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BEFORE THE
SECRETARY COF ENERGY ADVI SOCRY BQOARD
NATI ONAL 1 GNI TI ON FACI LI TY TASK FORCE REVI EW
FI RST MEETI NG
Conference was held pursuant to Notice
and Invitation Conference Room A, Building 123,
Lawrence Livernore National Laboratory, 7000 East
Avenue, Livernore, California, USA, comencing on the
15t h day of Novenber, 1999, at 8:30 a.m PT; resum ng
on the 16th day of Novenber, 1999.
TRANSCRI PT OF PRCCEEDI NGS
THE CHAIR: |, | guess we night as well
get started. | think we had a good, broad overview
yesterday to get us each oriented, and today we start
getting nore into the details of various systens,
their performance requirenents, and the, the
devel opnent pl ans.
The first itemthis norning is, is on

| aser system performance requirenments, and John

Murray -- |s John here?
H , John.
-- will get us rolling.

LASER SYSTEM PERFORVANCE REQUI REMENTS AND
ARCHI TECTURE:

DR, MURRAY: Well, I'mgoing to go over
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| aser system performance requirenments and sone of the
architecture of NIF, and necessarily this will cover
many of the points, the sanme conponents that Ed

tal ked about yesterday, and Ed English will shortly
talk about. But we'll each give you sort of a
different cut through the inportant conponents.

Now, NI F, the baseline design for NIF
is to drive an indirect-drive X-ray target, 1.8
megaj oul es, 500 terawatts, and 350 nanoneters. But
we have a very |l arge nunber of other uses.

Direct-drive targets, where the | aser
hits the target directly instead of giving you, used
to generate x-rays; a |ot of weapons physics and
weapons effects experinents, which you heard about
yesterday from George Ml ler; and sone basic science,
| aborat ory astrophysics, advanced hydrodynanics, et
cetera.

Now, the use, for the users, all we are
is a big power conpressor. The neodym um absor bs
light fromxenon flashlanps, it anplifies li-, it
stores energy for about 300 m croseconds, anplifies
light at 1 micron

We can extract that and conpress it
into a volune | ess than a cubic centineter and at

fluxes of 10-to-the-14 to 10-to-the-16 watts per
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square centineter. And it's the best avail able
| aboratory sinmulations of conditions in a nuclear
expl osi on.

Now, we're pretty confident that N F
will work because of the scientific prototype we
built, the Beam et laser. And when | say
"scientific" prototype as opposed to an engi neering
prototype, | mean this has all of the conponents in
it, but they are not at exactly the sane size, spaced
in exactly the same positions, and put together the
sane way.

Ed English will show you sone
engi neering prototypes |ater.

DR. BYER: John, is the --

DR. MJURRAY: Yes.

DR BYER -- Beamlet |aser still
operating?

DR. MJRRAY: The Beanml et | aser, | aser
is being noved to the Sandia Corporation in
Al buquerque. It's being reassenbl ed down there where
it will be used as a source for backlighting for sone
of the pul se-power experinents they have down there.

The sort of pulse we need to nmake for
ignition targets is shown here. The actual pul se

hitting the target is this blue line neant to
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i ndicate the fair harnonic.

There's a long, | ow pulse. Then
there's sonme carefully tuned features here that drive
shockwaves into the fusion capsule, and then we drive
a final, massive sho-, shockwave that causes the, the
maj or conpression of the target.

These features have to be very
carefully tuned based upon our know edge of the
equation of state of material in order to be able to
get the target to inplode at the, symmetrically at
t he m ni mum possi bl e energy. Now, to generate this
pul se in blue, the pulse, the | aser has to generate
inred, or the infrared, as it, as it |ooks |ike
this.

You'll notice that out here it's a
little bit nmbre. There is, the rati o between these
two is alittle bit higher because at |ow density the
frequency converters are not as efficient as they are
at hi gh.

Ckay, so we have to generate that 1.8
megaj oul es, and now the question cones: How big does
the | aser have to be?

By the -- Before going into that, |et
me say that we're tal king about that pul se, but we

can actually operate over a nmuch wi der range in power
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versus energy space. W like to plot these as power
versus energy because these | asers are scal ed nostly
as: How nmuch power do you demand out of the |asers
after you have extracted a certain energy? Al
right?

So we have this area here can be
operated. W have this lighter green area out here
you can oparate, but in that area you need to worry
about things like exactly what is the pul se shape?
What are the condition of the optics, et cetera?

And so if we can run peak powers up
here in the range of 700 to 800 terawatts for short
pul ses, energies of a little over 2 megajoul es out
here for |onger pul ses.

Now, we have designed the laser to
operate at a fluence of 8 joules per square
centinmeter in the ultraviolet. And this shows a, the
damage hi stogram of a fused silica surface of a
pretty good nmanufacturer, but several years old;
probably not the best that can be done right now,
conpared to 8 joules per square centineter.

And you can see that as you start
running up the fluence, at around 11 to 12 joul es per
square centineter you start seeing damage, and then

it comes up and you get into the bul k danage
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properties of the surface.

Now, a surface is nothing but a nass of
defects. You're going froma bulk material into air
and subsequently all you have on the surface is
def ect s.

The question is, does the finishing
process produce benign defects or not so benign
defects that damage at | ow effluence. W have two
i ssues here with designing that at this point.

One is there is sone intensity noise on
the beam and you don't want intensity noise on the
beamto get up into this nain distribution of
def ect s.

The ot her issue we need to worry about
is, this is a distribution. You know, there is
always a tail, which comes down here to | ower
fl uence.

And those defects are very rare, but if
you damage them you then have to worry about that.
Let ne say at this point that this has a character of
anot her damage probl em which we don't even tal k about
anynore, and that is the laser glass itself, as you
know, is nelted in platinum crucibl es.

There is a little bit of dissolution of

the platinuminto the glass because nolten glass is
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extrenely corrosive, and under the proper, proper
chem stry you can precipitate out very small platinum
particles. Al right, now the way we handle that is
we do 100-percent inspection of all the | aser sl abs.
W scan across these slabs at 14 joules
per square centinmeter, and try to find sonething that
will explode. If we find particles, and | think it's
nore than four or five per disk, we reject the disk
Then if we find these four to five
particles, we sit on those particles for a hundred
shots, and if they grow to be bigger than 300
m crons, then we throw out the disk. It's likely, in
my opinion, that we're going to have to be doing that
with UV optics also, even though that is an
addi ti onal expense and people don't like to do that.
But anyway, having cone to 8 joul es per
square centineter, 1.8 nmegajoules at a fluence of
|l ess than 8 joul es per square centinmeter neans the
beam area is greater than 22 and a-half square
meters, which is about the area of the wall of this
room So now we know what the total area is.
How are we going to divide it up?
Larger individual beam area neans fewer beans, and
fewer beans, generally speaking, is cheaper.

You have |l ess controls. You have |ess
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assenbly work. You have | ess nechani cal parts, et
cetera.

The, the Beaml et project denonstrated
an anplifier at 39 centineters and crystals at 37
centineters. |If you start getting too nuch bigger
than that it beconmes difficult to get optics.

There are very few manufacturers who
will be, who will manufacture optics in that size,
and the perfornance of anplifiers and crystals and
such degrades, although fairly slowy, as you're
going up in size. So for NIF we chose the aperture
to be 40 centinmeters and the effective beam area then
conmes out to be 1,250 square centineters.

You may say, "All right, 40 centineters
squared is 1600. \What happens here?"

First, the beam does not go strai ght
through the anplifier. |It's a multipass system The
beam noves a centineter or so on the passes going
t hrough the system

Second, we can never ensure that these
anplifiers are exactly in the right place for the
beamto go through. So you have to have an alignnent
tol erance around the outside to allow for
m spl acenent and all ow for alignnment of the various

di fferent conponents.
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And third, let's show what one of these
beanms | ook like. W have to roll the intensity of
the beam snoothly to zero over a margin around the
outside in order to prevent diffraction from bringing
up intensity spikes on the edge of the beam as you
propagate through the system

And this is a matter of, oh, about one
and a-half centineters or so, and that cuts off the
beam Also, we have to round the corners to prevent
diffraction spikes fromcomng in fromthe center.

So this is typically what a beam | ooks
like fromBeam et, and a hi stogram of what the
intensity distribution of that beamis.

And you can al so see on here, although
it's not the point | was trying to nmake with the
slide, that if you nodel these things with a good
propagati on code, you can predict very well what the
per manence is going to be.

Ckay, now we know what size the beam
is, and what we find is that 22 and a-half square
nmeters of that area inplies greater than 180 beans.
Now, what are we going to do with the beans?

W're going to illumnate an
indirect-drive target. And let ne say all these

beans are ul traviol ets.
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The color on here is sinply for
conveni ence in explaining the illumnation geonetry.
Typically what these targets look like is they're a
smal |l metal cylinder about a centineter long with a
fusion capsule in the center

And we want to illumnate three rings
on the inside of that cylinder with roughly equal
energy in each of those rings. Now, the way that we
do that is we have two cones of illunination comng

in fromeach end, an inner cone fromboth ends, the

bl ue beans that illuminate this center ring, then an
outer, a red cone that illunmnates this ring, another
green cone that illum nates this ring.

So, if we | ook down there, we want
twice as nmuch energy in this red cone because it's
illumnating one full ring as we do in this blue
cone. Second thing we want is in order to get
adequate symetry on the target, we want at | east
ei ght groups of beans around this blue cone, al
right?

So if you | ook through that quickly and
you, and you see that if | go in groups of four
beanms, which is extrenely convenient for the
mechani cal |ayout of the lasers, then | want eight

around here, 16 around here, 24 on this end, 24 on
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that end, 48 tines four is 192, and that is the first
conveni ent nunber for doing this kind of illum nation
that's bigger than 180, and that's why it's 192
beans.

Now, we're using for NIF a mult-, a
mul ti pass systemrather than a master os-,
singl e-pass nulti-oscillator power anplifier chain
such as Nova used because it greatly reduces the
nunber of parts, and thereby reduces the cost of the
system The master -- Ed nmentioned this yesterday,
so | won't spend too nuch time on it, but Nova, the
beamis taken out at a size of a centineter or so.

It's split up with beamsplitters and

puts down chains of anplifiers. It requires a |ot of
conponents. It also requires a lot of alignnent in
here.

In the case of NIF we have a naster
oscillator which is all fiber optics, goes over fiber
optics distribution to a small preanplifier, and make
mul ti pl e passes through cavity and switch it out,
getting the effect of three anplifiers fromthis
single large anplifier.

Now, let's see, or let's go in further.
There are, as you see in here, those, those yell ow

tel escopes. In the case of the nmulti- there are a
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1 ot of them They look like they occupy about half
2 t he system
3 And here they |l ook like they occupy

4 about, about half the system and they really do.

5 And here you can see in the NIF design, for exanple,
6 here is one tel escope, which is inside the |aser

7 cavity.

8 Here' s anot her one, which we call the
9 transport spatial filter, which is between the | aser

10 and the target chanber. And why were they so big?

11 Wl l, basically what we are doing is an
12 imge relay. In order to keep the beam uniform

13 intensity and with no diffraction spikes on it, you
14 want to go frominage plane to i nage plane to inage
15 pl ane.

16 This is exactly the sane technol ogy

17 that's used to take an i nage down a periscope to a

18 submarine, all right? But we have an inmage in the

19 anplifier where we want the beamto be uniform and
20 we want an image in the next pass through the

21 anplifier or in the final optics.

22 Now, el enentary optics will show you

23 that if this, there's no beam expansion here and this
24 spatial filter has a length of L, the distance

25 bet ween those images is 2L. You can slide them
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around.

You can push this one back here and
then this one will push out. So you see, if |I have a
distance L fromthis, if | have a certain distance
fromthis lens to the final optics assenbly, for
exanple, this lens is going to have to be about the
sanme |length as that distance fromthe final optics,
and that's why those filters are so big.

The other thing we do in here is we
attenuate high-spatial -frequenci es noi se on the beam
by passing the beamthrough a small aperture. And
that, it sounds very sinple now.

Now, it has, however, sone little
conpl exities, because that intensity in this point is
extrenely high, so you have to worry quite a bit
about what those snall apertures | ook |ike.

Just as a digression, we've | ooked at
several different varieties. You nmight think it was
just a sinple washer drill, drill a hole in a neta
pl ate, but you generate plasma on the sides of this
hol e.

That plasnma closes in and tends to
bl ock the tail end of the pul se when you're trying to
run these |ong pul ses that extend for 20 nanoseconds.

Al so you get sone reflection on the front side of
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that washer, which is not good.

You can get away with a lot of this by
staggering times so that the plasna does not stagnate
on axis, but in fact you get a nuch better
perfornmance with a cone-shaped pin hole, a very
shal | ow cone like this where you try to reflect and
have grazing i ncidence on the sides of the cone.

These, these were actually designed
usi ng one of the | aser target codes, so that
illustrates that the codes are good for sonething.
For, for NNIF they get a little bigger, since that
transport spatial filter is so |ong.

Thi s happens to be one of themfor the
NI F transport spatial filter. |If you'd like to take
a look at it, it's very highly polished on the
inside, and that's how they do it. So what | ooks
like a sinple pinhole is not always so sinple.

Now, the NIF system | think Ed showed
you this picture yesterday. W have the naster
oscillator going over a fiber to the preanplifier.

W cone through here, and we have the
anplifier split into two parts with this spatial
filter in between them Now, you'll see what happens
is on the |ast pass out through the anplifier | go

through a section of anplifier to a spatial filter
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here, go through another section of anplifier and go
on out.

Since | amattenuating the intensity
noise at this point, it allows us to run a higher
peak power than we could if we put all the anplifier
in one place. And that's the reason that it's split
into those two sections.

There's 11 sl abs here, five here.
There's been sone di scussion of adding two nore here
SO you can get nore energy with, about a half a
megaj oul e nore energy with |ong pul ses, but we'll
see. W haven't made a decision on that yet.

The path of the beamthrough here is
that it conmes in, reflects here, goes through the
switch, hits this mrror, conmes back, cones back
through the switch we just fired off, and cones back
out again and goes on through the target.

Now, what are the requirenents on sone
of these conmponents? Well, we have an injection
| aser system a master oscillator, and 48
preanplifier nodul es.

The master oscillator provides
tenmporal |y shaped, nodul ated, and precisely tined
i nput pulses to this fiber distribution system It

al so frequency nodul ates the pul se for beam snoot hi ng
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1 and to suppress enulated Brillouin scattering. |It's
2 sonmet hi ng we have to worry about.

3 Brillouin scattering is a scattering

4 process where the light wave conmes in, scatters from
5 an acoustic wave in the material, and it scatters

6 light sideways. It's also, by the way, it's also

7 extrenely inportant in these optical fibers

8 comuni cat i ons net wor ks.

9 So we have to frequency nodul ate the
10 beamto prevent that from happening in the |arge

11 optic. And we use hardware which is derived directly
12 fromthe high-speed fiber-optics communications

13 networks for this.

14 The beam t hen goes into the

15 preanplifier nodul e, which anplifies and spatially

16 shapes the pulse in the fiber and provi des about a
17 joule input pulse to each of four NI F beans. Now,
18 we, we make four passes through this.

19 And a question sonetinmes arises: Wy
20 is it four? You know, why is it not two? Wy is it
21 not six, or sone |arger nunber?

22 And the answer is: |If | make four

23 passes through this, |1've driven that preanplifier
24 size down to be about a joule. |If | nade only two

25 passes through this system which would be in sone
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cases, in sone ways easier to lay out, that
preanplifier, has to be about 100 joul es.

Therefore, that preanplifier gets much
| arger, nore expensive. So going |less than four
passes is a problem

Now, why don't we go nore than four
passes and drive this down even smaller? WlIl, first
thing is, it doesn't get very nuch cheaper.

The second thing is that nultipasses
through a systemlike this have other problens. For
exanpl e, when | read, when | go through this and
|l ook at the distortions in all of these conponents,
I'"mreading them coherently on the nmultiple passes.

So, instead of adding in RNS sense, as
they usually read, | read in an optical sense,
system they add lineally. At sone point those get
quite severe and they're hard to control.

Second, mnultiple passes in a system
that stores a |l ot of energy and has a high gain is a
dangerous situation. |It's very difficult to contro
parasitics and stray light in such a system for
exanple, and that's one of the things that this
switch has to do.

But, for exanple, here | have a cavity

spatial filter, there's hardware down in here, and
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1 here | have a lot of gain. WlIl, suppose sonebody

2 msaligns alittle baffle down there so it's close to
3 being parallel to that nmirror?

4 Vel |, you can do sone serious

5 met al worki ng that way, all right? Because this thing
6 takes off as parasitic oscillations between that

7 mrror and the baffle.

