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ABSTRACT

Freely falling 50-um diameter deuterium pellets are irradiated on

one side with a ruby laser pulse of 1 ns fise‘time. It is found that the'f

- freely expanding plasma has an asymptotic density distribution which is

- shell like. The observed laser-pellet interaCtion time, expansion velocity,

and asymptotic density distribution are found to be in good agreement with

a simple model for the ablation and acceleration of the péllets. The total

15 This is’cpnsistent with com-

- plete ionization of the 50-um pellets. The plasma is given an energy on

- the order of 100 eV per particle when the laser intensity is 1012 watts/cmz.
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INTRODUCTION
Since the invention of the giant pulse laser, scientists have been
studying the interaction of intense léser'light with matter. Lasef—pro-
duced plasma can be made by focusing the light in a dense gas1 of by fo-

cusing it onto solid matter. LaSer-produced;piasmas have been made with
2,3 ’

thin énd thick foils as well as with-small pellet targets. In "pellet
‘plasmas" the focal spot size of the laser is larger than the target size
but for laser produced ''foil plasmas" the focal spot is smaller than the
target. | |

The advantage of laser-producéd plasmas overvothers is that they
can be very pure. The advantages of pellets ovef foi1s and gas targets v
"are that  the plasma produced is isolated and can be neériy fully ionized.

" In this experiment, 50-um diameter deuterium-pellets are used as
the targets fof laser irfadiation with a focal spot diameter in excess of
100 ym. Some of the advantages of hydrogen or its>isotopés as‘thé pellet
material are fhe following: thé plasma requires less energy to fﬁlly
ibnize,'its recombination and ionizétidn rafes.are known, and since it
has only one stage of ionization, one can count ibns by simply measur-
‘ing charge.

»‘Deutérium pellets of 100-400 um size have been produced and irradi-
a1:ed.4'6 Howéver, in order to get a fully ionized plasma of greater than-
. 100-€V 1ions, using a 10-J laser, it is necessary to use smaller pellets.

USes for laser-produced pellet plasmas other thah'thevstudy of the
“interaction 6f’the plasma with thevmagnetic‘field include ‘confinement
.studies:6’7.line-tying experiments, instability study, and shock studies.

Laser-prbducéd plasmas trapped in a magnetic field can also be used'as



- that a square'pnlse of 20 ns length at 1.5 x10"

‘targets for neﬁtral beam injectioniSIAnother more_ambitious use of laser
plasma is the creation of miniature’thermonuclear eXplosiOns by com-
pressing and heating pellets (~ 0.5 mm in diameter)‘With high-p0wer
lasers.’ | | | | o o

NoneIOf the experiments on the expanding plasma reported to date .
have used truly 1solated pure solid hydrogen pellets freely falllng in a

vacuum and at the same time small enough to become fully 1on12ed Our

techniques of pellet productlon and irradiation are described else-

where. 10 1

Haught, Polk, and Fader have extended a model'first proposed by

Dawson12 for the heating and expansion of laser pellet plasmaslsvls and.

13, 15 In the

have compared it to their experlments using LiH pellets
free-expan51on case, using t1me-of-f11ght measurements, they found good
agreement between experiment and theory-for the energy of the plasma as
a funetion of the peilet_size and laser pulse widthvand amplitude, How-
ever, the measured asymptotit radial density'distribution is not in agree-
ment with the theory. The 1atter predicts a'Gaussian asymptotic . |
den51ty profile while a more shell like profile was observed 15 .u
Although Haught and Polk's model has its weaknesses, it is avgood'
‘model for rery small.pellets. From Lnbin's16 data the theory appears’to
work well for pellets under 25 uym in diameter. Mattioli and Veron hare
shown that the model does not seem to fit the experimental heating of

17

50 ym and larger diameter LiH pellets. They'have'Shown eXperimentally

12 W/un 15 required to

"burn through' a 50-um diameter LiH pellet andvthat a 40 ns pulse is



. not long enough for a 120 -um d1ameter pellet at 1.5x 10

i
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12 w/em?®. They

alSO”shOW'that the expan51on is spher1cally symmetrlc, 1f,;and only if;
the pulse is long enough to burn through the pellet. They'tried using
' 18

an ablation model developed by Caruso and Gratton ° but didvnOt flnd good

quantltatlve agreement with the "burn" t1me They concluded that more work
needed to be done on the theory of heating. . We shall use the word ”burn"
as synonymous with '"ablate' in this paper. | |

19

A descrlptlon of the interaction of a ruby laser at ¢'= 10
with a 50-um deuteriim foil is given by Mulser,‘Slgel, and Witkowski.

