable spatial noise from the ~ thereby maintaining beam quality on
the optics. The 192 beam National Ignition Facility (NW) uses two spatial filters per beamline, a 22-meter long
spatial filter in a four-pass amplifier cavity and a 60-meter long spatial f3ker to transport the output beam to the
target chamber.

The size and performance requirements of NIF require a carefid analysis of four interrelated issues
regarding spatial filters: maximum background pressure, pinhole clostm, beam dum~ and ablation’
contamination from pinholes and beam dumps. This paper deals with pressure and pinhole closure. The remaining
two issues are addressed in this same session in ‘Development of long-lifetime, low-ntarnination beam dumps for
NIF” by Mmy A. Norto~ et al.

2. MAXIMUM PRESSURE
Design engineers for the NW Project need to know at what pressure to operate spatial filters. Operating at

higher pressure reduces cox because it reduces the size of the vacuum pump required. It also potentially reduces
contamination on optical surfhces from pinholes and beam dumps by reducing the mean-free-pathof ablation
products. However, too high a pressure results in distortion of the tmnsmitted pulse, due to refraction or
absorption in the ionized background gas in the focal region of the spatial filter. We define a threshold pressure
p(th) as that pressure at which distortion of the transmitted pulse first appears, and we recommend a maximum
operating pressure of about p@)/10. We have investigated P@) both theoretically and experimentally for the NIF

qfi ~d cavity spatial filters.
We plan to use tests on the NIF beamline prototype, called BeamleL to confirm our modeling of P@).

p(th) potentially depends on F# (ratio of lens focal length to beam diameter at the lens) as well as the power and
temporal length of the puke into the spatial filter. However, the NIF transport spatial flter (TSF) has a d.iHerent
F# than the Beamlet spatial filters, so Beamlet cannot simultaneously test at the same F# and power. The F#s of
the NIF TSF and cavity spatial filter (CSF) are 81 and 32, respectively. The worst-case pulse for gas breakdown
will be the highest power pulse, about 5.5 TW at the NW TSF and 2.2 TW at the NIF CSF. The Beamlet spatial
filters are both F/28, which allows a good test for the NIF CSF, but requires reducing the beam size to reach the
F/8 1 of the NIF TSF. At the reduced beam size (about 3x smaller), the maximum output of Beamlet will be abut
10x lower than the 5.5 TW expected in the NIF TSF. Consequently, we need a model for the scaling of P@) with
F# and power, as well as these Beamlet tests.

We have done a series of calculations and experiments to establish the scaling laws for P@). The
experiments were done on an off-line laser facility called the Optical Sciences Laboratory (OSL), and the
calculations were done with LASNEX’. Figure 1 shows experimental data and calculations for p(th) plotted versus
intensity at focus for three different F#s. The points indicate experimental data taken with the 1053 ~ -1 .2x
diffraction-limited OSL laser. The test chamber was evacuated to less than 104 Torr and back-filled with ambient
air to the desired pressure. We found that the near-field distribution of the transmitted pulse was the most sensitive
indicator of p(th), and that p > p(th) caused low-spatial-frequency distortion. We defined p(th) as that pressure
output of the OSL. Solid vertical lines in the figure connect calculations which gave above and below threshold

* This work was performed under the auspices of the U.S. Department of Energyby the Lawrence Livermore
National Laboratory under contract No. W-7405 -Eng-48.



which first altered the near-field distribution. The expximental data is limited in intensity by the maximum safe
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Figute 1 Experimental data and calculations for threshold pressure.

results. The two vertical dashed lines indicatethe worste intensitiesexpectedfor the NIF TSF and CSF. The
figure showsthat our calculationsagreewellwith the experimentaldata.

The upper dashed line in Fig. 1 is an approximate fit to the F/26 data and calculations, and it shows p(th)
decreasing with intensity (I) as P@)- 14”2.Calculations show that at intensities greater than about 10’4W/cm*,
all the atoms are at least singly ionized. Therefore, increasing intensity likates more electrons per atom and
consequently reduces p@), but only slowly, because of the increased binding energy of each successive electron.
We would expect p(th) to vary inversely as the interaction len~ because the angular deflection of a ray depends
directly on the length over which it interacts with an electron density gradient as well as the magnitude of the
gradient. Consequently, we expect p(th) - (F#)*, since the length of the focal region increases as (F#)*. The
dashed lines at F/52 and F/104 are scaled horn the F/26 line assuming P@) - (F#)-*, and they are at least
consistent with both data and calculations.

The p(th) observations on the OSL did not indicate a dependence on pulse length. For shots between 50
and 100 TW/cm2, pulse lengths of 1, 5, and 20 m gave p(th) values of 0.4 +0.15, 0.6+ 0.1, and 0.5 *O. 15 Torr,
respectively, essentially the same within experimental error. Similarly, for shots between 250 and 300 TW/cm2,
pulse lengths of 1 and 5 ns gave F@) values of 0.2 *O. 1 and 0.4* 0.1 Torr, respectively, which are also not
significantly dMerent given the experimental error. A practical consequence is that the gas breakdown tests on
Beamlet can be conducted with short pukes (-1 ns) to reduce the l.hreat of damage to Beamlet components.