8 This one's from Beanlet. You can see

9 it there. And that can be a problem

10 Ckay. The anplifier, what we have to
11 do with the anplifier is store enough energy to all ow
12 about 20 joul es per square centineter to be

13 extracted, and position the anplifier slabs to allow

14 hi gh- peak power operation. That's why they're in two

15 groups, as | said before, have beam distortion

16 consistent with NIF requirenents, and all ow one ful
17 system shot every ei ght hours.

18 And to do that we need 16 sl abs of, of
19 neodym um doped phosphate glass. And you've seen

20 what these anplifiers ook like. And Ed English will
21 show you in nore detail, so | think | will not go

22 t hrough that.

23 W al so have that pockel cell switch
24 which is a plasna el ectrode pockel cell. There is

25 conti nuous plasma on both sides of the crystal which
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charge the surface of the crystal, and there's sone
sophi stication as that is to go into this, too.

For example, |I'msure you know t hat
when you have these plasnmas, you get sone sputtering
of material fromthe electrodes. Well, if that
sputtered material is netal, for exanple, and gets on
crystal, it reduces the damage threshol ds of the
crystal.

And that's not desireable, so you have
to be a little bit sophisticated about it. These
cat hodes and anodes are made of carbon.

The gas in here is heliumplus a snal
anount of oxygen. And when you do that, anything
that's sputtered cones off as carbon nonoxi de and CO2
and gets punped out.

Now t hat switch has to rotate the beam
pol arization to switch the | aser pul se out of the
system at | ess than 100 nanoseconds. It has to bl ock
stray |light propagation before and after the pulse to
get around sone of these stray |ight problens of the
mul ti pass.

It doesn't kill themall, but it gets a
lot of them And it has to be very high efficiency
and high reliability.

And you know it's high reliability
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because otherw se an engi neer woul d never bring one
down and put it in the | obby of a public neeting,
right? It's out there working now.

Ch, yeah, | just happen -- | had it in
the wong place here, but other stray |ight problens.
Stray light is a big issue.

Ed nentioned the ghost beans. W have,
we spend hours and hours ghostbusting trying to find
where all of these things go.

W get a lot of reflections back from
things |ike the frequency converter out here. That's
an exanpl e of what happens if you, if you are not
real careful with where sonme of those reflections go.
That was fromthe Novette |aser a few years ago.

Now, going to the frequency converter,
we use plates of KDP crystal to convert the frequency
to the ultraviolet. The way that process works is we
come in with the red light polarized horizontally
into a crystal.

W convert by a phase-natch frequency
conversion two-thirds of that light into the green
the second harnonic of the crystal, which you adj ust
by how thick the crystal is and exactly what angle
it's tipped at. Then we go through a second crystal

whi ch m xes together the remaining red and the green
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to give this ultraviolet light.

And al t hough that sounds like magic it
does in fact work quite well, and we can get
efficiencies up to about 80 percent for conversion to
that third harnmonic. And just a note here at the
bottomto show that in |arge beans, 30 centineter and
34 centineter on Beanlet, we have done this at
fluences of slightly over 8 joul es per square
centineter.

These crystals for this bigger beam
were not of this high crystal quality as for the
smal | er beam so they didn't get up to high enough
efficiency, but if you, that high efficiency, but if
you have a little extra drive in the red part of the
| aser you can indeed push themup to the necessary
fl uence.

Now, the NIF final optics assenbly, as
shown here, has a vacuum wi ndow in the red beam
because danage is much less of a problemin the red
part of the spectrumthan it is in the ultraviolet.

It then has this frequency converter, a focus lens, a
pl ace to put sonme diffractive optics plates to do
speci alized science to this target spot, and |'1|
show you one of those in a mnute.

And then it has a debris shield which
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1 separates this clean environment of the third

2 harmoni ¢ optics fromthe dirty environnent of the
3 target where the target is being evaporated and

4 various netals, plastics, and whatever, are being

5 deposited on the sides of the chanber.

6 Now, you notice over here it says,

7 "Argon beamtube." W have to fill the beam tubes

8 bet ween the spacial filter and the target chanber

9 Wi th argon because at the intensities we're running,
10 the the rotational Raman scattering at air is

11 sufficiently severe that the beamwon't go but about,

12 oh, 75 or 100 feet, and we have to go further than

13 t hat .
14 We, the physicists, would |ike helium
15 but the engineers don't like it. It's hard to keep

16 heliumin the tube.

17 So, anyway, we have this system here.
18 This debris shield collects garbage fromthe target.
19 That is its purpose in life, and

20 consequently this has to be changed frequently.

21 W' re planning on changi ng them about once a week.

22 Now, NIF, as | said, has to be very

23 flexible to acconmpdate the needs of users. W' ve
24 tal ked about energy and power, but we have users that

25 want the smal |l est possible spot so they can do high
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t enper at ure.

And you saw sone of those experinents
and tal ks yesterday. W want, we have users who want
beam snobothing to give very uniformintensity on the
spot so there are not a lot of spikes and intensity
on the target.

They want very flexible pul se shaping,
as you've seen fromthose ignition targets. They
want to do direct-drive fusion targets, and there are
a wide variety of other requests: placing targets
substantially off-center in the target chanber for a
Robi t zsch-1i ke experinents; putting big objects
i nside the target chanber, et cetera.

Now, we have denpnstrated on Beani et,
and will install on NIF, adaptive optics, a
deformable mirror, in order to get much hi gher beam
quality than was typical for the Nova | aser or
earlier lasers. And this just shows a typical foca
spot broken up into a | arge nunber of speckles here.

Wth the adaptive optics it |ooks nmuch
better. Now, | will have to say that what, these,

t hese spots usually cone out as what we call a "fried
egg pattern.”

There's a nice yolk in here, and you

can sort of see that around the outside of it there
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is athin, not-so-intense white of the egg. About
half the energy is in that high-quality spot, or the
spireo (phonetic) ratiois .4, for those who are
interested in ultimte detail. And there is still
sonme energy not in the high-quality spot.

W want -- We have users who want beam
snoot hing. Here's another one of those fairly ugly
spots. That one is fromthe Nova | aser.

We can put in a diffractive optics
pl ate which breaks up the beameffectively into a | ot
of smal | er beam areas, which then interfere with each
ot her and give a speckl ed pattern which has uniform
average intensity but a lot of high-frequency
nodul ation on it.

W can then take that pattern and
jiggle it sideways -- In time you can see where the
lines and sone intense speckl es appear in there. --
and get very uniformintensity over the centra
region of the spot here.

That process is called "snoothing by
spectral dispersion," if you see that term anywhere.
And it gives us greater uniformty.

You can still see sone structure here
fromthe one-dinensional jiggle. And if you jiggle

it in two dinensions you can get rid of that
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1 structure and get even snoot her spots. And sone

2 users want to do that al so

3 Concerning the flexible pul se shaping,
4 we did request, although we showed you a 1.8

5 megaj oul e ignition target pul se before, there are

6 sonme nore advanced target designs with slightly

7 hi gher energy but |onger pul se that give higher

8 fusion yields to those ignition targets.

9 There are people who want to do very
10 hi gh tenperature experinents, and to do very high

11 tenperature it's inportant that the pul se rocket up

12 to its peak power in |less than 200 picoseconds, and
13 we al so have been able to do that.

14 W al so have peopl e who want squarer
15 pul ses that are maybe 5 nanoseconds or 3 nanoseconds
16 | ong who may want a pul se here, another pul se here,
17 and then a pulse at the end, et cetera. And the

18 pul se-shapi ng system has to be flexi ble enough to do

19 that, and is flexible enough to do that.

20 But, we can't give everybody everything
21 they want, so there are nany, there are certain
22 upgrades that we have designed the system so that

23 they will be easy to inplenent but they're not
24 i ncluded conpletely in the project.

25 For example, in the direct-drive
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targets we have included ports in the right place on
the target chanmber to do that. W have incl uded
space for doing this two-di nensional beam snoot hi ng,
whi ch they want.

W have included space for nore conpl ex
frequency conversions which they, converters, which
they nay want, but what we have not done is actually
buy the hardware as part of the project to fit in
t hose spaces. And there are other cases for our
weapons effects users and such where sinilar choices
have been made.

VWll, so where |'d like to | eave you
here, then, is that Beam et has denpnstrated that the
NI F technol ogy was ready for final engineering
design. The large nmultipass laser will perform as
desi gned.

Amplifiers, switches, and frequency
converters are a few centineters snaller than N F at
perfornmance | evels that are required for N F have
been denonstrated. The master oscillator and
preanplifier technol ogy proposed for N F perforns
very well.

Adaptive optics can give us high beam
quality. And the sinulation codes which we use to

predi ct the performance of the system can predict
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that performance very well.

And al so many other features of the NIF
design. | showed you sone pinholes that are beam
dunps that are inportant here

I f somet hing goes wong and you have to
dunmp 20 kil ojoules of light on, on a very small
obj ect, how do you do that safely? That's not
proven.

Alignnent for the systemwas tested.

Di aghostics for the system et cetera.

And now Ed English will tell you the
state of that detailed engineering design. Are there
any guestions?

THE CHAIR. What's your biggest
chal | enge at the nonent?

DR. MURRAY: The biggest challenge. |
woul d say the biggest technical challenge is danage
to the third harnonic optics.

We can get there, but we have to be
very careful with those optics, and we al so have to
be very careful to keep them cl ean

DR. VOGT: Can | get sonething from
you.

DR. MJURRAY: Yes.

DR. VOGT: You nentioned here the
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direct drive, what it included and didn't include.
Does it nmean you can do direct-drive things with a,
with a first systen? | nean, --

DR MJURRAY: What it nmeans is that in
order to do direct drive with the systemyou will
have to install sone additional hardware, and you
woul d have to nove sone of the final optics and
sundries, or buy new ones.

DR. VOGT: But you can do it in the
exi sting target chanber; --

DR. MJURRAY: You --

DR VOGI: -- you don't need a new one?

DR MJRRAY: You can do it in the
exi sting target chanber. You don't need a new one,
right.

DR. VOGT: The, the other question |
had is you nentioned the debris shield, you are
pl anning on noving it about once a week. Wat nunber
of shots does this assunme?

DR. MURRAY: It assunes one shot every
ei gh hours for five or six days, so that's in the
order of 20.

DR. WARNER: What, what, what spot size
do you want out of N F?

DR. MURRAY: Spot size? WlIl, for the
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fusion targets they want a spot size of half a
mllimeter. For sonme of the high-tenperature targets
they want as smal|l as possible.

DR. WARNER: So, so does the flexible
mrror performance of beanl et neet those
requi renments? You tal k about having, you know, so
much of the intensity in the central spot and hal f
the intensity outside of the central spot?

DR MJURRAY: | think the answer to that
is that the better it is, the nore capable
experinments could be done. That is adequate to do
hi ghly capabl e experi nents.

If it were better, they would use it.
If it were worse, they would use that, too.

DR WARNER: But | take it the
perfornance you got for Beanlet, --

DR. MURRAY: Yes.

DR. WARNER: -- does that give you the
speci fied target power?

DR. MJURRAY: Yes, it is, it does.

DR WARNER: And then | can ask anot her
guestion about the -- Figure out ny notes here. The
doubl i ng.

You had this, you showed that as you

i ncrease the power in your, in your frequency
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1 doubl er, the efficiency went down?

2 DR. MJURRAY: Yes. |If you go to very

3 hi gh power, your efficiency turns over and goes down.
4 DR. WARNER: Were is the, the NIF

5 power on that efficiency?

6 DR MJURRAY: Let nme find it here a

7 m nute. Now, the, the NIF power, if you take one of
8 t hose highly shaped pul ses, of course it varies al

9 over the map, but its peak is in three gigawatts per
10 square centineter.

11 Now, if you take other pulses and you
12 take sone of those shorter pul ses, they may peak up
13 out here at higher, around four gigawatts per square

14 centineter, or five. One thing which is not in this

15 is that you can change the shape of these curves a

16 little bit by slightly aligning these crys-,

17 m sal i gni ng those crystals. So you can acconmopdat e
18 sonme of that.

19 DR MOSES: Can | just add a little

20 thing on that? Since at ignition pulse you start at
21 very low energy for a long part of the pulse, you're
22 down at the |ow nmargin of efficiency.

23 DR MURRAY: Down in here.

24 DR. MOSES: Then as you go up to that 3

25 and a-half nanoseconds at peak, you nove up to
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opti mum optinmm conversion. So when John says,
“It's all over the place," it nmeans it's, depending
on the exact pul se shape, you're noving
i nstant aneously through that conversion efficiency
rate.

DR. MURRAY: Yes, I'msorry if it was
not clear, that's precisely what | nean.

DR. MLLER If you renenber John's
ori gi nal viewgraph on the pul se shape, he showed a
pul se shape at one at 1 Onega and a different pul se
shape at 3 Onega. That's why the pul se shapes are
different at 1 Onega.

You know t he pul se shape you want at 3
Onega, and you procal cul ate what, actually all the
way back to the master oscillator. So you propagate
that pul se back through the system so you get the
right thing at the end, taking all this into account.

DR. MJRRAY: Yes, the, point, the

point that | did not nake on that viewgraph is if you
go all the way back to the master oscillator, it, the
pul se shape | ooks even very different fromthis
because the systemis saturating. You' re extracting
energy, so the gain in the systemat the tail end of
the pulse is very nmuch less than the gain at the

begi nni ng.
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1 And consequently the master oscillator
2 pul se has to rise at the end to conpensate for that.

3 But this is the track they were tal ki ng about.

4 The conversion efficiency is | ow here.
5 The conversion efficiency is high here.
6 DR. WARNER: | guess, | guess what |

7 don't understand if you go going back to that other

8 chart is that as you dropped, as you increase the

9 power per square centinmeter your conversion

10 ef ficiencies dropped.

11 DR. MJRRAY: Yes. In fact, --

12 DR. BYER: You're back-, --

13 DR MJURRAY: -- it does.

14 DR. BYER. -- you're back-converting on
15 t he harnoni ¢ process, Joe.

16 DR. MJURRAY: It, it goes up -- It is a
17 phase natched harnonic process. |t converts over in

18 theory fully --

19 DR. WARNER:  And back

20 DR MJURRAY: -- to the third

21 har moni c, --

22 DR. WARNER: And goes back

23 DR MJRRAY: -- and then it starts

24 goi ng back again. It sinusoidally varies if you go

25 t hrough there.
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1 DR. MOSES: Actually it would go back
2 toall --

3 DR. MJURRAY: |t would -- Yeah, it

4 woul d - -

5 DR. MOSES: All the way to 2 Orega, 1
6 Onega.

7 DR. MURRAY: -- all go back if you, if

8 you, if you went the proper thickness through the

9 crystal.

10 Now we tune the, the angles and the

11 t hi ckness to give the best dynamic range for the

12 particul ar class of pulses that we're trying to run.
13 DR. MOSES: Yeah, actually this is

14 anot her very interesting design issue. You know, if
15 you were just designing a facility for a,

16 hi gh-tenperature hohlrauns or for ignition, you could
17 pi ck, you know, a better, you know, nore perfected

18 optimi zation for that design.

19 But what John and the Laser Design Team
20 has done is worked on a conversion that neets all of
21 those needs nearly optimally.
22 DR. MJURRAY: Yeah, this is, this is a
23 conpromni se solution which is not -- | nean, if |
24 wanted to make only pul ses that ran exactly 4

25 gi gawatts per square centineter, the freqguency
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converter would be different fromthis. It would be
di fferent thicknesses, different angles, et cetera.

But it could not performas well when |
get down to these | ow end frequencies. And we need
to have a conpromi se which is useful over the entire
range of intensities we need to run. Ckay?

THE CHAIR.  Thank you

DR. MURRAY: Thank you.

THE CHAIR.  Now, Ed English
LASER SYSTEM ELEMENTS: (9:13 a.m PT)

DR, ENGLISH. Well, good norning. |'m
Ed Engli sh.

| thought before | start into ny talk I
m ght say a few words about who | am | have a
Bachel or's Degree in Physics from Purdue University,
and | received ny Ph.D in optical engineering from
the Institute of Optics at University Rochester in
1988.

Canme to work here at the | aboratory
then 11 years ago working first in the Atlas Project
for about four or five years where | was the optica
design group leader. Then cane over to the ICF-NF
Proj ect, where |'ve been for the last five years, and
have been with NIF since its inception, working first

as the optical system engi neer, then a nmanager for
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the optical mechanical systens, and now as the
Associ ate Project Manager for the laser and optical
system

I'"'mgoing to tal k about some of the
equi pnent that is in that system kind of a, a tour,
if you will, of what sone of these pieces of hardware
| ook |i ke that address the, the physicist's ideas
about the laser systemthat we're trying to put
together for the target experinents.