Qualitatively this description also applies to a pellet hit from one side.

_ The model is a hydrodynam1c model with inverse bremsstrahlung as the main
‘heating mechanlsm accompanled by a compression wave propagat1ng forward
‘and preheatlng the overdense’ materlal Mulser, et al have also done '

some numerical simulations of the 1nteract10n of a laser with a 100 um

deuterium pellet, again based on a hydrodynam1c model_w1th inverse

bremsStrahlung as the heating mechanism. They found for a power'flux equal

12 2

to 5 x 10 W/cm essentlally all the absorption takes place in a region
small compared_to the dimensions of the pellet and hav1ng-a dens1ty below
the critical value nc; For power less than 5 ><"1012‘W/cm2 a Suhstuntial

fract1on of the energy 1nc1dent on the pellet is absorbed This computer _

‘simulation also 1ncludes themmal conduct1v1ty, and it was found that for

¢ < 10+

process.

W/cm. thermal conductivity is of 11ttle importance in the.heatlng
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 SIMPLE MODEL OF PLASMA FORMAT_I_ON AND FREE EXPANSION

Inblight'oflthe aBeVe comments on the»role_ef"thermal;eohduetiohb_
pertaining toﬁheating ef_the pellet\by a laser;:itfseems that a mode1‘
using zero thermal condﬁctivity'méy‘befter describe thevlaser pellet in-
terection.'To construct such abmodel, we will'dividevlt-into the following
time sequence: (l)' early, (2) intennedlate,'andi(S) late; The eafly time
starts with.irfédiation and ends when the:shock-reaehes the back of the
‘pellet. It is lmportant’that the rise-time of the pulse be shorter than
this time if=opr model is to be applicable. Thev"late”.time startsfwhen
the pelletvbecomes translucent to laser light, so that volume absorption
sets in; and ends when it becomes completely transpartent. Ih-the f¢1<
lowing diseussien of the detailed physics of the 0veradense plasma
(n >n)), a’ene—dimensional model is used. This is justifiable because
radial expansion is greatly suppressed by the‘presence of the laser beam.
when the pellet is'initially much smaller_than the,focal spot. As the.
dense plasma (henceforth called the pellet) tries to'eXpand.laterally'
across the laser beam, the density on the edge drops‘and the inferface of
laser absorption extends back. Thus, pressure dueeto ablation ls applied
to the sides as well and»impedes radial expansion of”the compressed
pellet (see Fig. 1). | |
1. EarlX'Time

A simple semi-quantitative description of the early interaction of a
50-um deuferiuﬁ pellet with a ruby laser at intensitleS'neaf 1012 W/cm2
can be given by using the assumptions listed below; (Most of these.are

supported by the results of Mulser, et a1.1? described above.) -



‘Chapman -Jouguet deflagration.

(a) All of the absorptlon takes place 1n a dlstance short com- -

-pared to the pellet d1men51ons However, in contrast to Mulser et al.

and to Caruso and Gratton, we assume the absorpt1on to be concentrated
in the narrow reglon where n is near and sl1ghtly above nC} |

(b) All of the energy 1nc1dent on the pellet is absorbed “and
thermal conductlon is ignorable. ‘

(€©) The energy going 1nto the shocked materlal is small compared

to the total amount absorbed in the pellet frame of referente i.e., most .

energy is in the ablated material.
(d) Ionization energy and radiated energy_are negligible;
(e) All phases of_deuterium obey‘the ideal gas law.
63} The.only forces on the plasma are hydrod&namiC'in nature.
(g) The deflagration of the pellet due'to the laser energy'is a

20

In a Chapman-Jouguet deflagratlon, the "burn” front observed from
the ablated material moves at the sound speed of the ‘expanding materlal.“ol

Thus in the pellet frame the energy flux leaving the pellet is .