We plan to confirm the above scaling of p(th) with intensity and F# at near-NIF intensities by taking
additional data on Beamlet in the regions A, B, and C in Fig. 1. At F/28 we will confirm p(th) at an intensity
higher than expxted in the NW CSF with a measurement at & and confirm scaling with intensity with a
measurement at B. At F/81, we will contlrm F# scaling with a measurement at C. If these values fall in the
expected range, we will be confident to predict p(th) for the NE TSF.

If the above scaling holds, the p(th) values for the NIF CSF and TSF will be 0.1 Torr and .005 Torr,
respectively. These would mean recommended maximum operating pressures of about.01 Torr and .0005 Torr.
NIF is currently designed to operate both filters at .0001 Torr, so there would be little rcmm to increase the TSF
specification, but the CSF specification could be increased significantly.
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Recent mmummcn& showthat rc6actimt occurssubstantiallybeforecarsplctc pinhole ckmrse. As a
resrdt,we tine “closure”in terms ofa change to the transmitted mar-field beam profile, and we anticipate faster
closurevelocitiesfor this dctinition than those previomtyrcfmrtedfor completeclosure.

Expcricrrcewith various typesofpinhoks showsthat pinhole geometrycan intlrrcrrceclosure times. The
M side of Fig. 3a shows a stanskd washer-~ pinhole
from the direction of the incmtringbearrLand the right side showsa longitudinalcrma section. The longitudinal
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A second type ofpinfrole which is currently in use in the Nova output spatial filters is shown in Fig. 3b.
This pinhole is divided azimuthally into four segments,which SICoff@ fmm onc another longitudinally. The
effect is to reduce the sadist corwergcrrccof the plasma and prevent stagnationof the plasma on axis. Nova
operators rqmrt that th~ pinholes stay open longer than corrcsperrdirrgwasher-typepinholes. This mmtt alone
demonstratesthat pirrhde geometrycan increasethe time to pinhole clesrrrc.

Figure 3Cshowsour most promising pinhole gcom~. It consistsof a large aspect ratio mne, with a
length as much as 30 times its diameter, and with the defirdngapertureat the output end of the cone, The input
diameter is typicatlyabmrttwice the output diameter. This geometryincreasesclosure time by increasing the
diameterof the entrance hole, which pkes the entranceaperture in a lowerintensity portion of the bcarrrand
increasesthe area ever which the power is distributed. It also reducesplasma formationat the interior surfaceby
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F@ 3 Setreroatiesof 3 pinhole types the smndardwaaher-pinhelq a tbirrjarimutfraflyaegnr&l pinholq and a
mrdml pinhole.

retlectingormfmctingratkrtbanabmrthg incomingkscr Cner&y. LASNEXCa3datiempredict that mrdeal
pinholes will stay open hw to three times longer than mmparable waskr-type pinheka, and initial mcamrcmentc$
agree. Streakednear-fielddata showedthat a cenicafpinhole with a X)0-pm cnlrancc hole turda 500-prrrexit hole
stayedopen abut two tinrealonger Uran500-pnrdkmcter washer@bole.

Afehnughthe eordcalpinbek clearly rermAraepenlonger t3rarrawadter-typpinhelqita~has
net m been o@ndzd, and other gcomurica might performevenbe$tcr. However,lirtherpregmas requiresa
better understanding efpinhele closurephysics. We need to knew howclosuretime scaka with lacerpulse
pammeters, like intensity, fluent%and puke shape, as well as with pinhole material and angle efiocidence. We
ake need to be able to relate closuretimes to enmaumbleand eafeulablequantities Iii electrondensity gradients
and irrtermtion kngtha. We plan to measurescaihrglaws ming the OSL and to date closureto calculable
quantities using Beandct, We will also test any new pinhole gmmetrica on Bmrrdet.

For~OSLmdHti_~mdwaptiM~~~ to diagnose
pinhole ckrrre, as ahewn in FIS. 4. one arm of a Mach+%rrderinterferometerwilt pass t3rrerrghthe pinhole
during the time of the main puke. PhaaediITemrtcesfromtransmission thmrrstrthe plasmain the pinholecame

ham

Ftg. 4 schematic of pinhole ckure diagnostic.
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Fig.5 Stcdred in@kmgmm Ofa knik-edge irdated trya 5-0s 2X10’2Wksazlaserpsdae.

*hat* wd@wtio.3m titi-wMtiti~. Theverticafsxisiafhe
fiphti-*ti Mti@tion&ti MAgeh~ From this slats+the first ha&vave
of pfraseperturbation mwes awayfrom the Ir2rif.e-edgetith an irdtiaJvelocity*0.2 nrrdns. Changing puke
parameters, Imifc-afgematerials, sad angJesof ineiderxe of the main fndss on the tndfe-xfge wilf prwide a direct
comparisonof these changes.

4. SUfUMA3W
Otf-lirle~ and CSfCUfStiOOSindicatetfratthe tfrmaholdp~ in SPStidfiks scaks 2S~’

and (Fw2, ktween 1014and 2X1015W/cm*. Extrapolatingto NIF conditionsgives predictedvstues of 0.1 Torr for
the CSF and .005 Torr for the TSF. We am plssming to test thesepredictionson Beamlet at closer-to-NIF
intensities. Regarding pinhole closure,we demonstratedan interfemmetricdiagnostic that wOfbe ad to meamre
the tilng relatioaddps gwerning pinhole clo.mre.
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