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Chairman Saaborg 
Commissioner Raaey 
Commissioner Johnson 
Cotarai s i toner Laraoa 
Commissioner £*' THRU:! General Manage 

LASER RESEARCH PROGRAM 

My Apri l 19, 1971 memo r and um*on l a t e r research advised of plana t o 
keep you cur ren t on ehta work through b r i e f quar t e r ly summary r epor t* 
by LASL and LRL. Accordingly, encloaed for your Information a r e 
summaries for the period January­March 1971. Should you d e a l r e 
a d d i t i o n a l Information; I w i l l be pleased t o furnish i t . 

I an providing the JCAB copiae of these summary r e p o r t s . 
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Enclosures; 
1 . LASL Report , DLP­28 
2 . LRL Report , CPL 71­10 

Ciller '0£fr^' -/.:. 
Major Canaral , USAP " v ­
Ass is tant General Manager -.,. 
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April 29, 19" 
DLP­28 

LASL 
$;.?.1>IARY REPORT 

• : ■■­ >coml­;>r 51 , 19"0 through March 31, 1971, a number of advances 

plana for future wor!; placed on a firmer basis outlined below: 

',. Hr.?r­­­ v"sorption ^.­ecict'ons ­ Calculational methods of handling 
COT. ibiiqu­J and nomal incidence laser radiation in the col l i s ion­

iess '> lO1* watts/cm2) region are now working sa t i s f ac to r i ly and pre­

d : c . j strong absorption in the normal incidence case due to the growth 
of two stream plasma i n s t a b i l i t i e s , while oblique incidence radiation 
3hows even stronger absorption due to a resonance absorption pheno­

mena. Absorption lengths are now being calculated. 

••■ Pi '­ .­­ \ ' J ' ; ­ Two dimensional codes with non­local deposition of 
riipha part ic la saergy are operational. Coir predictions of low break­

■:■:■-■■. anorgies are now in agreement with the LRL r e su l t s . More work is 
.v.. i.J ro account properly for self­absorption of radia t ion. 

- • ■"■-'.."'"": ^ .i ­ Calculations of experimental resul ts obtained by 
•••.r:..:.. ­;:■;.err in the field are in progress and give good agreement. 

DoB 
f>0) OdcM 

., . . . . 

~h? rod system has been moved to the new location and 
fair i> am quality and high pulse to background ra t ios 

••..'.. The energy is being focused on targets without pre­

at •:.­.­;•;;■• feedback from the target is causing some J i f f i ­

;•.:".... A Faradav rotator designed to correct th is nrobl. 

- f ' - 1 ■' ­ . . ' . . . . 



is being ins ta l led to decouple the target feedback from the l a se r . Design 
i s jrocccding on the disk l aser and most components are on hand for i t s 
construction. I t should permit operation at the 500 to 1000 jou le level 
l a t e r t h i s year. 

2. CO2 l a se r s ­ Mode­locking has been achieved for an atmospheric pressure 
CO2 l aser and a sat isfactory pulse train obtained. Equipment to switch­

out a single pulse from the pulse train for further amplification i s being 
i n s t a l l ed . • , , 

Electron beam ionization experiments for the e l e c t r i c discharge pumped 
CO2 l aser have progressed to the point where small signal gain of over 
20 db/meter and power dens i t i es of greater than 100 j o u l e s / l i t e r appear 
achievable. This has prompted a decision to use t h i s technique throughout 
the l aser system. Three l a se r s 5 cm x 5 cm x 100 cm operating a t 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 pract ica l power density achievable from the standpoint of 
window, mirror and self­focusing l imitat ions and to provide fur ther design 
parameters for the high powered systems. They will also provide components 
for the front end for a 103 joule system which i s in the design stage a t 
t h i s time. We now believe that lasers having a pu l seou tpu t of 10* to 108 

joules in a nanosecond or l e ss w£ll be achievable ' in the "next several y e a r s . 
We are studying the design of such a system with the in ten t of s t a r t i n g 
construction in FY­73. .• ­. *­•• A;. ','■„:■. *■. 