where m, = mass of ion, T = T. +T atn_, and C_ is the sound speed
e | v c i e oA o v

at the point where the}density_is equal to nC. Therlaser energy flux

¢, is assumed constant. Since C2 ykT /m , with y = 5/3 we obtain

L
NZE |
ci - _
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This‘;elation éan be recognized as similar in form to the result
obtained by Bobin, et‘al.21 It is much simpler than fhevlattér.because
we have neglected both the relatively small radiation loss and the in-
ternal energy in thevcomﬁressed pelle;, énd we have expressed the energy
in the (moving) pellet frame. It has the same dependence‘qn ¢ because
both models involve a deflagration process with Stfong absorption of the
incident laser flux in a thin layer of plasma thaf'is élready ""ablated"
and expanding so that its density is dropping just to the critical value,
n.. For these conditions the same result has also been jnferred by

22

Puell.“” If this last simplifying assumption is droppéd and the heating,

described by classical inverse bremsstrahlung, dominates throughout the

underdense streaming plasma, C. < ¢f/9 is obtained,lg’lg’22 which differs

ohly slightly from our @i/s.

Finally, because practically the éntire energy ends up as kinetic
energy of streaming ions, the gsymptotic (exhaust)'ﬁelocity of the
_evapprated plé;ma in the pellet-frame, Véx’ becomes

1/3

V. =2C. ~f—= : (3
ex C ncmi | ‘

The time to '"burn'' through the pellet is ty where
t, = (LO/CC)(nO/nC) o (4) o
in which n, and L0 denote the initial density and diameter of the pellet.
The shock propagation for a time LO/Vs’ i.e., at the end of the "early
time', and the density of the pellet at this time is shown in Ref. 19
(their Fig. 3). At this point, about 1/8 of the pellet is ablated. Note

that the original shape of the pellet is relatively unimportant since



“tance and time are given by Courant and Friedrichs.
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the shock- compressed material is in a f1u1d state and presumably acqu11cs
a smooth surface quickly (see Flg 1). Moreover the mater1al is flattened
by the strong compress1on so~that the one-dlmen51ona1 model may represent

a fair approximation.

2. Intermediate Time

Since there is a vacuum on the left end of the pellet a complete

’ rarefact1on forms with. the front edge traveling at 3C forward 20 lhls

simple rarefactlon wave propagates back through thevcompressed pellet at

“the sound speed CS and finally reaches the deflagration region. Up to.

this time the density'and'velocity of the plasma as a function of dis-
20, At thlS p01nt
about 18% of the pellet is gone and the'problem.hecomes more difficult.
HoweVer, the evolution can be modeled further by'using.the resoltS'of

Courant and Friedrichs as the initial conditions, and'the boundary con-

dition that the pressure is constant and the pellet is ablating at the

rate necessary to maintain this pressure. Thermal conductivity is ignored

and the adiabatic law is used. The results are shown  in Fig. 2.

3. Late in Time

After t/tb =.0.9 the thickness of the pellet (foll width at half

- maximum of the density) is about 1 wavelength,'Thus the pellet becomes
: translucent leading to volume absorption much as described by Haught :
“and Polk The acceleratlon stops, resultlng in a three d1mens1onal

'rapld expan51on of the pellet and it soon becomes transparent.

ASYMPTOTIC DENSITY DISTRIBUTION

The quantity which is of the most practicalfsignificance and‘one

of the most measurable is the asymptotlc2 den51ty d1str1but10n of the
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plasma producedvby such an 1nteract1on The problem of Flnding.the
density dlstrlbutlon in space becomes tractable 1f the deformatlons of
the pellet descrlbed above are ignored and the pellet‘ls-assumed hard,.ln
the sense that the Veloc1ty is unlform throughout the pellet If this‘is v». .
the case then the veloc1ty of the pellet 1s descr1bed by the well- known

rocket formula

| va —Vexf ln(l t;) , 0<'c<tb o .(‘5)
where ' ' ‘ |
i ‘ ' K
S r{e yv(e 0sH in6: d6 : , .
Pl TONGp oy sy gy
V. /T r(e) sine_ do B |
P P P

ex "0
is the fraction of ablation flux transferring mOmentum’to'the,pellet along
.the'beam direction. In this expression F(ep) is the.number'oflions.per
steradian per. second going'into’the angle | ép withvvelocity V(e ). in.
the pellet frame. In order to compare Vb to the veloc1ty of the deflagra-
tion front 1n the laboratory frame of the preV1ous model f- V must be
-Set equal to 8/5 CC._The plot of the velocity of the.deflagratlon front
of both models is shown in Fig. 3.  For O.Zst/tb<o;§ “both models
give essentially the same result. Thus the hard-pellet'model gives a
good approximation to the velocity of the deflagration tront in the
laboratory frame; The greatest differences oocur early and late in time.

