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LASER RESEARCH FROGRAM

My April 19, 1971 memoranduson laser Tesearch advised of plans to
kesp you current on this work through brief quarterly sussary reports
by LASL and LRL. Accordingly, enclosed for your information are
sumnaries for the period January-March 1971, Should you desire
additional informatien, I will be plum-d to furnish it.

'ﬁ, 5 L S ¥
[ am providing the JCAE coples of thn- _:]r utpum. e

w Glller & J2 8 o

Major Geoeral, USAF - - -

Assistant Gﬂﬂ:ﬂ. Manager . .
lw.' Hi.ll.tlry .lpp{lul::lnn

Enclosures: o e N DR T 5“"‘ f
1. LASL Report, DLP-28 2 ,'1. SN,
2. LBRL Report, CPL 71-10 S
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Srgemiar 31, 12772 shrough March 31, 1971, 2 number of advances

End
]

e tlans for future wotl placed on a firmer basis outlined below:

Inm=e adgarocion svedictions - Calculational methods of handling

pligue and nos=al incidence laser radiation in the collision-

watts/cm-) region are now working satisfactorily and pre-

21893 stTong absorption in the normal incidence case due to the growth

mwy fgrean plasma lnstabilities, while oblique incidence radiation

Gows even stronger abuorption due to a resonance absorption pheno-

orption lengths are now being calculated.

25 cods - Twe dimensional codes with non-local deposition of

“: carzicle smergy are operational. Our predictions of low break-

gyun 2nor2tes ura now in anreement with the LRL results. More work is

~a Z<eount progerly for self-absorption of radiation.

Toii - Culzwlations of experimental results obtained by

Tivis warhers in che field are in progress and give good agreement.

7)o (stoct

_ = Thsorod system has been moved to the new location and
Siirboam qualicy and high pulse to background ratios
“he energy is being focused on targets without pre-
i feedback from the target is causing some liffi-
=tz at.n. A Tarcday rotator Jlésiszmed to corvect this nroblon
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e being installed to decouple thc target ftcdback frnm thn laser. UPSIEH
3§ ]Tﬁ::ndxng on the disk laser and most components are on hand for its
construction. It should permit operation at the 500 to 1000 joule level

later this year.

COz lasers - Mode-locking has been achieved for an atmospheric pressure
CO; laser and a satisfactory pulse train obtained., Equipment to switch-
out a single pulse from the pulse train for further amplification is being

installed,

Electron beam ionization experiments for the electric discharge pumped

CO; laser have progressed to the point where small signal gain of over

20 db/metes sndesiar ata pikér-aefisTiidy o greal®l tnudt -0l fuaresriiter appear
achievable. This has prompted a decision to use this technique throughout
the laser system. Three lasers 5 ¢ X 5 cm x 100 cm operating at one bar
and one of the same size operating at pressures as high as ten bars have
been designed and are being detailed for construction. These will be used
to explore the practical power density achievable from the standpoint of
window, mirror and self-focusing limitations and to provide further design
parameters for the high powered sysézms. They will also provide components
for the front end for a 10® joule system which is in the design stage at
this time. We now believe that lasers having a pulse nutput of 10% to 10%
joules in a nanosecond or less will be achievabla ‘in the ‘next several years.
We are studying the design of such a system w1th the 1ntsnt of starting

construction in FY-73. : L i s

k" : i Pt
- iy

3. Chemical lasers - Experiments on the HF laser systeﬁ‘demunstrate deacti-

vation of the population inversion in 300 collisions and superradiance
{spontaneous emission into 4 W solid angle without resomant cavities) in a
few centimeters. This confirms our original n?inié;'that a traveling wave
chemical laser would be required to obtain suhstantia] energy in a short
pulse output for HF. Several experiments are in prﬂgré;s‘tu explore the
feasibility of such a concept. Experiments are aisu undﬁrway on condensed
explosive systems {1iquid or solid explosives) s ‘8 possible way of cbtain-

ing 2 high energy laser pulse from a _very nghtweight :umpact system.
¥
4. Experiments - A number of experlmentﬂl setups to use tha laser energy have

been prepared ard the focusing of laser emergy on targets has just started.

u F .
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LRL LASER THERMONUCLEAR PROGRAM SUMMARY (C-RD)

(JANUARY - MARCH 1971)

Lawrence Radiation Laboratory

Liveymore, California
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ORGANTZATION