3. Chemical lasers ­ Experiments on the HF laser system demonstrate deac t i ­

vation of the population inversion in 300 col l i s ions and superradiance 
(spontaneous emission into 4 ir solid angle without,resonant cav i t i e s ) in a 
few centimeters. This confirms our original opinion tha t a t ravel ing wave 
chemical laser would be required to obtain substant ial energy in a short 
pulse output for HF. Several experiments are in progress to explore the 
f e a s i b i l i t y of such a concept. Experiments are also underway on condensed 
explosive systems (liquid or solid explosives) as a possible way of obta in ­

ing a high energy laser pulse from a very l ightweight compact system. . 

4. Experiments ­ A number of experimental setups t o use the l a se r energy have 
been prepared and the focusing of laser energy on t a rge t s has j u s t s t a r t e d . 
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ORGANIZATION ' ­ . "­' 

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 high­power lasers 
have led to an increased programmatic commitment in the laser area. Specifi­
cally, during FY 1971 a greatly increased 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 experiments 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, all of the Laboratory's high 
power laser efforts have recently been consolidated into a single program 
under the direction of Carl Haussmann. r'^r\-'" '.*­•' •„■'•­ ■/'"■* 

. r>­t%:i ':..-■■ '■••'£.' V : ':'■'■ < . ' * ­ *,. 
TRENDS • • ­ ' / ^ • • ' ­. ^ i ­ / . . ■ 

. "US . " >'• .^ u 

Current lasers are already powerful enough t o begin Studies of the 

properties of matter and the emission of x­rays, from matter, at high tempera­

ture . The Laboratory i s attempting to develop high­power short­pulse lasers 

that are required to ignite thermonuclear fuel..­ This necessitates a con­ • 

siderable extension of current laser technology. ' To tliis end glass , chemi­

cal , and electrical­discharge­driven CO­ lasers are being examined. In 

addition, miniature thermonuclear capsules.that can be used to diagnose 

laser performance and which will provide a basis for the development of 

higher­yield thermonuclear capsules are being fabricated.­ A program of 

code development and research on basic laser phenomenology i s being pursued 

in support of these efforts. A brief description of our. recent work, and 

our near term expectation, i s given below., ; 

-'■•".'> ' r.-.YT i. ' 



GLASS (MODYMrUM) 

Lon; Path J i . k Lasers 

The Long­Path Disk Laser was used in neutron­production experiments 

with CD, t a rge t s in vacuum. 25­30 joule 4 nanosecond pulses were focused 

on :he t a r g e t s , and on the order of 10 neutrons were observed ( s imi la r t o 

t h e French r e s u l t s ) . The o s c i l l a t o r ­ p r e a m p l i f i e r chain of the Long­Path l a s e r 

was re­arranged to reduce the divergence of the beam in jec ted i n to the disk am­

p l i f i e r . The d i e l e c t r i c r e f l e c t o r s used in the Long­Path l a s e r wil l be 

replaced by prisms when they are received next month, and i t should then 

be poss ib le t o increase the pulse energy from the present 25­30 j ou les 

to i t l eas t 400 j o u l e s . An expanded t a rge t area i s being planned for t h i s 

l a s e r . 

Picosecond O s c i l l a t o r 

An ir.oroved mode­locked picosecond pulse o s c i l l a t o r , s i m i l a r to one 

tha t has been very successfu l ly operated at Harvard Univers i ty , has been 

b u i l t and i s being t e s t e d . I t i s expected t o provide s ing l e spatial­mode 

pulses of high r e p r o d u c i b i l i t y . 

■\mnlifier Evaluations 

The g la s s ampl i f ie r evaluat ion program was s t a r t e d in January. An ex­

press ion for the f igure of merit of a l a s e r ampl i f ie r has been derived, and 
the gein/beam divergence t r adeof f i s being experimental ly evaluated for t h e 
LRL­designed l a s e r ampl i f i e r s . Thus f a r , gain and divergence in an ampl i f i e r 
have been measured with a CW probing beam as a function of time for various 
funning parameters . This has enabled us t o optimize the pumping methods on 
our cods. Ke are planning t o acquire and t e s t b e t t e r ampl i f ie rs in hopes of 
ici-.L.-'-ir.- b e t t e r performance. Pumping uniformity wi l l be measured next 
q u a r t e r . !Ve are s e t t i n g up a picosecond o s c i l l a t o r t o t e s t ampl i f iers 
'«.ic'; :.'.crt pu l ses . Because performance i s thought to be s e n s i t i v e to the 
ti;je j­jhavior of the shor t pu l se , three methods of pulse diagnos t ics are 
•..'.­i­'r .evoiopment: 