To proceed with finding the density distribution under this hard-

Rl

pellet assumption, assume axial symmetry about the laser beam and let

6, = angle in'the laboratory frame with respect to the laser beam. Also - B

L
assume that V(e ) and r(e ) are time independent so that t is consrant.

From geometry,
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V(B ) 51nep = V 51n6L__

v, coso V(e ) cos_ + V
p p

L
' r/tO V.= radial'velocity in the

- laboratory frame.

Now define‘N(ep) F(Gp)t It can be shown that the asymptotic

density distribution is n(r,éL),v where

- V. /fV
o N@B)eP & L
n(r,8;) = — P - (7)
dv(e_ ) o N 3V
V(ep)f ~a§;Ef-51n6p + V(ep) gosep- 0 Tex

This relationship is used to compare observed density distributions, or

rather, plasma fluxes, with simple ablation models.

«'EXPERIMENTAL_RESULTS’AND'COMPARiSONSlTO_SIMPLE MODEL
The asymptotic density distribution'is measured by six coaxial charge

collectors and the burn time is measured by.two photo diodes. ‘The charge

" collectors ére located 8 cm from the zap zone approximétely on the axes

of a three-dimeneional coordinate system with the 1aser light coming :
down one axisrlForward refers to the direction therleeer light is propa-
gating and backward is the opposite direction.

| The observed probe currents decrease faster than 1/t Therefore,

the den51ty distribution is shell-like and it seems reasonable to fit the -

data to the above described model. The particle current arriving at a

charge.collecting probe of solid angle"dQL'can be found to be10

N(e.) . -V /fV | dQ ~ . }
P 1 poex L
V(Gp t4V f ev dv(e ) : (8)
- e
P

I =

sinf - + V-e €0OSH:
> p :( p)».f_,Q'_
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Figure 4 shows the fit achieved'using the hard-pellet_model.'The’fit,is'v
vaxleast?squares fit of*the‘prooe‘cnrrents to this:equation, with, |
_ P(ep) = A cosqep and V(ep) = Véx(i - B sinep), nhere_n, B, and‘d are d |
the fitting parameters and V_  is found by measuring the time of the cur-
rent'peak of the back‘probe'vV R/t , where R = distance of the probe
_from the zap zone A is a norma11zat10n constant and o and B parametr1ze
\the nature of the deflagration. | ”

"In the data analyzed (six typical shots)vthe_value of a = 2.0%0.3
and B = 0.33:0.06. The t includes the full range-of values found. The'
asymptotic density distribution from such N(ep) and.V(ep) is shown in |
Fig. 5. - |

If one assnmes that the plasma comes off the pellet normal to the
critical surface, where n =n_, and traveis’in straight lines wirh re-
spect to the pellet, then by using the experimentally determined N(ep)
and'V(ep)'the shape of the deflagration front can be_calcnlated and the_
results are incorporated in Fig. 1. The shape is Very similar to what
~would be expected from the dlscu5510n of the detalled model

The sudden.Changeiu1 the rate of fall of the back current signals
may be a consequence of the arrival of the rarefagtlon'wave at the de-
flagration front. The poor fit to the forward probe,aignal is'understood4
from the description of the late part of the burn. Once the pelletvbe—
comes translucent it is so th1n that it quickly becomes tranbparent
Thus, much of the forward going plasma travels at the veloc1ty which the "
pellet had_when translucency occurred and arrives at the probe at the same

time, producing'the narrow spike. By comparing this pellet velocity to the
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exhaust velocity, the time during the-burn at which translucehcy occurs
- can be measured. The,reiatiVe timejof the forWard'peék'with respect to"
fhé béck varies slightly from shot.to shot and”the times‘of arrival are
nearly equai,bthus translucency occurs when Vb z'Vegf‘Now, if | '
vN(G.p) « cosjﬁng and V(eIiJ) - [1 - (1/3)_ sinepl v_ex.,:’ we fmg f=0.0
~so that Eq. (5) yields t ~ 0.8 t,. '