I'"'mgoing to principally talk about two
subsyst ens.

Is there a pointer up here sonewhere?
There it is.

DR. MLLER Yeah, it's right over
here.

DR ENG.ISH: Ed tal ked about this a
little bit | think yesterday when he tal ked about
functional system descriptions. The two systens that
I"'mgoing to tal k about are the | aser system which
resides in the | aser bay, -- There are two | aser
bays. -- and then the target optical system

I'"'mgoing to wal k you through first
the, the main engines, | like to call them of the
| aser system That's the injection |aser, the

anplifier, and the final optics. These are the
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things that, that nake the laser light, anplify it,
and convert it.

Then 1" m going to wal k through sonme of
t he pieces of beamtransport hardware, the, the
el enents that get light fromone place of the
building to another place and in the proper fornmat.

One of the things that you' ve been
seeing and heard about are |ine-replaceable units.
Probably have seen this chart before.

There are roughly 4,000
line-replaceable units in the | aser and opti cal
system This is a map of many of the |arge-aperture
opt onmechani cal systens.

These are the things that really are
the, the laser system O | should be a little nore
accurate. These are the things that hold the things
that are the | aser system

Just after | talk, Jeff Atherton --
This is after the break. -- is going to talk to you
about the optical conponents. Those are the pieces
of glass that actually touch and are the opti cal
system

So, the optonechanical systens, the
mrror systens, |lens systens, anplifier systens,

pockel cells, final optics, those are the things that



SEAB 1st NI F Task Force 352

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

I'mgoing to be tal ki ng about.

First I"'mgoing to start with the, the
| aser at the front end. This is the injection |aser.

It physically resides in two places.
The oscillator is int central core of the buil ding,
and the preanplifier nodul es reside under the
transport spatial filter.

Now, yesterday | believe Ed showed you
a denonstration unit of the, of the nmster
oscillator. This is a slightly nocked-up version --
I think you saw this yesterday, right? -- of the, of
the real nmaster oscillator which is sort of about a
foot by 2-foot-w de breadboard.

What you see here is an assenbly that
goes in a chassis that beconmes nounted in a rack. So
this is the chassis.

In fact, yesterday | was down in the
basenent of Building 381 where the, the teamis
putting this master oscillator together. This
currently resides in the rack.

It's operating. There's a punp diode,
about 100 mlliwatts, that punps a distributed
f eedback | aser that produces the initial light for
the laser. This is a CWsystemat this point.

After it | eaves, |eaves the master
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oscillator it goes through a stage of anplification
phase nodul ation for both stinmulated Brillouin
scattering suppression and for snoothing by spectral
di spersion, the initial 17 gigahertz for that.

The, the, the pulse is chopped into a
30- nanosecond basically square pul se, anplified, and
fanned out to the preanplifier nodules. This is
where the actual pul se shape is generated.

John showed you the, a couple of the
pul se shapes. | just wanted to show you sone
experimental data using the actual pul se-shaping
systemfor NIF to show that we can generate the kinds
of pul ses, and have denobnstrated that we can, can
actually generate these, these pul ses, and they neet,
they neet the requirenents for both the, the
indirect-drive pulse, the short pulses, sort of, this
is a programmabl e conputer-controll ed system

I should enphasize, this is all based
on -- And maybe you can sort of tell fromthe, the
nodel and fromthe pictures. |It's really standard
t el ecomuni cati ons fiberoptic technol ogy.

W' ve custom zed it to our particular
wavel ength, so the doping is a little bit different,
but it's, it's the sane kind of thing that you buy if

you're putting up fiber optics to run under the ocean
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or across the country.

In fact, the anplifier for the
oscillator comes in a kit froma conpany, and you put
it together with the anplifiers, the punp diodes,
the, the couplers and things like that.

It won't look like oscillators in, in
past | CF systens. It's really a rack-nounted thing,
as, as Ed descri bed.

So this single master oscillator is
split out, fanned out into 48 separate inputs which
feed preanplifier nodul es | ocated underneath of the
transport spatial filter, 48 which will later be
split four ways each to get to the 192. The output
energy delivered to a preanplifier nodule is sort of
an order of nanojoule, so it's a very | ow energy
pul se, but with the right spectral and tenpora
characteristics.

The preanplifier nmodule is going to
multiply that energy by a factor of ten to the tenth.
There are cer-, to major subsystens to the
preanplifier nodul e.

One is on the back side of this
photograph. |It's called the regenerative anplifier.

| think in conputer-aided nodel

yesterday you saw a pul se going back and forth 30 or
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40 or 50 tinmes. The regenerative anplifier has a
gain of about ten to the seventh.

It takes the pulse froma nanojoul e up
to about 10 millijoules. Then that three- or
four-nmillinmeter dianmeter Gl oi sian beamis expanded
up to the proper format for the preanplifier nodule.

The multipass anplifier here, there's a
four-pass anplifier here based on Nova rod anplifier
technol ogies, a five-centineter rod. This unit is
about, sort of 3-foot by 14-foot | ong.

It weighs about what a car wei ghs.

It's a line-replaceable unit.

This conpl ex el ectro-optical systemis
aligned off-line, tested, evaluated, and then gets
installed into what's called the PAS, which is a
preanplifier support structure, underneath of the
transport spatial filter.

The output fromthe preanplifier nodul e
then is about 10 to 20 joules. Renenber, this is
going to feed four beamli nes.

The indirect-drive requirenent is about
a joule per beamline. There are losses in the
transport systemafter this.

And anot her feature of the preamplifier

systemis to shape the pul se spatially. And you'l
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be able to see why this is when | tal k about the
anplifier, the main anplifier in a nonent.

So the preanplifier nodule, a prototype
of which was built and tested a year ago, was shown
to neet its requirenments in terns of the energy
perfornmance. The stated specification was 17 joul es.

And here's a photograph of the near
field of radiance profile. |It's about a
30-m I linmeter beam

And one thing you should note here is
that it's slightly nore intense on the edges than in
the center. So the, the input pulse to the main
| aser is shaped in its irradiance profile.

And that addresses sone nonuniformties
in the gain of the main laser anplifier. [I'll show
you that in just a few nonents.

The, the principal activity in the
preanplifier nodule at this point in tinme is readying
a procurenment package to go out for acquisition from
an integrated, what we call an integrated contractor.
We're pursuing a path, and we've been devel oping this
for, | think, about the |last six nonths or so, to
havi ng an outside vendor, essentially, provide to us
a working preanplifier nodule.

So, working through this strategy, in
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the last few nonths we have formally surveyed and

sel ected, down-selected to 13 possible suppliers,

based on a nunber of criteria. Have they built large

el ectro-optical optonechanical systens before? Do.
They have optics neutrol ogy capabilities?

Do they have systens to manage the material that wll

go into that?

I n August we held a prebidders
conference inviting those suppliers here for a
di scussion. Presented a draft statenment of work.

CGot some very good feedback fromthat
which is being incorporated both into our strategy
and into the preparation of the docunentation. And
so the engineering and docunentation teans are doing
that right now.

There's a rigorous internal review of
what our docunentation package is. This is draw ngs,
tol erances, specifications, test procedures, and so
forth.

And our goal is to issue requests for
proposal for this, for, for the first articles of
this nodule in the next few nonths, with those
articles being received then about a year later, so
that woul d be early 2001

DR. VOGI: Wat woul d be the size of
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1 such a contract, roughly?

2 DR. ENGISH For the first articles, |
3 shoul d nention our strategy right nowis to award two
4 contracts for our first articles, so we woul d have

5 two vendors. Those, that would sort of be of an

6 order of a $1-mllion-type contract, maybe a little
7 nore, because for the initial article there's sone

8 nonrecurring engineering and so forth.

9 DR VOGT: And after that?

10 DR. ENGLISH  The, the estinmates for

11 production costs on these units range fromsort of

12 $500,000 to $1 mllion. So there will be 48 of these

13 preanplifier nodules for the NIF | aser.

14 Ckay, so that's the first engine that
15 I'"d like to talk about, the injection | aser system
16 providing the initial pulse injected into the

17 transport spatial filter. Now |l want to tal k about
18 the main |aser anplifier system

19 Amplifiers here and here. Capacitor
20 bays, there are four

21 I njected pul se, sort of about a joule

22 per beamline, anplified up to about 16 or 18
23 kilojoules in the, in the main | aser systemat 1
24 mcron. This is the, an engi neering picture of what

25 the basic building block of the anplifier is.
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This gives ne a couple of opportunities
to talk about the NIF | aser architecture from an
engi neering standpoint. See that slabs in this case,
| aser slabs are stacked four high and two wi de.

That's a basic unit that we call a
"bundle," a 4-by-2. And in NIF there are 24 bundl es,
so that's sort of the basic |aser increnent.

You'll notice here that these are
packed relatively close together. That's for
ef ficiency and cost.

W're trying to pack this gain into a
relatively small volune for a couple of reasons.
One, the flashlanps, which are on the outer side and
inthe interior, -- And by the way, on the back table
is, is a flashlanp. -- by packing these sl abs close
together, the flashlanps don't have to be as | ong.

That causes a nunber of nechani cal
engi neering problens not only in this assenbly, but
actual ly throughout the laser system And | think
you'll see that as | talk about some of the other
opt omechani cal conponents. The pieces of glass are
very cl ose together.

DR MOSES: Ed, | can't help it. |
think people really have to | ook at --

DR. ENGLI SH: Yeah, you got to take
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this --

DR. MOSES: -- what a flashlanp | ooks
like.

DR. ENGLI SH: This is a flashl anp.

DR. MOSES: | was thinking about -- and
about how nmany of them are there?

DR. ENG.ISH  There are 7,680
fl ashl anps.

THE CHAIR. Al right. And of course
they're not, they're in the vertical configuration
right?

DR. ENGLI SH: Right.

DR MOSES: This is, this is the size.

DR ENGISH It's inside --

DR MOSES: It's inside the --

DR ENGISH: It's inside the hol der
Yeah, actually it's inside the Lexan tube here.

DR. MOSES: Yeah. But |I'mjust saying,
this height gives you the size.

DR. ENGLISH Yeah, it's about, about
six, about, alittle bit over six feet, counting
the -- It's six, it's six feet fromsort of here to
here.

THE CHAIR  Who nmanuf actures then?

DR. ENGLISH EG&G and ICC. There's
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been a consol i dati on.

DR. BYER: There's one conpany now,
ERG

DR. ENG.I SH: One conpany, E&G for,
for -- And they are the flashlanp vendor for N F.
The, the award of the contract for the flashl anps
was, was nmade in the last nonth or so for the first
hal f of the flashlanps for N F.

THE CHAIR. What's their life expected
to be?

DR. ENGLISH: Flashl anps? | believe,
believe it's the facility lifetime, 20,000 shots.

DR. WARLAUMONT: W I Il you explain the
gas flowa little bit?

DR, ENGISH: I'Il try. This is not ny
area of expertise, but flash-, the flashlanps need to
be cooled in order to achieve the short turnaround
time that's a requirenent of the facility. That's
t he ei ght-hour shot tine.

So | won't get this right on this
picture, but nitrogen is flowed into a flashlanp
cavity and up through the adjacent one. And that's
repeated for this nodul e.

And in the main |aser there were 11

slabs in a row, so there were six of these there and
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three of these nodul es, these 4-by-2-by-2 nodules in
the power anplifier, so that the gas systemdelivers
through this --

This is also an electrical insulator.
It has a, cavities for the gas plenumas well as for
attaching the, making the electrical connections to
the fl ashl anps.

| don't know. That's probably about as
good as | can do right here. |If you, if you want
sonme nore detail | can certainly get it.

DR. WARLAUMONT: That's good.

DR. ENGLISH So, in, in, in one of
these nodul es there are 40 fl ashl anps, 16 | aser
sl abs. The next viewgraph, we've al ready shown you
the flashlanp itself.

These are, these are about
13-times-larger flashlanps than were used on, on
Nova.

Let ne tal k about the power
conditioning systemfor just a nonent. Let's bring
you back to geography here.

Capacitor Bays 1, 2, 3, and 4, these
are where the power conditioning nodul es reside.
These provide the electrical energy which drive the

fl ashl anps.
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Now, working with Sandia, in fact
Sandi a National Laboratories designed, built, and
tested a first-article NIF transm ssion nodul e.
That's what this is a photograph of.

There are 192 of these nodules in NF.
There are ei ght per bundl e.

Contains 20 capacitors. There are
capacitors on either end here.

Fired through a, a discharge switch up
into 20 transmni ssion |ines which connect to 40 | anps.
Each transmission line is connected to two |lanps in
seri es.

So this first article test, this
prototype, again built by, by Sandia in collaboration
with, with Livernore and industry, you know, proved
out that the NIF design would nmeet the requirenents
of the power conditioning system

| should nmention at this point the
capacitors for the power conditioning system the
contract has been awarded for the first half of those
capacitors, and we're currently looking at -- 1"l
ski p ahead here naybe just one viewgraph.

We're currently devel oping a strategy
for acquiring the power conditioning system which

again woul d use an outside integrated contractor to
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build, assenble, test, and ultimately install these
power conditioning nodules in the capacitor bays.

Ckay, we're just going to talk alittle
bit nore about the perfornmance of the anplifier
system W built a facility called "Anp. Lab" where
we were able to put together sone of the nodul es of
an anplifier and fire the flashl anps, neasure gain,
measure wavefront, nmeasure performance of the system

So here are sone test results from
t hose gain neasurenents. And here you can see the
gain roll off across the aperture of an anplifier.

Now, this is because anplified
spont aneous, spont aneous em ssion depletes the gain
near the edges of the slab, and so that actually
affects the reflector design where we try to direct
nore of the flashlanp light towards the edges of the
slabs to partially conpensate for this.

This profile, conmbined with the profile
injected fromthe front end, then produced the flat
top irradiance profile that John showed. W did this
on Beaml et, and we were able to, in anp. |ab, show
that we did, that, that our nodels and predictions of
what that gain uniformty would be were actually
borne out by the, by the design.

So | want to go back to the, the



SEAB 1st NI F Task Force 365

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

anplifier schematic for just a nonent. The, the
anplifier, a, a part of the anplifier systemis very
tightly coupled with the building and the
infrastructure

That part is the frane assenbly unit
and these gas plenuns. These are installed as part
of the facility, for all intents and purposes.

The LRUs are the slab cassettes and
flashl anp cassettes. Those cone along later to be
i nstall ed.

But the frame assenbly units are part
of the beam encl osure, part of the beamline. And
this is an area that is, is actively noving ahead in
terns of construction, fabrication, and assenbly.

So, for the frame assenbly units, these
are being fabricated and precision cleaned by
contractors. That's actually happening right now

They will be finally assenbled in a
cl ean room here at Livernore, transported over to the
| aser bays for installation by the infrastructure
contractors. Again, just to give you a little
feeling here, the frame assenbly units are on, are,
are on order.

The gas plenumand top plate electrical

isolator award is, is ready to happen. The facility
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where this assenbly will happen is being prepared.

Here's a photograph froma few nonths
ago. This is actually the, the Beam et hi gh bay
wi t hout the Beamlet laser init.

It's a Class 100 clean room There
it's sort of getting ready a few nont hs back

Alittle nore recent picture show ng
t he support structures on which the anplifier frame
assenbly units will be assenbled. | should maybe say
alittle bit about alignment of these assenbly units
now, because that will cone up in a nunber of, a
nunber of cases.

These are assenbled in exactly the sanme
mechani cal configuration in which they will be
mounted in the facility. So they, they hang from
t hese structures.

And that's inportant in ternms of
achi eving the alignnment tol erances for where these
anplifier slabs ultimtely get positioned in the
| aser. John tal ked about the uncertainty wi th which
you place conponents in the beamline.

For these particul ar conponents, for
anplifier slabs, that tol erance the plus or mnus
three mllineters. So that neans in the anplifier

slab, that 400-millineter aperature, there's a few
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mllinmeters around the outside edge which is there
because we cannot |ocate the slabs with infinite
precision in this large facility.

That actually comes up in a nunber of
cases when we tal k about LRUs, that alignnent
precision. The, a couple of things that really cone
t hrough here are glass close together, literally sort
of an inch or |ess between edge of glass to edge of
gl ass, which drives the nechanical engi neers kind of
crazy. They like to grab onto things and there's no,
no roomto grab onto it.

And then in this laser bay the, the
length of the laser in that |aser systemis 123
meters. W have sort of nillinmeter-type tol erances
on positioning in these optical conponents.

The reason why we try for a mllineter
is looser than that we give up aperture, which neans
we give up gain. Tighter than that | don't think we
can achi eve.