Laser research has been in progress at the Lawrence Radiation Laboratory
since 1962, Until FY 1971, since this was predominantly a research effort,
it was part of the physics program. Recent advances in high-power lasers
have led to an increasad programmatic commitment in the laser area. Specifi-
cally, during FY 1971 a greatly increasaﬁ effort directed at investigating
the application of high energy, high power, lasers to the attainment of pure
fusion explosions was begun, The Physics Department's Q Division continued
to provide theoretical support and work on advanced laser concepts as well
as pursue laser oriented Laboratory expariment# of a long term programmatic
character. Additional laser development was pursued under the direction of
the small weapons program. Development of thermonuclear fuel capsules and. |
associated hardware was carried on within the large weapons program and chem-
ical lasers were investigated in the chemistry program. Because of the FY 1971
growth, and that anticipated for the future, gll'nf the Labﬁratnry's high
power laser efforts have recently been consglidated into a single program
under the direction of Carl Haussmany, .'}ﬁ;Lf” 3

' ;i :'If_!'l. R g__- 3
TRENDS .+ gt %
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Current lasers are already powerful enuugh to hag1n 5tu&ias of the’
properties of matter and the emission of x-rays from mattar at high tempera-
ture. The Laboratory is attempting to davalup high—puwer short-pulse lasers
that are required to ignite thermonuclear fuel' - Tﬁ;s'nacﬂssltnxes a con- -
siderable extension of current laser technology.  To tHis end glass, chemi-
cal, and electrical-discharge-driven CO laser% arﬂ hainj hiéﬁined In

2 L)
addition, miniature thermonuclear cnpsulas that tan hefhgek to diagnose

laser performance and which will prnu:de a ba;;s fbr tﬁghéIVBlopment of
higher-yield thermonuclear capsules are haxng fahricntaﬂ. ‘A program of
code development and research on basic ;ase:_gpanaﬁgpgioﬁi }s being pursued
in support of these efforts. A brief description of our recent work, and

ouT mear term expectation, is given below.
L
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Tae Long-Path Disk Laser was used in neutron-production experiments
with (I, targets in vacuum. 25-30 joule 4 nanosecond pulses were focused
on the Eargets, and on the order of 10" neutrons were observed (similar to
the French results). The oscillator-preamplifier chain of the Long-Path laser
was re-arranged to reduce tha divergence of the beam injected into the disk am-
plifier. The dielectric reflectors used in the Long-Path laser will be
replacsd by prizms when they are received next month, and it should then
be possible to increase the pulse energy from the present 25-30 joules
to at least 400 joules. An expanded target area is being planned for this
laseaz,

Picosecond Oscillator

——

in improved mode-locked picosecond pulse oscillator, similar to one
that has been very successfully operated at Harvard University, has been
buily and is being tested. It 1s expected to provide single spatial-mode

stlz=s 2f high reproducibility.

Amnlifier Evaluations

The glass amplifier evaluation program was started in January. An ex-
prue.sizn Zor the figure of merit of a laser amplifier has been derived, and
the join/beam divergence tradeoff is being experimentally evaluated for the
LiL-izsigned laser amplifiers. Thus far, gain and divergence in an amplifier
hae soen measured with a CW probing beam as a function of time for various
Tunping parcmeters. This has enabled us to optimize the pumping methods on
YuT sods. We are planning to acquire and test better amplifiers in hopes of
iChL . Uang Setter performance.  Pumping uniformity will be measured next
M2SLeT. We ars setting up a picosecond oscillator to test amplifiers
wigh lort pulses. Because performance is thought to be sensitive ta the
fue Lohavior of tie short pulse, three methods of pulse diagnostics are
TaAT SN lapment:

22 photor fluorescence;
Z iR eell camara
~oureniy stregking camera.

-

——
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sr37ram has been set up in order to calculate rod

‘v Jollowed up later with computer programs to calculate

~ier pulses through amplifiers.

t yrirall eseview of the various options for future glass laser work

1 cempletzd and a final report is in preparation.

GASs {Eﬁgl
0% Catvoda
T.e lsadine abiective of the CD1 program is the constyuction and
:ian :f an energetic short pulse EDZ laser source for fusion research.

v ffeTt hias gene into the development of an electron beam gun to be
o0 ZSyv bpmizizticn in the laser amplifiers. A gun with an emitting area
222n designed and is presently being assembled. After

suns with emitting areas of 20x200 cm will be built ..

d to initiste jour Cﬂz amplifier stages.

a¢ ave built several Canadian and French EDz electrically
ligsers. We are in the process of measuring the gain and

sl disichgsna
sfaz7rical dischar;e characteristics., The objective is to see if an
sfficient discharge can be achieved by sultable modifications of the inmput
A small scale field emission cathode was built which produced
¥ ey r2 af 10 “ev electrons. This concept is now being scaled up in

- for us? in a several kev electron gun source appropriate for an AVCO

LE
T

-istharze, We are also experimenting with other external electron
T¥ed Zor gur diachargsd,
shiadlgzinnal Madul
v iEmputer progoon to caleulate the behavior of CO, electrical dis-
rarsy iasers has teer Jeveloped. This past quarter most work has been done

iejnsting cross sect.cns to agree with experiments. WNe now have fairly good

1i¥2ent between the colculational medel and cur experiments and this has

roved 3.r and:itstianding of the discharpe lasers.