At this point, if it were not fof‘lateral éXpéhSion, fhe length:
of the cdmpressed pellet wéuld be 2.5 um or about 3.4 free-space wave-
lengths. This is too thick for'translﬁcency. Howéver; if we assume in
Fig. 1 that the original pellet corréspondé to”the}nearly Vertical poftion
of - the pellet profile, théﬁ the average pellet radius hasvincreased about
50%. Thus the area is about doubled and fhejlength of the pellet is halved.
. This would mean that the pellet is 1.7 wayelengths 1ohg at translucence, |
_ which is a»hore-reasonable'value It appears to bé ﬁécessarv that the
‘pellet expand before radial conflnement becomes effective. o

The two photo diodes are calibrated with the help of an optlcal
calorimeter. The d1fference of the input and output photo diodes is used
to measure the burn time, and the amplltude of the 1nput is used tovmea—
sure the laser power . Flgure 6 shows the - graph of Eq. (3) fpr Vex_.‘ a
function of ¢L along wlth measured values of Vex"and @L.‘Theré seems
to Be reasohabiy good agreement.here, corroborating the results of.
| Bobin,»et ai.ZI‘Figure 7 shows the laser pulse output and the differencé 
signal. The measured absorption time is about 16 ﬁsi Taking into aCcpunt
the radiai'expaﬁsion described above ahd substituting iﬁto Eq. (4), we

find
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=820 % (o is in 102 ward) .

Now, since the absorbed power is 12 MW, ¢L = 0.2 x 1012 and  so the ¢x’

‘pected t = 14 ns. Thus, the model and experimgnt-are'consistent.
Incidéntally, if LiH is the péllet'matefial énd.Nd glass is used

for the laser, then-tb = 25 ¢ "1/3

L~
& = 1.5 x 1012, t, =21 ns. This is in good agreement with the experi-
mental results of Mattioli and Veron.17 |

ns. So for 50-um.pellets at

SUMMARY AND CONCLUSIONS

We have made and ifradiated on one side, freelybfailing 50-um
deuterium peliets,with a fast rising ruby laser puisé, It was found that
the freely expanding plasma had én asymptotic densityidistributiqn which
was she11~like.bTheiburn time, expanéion velocity, and‘asymptotic density
distribution were found to be in good agreement with a simple mbdel_of
the ablation and écceleration of the pellet. | |

 ACKNOWLEDGMENTS |

The aﬁthors wish to thank W.R. Baker, K.W{ Ehlérs, J.E. Gaiviﬁ,

~ E.B. Hewitt, V.J. Honey, M.L. Fitzgérald, and G.H. Rankin for their ad-

vice and assistance.



00U 04 23 483 4

-13-

FOOTNOTES AND REFERENCES
. o o ‘ _ N 3
Work performed under the auspices of the U. S. Energy Research and De-
- velopment Administration. ' |

1'Preser'x_t address, Los Alamos Scientific Laboratory,jLos Alamos, N.M.

1. H.J. Schwarz and H. Hofa Laser Interactien and Related-Plasma-
Phenomena (Plenum Press New York London 1972) |
2. 'P.T. Rumsby and J.W.M. Paul, Plasma Phys. 16 247 (1974)
3. R. Slgel Z. Naturforsch 25a 488 (1970). _ _
4. U. Ascoli- -Bartoli, B. Brunelli, A. Caruso, ‘A. De Angelis, G. Gati,
R. Gratton, F. Parlange, and H. Salzmann, Productlon of a Dense
Deuterium Plasma in a Strong Magnetic Field by a Giant Lasef-Pulse

~ (Hot-Ice Experiment), in Plasma Physics and Controlled Nuclear

‘Fusion Researcht(International Atomichnefgy_Agency, Vienna, 1969),
Vol. 1 p. 917. o |
5. G. Francis, D.W. Atkinson, P. Av1v1 J.E. Bradley, C.D. King, W
Millar,,P.A.H.,Saunders, and A.F. Taler, Phys; Letters Agg, 486'
(1967). S | |
6. A. Kitsumezaki, M. Tanimoto, and T.”Sekiguchi, ths.»fluids lz;
1895 (1974). " |
7. A.F. Haught, DA. Pelk; and W.J. Fader, Phys. é1uids 13, 2842 (1970).
8.  AF. Haught, D.H. Polk, J.T. Woo, w.J.'Fadef;lR;G..Tomiinson,
R.A. Jong, and W. E Ard, High-B Capture and Mifror Confinement'of
.Laser Produced Plasmas Semi -annual Report Feb 1- July 31 1973
(Unlted Aircraft Corp. UARL-M-921515- 19)
9. J. Nuckolls L Wbod A. Thlessen and G. Zimmerman, Nature 239
139 (1972) |



10.