So it's sort of a mllimeter-class
alignnent in a 150 neter-long facility, or pardon, 10
tothe fifth. That's a, that's what we're shooting
for.

Ckay, the third part of the |aser

engine, so far it's been near infrared, is the final
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1 optics assenbly here where the light's converted to
2 the ultraviolet. | think yesterday you saw a

3 phot ograph or two of the target chanber, this

4 10- net er - di anet er sphere.

5 It is the mounting structure for the

6 final optics assenbly. Were you see these plates,
7 these are where the final optics assenblies will be
8 install ed.

9 And just to follow up on the question
10 about direct drive, these ports here are where you

11 would install the direct-drive final optics

12 assenblies. So the target chanber has the ports in

13 the proper location for that.

14 Ckay, John showed you a schematic of
15 the optical systeminside a final optics assenbly,
16 one beamline. Here is the engineering prototype of

17 the final optics assenbly.

18 There are four | aser beans that, that
19 cone into one of these assenblies. They go through
20 t hese nodul es here, one, two, three, four.

21 I nside this housing here then are the
22 optics that John was, John was describing. The

23 frequency converter and focusing | ens are about here.
24 The debris shield cones in and out

25 through this slot here. So this actually gives ne a
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chance to talk a little bit about how the engi neering
responded to sonme of the physics and operational
requi rements.

A coupl e of people have asked in the
| ast day or two about changi ng out debris shields.

W estinmate that that's sonething you'll have to do
every week, probably on a mai ntenance day.

On Nova that was al ways on Monday. So
you' d have to change out 192 debris shields every
week.

This is an LRU here, this, this
housing, but so is this, the thing that goes in this
slot. There's a cassette, sort of |like a kitchen
drawer -- Weighs a little bit nore than the fully
| oaded silverware drawer. -- that has to be
installed through this slot onto precision slides
into this, this nodul e.

Thi s can happen on, on the beamli ne.
Let ne junp to ny next picture to give you a little
sense of what sone of the engineering chall enges are.

Ckay, this is a sinmlated picture. W
took the final optics assenbly photographs and pasted
themonto here to give you a little sense of what,
what, what operators are going to deal with in

dealing with sone of these operations.



SEAB 1st NI F Task Force 370

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

You'll notice we've only put every
other one on. So these are relatively close
together. You access these by various floors in the
target buil ding.

So this debris shield change-out, which
we think will happen once a week for all 192 beans,

i nvol ves about a 15- to 30-m nute operation of actual
exchange. Two people would renove the debris shield
fromthe previous week's shot and install a new
debris shield.

There are a couple of cleanliness
aspects that factor into this design. You can't just
open up the interior of the beamline to the |aser
bay or target bay, because they're not clean roomns.

So, in, in the design, it's not shown
on this photograph, but there's sort of a local clean
room clean hood over this area that blows clean air
across the opening allowing you to slide in a plate
all owi ng you to cover up the optics on this side.

A plate al so goes against the debris
shield cassette. You extract that cassette.

So here's the plate on the expensive
optics. You slide in the new debris shield cassette.

These doubl e pl ates go together, and

then you extract that, maintaining the cleanliness.
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And this is very chall engi ng engi neeri ng because the
pi eces of glass, again, are very cl ose together.

In this case it's longitudinally, and
so the space requirenents really drive the, the
engi neering detail and the design.

A couple of things John didn't tell you
about the magic of frequency conversion was just how
hard this nagic is to achieve. It's very sensitive
to angul ar and, and, and positional tolerances.

The frequency conversion process, the
Type |/ Type Il configuration is sensitive to
tol erances on the order of ten m cro-radi ance. Now,
how do you hold the crystals in the lens to those
type of tolerations and give yourself the ability to
tipand tilt it to do the frequency conversion and
get the perfornance that John described?

Now, in Type I/ Type II, the doubler is
sensitive to tilt in one axis, and the tripler in the
other axis. |It's actually convenient, and we took
advantage of that in the optonechanical design
because both the doubler and tripler are in the sane
optical nmount, which then turns in one axis to tune
t he doubl er, and the other axis to, to tune the
tripler.

In that sane mount is also the |ens,
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all in close proximty, about 20 to 30 millinmeters
apart.

The crystals are thin. They're sort of
about a centineter in thickness, and about 40, well,
they' re 41 centineters square.

They' re kind of floppy types of things.
And the frequency conversion processes cares about
the local variations of the crystal's axis. And that
| ocal axis can be distorted by strain, gravity,
nmounting pressures, and so forth.

So this cell, which was manuf act ured
using rel atively conventional machining techniques,
was able to achieve the flatness requirenents on
t hese nmounting services, which are two to three
m crons, for both the doubler, tripler, and | ens
sur f ace.

And this particular cell, this was a
phot ograph of the cell that was tested as part of the
Beanl et frequency conversion canpaign. So we
actually put 37-centinmeter crystals and lens into a
cell, put it onto Beanlet.

Ckay, that sort of wal ks you very, very
qui ckly, | know, through the, as | said, the, the
engi nes of the laser system |'mgoing to go back

now and tal k about beamtransport, how we get the
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light through the |aser system and what sone of that
har dwar e | ooks, | ooks |ike.

I'"'mgoing to talk just very briefly, |
t hi nk, about the defornable mirror, because you've
seen a few of those results. |'mgoing to talk about
spatial filters, and talk about mirror nounts. And
I'"l'l also talk about the pockel cell for, for just a
nonment, too.

So, one of the things that, that is
very central to the perfornmance of the |aser system
is, is the adaptive optic. The deformable mrror
corrects primarily the thermal distortions in the
anplifier slabs.

As Ed nentioned yesterday, when you
fire these flashlanps, a trenendous anount of heat is
actually deposited in the laser slabs. They distort
in a very quick sense during the pulse, and al so
there's heat that resides in those slabs for a | ong
period of tine, and that distorts the optics.

But in addition to those aberrations,
there are aberrations due to fabrication of optical
el enents; installation, lenses don't go in exactly
the angle that you'd like themto go in.

There are sonme | oworder distortions in

the nitrogen environnent. The adaptive optic, which
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has 39 actuators, is designed to address those
| ow-order, relatively | ow order aberrations.

So it can do sort of third-order and a
little bit into fourth-ordertypes of correction
which turns out to be exactly what's needed fromthe
anplifier distortion. The anplifier distortion has
sort of this "M shape to it.

It's kind of a third- or fourth-order
type effect. The optical aberrations due to nounting
and installation are, are generally a second-order
and a fourth-order.

So the mirror is very well-suited to
the aberrations of our system This is a, a mrror
that was tested on, on the Beam et system and
think you've seen this picture maybe, this is the
third tine now, of test results from fromthe
Beanl et | aser system

One, one thing that naybe hasn't cone
forth yet. There's another operational advantage to
having a deformable mrror

Because you have this heat in the | aser
system and you're basically waiting for the laser to
cool down before you can fire again, that nmeans there
are periods of tinme when you can't align and can't do

anything with the | aser system The adaptive optic
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actually gives you the ability to start that
al i gnnent process earlier, before the system has
conpl etely cool ed down.

And the adaptive optic is not really
moving very far. It has a 15-wave peak-to-valley
system requi renent, but |ight bounces off of it
twice, and it's a mrror

So that nmeans we're actually only
pushing and pulling on the mrror's surface a few
m crons, three or four nmcrons. Nowthat's a big
nunber in optical sense, but small nmechanical, snal
mechani cal novenent.

And this is another opportunity for ne
to say what we're doing with, where we are in, in,
in, inthis acquisition. W're currently in the
process, beginning the process of transferring the
technol ogy for assenbling these mirrors to the
Uni versity of Rochester Laboratory for Laser
Ener geti cs.

So our current strategy would have them
building up and testing these nmirrors for us,
transporting themhere to be integrated into the
actual nount, and installed in the, in the | aser
system

THE CHAIR. That thing that's two-fold
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symmetry, right?

DR ENGISH: In this axis and in this
axis? |Is that what you're referring to?

THE CHAIR.  Yeah, the horizontal and
vertical are not identical

DR. ENGISH. That's correct. Actually
there's a, there's a couple of details here.

You, for alignnment purposes you
actually need to be able to see through this mrror.
The actuators on the edge are actually just outside
of the aperture of the mirror, but they're needed to
control how the edges sort of flap around.

But there are, but there are 39
actuators. The place where the symmetry's broken
perhaps, is what you're referring to, is right here
in the center. |If you took these two out.

THE CHAIR  Yeah, there's --

DR. ENG.I SH: COkay, the pockel cell is
the next thing I'd like the talk about, and after |
speak, | understand there's a, a short break, so that
m ght be a good opportunity to step out in the | obby
where we have a prototype of a, a 2-by-1, so-called
2-by-1 version of the pockel cell. For NF you need
a 4-by-1 version.

If | go back to the anplifier
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1 configuration, the anplifier configuration really

2 drives the bundle geonmetry. Four apertures high by
3 two w de.

4 Most LRUs in the |aser bay that hold
5 | arge-aperture optics are four, four high, one w de,

6 so there are two LRUs per bundle. So this is the

7 pockel cell.

8 Four apertures, but electrically it's
9 really like two of the units that you see in the

10 | obby. It's two 2-by-1s.

11 A nunber of challenges in, in this

12 engi neering task. Some of those were addressed in
13 Beaml et, where we built a single-aperture pockel

14 cell.

15 Sonme of the things that we | ooked at
16 for NIF, again getting towards sort of nanufacturing
17 and engi neering, going away from a pol yet hyl ene

18 i nsul ati ng housing to an al unmi num housi ng, al um num
19 being able to offer the structural stability that we
20 needed with thinner walls.

21 Agai n, renenber, things are closer

22 together so we need to, to look at thinning up the
23 wal I s of things. However, the al umi num does not

24 electrically isolate the cathodes and anodes, so it's

25 annodi zed to provide that insulation.
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That's one of the technol ogy
engi neeri ng devel opnents that had to be proven for
the NI F design, again, responding to these optica
spaci ng requirenents, as well as trying to generate
the uni form plasma across all of these apertures.
And the pockel cell is really one of our, | think
great est success stories, not only froma technol ogy
standpoi nt, but, but an engi neering standpoint,
because it works.

The requirenent is that the, that the
average transm ssion be greater than 90 percent, 99
percent, with no point in that aperture |ess than 98
percent. This is extinction ratio, or swtching
efficiency, if you will.

The prototype exceeded those
requi rements, 99 percent. And principally the, the
| osses are due to strain in the windows that bound
the, the pockel cell environnent.

Ckay, one of the things | was invol ved
with quite a bit in the early prelimnary design of
the, the NIF systemwas the tran-, the spati al
filters, how they were laid out, how long they had to
be, sone of the optical inmaging and rel aying
requi renents.

This spatial filter here is 23 and
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a-half neters long. This one is 60 neters | ong.

The length fromthe front surface of
the defornmable mrror to the output lens here is 123
meters. So it's actually a little nmore than half of
the length of, of the, the |aser systemis, is this
evacuat ed space for spatial filters.

What drives this length is the | ength
of the cavity, which is twice that |ength, as John
says, or the cavity is 47 neters. And to get to the
47 nmeters we had to think about things |ike: How are
we going to install and nmintain these
line-repl aceabl e units?

How nmuch space do we need between
mrrors and anplifiers and |l enses to be able to do
t hose insertions and renoval s and those mai ntenance
activities?

That actually drives the cavity a
little longer than the way a physicist would think of
it. But it's, it's got to be a facility.

It's, | like to call this a "light

factory." It's got to work day-in, day-out. So we
have to accommpdate that in the design here.

The transport spacial filter length is
principally driven by the length of the path fromthe

output to the target chanmber. These different beam
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paths range in length fromsort of 60 to 70 neters,
and that ostensibly sets the length of the transport
spacial filter.

It's not just a sinple geonetric optics
probl em because we're tal ki ng about a hi gh-peak
power | aser where there are nonlinear effects. So
the, the uniformirradiant distribution that you like
here actual |y happens over a several -nmeter |ength,
and it's a fairly shall ow m ni mum

But that's what sets the length of this
transport spatial filter.

Now, on Nova the |ongest spatial filter
was 13 neters. This is a picture of a Nova Spaci al
Filter Nunmber 5. This one's actually nine neters.

A round | ens here, a round | ens here,
tapered beamtubes to a pinhole assenbly in the
center.

On NIF, the optics are square, and
that's basically a packing fraction reason. W have
to put things close together, and that's what drives
t he design of the optonechani cal hardware, being able
to pack these square apertures relatively close
t oget her.

And a coupl e of years ago there were

fairly heated di scussi ons between the nechani ca
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engi neers on one side, and the optical engineers on
the other side, the optical engineers wanting the
glass to be a little bit bigger for manufacturing
pur poses, the nechanical engineers wanting it to be a
little snmaller so they can have a few nore
mllinmeters to put the alum num and stainless steel
around to hold onto it.

But this is Spatial Filter Lens Nunber
4, which actually has a | ens and a di agnostic beam
splitter. Real NIF glass is not orange. This is a,
a surrogate that's used for the prototype testing.

But again, you see the sort of famliar
LRU hardware geonetry stacked four high by one wi de.
And if you're not sort of cal-, to kind of calibrate
you, if you hold your hands out like that, that's
about how big the NIF | aser beamis.

That's sort of about 16 inches, which
is the size of a NIF | aser beam So that gives you a
sense for the, the scale on these spatial filter
cassettes.

Agai n, just point out one of the
engi neering aspects that, that cane into this
particular task. Traditionally for these vacuum
spatial filters lenses the barrier, this is the

barrier between vacuum and, and at nosphere of
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pressure, we've used Orings to seal between those
t wo.

Now, the NIF I ens design is equiconvex,
so it's cured on both sides, and it's square. So
when you trace out that profile, you get this sort of
pi I | ow shape.

You can nachine into the, the beze
that shape for an Oring. It's fairly expensive.

We have 192 beans, each having four
spatial filters. So the engineers working in this
area had the idea to try and use a shaped or forned
gasket which would be nounted on a flat surface, so a
cheaper manufacturing process than putting on a
gasket which actually has that shape.

That's not sonething you would do when
you're building one or two or three or four, but when
you're building I ens nounts for 800 | enses, that
becones an economical thing to do. So that's one of
the kind of engineering tasks that was proven out in
the last couple of years.

Let me tal k about mirror nounts for a
little bit here. In the laser bay it's this bundle
geonetry, four high by two wi de.

When we get into the switchyard we have

to split that grouping so that half of the beans go
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to the top of the chanber and half go to the bottom
That happens right here at the first mrror in the
swi t chyard

Four of the beans are directed up and
four of the beans are directed down. Now, remenber,
the anplifier drives this spacing, both horizontally
and vertically, and that derives, again, sone of the
mechani cal engi neering aspects for sonme uni que and,
and new pl aces.

Here's a, a photograph of the, of a
mrror being tested. And | want you to observe in
this photograph how the mirror is being held.

It's being held fromthe back. There
isn't enough roomon the side to grab onto the
mrror.

And if there were, because of gravity
pul l'ing down, or in the other case, the nmirrors
facing up, the distortions of the front surface would
be larger than we would like. So part of the
mechani cal engi neering design was figuring out howto
hold onto the mrror fromthe back

There are 1-inch dianeter holes drilled
into the mrror. A nmandril's inserted in there,
expanded to hold onto the mrror

And they're positioned in such a nmanner
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SO0 as to minimze the distortion due to gravity. So,
this mirror was tested, this mrror nmount design
devel oped here at Livernore.

A flecture-based kinematic nount design
was shown to neet the requirenents of sort of a
guarter-wave peak-to-valley distortion as nounted.
You can actually see, so you have to, you have to
| ook at the scale here.

This is in 100 nanoneters mnus 100
nanoneters, so these are sort of 50- to 100- nanoneter
depressions. These were actually where the, the, the
attachnment points are.

And because they expand out, that
actually pulls, by a plasnon effect, pulls the front
surface down slightly. This, however, neets our
requirenments for, for beamtransport to the fina
optics, for frequency conversion, and then focusing
down on the target.

Ckay, so that's kind of a very quick
tour of LRUs in the system The last topic that |'d
like to just briefly address is the assenbly of these
LRUs.

You' ve heard di scussed sone of the
aspects of the cleanliness and what happens in the

anplifier, or actually in any optical elenent where
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1 you get a little bit of contamination at these high

2 peak powers and hi gh energi es.

3 So the optics assenbly building, which
4 is down here, contains an 8,000-square-foot Cass 100
5 clean room And for the npbst part, that's where

6 these large optical elenments were mated to their

7 nmechani cal and el ectrical systens.