-
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Oscillazor

Several mode loched CO, oscillators are under development. Some com-
ponents have been procured or fabricated and othiers are on order. These

oscillators will be used to drive the chain of amplifier stages.

CHEMICAL

Laser action from vibrationally excited HF in the region of 2.7 microns

has been achieved in mixtures of exploding HF3+H2, Nde + Bzﬁﬁ, HP3 * Bzﬂﬁ
and IF

7 * HE in a transverse electric discharge tube similar to that used
by Beaulieu for carbon dioxide. A maximum of laser energy (2 joules/liter)
was obtained at pressures of about 40-60 torr with fluorine rich mixtures
(e.g., five MF3 to one HZJ' The ratio of laser energy emitted to electrical
energy delivered to the discharge were of the order of one percent. The

V, , | vibrational transition lased first followed by the V
with no vibrations above the 3rd level observed.

and UE .

1-+0 2

Othar Systems

Other chemical! systems which have lased and are currently under investi-

* DZ and F, + H..

gation are CIF, + H,, BrF_ + Hz, IF 2 2

3 2’ 5 7

TARGET CALCULATION

pg,(.szfi’
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X-Ray Generator

A scheme has been calculated which converts laser light to thermal
%-rays with high efficiency. A laser pulse of short duration is focused
through a small hole into a cavity with high Z walls are heated to tempera-
tures of v 1 kev and radiate x-rays of 1-10 kev energy. The radiated
spectrum can be varied by changing the wall mass and the cavity volume.
With a one kilojoule short pulse laser, it appears feasible to make a
simulator which could irradiate several em® of target with at least 10 cal)cmz
of 1-10 kev x-rays. This would be a considerable improvement over existing
simulators (< 1 :alfcmz], and of interest to the AEC, the Services, and DASA.

MANPOWER

Allocations

Approximately forty scientific and one hundred support personnel are
presently assigned to LRL's laser program. Of this total, glass and electri-
cal discharge lasers [CDZJ consume cne third each., Chemical lasers and
theoretical work are each requiring about one sixth of the total manpower

available,

Trends

The FY 1972 level of effort will remain at about the same total with
a slight shift in favor of theoretical efforts and increased participation
by senlor scientists in the experimental and development phases of the
program. This shift will necessitate a lower level of engineering, design,
technician, and fabrication support than is new provided. LRL's laser
effort will, to a large extent, shift in FY 1972 from laboratory type re-
search to design, fabrication and assembly of larger laser systems which

normally require :ven more engineering support. However, we feel that the
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basic physics problems involved in developing such lasers in the picosécond

regime warrant the increased emphasis in the scientific area, We will care-
fully monitor the discipline mix in FY 1972 to make certain that the laser
systems will proceed at the maximum pace commensurate with a sound basic

understanding of the physics inveolved.

FACILITLES

Near Temm

At present, the experimental portioms of the laser program are housed
in seven separate buildings, six of which are metal sheathed. These
facilities lack proper temperature, humidity, and dust control; and are
marginal from a vibrational standpoint. In all cases, the buildings now
occupied were constructed either for purposes other than high powered
lasers or on a temporary basis and lack characteristics deemed suitable .. ...
for long term laser occupancy. Plans are now underway to modify several
of these structures in order to make them more suitable, so they can
serve until such time as higher quality facilities can be procured. In
addition to internal modifications, additions to three of the buildings
are being considered as an interim solution to either a space inadequacy
or a geometry problem. Both the glass lasers and larger C0, lasers require
long, straight buildings to avoid turning mirrors or prisms in the laser .
beam. With a few exceptions, we have been able to annumglish our small scale
experimental needs with short laser path lengths or reflected beams. However,
our plans for the immediate future include beam power levels and intensities
which will not permit operating in this manner. These interim additions are
tentatively planned for FY 1972 usipg GPP funds. i .

Lang Range

We are preparing criteria and a preliminary design for permanent
housing of both the experimental and personnel requirements of the laser
program. These preliminary plans will be completed this fiscal year.

- 11 *;