11.
12.
13.
14.
15.
16.

.
18.
19.
20.
21.

22.
23.

.

Thomas R. Jarboe, Study of an Isolated, lusereProduccd Deuterium

Plasma in a Magnet1c Field, Ph. D thesis, Lawrence Berkeley
Laboratory Report LBL-3097, July 1974. |

T.R. Jarboe and W. R. Baker, Rev. Sci. Instr. 45, 431 (1974).

~J.M. Dawson, Phys. Fluids 7, 981 (1964).

A.F. Haught and D.H. Polk, Phys. Fluids'g,'2047 (1966) .
W.J. Fader, Phys. Fluids 11, 2200 (1968). |
A.F. Haught and D. H‘ Polk: Phys. Fluids 13, 2825 (1970).

M.J. Lubin, H.S. Dunn and W. Fr1edman Heating and Lonflnement '

Studies of Laser- Irradiated Solid Partxcle Plasmas, in Plasma

Phys1cs and Controlled Nuclear Fusion Research (Internat1onal

Atomic Energy Agency, Vienna, 1969), Vol.,l, p. 945.

M. Mattioli and D. Veron, Phys. Fluids 14, 717 (1971).

A. Caruso and R. Gratton, Plasna PhYs.,lQ} 867 (1968).

.P. Mulser, R. vSigel and S. Witkowski, Physics Reports (Section

C of Phys. Letters) 6, 187 (1973).

R. Courant_and K.O.‘Friedrichs;QSupersonicjFlow_and Shock Waves
'(Interscience, New York, 1948). | | | N
J.L..Bobin, F. Delobeau, G. de Giovanni;.C. Fauquignon; and F.'
Floux, Nucl. Fusion 9, 115 (1969). See also C. Fuuquignon and

F. Floux, Phys, Fluids 13, 386 (1970). o

H Puell Z. Naturforsch 25a, 1807 (1970)

By asumptotlc we mean ty >> 4y tO 1is the time of observ1ng the

A4

density distribution. The shape is then 1ndependent of tys and the

expans1on is self—51mllar See Ya. B. Zel" Dov1gh and Yu. P Ralzer

Phy51cs of Shock Waves and High- Temperature Hydrodynam1c Phenomena '

| (Academlc Press New York 1966) .



Fig.

Fig.

‘Fig.

:Fig

_YFig.

~:Fig.

Fig.

1

2.

O
L]
=a
B
..C;
P
e
Lod
1t

-15-

FIGURE LEGENDS

The pellet is 1rrad1ated from the right and ablates on the 51des

- as well as on the back surface (fac1ng the laser)

Pred1cted location and’ dens1ty dlstrlbut1on of compressed pellet
at various times. The laser heam is'incident from the right;‘After
the rarefaction wave reaches the deflagrationrfront, the 'pellet"

is recompressed. 'These density plots are’found by a simple computer

calculation. Note the dramatic 5h1fts in the origins of the pOsntlon

3.

4

I8

scale.'ix

Tp = U

" The veloc1ty of the deflagratlon front in the hard pellet model

0 is the pos1t10n of the back edge of the pellet at

'0.»

compared to the more detailed calculat1on Both are one- dlmen51onal

calculatlons

- Fit of simple theory (————) to the coax1al charge collection

data (-—-) in six d1rect1ons

5. Asymptotic density distribution for the nonthermally'Conductlng'

hard-pellet model with N(8 ) = coszep and V(8) =V, (1 - 1/3 Sinep)ti

~ Forward moving cloud prodoced'during late phase is not included.

6. The exhaust.velocity of the laser-produced plasma as a function

7.

of laser power. The solid line is what 1is expected'from thepsimple
model, assum1ng complete absorpt1on The large error bars on ¢ :
are caused by uncertainty in laser output and focal spot intensity
distribution.

Burn time measurement of '50-um deuterium pellets.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Energy Research and Development Administration, nor any of
their employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights. ' '
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