8 So anmplifiers, pockel cells, lens

9 cassettes, mrror mounts, those are assenbled in this

10 assenbly building, which is just about ready to be

11 turned over to the programto operate as a, as a

12 clean room And in fact, in ny areas we've got a few
13 peopl e getting ready to install equipnment on those

14 i sol ati on pads.

15 Those are essen-, essentially the

16 equi pnent that will be used for doing this assenbly,

17 the alignnents, fixtures, and so forth.
18 The final topic that is what |
19 sonetinmes think of as an extension of the optics

20 assenbly building, is how you get these LRUs from

21 this clean environnent, through the |aser bay, and
22 then installed in the clean beam i ne.

23 W have these transportabl e cl ean

24 rooms, essentially, that, that match the environnment

25 into which the optic's going to be inserted. So
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it's, for the nost part it's a nitrogen environnent
in the main | aser cavity, except for, of course, the,
the vacuumin the spatial filter

W have a large, essentially autonmated
gui ded forklift that carries the canister inside of
which is a line-replaceable unit. The
line-replaceable unit is placed in the canister in
the optics assenbly building, closed off.

The transporter picks it up, carries it
down the aisleway to the appropriate location in
| aser beam|ine, docks to the |laser. Renenber, the
| aser is over your head. Docks to that.

There are a pair of these covers then
that renove, push the LRU up into the beamli ne,
where, by kinematic nounts, it's positioned onto its,
its nounting position. Again, the tolerances for
where that optic ends up when you're done with this
operation is a millineter. Some cases it's three
mllineters.

And you have to think about that in the
context of this large |aser bay which starts from
concrete, concrete pedestals, structures, a beam
pat h, beam tubes, mounts inside of that, and this LRU
bei ng essentially precision positioned to kind of a

mllinmeter tolerance.
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Amllineter's kind of a big nunber to
a nmechani cal engi neer, but again | rem nd you of the
scale. It's ten, it's one part inten to the fifth
of the whole facility.

So a lot of activity has been happeni ng
in the last couple of years with the engineering
design, and in many of the areas |'ve described, the
design is conplete and, and we are either in
procurenent phase or, or rapidly noving into that.

The master oscillator, it is being
built right now The preanplifier nodule, as |
menti oned, we're preparing the procurenent
docunentation to have that acquired as an integrated
unit froman outside vendor.

In the frame assenbly units for the, in
the anplifier, those enclosures, they'e being
fabricated now The assenbly facility is being
prepared. Starting in the spring we'll begin those
assenbly operations.

Capacitors and fl ashl anps, they're on
order. As | nentioned, we're devel opi ng an
acqui sition strategy for the power conditioning
system whi ch woul d have an outside contractor build,
assenbl e, test, and install these 192 npdules into

the facility.
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Sonme LRUs, like the pockel cell, have
their final docunmentation package being prepared for
procurenent. In alnost all cases where the LRU
touches the infrastructure there's sone nounting
har dware. Those procurenent packages, sonme of them
are out. Sone of them are being prepared now. Sone
of themare out in the next couple nonths.

The defornmable mrror technology is
being transferred to the Laboratory for Laser
Energetics. They will do the assenbly and testing of
these mirrors for us.

| didn't dwell on this at all, but the
final optics assenbly contains a | arge vacuum
i solation valve to separate those four beam i nes
fromthe target chanber. That contract was awarded
in July, and the housing upon which the integrated
optics nodul es nount, that contract is al so out.

And as you saw fromthe photograph,
the, the installation vehicle is actually being
tested, programmed for use right now

So just to wap up, again, a couple of
the chall enges that, that the engi neers have faced
in, in designhing this hardware is neeting the
performance requirenents. | like to say that the

engineer's job is to make the physicist's dreans cone
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true.

They tal k about the magic of
anplification, the magi c of frequency conversion, the
magi ¢ of switching froma pockel cell. Soneone's
actually got to nanufacture that hardware and have it
nmeet those performance requirenments in an operabl e,
mai nt ai nabl e, cost-effective manner.

And that's, that's really the, the
engi neering challenge. W've tried to, in sone
cases, especially like the master oscillator, design
things in such a way that we can incorporate new
t echnol ogi es as they becone avail abl e.

| think that's a, a prudent thing to do
when you're talking about a facility that will
operate for 20 or 30 years. This has been a big
aspect of many of the engi neering discussions.

It's not just, "Can you build it?" but,
"Can you build 192 of then? Can you nanufacture it?"

So the discussion's about casting
sonmet hi ng versus nmachining it. |If you're building a
protective, building a one off, you'd probably just
machine it so that it worked.

But again, for the quantities of
roughly 200, you start to |ook at other technol ogies

that are nore cost-effective froma manufacturing
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1 standpoint. This, of course, is an activity that has
2 been engaged fairly extensively in the last six

3 nmont hs especi al | y.

4 How are we going to buy this stuff?

5 How are we going to get it here?

6 How are we going to nmanage and know

7 what's where, quality control of that? And

8 ultimately, how are we going to assenble that and

9 install it into the, into the facility?

10 Those were ny prepared remarks. |'m
11 happy to answer, try to answer any questions that you

12 m ght have.

13 THE CHAIR.  Thank you

14 Any questions?

15 DR. VOGT: What are your problem areas?
16 DR. ENGLISH Well, | think there's a
17 coupl e of ways | can answer that question. W have
18 sonme parts of our, of our systemwhich are in final

19 detail design

20 They're, for the areas that |I'm

21 responsi ble there are about 8,000 nechani cal

22 drawi ngs. W have about 6,500 of those conplete.
23 So one area that, you know, |'m

24 actively engaged in is: Wo are the engineering

25 teans? Are they sufficiently organized to be able to
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finish out the designs of the LRU equipnent, and in a
nmore urgent sense specifically the hardware that has
to be provided to the infrastructure, the nounting
hardware and so forth.

So things like frane assenbly units,
kinematic nounts, | don't knowif they're so nuch
probl em areas, but they're the areas that, that | pay
very close attention to. | think by and large the
opt onechani cal system | feel pretty good about.

W' ve got, you know, problens at al
kinds of different |evels, sonetines problens that
come up each week, and you, you work on those.

W're, we're looking at designs in a couple of areas
to see if they are robust enough.

DR. VOGT: But nothing which requires
R&D?

DR. ENGISH: | think predom nantly no,
not, not really R&. Now there may be sone
t echnol ogy-driven responses.

For example, we talked a little bit
about 3-Orega danage. There nay be sonme this about
3- Onega danage and how you have a | aser systemthat
operates for the lifetinme that you'd like it to that
woul d factor into the, the engi neering aspects.

But they tend to, the, the technol ogy
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related things froman engi neering standpoint tend to
be much nore sort of detailed, like: |Is this
mat eri al acceptable in this environment?

Can it be cleaned? Does this
manuf acturi ng process yield a, a product that neets
the other requirenments? Very sort of engineering --

I, I don't really think of those as R&D types of

t hi ngs.

THE CHAIR.  Any ot hers?

(Wher eupon, no response was had.)

THE CHAIR. Thank you very nmuch.

DR. ENGISH. As | nentioned, during
the break 1'Il be out in the lobby if you want to ask

sonme questions about pockel cells or that flashlanp
that's back there.

THE CHAIR: Al right. Thanks.

W reconvene at 10: 30.

(Wher eupon, at 10:12 a.m PT the
menbers took a brief recess and returned at 10: 30
a.m PT, after which the follow ng occurred:)

THE CHAIR. Now we're up to the cl eanup
hitter. Jeff Atherton is here to tal k about optics
devel opnent.

OPTI CS DEVELOPMENT PLAN AND REQUI REMENTS:

DR. ATHERTON: As John said, ny nane is
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Jeff Atherton. 1'll take the next little bit of tine
totry to get you up to speed with where we are on
optics devel opnent, our plan and requirenents.

Here's a summary outline of ny talk
VWhat |'Il go through up front is just the scope and
approach that we're using for the large optics
production. That's to get the roughly 7,500 |arge
optics that we need for N F.

Then I'l1 go through the status of our
optics manufacturing technol ogies and the facilities.
And what you'll see very nmuch is that we're
transitioning fromthis pilot production phase into
mai n production. You'll see that in a |lot of
di fferent ways.

And then I'"'mgoing to wap up with the
pl ans for on-site optics processing, which is
cl eaning and applying the silica gel antireflection
coatings in the optics processing devel opnent
| aboratory.

Just to give you a little historical
per spective, supplying precision optics for I|ICF
| asers is a decades-long endeavor. And | sunmarize
for you, going back into the early '70s, the Janus
| aser, which you saw | aser gl ass yesterday from Ed

Moses, and |I'Il show you again today in a little bit,
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goi ng from Janus up through Beanlet, we've built and
operated a series of |lasers, each one having |arger
aperture and higher energy, in general, than the one
bef ore.

And just in perspective, Janus had
about a 10-centineter round aperture up through
Beanml et, 40-centineters square, so nuch | arger
apertures.

In terms of the materials, Janus was
silicate laser glass. Nova was phosphate | aser
gl ass.

The materials that we used even for
things |ike the, the nmulti-layer coatings for mrrors
and pol arizers, going from in Nova, fromtitania
silica. Beanlet was hafniumsilica. Has advantages
for damage resi stance.

And then even fundanmental things |ike
KDP crystals. These were infrared | asters.

For Nova, the beginning of Nova, the
bi ggest crystals you could buy were about this big.
Nova got themup to this size, and then for Beanet,
even larger still.

So, so that's part of what we do in
buyi ng optics, both for |ooking backwards in time and

going forwards, is, is, to advance technol ogi es,
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whether it's the materials thenselves or the
manuf act uri ng technol ogies. For exanmple, in NF,
here we'll be manufacturing at a much higher rate
than was ever done before, especially for Nova,
roughly, you know, anywhere fromsort of, you know,
five to 20X, the manufacturing rate.

So, and the way we do that is to
partner with the optics industry. W've done this
for the last 25 years and what, a big part of our
m ssion is to devel op and then transfer advanced
manuf act uri ng technol ogi es; develop themin place
wherever we can, but the idea is find out what we
need to do, nake sure it's developed, get it in place
in industry, and then nove on

So, to acconplish the requirenents for
NI F there are a nunber of advances in optics
manuf act uri ng technol ogi es that were needed. And
summari ze them here briefly by discipline.

And then what the key technol ogy
requirenent is for NIF in laser glass, it's going
frombatch nelting to continuous nelting and forn ng
In crystals, going fromrapid crystal growh, on the
order of 10 nmillinmeters per day.

Fused silica: Optimzing the boule

geonetry with a nuch higher product yield and a
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1 product delivery rate.
2 Fabrication, both for flats and for
3 | ens fabrication, having im, better grinding, much

4 hi gher speed polishing, and determnistic figuring.

5 And "figure," it's, it's atermfromthe industry.

6 It means bring the wave front into specification.

7 And then optical coatings: Better

8 process design, better control. Reduce defects for

9 i mproved damage resistance, and then high throughput.
10 So I"'mgoing to go through all of these

11 things with you today. So those are the

12 t echnol ogi es.

13 I want to just illustrate for you how
14 we manage the flow of these optics. And we nmanage

15 them fromthe material manufacturing through

16 finishing and coating, and then on-site processing,
17 where they' re cl eaned and coated for delivery into

18 the LRUs.
19 And this is just illustrated for

20 crystal. So here's a rapid-growh crystallizer that

21 produces the material .
22 It goes on. It gets finished.
23 This is the di anond-turning nachine

24 that does the final finishing. And then here for

25 processing, where it goes through an automated
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cl eani ng process, and then on to cell gel coating.

So that's, that's a specific
illustration. Wat |'ve got here is a flow chart
nor e conprehensive of how we do it.

In order to acconplish this, we either
have new or augnmented facilities that have been built
at vendors with proven track records. These are the
conpani es that we've worked with for the last 20
years.

And | trace these for you sort of two
ways. There's the material vendors. These are the
ones that supply, for exanple, the |aser glass, the
BK-7 substrates for the mrrors and polarizers, fuse
silica substrates for | enses and wi ndows, and the
crystal boules, KDP or a deuterated KDP

W also track it this way, okay? In
this case the, the red is for the laser glass. The
| aser glass goes on to zZygo for finishing.

Sone amount of it will be small-too
figured. 1'll talk about that a little bit; and then
into the warehouse.

The green sqaures are for the mrrors
and polarilzers, so BK-7 finished at either, it wll
be Zygo or Kodak. Kodak wi nds up being a flexible

facility. It could have four, three different colors
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here.

On to LLE, that's the Laboratory for
Laser Energetics at the University of Rochester, or
Spectra Physics for coating;, again into the NIF
war ehouse.

Blue is the fused silica, blanks
getting fabricated primarily by Tinsley, also by
Bond, into debris shields; into the N F war ehouse.

And then crystal's grown by either
Inrad, Ceveland Crystals, or Livernore, finished at
Cl evel and, and then into the warehouse. And then --
Where they're stored.

And then they're brought out and
processed just in time for installation in the NIF.
So, what | want --

Yes, sir.

DR. VOGT: Wen you have two suppliers,
for exanple, like the |aser glass, --

DR. ATHERTON: That's right.

DR. VOGT: -- could one supplier do the
whol e j ob?

DR. ATHERTON: Yes, either one of
these. W have facilitized so that either one can do
the entire job.

So what I'mgoing to do nowis in just
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alittle bit I'lIl take you through each of those
conponents kind of one by one. But again, just to
put this all in perspective before |, | get into that
part of the talk, we're going through what | | ook at
as a four-part programthat's being followed to neet
the NIF optics requirenents.

Technol ogy devel opnent, this was
actual ly conceived of back during the conceptua
desi gn phase. That's done.

Facilitization, that's creating those
facilities, and I'll show you where we are there.
Technol ogy denonstration, as opposed to devel opnent,
which is our pilot production, and you can see we're
right in the nmiddle of that now, and then
transitioning into production.

And that's what we're doing. So, in
fact, sonme of the production is already started.

The fused silica, the BK-7 glass are
the two biggest ones. Also deuterated crystals. So
now |l et ne talk specifically about |aser gl ass.

Livernore's worked with industry to
advance this laser glass technology dramatically in
the last 25 years. This is a, another photo that you
saw yesterday, but again, Janus, this is 10

centineters, this is back in '73, up through Nova and
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Novette in the md-'80s, Beamet in '92, and then
conti nuous nelting here.

And again, if you just look at this
Beam et slab, there's nore laser glass in this slab
than in the entire Janus laser. And in terms of, if
you want to tal k about volunme, in this continuous
melting process, it will nake nore glass for one NIF
budget than was in the entire Nova | aser

So again, it's, it's magnitude, it's
silicates, the phosphates, and we will need over
3,000 | aser glass slabs, and they wei gh about 150
tons, for NNF. And in order to acconplish that there
are really three main chall enges.

It's increasing the production rate
about 20X over what we had to do for Nova, and then
getting the cost per liter down by about a factor of
5X below Nova. And it's these two together that
really drive you fromthis batch process into a
conti nuous nelting process.

The size of the job is just big enough
that it, it is, it puts you onto a new technol ogy
curve. But then having done that, we have to produce
glass with a quality equal to or better than Nova.

Now, in Beamet, that's using the batch

process, we actually did that. So Beanl et gl ass was
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made to the NIF requirenents.

Ckay, so our challenge is, okay, do it
conti nuously, but nmaintain quality.

DR, VOGT: Wen will you know?

DR. ATHERTON: Let ne just speak to

that. 1'll, I"mgetting to that in the next few
mnutes, and then I'Il, if | haven't answered your
gquestion then, I'Il, 1'll take care of it then

So, the U S. and France have
facilitized two conpanies. You asked about that.

The two conpani es are Schott d ass
Technol ogi es in Duryea, Pennsylvania, and Hoya
Optics, the U S., in Frenont. These are the only
maj or suppliers of laser glass in the world today.

And both of these conpani es have
suppl i ed gl ass, again going back 20 years, for nmajor
ICF facilities throughout the world: Nova, Phebus in
France, Gekko in Japan, OVEGA at LLE, and nost
recently, Beanlet.

Now, working with the CEA, these
conpani es have devel oped this continuous nelting
technology. And if you | ook at these, these systens,
these are the nost advanced optical glass nelters in
the worl d today, both of them

And havi ng exerci sed them we have,
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what we've proven out so far in this production rate
and the cost polls, we've actually denonstrated them
in these pilot production runs. And what | nean by
that is you have to be able to make enough gl ass,

t hese 3,000 sl abs, by 2003, in order to hold
schedul e. Both conpani es have shown that they can
nmeet the production rate.

Then there's the intrinsic
manuf acturing costs. Wat does it cost just to
operate one of these nmelters and put phosphate gl ass
out in slabs?