::;o photon f luorescence; 

a i l k ce l l camera; 

­ i t f c t r cn i : s t reaking camera. 

file://�/mnlifier


•_; program has been set up in order to calculate rod 
;.. ­.: Joilowed up later with computer programs to calculate 

.;.­. :•■ Z.SOT pulses through amplifiers. 

: ;••/..­.­­11 review of the various options for future glass laser work 
n completed and a final report is in preparation. 

GAS (CO.,) 

The leading objective of the CO. program is the construction and 
•­ .. ;;.­n >£ an energetic short piilse C0 2 laser source for fusion research. 

T jffc­rc has gone into the development of an electron beam gun to be 
.,­­ ier initiation in the laser amplifiers. A gun with an emitting area 
:.:' '.;­..0 cm has been designed and is presently being assembled. After 
.­;.."._­, fcur larger juns with emitting areas of 20x200 cm will be built 
.r.i ­::­­"d to initiate four CO. amplifier stages. 

­>. _ wtnoa­3 

"his quarter we have built several Canadian and French C02 electrically 
::.:.-.:! discharge lasers. We are in the process of measuring the gain and 
si.'Ctrical iischarje characteristics. The objective is to see if an 
jff.icient discharge can be achieved by suitable modifications of the input 
•■ .~~-:z2r5. A smail scale field emission cathode was built which produced 
'.'2 zip/cm of 40 kev electrons. This concept is now being scaled up in 
s:..:­ for use in a several kev electron gun source appropriate for an AVCO 

:. ­ijcharje. 1,'e are also experimenting with other external electron 
' •':...: for our discharges. 

"."­■rjZacional .'odol 

A ;emputer prcgrcm to calculate the behavior of CO? electrical dis­
bar,; a Lasers has been developed. This past quarter most work has been done 
.iu;':jtir.g cross seec.cr.s to agree with experiments. We now have fairly good 
:jre jr.­.ent between the :alculational model and our experiments and this has 
r­.itl;­ improved ? .r understanding of the discharge lasers. 



Oscil later 

Several mode locked CO^ oscillators are under development. Some com­
ponents have been procured or fabricated and others are on order. These 
oscillators will be used to drive the chain of amplifier stages. 

CHEMICAL 

HF 

Laser action from vibrationally excited HF in the region of 2.7 microns 
has been achieved in mixtures of exploding NF.+H , N F. + B.H,, NF_ + B­H, 
and IF_ + H? 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 40­60 torr with fluorine rich mixtures 
(e.g., five NF.. to one H_). 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. Q and V_ _ 
with no vibrations above the 3rd level observed. 

Other Systems 

Other chemical systems which have lased and are currently under investi­
gation are CIF3 ♦ H2, BrFg + H2, IF? + D2 and F. + H_. 

TARGET CALCULATION 

Dob Qttfuf 
bC3>) 
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X-Ray Generator 

A scheme has been calculated which converts laser l ight to thermal 
x-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 ^ 1 kev aid 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, i t appears feasible to make a 

2 
simulator which could i r rad ia te several cm of target with at least 10 cal/cm 
of 1-10 kev x-rays. This would be a considerable improvement over exist ing 
simulators (< 1 cal/cm ) , 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 (CO.) consume one 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 senior 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 now 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 even more engineering support. However, we feel that the 

y. 
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basic physics problems involved in developing such lasers in the picosecond 
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 involved. 

FACILITIES 

Near Term •' ' ' 

At present, the experimental portions 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 CO. lasers require 
long, straight buildings to avoid turning mirrors or prisms in the laser . 
beam. With a few exceptions, we have been able to accomplish 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 using GPP funds. >" '. v .: 

Long 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. 