And what we've shown, too, is that the
intrinsic manufacturing cost has been net. So now
what it really cones down to, and I'll, and |'1|
speak about this in a lot of different ways, is yield
to specification. Okay?

So, intrinsically we understand the
costs of the manufacturing processes. W can get the
rate we need, and we can get that rate fromeither
conpany by itself, speaking to your point again.

Ckay, both conpani es have built roughly
30, 000-square-foot facilities. This is a picture of
the Schott facility in Pennsylvania fromthe outside.

This is one of the Hoya, also roughly a

30, 000-square-foot facility, fromthe inside, which
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you' re | ooking fromone end of the building. Up on
this floor right here is where the nelter sits.

The glass is nelted and conditioned,
honogeni zed. Then it goes down into a form ng region
on the first floor belowthis point, and it flows
through a | ong oven where it's quartz anneal ed, okay?

And if you |l ook at the other end of the
bui | di ng where that glass conmes out, in either
bui | di ng you see sonething that | ooks like this. And
so Hoya and Schott have both produced N F-size |aser
gl ass using this continuous nelting technol ogy.

This is what the glass |ooks |ike
coming out at the one end of the Hoya building. This
is what it |ooks Iike comng out of the Schott
bui | di ng.

So they both made it. And again, if
you | ook back in perspective in '95 or even '97, we
were still projecting that these conpani es would be
able to build the nelters and be able to operate
them that they'd be able to produce phosphate gl ass
in a continuous strip at this size, and they've both
done it.

And so our focus as we go forward is
refining the process in order to maxim ze the yield

to assess specifications. You all know that there
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have been several issues that we are working through
in terns of what these specifications are.

The biggest one is the CH content of
the gl ass, what we sonetines shorthand call "water,"
okay? And there, the issue with the "water" is that
it reduces the excited state lifetinme of neodym um

So, we're trying to get the "water"
content down by roughly a factor of three to four
over what the pilot glass was, okay? And, and the
reason that "water" is, is an issue is that it turns
out again that there is enough differences in the
conti nuous nelting process, the residence tinme in the
glass in the the parts of the nelter where the gl ass
is dried is less than in the batch-nelting process.

And so it turns out that the raw
materials need a tighter, a tighter spec on OH for
continuous nelting than for batch nelting. And the
course, in the course of doing this pilot rn |ast
year we discovered that and we've quantified that.
So | want to take you through what our plans are for
t hat .

The second issue is the honpgeneity.
And that is, you know, Ed spoke of that yesterday,
that we've got tight wavefront specifications on the

honogeneity of the glass. It's noninally about
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si x-wave peak to vall ey.

And a fair amount of the glass, we've
got some glass that, out of the pilot that actually
nmeets the honogeneity specs, but we also got a fair
anount of the glass that was, that did not neet that
specification. W believe that a |ot of that was
because of the, the vendors exercising the nelters,
trying to get the "water" content down.

And as, as a lot of you can relate to,
if you' ve got a process, any kind of a continuous
process, if you're jerking things up and down
upstream you'll see that in, in properties
downstream okay?

And so, in, in exercising the, the
melters upstreamtrying to get the "water" content
down, there's variations in the honpgeneity, which
gets reflected in the index of refraction, variations
in that that produced errors in the transnmitta
wavefront that were not acceptable.

Now, we believe that the glass, you
know, going forward will be better than that. But
agai n, what we have, we were concerned about what the
wavefront would be in this continuous nelted gl ass,
and so we nmade sure that we had a technol ogy, a

finishing technol ogy that could correct that.
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And | want to speak to both of those
things. Those are the two issues that we are nost
concer ned about.

You guys may have heard about others,
things |ike platinuminclusions. That is not a
dom nant concern goi ng forward.

Ckay? It's really OH, and it's
honogeneity. | want to speak to both of those.

So, at Livernore we have installed and
operated a rotary calciner to denonstrate raw
material driving, drying. Calcining is just the act
of taking material and heating it up to drive off,
you know, sone volatile conponent. That's al
cal ci ni ng neans.

In this case what it's doing is taking
the starting materials for the | aser glass, heating
themup to drive off water which is either physically
or chemically bound to that raw material, and then
cooling it back down again. So it, conceptually it's
very sinple.

There's a heating regi on where you
drive off the naterial. There's a drying region, and
then there's a collection region.

DR VOGT: There's no water used in the

manuf acturing process at all, is there?
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1 DR. ATHERTON: No. In fact, in fact,
2 it's the other way. There, in the manufacturing

3 process there's a, part of the, of the nelter is

4 actually, it further dries the glass, okay? Okay?
5 So, what we have shown here, this is
6 operating, this is taking actual starting material

7 fromboth Schott and Hoya, and actually running it

8 through this calciner. And we have shown that about
9 90- percent of the OH can be renoved in doing that.

10 And renoving that 90 percent of that OH
11 is what gives us a lot of confidence. By, by the

12 nodel s that we have devel oped and applied to their

13 pi |l ot production canpaigns, the results and the

14 actual detailed nelter designs, we believe that this
15 will get us either to or extrenely close to what the,
16 the requirenent is, okay?

17 And the other inportant thing is, in
18 terns of a technol ogy response, these are

19 wel | - est abli shed nethods for drying raw materi al s.

20 This is not, you know, sonething that had to be

21 i nvented or, or, or even particularly discovered.
22 Peopl e know about this.
23 So, both Schott and Hoya are installing

24 calciners for their Fiscal-'00 pilot canpaigns. They

25 will be in place.
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DR VOGT: You've said this, it's
getting us close. You didn't say it's giving us a
mar gi n.

DR. ATHERTON: Well, what, what, what
we have, actually several different steps that we are
pl anni ng, that the conpanies are planning to
introduce that if they all worked as well as
i ntended, we would actually get bel ow the
speci fication, okay?

DR. MOSES: There's one other thing you
shoul d know, Robby. You know, right now we're, |
think we're at 400 parts per mllion, --

DR. ATHERTON: On that order, right.

DR. MOSES: -- and we're shooting for
100 parts per million. Even if we had the glass as
it is now, you could, by adding the capacitors to the
power |ines, reach the system specification that you
had.

So even though |, | have great
confidence they will succeed, fromthe point of view
of the operating system it's a fairly low risk
situation. But it is a spec we have for the
manuf acturers, and we are pressing themon, on
nmeeting that spec.

DR VOGI: |'msensitive to it because
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I've had OH probl ens before.

DR ATHERTON: Yeah. And as Ed tal ked
about, you know, we're tal king about, you know, in
the hundreds of parts per nmllion. |It's relatively
low. And, and | understand what you're talking
about .

Ckay, so that's the OH  Now,
wavef ront.

The wavefront yield for the |aser glass
can be inproved by snall-tool figuring. And | want
to take a nminute to explain that, because, again,
this is alittle bit of jargon.

Most glass, clasically it gets finished
on a very large, continuous polishing lathe, and |'1|
show you a picture of one here in a, in just a few
m nutes. And so the, the polishing head is actually
very nuch larger than the optic itself.

So, you can do things as |ong as any
variations in the, the, the, the honpbgeneity are in
relatively long length scales, sort of in order, you
know, of half to a-third of the size of the optic,
you can figure, figure out those errors even on a
large lathe. |If they get to be on the order of, you
know, a few centineters, you know, sort of this size

versus this size, then these | arge polishing | athes
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cannot take that honobgeneity out.

But, it turns out Kodak has what they
call small-tool figuring. This is an actual size of
t he head.

This is, is actually a Nova turning
mrror, but they' ve also applied it to, to |aser
glass. And so by, by putting the optic on an, on an
interferonmeter they actually will generate what the
actual wavefront is.

They can turn that into what they cal
a "hit map" and then determ ne where they want to
sel ectively renove material in order to nmake the
transnittal wavefront neet specification. So they're
changi ng the optical path to conpensate for changes
in the index of refraction.

And that determnistic figuring can
conpensate for the gl ass i nhonbgeneity by this
preferential surface renoval

DR VOGT: But it costs nore.

DR. ATHERTON: Costs a little bit npre,
okay? It turns out that, that the, the, the, the
i ncremental cost of doing that, that step is on the
order of about ten percent of the cost of the glass
itself. So it costs alittle bit nore.

DR. WARNER: Is this just on the ends
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1 of the slabs?

2 DR ATHERTON: Pardon?

3 DR WARNER: Is it just on the ends of
4 t he sl abs?

5 DR. ATHERTON: No, it's on the faces.

6 DR WARNER: On the faces.

7 DR. ATHERTON: Yeah. The, the sl abs go
8 through at Brewster's angle, so, so, yeah, they,

9 they, this would be square, think of, or a

10 rectangul ar slab sitting |ike this.

11 And this, this snmall head would

12 traverse back and forth over that optic, and based
13 on, you know, the amount of tine it dwells there,

14 that, that will determ ne how nuch material is

15 renmoved.

16 DR. MOSES: This is just like --

17 DR ATHERTON. Ed?

18 DR MOSES: You can sort of think about
19 this as a very local defornmable mrror, right? It's
20 just in the surface itself you put little

21 deformations in to nmake up for the bul k property, the

22 bul k property heteroogeneity.
23 DR. ATHERTON: And, and we were
24 concerned enough, going back several years, about how

25 well this continuous nelting would work that we
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1 actually had Kodak do this on several slabs for

2 Beaml et, install the slabs on Beanl et, and show t hat
3 t he process worked.

4 DR. MLLER You mght coment on

5 what's the amount of material you have to take off.
6 DR. ATHERTON: Yeah. Well, you know,

7 the, the, the material going into this for this

8 process to work efficiently, it still has to have a
9 transmttal wavefront of a wave or better. So we're
10 tal ki ng about taking off, going fromone wave, which
11 is order 600 nanoneters, this is a wave at Heaney

12 (phonetic), down to, you know, a-sixth of a wave,

13 which is on the order of 100 nanoneters.

14 So we're tal king about taking off, you
15 know, a few hundred nanoneters of glass. It's not a
16 | ot of glass, and we're tal ki ng about very tight

17 speci fications.

18 DR, WARLAUMONT: How tight do they have

19 to be?

20 DR ATHERTON: [|I'msorry?

21 DR. WARLAUMONT: You're tal ki ng about
22 taki ng these things down to a-tenth of a wave?

23 DR ATHERTON: Sixth of a wave at

24 Heaney.

25 DR WARLAUMONT: A Heaney wave?
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DR. ATHERTON: Yeah. Ckay.

DR. MOSES: So everyone is talking
about thousands and thousands, you know,

t housand-t housandt hs of atons, right? Angstrons.
Just Angstrons.

DR. ATHERTON: So, so this is what
we're doing in transitioning this continuous nelting
technol ogy from devel opnent into production. |In '98,
okay, this was a big step for us.

In '98 we actually proved in the
devel opnent canpai gn that you could nelt,
continuously nelt glass at full size. GOkay? That
hadn't been done before for this phosphate |aser
gl ass, which is a tough glass to nelt.

Ckay, in the pilot last fiscal year
we' ve proved out the production rate and the cost.
Ckay?

And to be honest we had hoped that we
woul d al so be proving out the yield to
specifications. These two areas that we tal ked
about, we were not able to prove that, so we are
going to do foll owon canpaigns this year, second
pilot, with a goal of proving the yield to
speci fication, and then nmoving on to production

The other thing | also want to show
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you, again to put it in context, because this whole
program up through this point right here was cost
shared with CEA, because CEA, as you know, is
building its own |aser. They are planning on
bui l ding a 240-beam | aser conparable to NIF, |arger
than NI F.

And so, and we've done all of this
planning jointly with CEA. And it's been a, a very
good col | aborati on.

And so agai n, what we are doi ng now
with CEAis, is strategizing with them how our second
pil ot and our production will transition into their
production for the negajoule. So again, they aren't
the only ones that are acutely interested in how well
t hese, these | aser gl ass conpani es are doing, and
we're working with themto make sure that not only
will we have enough gl ass, you know, that, that will
work well for NIF, but also their |aser megajoul e
proj ect .

A SPECTATOR: What does "CEA" stand
for?

DR. ATHERTON: It's --

A MEMBER It's the --

DR ATHERTON: It stands --

A MEMBER. -- the French DCE.
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DR ATHERTON. It's the French DOE
A MEMBER  Tommy guns.
DR. ATHERTON: GCh, okay.

A MEMBER: They're building a NIF in

France?

DR. ATHERTON: GCh, okay. Thanks.

A MEMBER:  Megaj oul e.

DR. ATHERTON: Laser negajoul e, okay?
So --

DR. VOGT: Renenber, they need
i ndependence.

DR. MOSES: Yeah. Only the French

DR. ATHERTON: So, okay. So that's the
| aser glass itself, but once you've continuously
melted all this laser glass, you're a long way from
havi ng sl abs that you can install on N F.

So Zygo, in Mddlefield, Connecticut,
expanded its fabrication facilities for finishing the
NIF amplifier slabs, and it also turned out to be
cost-effective to have Zygo also finish the mrrors
and pol arizers. So they have also kind of a
30, 000-square-foot facility for doing the NIF
anplifier slabs, mirrors, and polari zers.

The heart of their systemare these

ring polishes. They've built and installed all of
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their finishing equipnent.

And this, this is a 168-inch, what they
call a ring polisher. The rest of the industry calls
it "continuous polisher," but, and they use that for
the final figuring.

The 168 inches, if you're you're
qui ckly working it out, that's 14 feet in dianeter.
Ckay? That's an enornous thing.

What you're seeing here is just the
part of it that's above ground. Actually nost of it
sits down in a pit below ground |evel, okay?

These wer e enor nbus, enor nobus nachi nes.
They can fit six anplifier slabs on the machi ne at
the sanme tine.

Again, Zygo, in its devel opnment
program has done a lot of work to develop a very
efficient technology for bringing this glass into
final figure requirenent, but the issue is that the
honogeneity has to be able to neet spec in order for
Zygo to be able to neet spec. This having Kodak's
smal | -tool technology is what gives us the ability to
accept, to effectively get glass nuch | ess
expensi vely than we woul d ot herw se.

So that's their finishing technol ogy.

DR. WARLAUMONT: Who cones first, Kodak



SEAB 1st NI F Task Force 417

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

and then Zygo in the process?

DR. ATHERTON: No. Wsat woul d happen
is that, if we had glass that we said, "Ckay, it, it,
it doesn't quite neet the honpbgeneity requirenent,”
what we would do is actually send that to Zygo, have
them apply the edge cl adding, do the grinding and
finishing dowmn to about a wave, okay, and then
t hey' re done.

So they, they can't nake the sixth wave
requirement with their technol ogy, so they would take
it to a wave, send it on to Kodak, where Kodak woul d
do the final snall-tool figuring, and then it would
be delivered to NIF. So, it would go, it would go
t he gl ass conpani es, Zygo, Kodak. Yeah.

DR. VOGT: The process was used in the
keck (phonetic) also.

DR. ATHERTON: Yeah. Exactly right.

Ckay. So Veeco, which actually
purchased Wco several years ago, but it's now Veeco,
and Zygo have built and installed 24-inch
phase-nodul ating interferonmeters for in-process
i nspection and QA of the NIF optics.

There are ten of these 24-inch
interferoneters that have been built for NIF. This

is one of them actually at Zygo.
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So now | want to talk just, just
briefly about the mirror and pol arizer coatings.
These coatings will be made at, | nentioned earlier,
a conbi nati on of Spectra-Physics and LLE using very
hi ghly determ nistic deposition technol ogy.

This is a picture of LLE coating
chanber opened up. The, the substrates are nounted
up here in this planetary where they're rotated al ong
this axis and then al so around here.

About 1,600 nmirror and pol ari zer
coatings will be deposited on roughly 400 square
meters of BK-7 gl ass.

DR. VOGT: Were else is being done by
Spectra- Physi cs?

DR ATHERTON: Down in Muntain View.

Ckay, and again as part of their
t echnol ogy devel opnent programthey' ve devel oped
wi de-band optical nonitoring and, and realtime error
detection in the coatings on the optics thensel ves so
that they can also do realtine error correction, and
even reoptim ze the coating design based on any
errors that nay have been introduced on previous
st eps.

So both LLE and Spectra-Physics believe

that they will get yeilds in excess of 90 to 95
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percent for all of these mrror and polarizer
coati ngs.

A MEMBER: These are all hard coatings,
now?

DR. ATHERTON: They're all electron
beam coati ngs, EB.

So now on to the fused silica optics.
Li vernore and the seni conductor nicrolithography
i ndustry both are driving fused silica and |ens
manuf act uri ng technol ogi es. This expl osion severa
years ago in the demand for fused silica for
m crol i thography drove Corning to do a | ot of
i nternal R&D that suppl enented sonme R&D t hat we had
there in order to significantly inprove their fused
silica manufacturing process, and to the point where
we actually last year negotiated a fixed-price
contract with Corning for all of the NIF fused silica
at our cost goal, okay?

So that has been an extrenely
successful programthat Corning executed. Tinsley,
and it was bought by the Silicon Valley G oup, so
it's now SVG Tinsley, will be fabricating the, the
fused silica blanks into | eses and, and w ndows.

Here's a picture of one of the first

fused silica transport spatial filter lenses. And
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know it doesn't ook |like a |ens, but renmenber, these
have very |long focal |engths, so.

And we need about 2,500 of these with
nmore than 12,000 liters of fused silica. And |ike
t he gl ass conpani es and Zygo, the SVG Tinsley has
conpl eted construction of about a 30, 000-square-f oot
facility up in Richrmond for naking the | enses and
wi ndows.

There's a nice picture of it. And
they' re actually operating their equipnent.

They' ve got their stuff all installed
and they're operating it for the | ens w ndow, |ens
and wi ndow pil ot production. This is a picture of
their conputer-controlled optical surfacing nmachine,
what they call CCCS, for surface figuring.

Tinsl ey has technol ogy very simlar to
Kodak's. They use subaperture tools for doing final
figuring of their optics.

Again, it's determnistic, efficient,
and it's very cost-effective. So that's fused
silica.

I'd like to nmove on now to crystals.
Single crystal boul es of KDP and deuterated KDP
which is, we call DKDP, will be grown for N F using

rapi d-growt h technol ogy.
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Ed showed a picture of this yesterday.
The technol ogy several years ago as it cane over from
Russi a, you could make crystals this big. You could
hold themin your hands.

Ckay, it took us several years, but we
have successfully denonstrated that you could grow
crystals of this size, 5- to 600 pounds, that neet
the NIF requirenments, using this technology. Oay?

DR VOGT: You will grow themi n-house?

DR. ATHERTON: That's not our plan.

And in fact, again, going back to our missionis to
devel op the technol ogy and get it out into industry.

DR. VOGT: Do you have to send the |ady
along to get that?

DR. ATHERTON: No, we don't. No, we
don't.

In fact, if she had to be everywhere
all the tinme we'd have real trouble. And I'll speak
to that in just a second.

So we've had, | think, two renmarkabl e
successes in this program The first one is the
title, that the rapid-growmh pil ot production has
produced 25 percent of the full N F system needs.

Here's a picture of, of two of our

crystallizers installed at Livernore. But | think
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even nore successfully than that is that we've
successfully transferred the rapid-growmh process to
O evel and Crystal and Inrad, who are already world
| eaders in commercial crystal growth

So both conpanies are today able to
grow these rapid-growth crystals using this
technology. And in fact, Inrad made a little splash
a coupl e of nonths ago.

Here's a cover of Laser_ Focus Wrld

with a picture of 600-pound crystal, okay? This was
grown by Inrad at Inrad with their crystalizer that,
that was installed at Inrad in the background, with
another crystal growing init.

So that's the crystal growh. Once
t hose boul es are grown, though, you're not done.

You have to actually finish them This
is showi ng the doubl er configuration.

There's three different configurations
within a NIF boule: The pockel cell, it's a Z cut,
the axis running this way; the, the doubler is tipped
41 degrees and cl ocked 45 degrees within the boul e.
This is a doubler. Tripler is just tipped 59
degr ees.

Ckay, so, so what we, so we start with

a boule that's on the order of 55 centineters cubed,
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about 500 pounds, and we need to get, as Ed English
spoke about, roughly 41-by-41-by-roughly
one-centinmeter thick plates. And dependi ng on how
these crystals lay out in the boule, depending on the
orientation, you get sonmewhere on the order of
between five to 15 plates out from each boul e.

And of course these plates have very
tight requirenents for orientation, for flatness, and
for snmoothness. So the two machines toward the end
of the process are particularly inportant.

We've built a prototype, KDP fl atness
machine, and it has met the N F performance goals.
This is a picture of that, that prototype with a
bl ock up on, on top

It's got a vertical spindle dianond
tool on a, on a flight cutter. And this prototype,
this actual prototype will be converted to the first
production machi ne by an industrial partner.

So Livernore has, has expertise in
preci sion engineering. W apply that expertise to
come up with a process and the nachine tool that
woul d neet the requirenents.

W' Il now have it outfitted into an
i ndustrial machine by, by a partner, and also it wll

build, that partner will build a second nachi ne as
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well. So that's, that's the, what we sonetines call
t he sem finishing nmachine, or the flatness nachine.

Moore Tool Conpany is building the
final finishing machine. |It's actually here at
Li ver nor e under goi ng acceptance testing.

W' ve just done prelimnary acceptance
testing, but it indicates that that machine will neet
the NIF crystal surface roughness requirenents. And
what you're actually looking at here, again this is a
spi ndl e.

This is a horizontal spindle. There's
a flywheel you can't see, fly cutter going this way.
The part is nmounted on a vacuumtruck and it
traverses back into the board that way.

This is a copper test part, full-sized
copper part that, that was nachined to 3.2 nanoneter
surface roughness, okay? And this is just data
that's from|l ast week, so we're kind of excited about
t hat .

Ckay, so |'ve taken you now t hrough
| aser glass and anmplifier slabs, mrror and polarizer
coatings, lenses and wi ndows, and through the
crystals. | want to just take the last few mnutes
here and talk to you about the on-site processing.

The NIF optics will be cleaned in the
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Optic Processing Devel opnent Laboratory. W call it
OPDL.

This is over in Building 391 West. W
have a 10, 000-square-foot facility for doing the
gl ass optics.

These are aut omat ed aqueous cl eaners
for the glass optics built by JST. This is in the
ol d Shiva bay, okay, for those of you who know
Li ver nore.

It's about 10,000 square foot of O ass
100 cl eanroom space for doing the glass optics.
Across the hall we have about 3,000 square foot that
will be used for the crystal optics.

Forward Technol ogi es has built an
aut omat ed nonaqueous system for precision cleaning of
the the crystals. So after the, after the, the
optics are cleaned, then the fused silica and crystal
optics then beyond that get a sol-gel antireflection
coati ng.

And that will be done for the fused
silica coatings in a dip coater built by Chemat. The
crystal coatings will be done on a spin coater built
by Karl Suss.

This is actually an adaptation of, of a

phot oresi st spin coater that Suss built for the
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sem conduct or industry.

So just to conclude it, we've got
production facilities that are conplete and
operational. And we've really tried to draw on the
best, not just of the U S., but of the world.

We're getting optical conponents,

i ncludi ng sone of the, the BK7 substrates from Chara
and Pil kington up in North Wales. Qur technol ogy
and facilitization programis still on track, and we
expect full pilot validation this fiscal year.

That's still what we expect to, to
achieve. So, with that |'d be happy to answer any
guesti ons.

THE CHAIR: Questions?

DR. VOGT: | had a question maybe which
isn't fair to ask you, but naybe |I should ask Ed.
What kind --

THE CHAIR W don't have to be fair.

DR VOGT: You have to be to the
i ndi vi dual s.

THE CHAIR. It doesn't say that in the
Char ge.

DR. VOGT: Aah, okay.

But ny question is: Wat kind of najor

R&D activities are going on which relate to the
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project, and to what extent are they under your
jurisdiction, and to what extent are they outside
your jurisdiction?

DR. MOSES: Under the new organization,
as Bruce Tarter tal ked about it yesterday, all, all
of it is under ny jurisdiction.

DR VOGT: It will all be under yours?

DR. MLLER Let ne just comrent that
that, yeah, that has not, has not continuously been
t he case under the project, --

DR VOGT: Yeah.

DR MLLER -- but that is the case
now.

DR. VOGI: For the future. Yeah, but
what are the najor R& efforts underway right now?

DR. MOSES: Well, as we keep hearing,
you know, 3 Onega danmage is the major R&D.

DR. VOGT: Yeah. That's the mmjor.

DR MLLER And the problemwith
answering the question, just to be careful, is what
do peopl e nmean by R&D, you know?

DR VOGT: Yeah.

DR MLLER | nean, as, as Ed said, he
doesn't think he has any R&D issues going. In other

i ndustries people would judge sonme of the things he's
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doi ng as, as R&D-ish.

| think the basic problens we have are
material issues at 3 QOrega that, fromthe point of
view of the project, |'mnot tal king about the point

of view of the ignition --

DR VOGT: Yeah.

DR MLLER -- or target design --
DR VOGT: Yeah.

DR MLLER -- or fabrication.

DR VOGT: Yeah.

DR. MLLER | think there's a huge

anmount of system engi neering issues that have to be
taken on. | understand the cleanliness, you know,
t he phenonenal ogy of cl eanli ness.

We're doing that carefully. But, you
know, when you, when you cone to the, to the nub, the
damage, the 3 QOrega damage is what we're interested
i n under standi ng better.

THE CHAIR.  Wiat's your philosophy with
respect to spares?

DR. ATHERTON: We're planning to have
about two-percent construction spares to allow for
any, any issues in bringing up the laser. Then we
pl an to have, take these sane conpanies that are

doi ng the production for the construction project,



SEAB 1st NI F Task Force 429

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

and as for Nova, those sanme conpani es woul d supply
optics, any replacenment optics needed to support
operati ons.

And they woul d be followon contracts
funded by the Operating Programin order to enable
operati ons.

THE CHAIR. So, so they will keep
t hensel ves facilitized?

DR. ATHERTON: That's, our plan is that
those facilities will stay useful through, really
t hrough NI F operation, 20, 30 years.

THE CHAI R Uh- huh.  Uh- huh.

DR MOSES: | think it's inportant to
realize and, you know, hopefully we'll get to talk
about this sonme other tinme in the, in the depl oynent
logic. You know, N F does not exist at one second.
It exists, it becones into existence over years.

And the issue of when you're operating
and when you're building it are, are sort of, you
know, not easily separated, so therefore, the issue
of spares in, in, inturning it on are really issues
of operating, operating the laser, and just running
the | aser.

It's going fromone bundle to two to

six to 12 to 24 bundles, and it will be operating and
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bei ng naintained while it's going through that whole
time period.

THE CHAI R: Hurmm My concern was that,
you know, you have a fair nunber of things that are
uni que, and the, the suppliers out there are not all
the nost stable conpanies in the world. You know,
it's not |ike General Mdtors.

You can't predict that they're going to
be here 30 years fromnow with any certainty. That's
what was ny, what was driving ny question

DR. ATHERTON: Uh-huh. Yeah. Well,
in, in -- Two things.

One is | think that it's very hard to
specul ate about, you know, conpanies, you know, going
out of existence. That is highly specul ative.

THE CHAIR® Humm

DR. ATHERTON: The thing that | would
say is that these conpanies may al so participate in
doi ng production for the nmegajoule laser. CEAis
interested in utilizing whatever excess capacity that
there may be at these conpanies for building its
project, which goes into 2008 or thereabouts.

THE CHAI R:  Uh- huh.

DR. ATHERTON: Also this, this

equi pnent, the vast najority of this equi pmrent was
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GFE. You know, it takes noney to take, |'msorry,
gover nment - f urni shed equi prent.

DOE owns it. So in other words, let's
say that a conpany decided that it was goi ng out of
busi ness or getting out of this business or whatever.

You know, for, for a finite amount of
nmoney we can actually take that out and set up other
conpani es in order to do that production, so yeah

DR VOGT: It's been done by, by people
like nme before that we have operated a conpany which
was bankrupt until our product was out of the door
and i nto production.

DR MOSES: | think there's another
i ssue here. | think that Jeff is understating.

You know, he tal ks about the
sem conduct or industry and the optics industry. You
know, these industries are not shrinking industries.

It's really booning. And | think
there's a lot of future in this.

DR. PAPAY: But to what extent are you
the sole contract, or what fraction of their
capability are you for what period of tinme over tine?
In other words, if you're 80 percent of, of their
production during the next X years and then you drop

of f and there's nobody coming in behind, maybe CEA --
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DR. ATHERTON: Yeah, | can speak to
that. W, you know, we, we are, the smallest conpany
that we work with is Ceveland Crystals, sort of a
50-, 60-man operation. And even at that, NIF will be
no nmore than a-quarter of its business, okay?

And that's, that, that pegs the high
end. And it can be, it can be sonewhat |ess than
t hat .

You know, these other conpanies --

DR. PAPAY: Wait. Wen you say 25
percent of their business, in that facility or in
t heir business as a whol e?

DR. ATHERTON: No, in that facility.

DR. PAPAY:. (kay.

DR. ATHERTON: Yeah. So, so even for
the snaller conpanies, N F doesn't cone anywhere
near, you know, 50 to 80 percent of that conpany's
busi ness.

And wherever we can, we have set up
backup capabilities so that if we have production
probl ens at one particular conpany, that we've got
enough capacity at other conpanies able to do that
same kind of work to take care of, of, you know,
schedul e, any schedul e i ssues.

W' ve al so planned for only five-day
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operations. You know, we have, we can go to, you
know, full, you know, seven-day, three-shift
operation at any of these conpanies to take care of,
of, of potential, you know, short-terminterrupts.

And you guys are absolutely right.

And, and, you know, if you take a five- to 20-year
hori zon conpani es, they get bought, they get sold,
they take on, you know, different initiatives, but
it's been stable.

You know, we've been working with the
sanme basic set of conpanies for 20 years. You knhow,
there will be sone amount of turnover, but | think
we' ve got the kind of capacity and flexibility in
trying to make sure we've got backup conpanies in
order to take care of it.

THE CHAIR:.  Any ot her questions?

(Wher eupon, no response was had.)

DR ATHERTON: Thanks a |ot.

(11: 13 a.m PT)

THE CHAIR.  We're now ready for public
comment period. | would ask each speaker to identify
his or her affiliation, and pl ease keep your renarks
to five mnutes per speaker.

First speaker is Stephen Kell ey.

PUBLI C COMVENT PERI OD
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1 MR, KELLEY: Were do | -- Go up there?
2 THE CHAIR. Right there.

3 MR KELLEY: So there's five mnutes?
4 THE CHAI R Yes.

5 MR KELLEY: First of all | want to

6 thank you for this opportunity to have a public

7 hearing. M nanme is Stephen Kelley, and |'ma

8 t ax- payi ng, tax-paying citizen

9 I live in Gakland. |'ma high school
10 t eacher and a co-founder of the Cakland Hanover Echo

11 Village and a nmenber of Tri-Valley CARES and a hunman
12 bei ng, hopefully exploring.

13 And |'minterested inlife. And

14 wrote this poemto give another perspective to what's

15 happeni ng here.

16 NIF: Let's redesign reality and say

17 no. This nonent is. W choose to |live, expand, or
18 contract, contract and die nonent by nonment, not

19 really knowi ng we can choose to expl ore.

20 Life is technol ogy and econonics.

21 Technol ogy and econoni cs need honor and appl ause.

22 Thank you. And ecology, arts, a spirit
23 of wonder, these are all dancing, expanding conmunity

24 of nystery.

25 NlF is attenpted, deceptive, fear
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control. The old white patriarchal pharocey
pri esthood of control in new scientific. The enperor
has no cl ot hes.

NI F, nifty alovescent attenpted
control. The world's nost powerful laser with 50
times nore energy than our enem es. One hundred
ninety-two | aser beans penetrating, ejaculating into
reality's nucl ear wounb.

Quilla defiled, screanming into the very
heart of the stars.

Is life control controlled ecstasy or
the ego beyond control, nale personality's wet dream
cone true. To what end?

Exhausti on, anger, anxt beneath a happy
face. WIld nosis is always beyond control.

NI F is a death wi sh agai nst, agai nst
whoever is not Wite, rich, nice, normal insanity,
fantastic technocratic, nini-brained thrusting to go
beyond human hel pl essness, hopel essness.

There is no hope. Nothing works.

Experi nent. Feel the hel pl essness, the hopel essness.

Experi ence what is this nonment, not
knowi ng, disarned. There, there is where life lives.
VWo am|1? Wo aml really this nonent?

Is it possible | amat ny deepest
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nuclear core? 1Is it possible | amwho am al ready?

Ready to step into the maturity of
mystery or NIF. Nagasaki, Livernore, nuclear
deserts, exploding, inploding, human hearts."

And | want to end with just 20 seconds.

(Playing a flute.)

Thank you.

THE CHAIR.  Thank you

Next is Jacquelin Cobasso (phonetic).

MS. CABASSO. Thank you. M nane is
Jacki e Cabasso. |'mthe Executive Director of the
Western States Legal Foundation in Qakl and.

First | have a couple of questions for
t he Departnment of Energy, then a comrent for the
Panel .

In the nost recent Green_Book the

Departnent of Energy Defense Progranis Fiscal Year
2000 Stockpile Stewardship Plan, a Menorandum of
Under st andi ng bet ween the Departnent of Energy and
t he Defense Threat Reduction Agency is described as
fol |l ows:

Quote, to ensure the inplenentation of
design features required for weapons effects testing
on the National Ignition Facility. Some types of

experiments di scussed include ones that would use a
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ithium hydride atnosphere.

So ny questions are: How woul d
operating the NIF at | ower energies, as has been
specul ated here, affect plans for conducting weapons
ef fects experinents, including those using exotic
materials? Wuld it nake early use for weapons
ef fects experinents nore or less |ikely?

Al ong the sanme |lines, would operating
the NIF at | ower energies nake experinents of any
ki nd enpl oyi ng pl utoni um or uraniumnore or |ess
likely?

The | anguage used here yesterday by
| aboratory representatives to describe the Stockpile
St ewar dshi p Program represented a notabl e departure
frompast Lab rhetoric, and sone of it was
refreshingly honest. For exanple, G| bert Wigand
stated, "This is how we mai ntain our nucl ear weapons
super power status."

This perception, | mght add, is shared
by nmost countries around the world.

However, sone of what was said was
frankly startling. 1t seens that justification for
the NIF is constantly expandi ng.

Ceorge M1l er at one point even

suggested that N F experinments would be critical to
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certify specific weapon types such as the WB0 at sone
point in the future. | wonder if this new assertion
was neant to send a nmessage that the Lab would be
prepared to recomrend the reassunption of underground
testing if this panel in any way were to put the
brakes on NIF. And | hope that's not the case.

Unl ess many top nucl ear weapons
desi gners and policynakers have been ni sl eadi ng us
for sonme tine, existing nuclear weapons can be
maintained in a safe and reliable state for sone tine
in the future using equi pnent and technol ogy which
al ready exists.

Furt her, the manufacture of serviceable
t her mronucl ear weapons presents no real technical
problens for the United States and has been
wel | -under st ood for decades. For exanple, in 1978,
| ong before the NIF and current |evels of conputing
power were even inmagi nable, three weapons experts,
Norris Bradbury (phonetic), Carson Mark (phoneti c)
and Richard Garwi n (phonetic), wote to President
Jimy Carter, quote, we believe that the Departnent
of Energy, through its contractors and | aboratori es,
can, through the neasures described, provide
conti nui ng assurance for as long as may be desired of

the operability of the nucl ear weapons stockpile in
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t he absence of the underground testing.

Bradbury, Mark, and Garwi n apparently
were convinced in 1978 that weapons safety and
reliability could be assured enpl oying then existing
testing capabilities.

Finally, although it is beyond the
of ficial scope of this panel's purview, | would ask
you to consider, especially in light of M. Wigand' s
remar ks about how we can remain a nucl ear weapons
superpower, the potential role of the NIF, if it
continues to go forward in further destabilizing the
nucl ear nonproliferation treaties and the
nonproliferation regine in general

Per haps the questions that have been
rai sed about cost overruns, construction delays, and
design flaws, provide us with a, an opportunity to
fundanental |y reconsider this ill-advised project,
and to stop it while we still can

Thank you for your consideration. |
have a witten copy of this cormment to | eave, and
al so a copy of our analysis of Wiy Stockpile
Stewardship is Fundanentally I nconpatible with the
Process of Nuclear Disarmanent |'d like to | eave with
you.

THE CHAIR. Thank you very nmnuch.
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Next is Marylia Kelley.

MS. KELLEY: Hi, I'mMrylia Kell ey,
and I'mstill Executive Director of Tri-Valley CARES,
and still live on East Avenue. There are a couple of

things that | wanted to do today.

One, | wanted to talk a little bit
about sort of the charge of the panel, which | didn't
get an opportunity to yesterday. And | recognize
that your charge is sonewhat linmited, but one of the
problens, in my opinion, with sonme of the externa
advi sory boards that have gone on before, in addition
to thembeing a little ins-, too insular and too cozy
and in sonme cases having conflict of interest, is
just the problemthat incredibly smart people were
brought together to answer the wong questions, and
they linmted thenselves to just answering those
guestions narrowy.

So, |I'm hoping that this panel
considers part of its charge the ability to go to the
Secretary and say, "W're not quite configured to
gi ve you final answers on what sone of the underlying
technical problens are, but, M. Secretary, we fee
that the NIF's problens do go beyond nanagenent

i ssues and systemintegration issues," although, you

certainly won't get any argunment fromne that there
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are some serious problens there, but that they al so
have underlying technical problens that are not yet
resolved, and that may continue to be intractable,
and that you would recommend to the Secretary to | ook
into themvery specifically.

To just take the anmplifier glass as
one, the denpnstration showed you that they
determned in 1998, |ast year, that they could pour
enough. Now, renenber, this is a facility that began
construction funding in '95-'96, and now they know
they can pour it, but they can't get it to spec yet.

And again, these are sone issues that
shoul d have been nore fully explored in R&D, and
really still in some cases need to be. And | know
don't have tinme to go through ny list of ten again
and tell you where they're at, but | can provide
further informati on on any of those if you would like
to ask.

The other thing is | do think that this
group can reconmend to the Secretary that a serious
| ook be taken at the, quote/unquote need for the
National Ignition Facility. |Its centrality to
stockpile stewardship is nore a function of its size
and cost than of any real mssion for maintaining

safety and reliability in the existing nuclear
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ar senal

And with, with respect to that, and
goi ng back to the fact that yesterday | prom sed you
sonme data fromthe DOE Surveillance and Eval uation
Program which is headquartered out of Sandia, here is
the actual data from 30 years of the stock-, of
weapons in the stockpile. And you'll notice it
doesn't look like the bathtub that George Ml er
presented in the viewgraphs that you got yesterday.

Most of the, the, these are the nunber
of defect types. Mst of the defects are in the
first three years.

They' re nostly production defects, and
then you get one or two to five to seven things that
you need to fix each year. The post-DAHRT-I1 arsenal
is right here in the 15- to 17-year tinefranme where
you have to do one to five fixes a year.

You'll notice that that stays constant.
At year 27 there are five fixes. Between Year 27 and
30 there's one fix, none of which had anything to do
wi th agi ng.

and the summary that Sandi a provided
says basical ly nucl ear weapons age but they do not
wear out. You, you need to nmintain them but DCE

has the program has the personnel, has the
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facilities that it needs to do that job.

So |l will give this to Betsy to nmake
copies. And |'ve one final question which Ed nm ght
want to answer in realtine.

When t hey were tal king about the
construction spares, you said that's an operating
i ssue. Does that mean that it's not in the project
budget; it's in the operating budget?

DR MOSES: | don't know the rules, so
| don't choose to answer.

THE CHAIR.  No, it's up to you

DR. MOSES: That's, that's a question,
and what's in project budget and what's in the
operating budget is a serious question that | hope
you fol ks ask about each and every thing, because
I've been told by enployees that a | ot of the cost
overrun has been covered up to date by cycling things
out of the project budget into the operating budget.

But the operating budget that was
presented to Congress was $115 million a year, and if
you |l ook at the Nova figures, they were running at
about $80 mllion a year. So | have sone questions
that if even everything were perfect, is the
operating budget for N F big enough?

And with these serious problens, the
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$300 nillion cost overrun may be, in fact, just the
begi nning of what's in fact really there. So I'm
I''m hoping that you'll ask some questions about where
sonme of these things are in the budget and take a

| ook at what the final cost overrun nay be.

I have --

THE CHAIR.  Thank you

MS. KELLEY: kay, thank you. | have
one final thing to |l eave with you, which is a NIF
book that our group did, and a joke.

There are two typos in here. Nuclear
weapons used to be the bane of ny existence, and
since we started publishing things, typos now are.

THE CHAIR. Ckay, thank you

Is there anyone el se who wi shes to make
a coment ?

(Wher eupon, no response was had.)

THE CHAIR  Before we conclude this
meeting | want to thank sone of the people who
hel ped, hel ped nmake this easy for us, and
confortable, and a us-, very productive process.

In the Protocol Office certainly
Kat hl een Moody and Shirah Jones; Lasers and Nati onal
Security, Charlene Mirris, Corinne Ybarra, kathy Cruz

d asgow, dustin Riggs and Jennifer Peterson, and
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Steve Sinpson and Terry Strahl. And we certainly
appreciate all that was done for us, and we | ook
forward to the opportunity of our next visit.

Thank you all very nmuch, and we are
adj our ned.

(Wher eupon, at 11:29 a.m PT the above
nmeeti ng was adj our ned.)

| certify the foregoing to be a

true transcript fromny notes.

CSR, CP, RPR

CERTI FI CATI ON
I, Dorothy |I. Bunn, a Registered

Pr of essi onal Reporter, Certified Conference Reporter,
and Notary Public, do hereby certify that the
foregoing testinony was duly taken and reduced to
writing before ne at the place and tine therein
mentioned. | further certify that | am neither
related to any of the parties by blood or narri age,
nor do | have any interest in the outcone of the
above matter.

In witness whereof, | have hereunto set

my hand and affixed ny official seal, at Livernore,
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1 California, USA, this 16th day of Novenmber, 1999.

Notary Public

My Conmi ssion expires Novenber 17, 1999.

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

SEAB 1st NI F Task Force 447



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

APPENDI_X

e-mai | Message from Per Peterson, Professor,
Departnent of Nucl ear Engi neering, UC Berkel ey dated

15 Novenber 1999

Per F. Peterson, 11-15/99 1:22 PM -0800, Public

Comment | nput for SEAB NI F Task Force

M me- Version: 1.0

X- Sender: peterson@uc. berkel ey. edu (Unverified)

Date: Mon, 15 Nov 1999 13:22:29 -0800

To: noody2@l1nl . gov

From "Per F. Peterson" “peterson@uc. berkel ey. edu®
Subj ect: Public Conment Input for SEAB NIF Task Force
Meeti ng

Cc: Bill Hogan “hogan5@1 nl . gov”®

Dear Menbers of the SEAB NI F Task Force:

First please accept ny apol ogi es for not personally
presenting these conments, as | had to | eave the
meeting in the early afternoon to return to U C
Berkel ey. | am Per Peterson, a Professor of Nuclear

Engi neering at UC Berkel ey, and Chair of the Energy
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and Resources graduate group. M/ comments relate to
t he coupling between NI F and graduate education at

the maj or research universities.

Per haps the nost inportant goal of the current

St ockpil e Stewardship programis the recruitnent of
out st andi ng young scientists and engi neers who will
maintain, in the long term the scientific expertise
required for national security. These are the
people, who thirty years fromnow, will sit around
tabl es nuch as you are today finding solutions to
probl ens of major national inportance. Qur future

will rest on their shoul ders.

Qur Nucl ear Engineering departnent is relatively
small. Over the last three years, our three

bri ghtest donestic PhD recipients have gone to work
at the |laboratories, two to Livernore and one to Los
Al anbs. These three young researchers each have
outstanding ability, and | amextraordinarily pleased
that they decided to take their careers to the

| aboratories, rather than accept the nore financially
lucrative opportunities that were available to them
in industry. Put bluntly, they came to the | abs for

the opportunity to work on the grand chal | enge of
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inertial fusion.

NI F plays a central role in the recruitnment and
training of new scientists and engi neers for the

| abs. Fromthis perspective, by far the nost
important goal for NIF is ignition. Ignitionis the
grand chall enge, the primary vision, that attracts
students. M request to the Taks Force is to

communi cate the key inportance of the ignition goal
Here there are two primary issues. The first is to
support the efforts to achieve symmetric light in NIF
at the earliest date possible, because symetric
light allows earlier exploration of capsule symretry
i ssues. The second is to enphasize the inportance of
keeping sufficient total |aser energy to provide a

substantial marign for ignition

It is difficult to overenphasize the inportance of

your task to recomend the optinmal path to bring NIF

on |line successfully. Please accept ny best wishes

for success in your upconing work.

Best regards,

Per Peterson
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Printed for Kathleen Mody “noody2@/| nl . gov”

Per F. Peterson, 11/14/99 1:22 PM -0800, Public

Comment | nput for SEAB NI F Task Force

Per F. Peterson
Pr of essor Chai r

Dept. of Nucl ear Engi neering Energy and Resources

U. C. Berkel ey G oup

4111 Etcheverry Hall U. C. Berkel ey

Ber kel ey, California 310 Barrows Hal |
94720-1730 Berkel ey, California
pet er son! nuc. ber kel ey. edu 94720- 3050

Ofice: (510) 643-7749 Fax: (510) 643-9685

http://ww. nuc. ber kel ey. edu/ dept / pet er son. ht m
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1 Tri-Vall ey CARES Handout: Report Extract and
2 Vi ewgr aphs entitled "A Summary of the SNL Stockpile

3 Life Study," dated Decenber, 1993
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1 Tri-Vall ey CARES Handout: Report by Paul Carrol
2 entitled "The National Ignition Facility: Flawed
3 Rat hi onal e, Hi gh Cost, and Security Risks," dated

4 Sept enber, 1998
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Western States Legal Foundati on Handout: Report by
Andrew Li chterman and Jacquel i ne Cabasso (WSLF)
entitled "A Faustian Bargain: Wy Sotckpile
Stewardship is Fundanentally I nconpatible with the
Process of Nuclear Di sarmanment," dated April, 1998.
Comments to the Secretary of Energy Advisory Board
National Ignition Facility Task Force
Lawrence Livernore National Laboratory, Nov. 16, 1999
Jacquel i ne Cabasso, Executive Director
First | have a couple of questions for DOE
then a comment for the panel. |In the nost recent
"Green Book," the DCE Defense Programis FY 2000
St ockpi l e Stewardship Plan, a Menorandum of
Under st andi ng between the DOE and t he Def ense Threat
Reduction Agency is described: "to ensure the
i mpl erent ati on of design features required for
[ weapons] effect testing" on the National Ignition
Facility (P. 7-27). Sone types of experinents
di scussed include ones that would use a |ithium
hydri de atnosphere. How woul d operating the N F at
| ower energies affect plans for conducting weapons
ef fects experinents, including those using exotic
materials? Wuld it nake early use for weapons

effects exprinments nore or less likely? Al ong the



SEAB 1st NI F Task Force 454

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

sanme lines, would operating the NIF at | ower energies
make experinments of any kind enpl oyi ng pl utoni um or
uraniumnore or less |ikely?

The | anguage used here yesterday by
Laboratory representatives to describe the Stockpile
St ewardshi p Program represented a notabl e departure
frompast Lab rhetoric, and sone of it was
refreshingly honest. For exanple, G| bert Wigand
stated: "This is how we naintain our nuclear weapons
superpower status." (A perception, | might add,
shared by nost countries around the world.) However,
sonme of what was said was frankly startling. It
seens that the justification for the NIF is
constantly expanding. George MIler at one point
even suggested that NIF experinments will be critica
to certify specific weapon types, such as the W80,
at sone point in the future. | wonder if this new
assertion was neant to send a nessage that the Lab
woul d be prepared to reocnmend the resunption of
underground testing if this panel in any way were to
put the brakes on NIF. | hope not.

Unl ess many top nucl ear weapons designers
and policy makers have been m sl eading us for sone
time, existing nuclear weapons can be maintained in a

safe and reliable state for the foreseeable future
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usi ng technol ogy and equi prrent which al ready exists.
Furt her, the manufacture of serviceabl e thernonucl ear
weapons presents no real technical problens to the
United States, and has been well understood for
decades. For exanple, in 1978, long before the NIF
and current |evels of conmputing power were even

i magi nabl e, three weapons experts, Norris Bradbury,
Carson Mark and Richard Garmn wote to President
Jimy Carter: "[We believe that the Departnent of
Energy, through its contractors and | aboratories, can
t hrough the nmeasures described provide continui ng
assurance for as long as nmay be desired of the
operability of the nucl ear weapons stockpile in the
absense of underground testing." Bradbury, Mark and

Garwi n apparently were convinced in_1978 that weapons

safety and reliability could be assured enpl oying
t hen-existing testing capabilities.

Finally, although it is beyond the official
scope of this panel's purview, | would ask you to
consider -- especially in light of M. Wigand's
remar ks about how we renmain a nucl ear weapons
superpower -- the potential role of the NIF -- if it
continues to go forward -- in further destablizing
the Nucl ear Non-Proliferation Treaty and the

nonproliferation regine in general. Perhaps the
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guestions that have been raised about cost overruns,
construction delays and design flaws provide us with
an opportunity to fundamentally reconsider this
ill-advised project and to stop it while we stil

can.

Thank you for your consideration.
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1 Wl cone and Overview. Remarks by Dr. C. Bruce
2 Tarter, Director, Lawence Livernore National

3 Laboratory, Novenber 15-16, 1999.
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