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INTRODUCTION

The program at the University of Florida is concerned with contributing _4

to thr development of high power nuclear pumped lasers.

In order• to justify the une of a nuclear reactor as an energy source for t

a laser systeY p, the laser power extracted has to constitute an appreciable

part of the reactor power. 	 ror this reason, ,demonstration of feasibility of j

high powered nuclear-pumped lasers should have the highest priority. 	 It

is suggested that high-energy output can be achieved easier by CW operation

than by single pulse. 	 This reasoning defines the direction of the research

t as follows:

1.	 Work on C11-110-Ne nuclear-pumpod laser, the motivation being

a better understanding of the excitation mechanism.

2.	 Work on a-Cot-nuclear-pumped laser, the motivation being-to v

}# demonstrate CW output in Lhe order of watts.

3.	 Identify laver gapes which are compatible with UP  by excited t
j

states lifetime measurements, the motivation being the assumption

that high-power otansities--are only achievable by-volume fission

fragment sources.''

A,	 r%amine Xe2 , XeC-and KrP 'under nuclear irradiation to determine if
i,
ri they are good candidate tfor- nuclear-pumped lasers.
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NUCLGAR 'PUFIPG'P CW-CO2-I,A3L°R

i

1.	 Background
a

;A nuclear bumped CO. laser has not been demonstrated so far. 	 However, ,.

'	 nuclear augmentation of an electrically excited laser was demonstrated a

few years bucn.	 In this case, input of nuclear energy into the laser was
i

`	 small compared to the electrical input. 	 in the present work an ,attempt was

made to reverse this situation. 	 This is based on the fact thatin the pre-; j	 '=

vious experiment, a neutron :lux of only 10 10 neutrons/see cm 	 was -avail-
i

able to provide the nuclear ,power input, which amounted to a few milliwattw`+Ii

(Figure 1).	 in the present experimental set-up a neutron flux of 10 14 n/cm2

is available, which provides a nuclear power input of up to 100 watts to the

laser when operating; at a peak power . (5 megawatts thermal). 	 The reactor also

has the advantage of providing a port large enough (6 inch diameter) to allow

insertion of the laser (Figure 2).	 The laser system consisted of five parts:
4

1.	 The lator was an 85 em pyrex water ̀cnoled _tube with =t 16 mm

bore.	 The windows were Nael mounted at the proper Brewester angle. 	 The
f

F
cavity was a 1 meter long aluminum tube with a 10 meter radius hole-coupled

mirror at one end and one flat mirror on the other.	 Both mirrors were gold

coated pyrex. 	 ( Figure 3).

2.	 The laser was mounted into -'a canister-beam plug.	 This is

a secondary containment as wall as a radiation shield. 	 Both of these parts

are necessary to meet eafety roquirnments. 	 (Figure 4).

3.	 Power supptics:	 the power supply was provided, 50 KV, 200ma DC.

Available instrumentation consisted of current and voltage meters as well as }

a plotter set tip for t-V curves.

i	 4 Gas Sy., em.
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v
5.	 Beam Monitor:	 a thermopile was used to determine laser outputr

which was recorded by'a strip chart' recorder. 	 To daterminc'obse.tved

t
laser transition f a CO2 spectrum analyzer was used.

2.	 Results

Three runs at throe pressure of CO2 were Made.	 Ths gas used consisted
!
!

of 'a premix of lflt8 CO :N2$He A at a total pressure of 10 tom 	 Ater
k	

^

i
3

verification` of laser action, the proper amount of He 	 was added to bring

R^
this total pressures up to 20, Gtl and 300 torr.	 Each time a breakdown voltage

Y of 13 KV-DC was applied across the laser tuba.	 When breakdown occurred,
3

the current was maintained at 25ma by changing the voltage as necessary.

During the first run at 20 tore total 'presct,r:	 (see Figure S)p the

laser would operate with the reactor at zero power. 	 Pt a reactor power of

{

about 10 KW or 1011 n/cm`-sec, laser power output increased 25% with no

change in current or voltage. r

During the second run of 60 torr total pressurep the laser would not

break down at zeio reactor power. 	 'rhe discharge did start at a reactor

power of about lOKW or 1011n/cm2see.	 'rho power output was lower than

a that of the 20 torr run but in this case, the laser would only run while
r

subjected to nuclear irradiation.

^

The third run was at a total pressure of 300 torr. 	 As in the second

r
case, the laser would not break down at zero power.	 Even at power up to

5000 Kw or 1014 n/cm2-sec there was no electrical breakdown, however, at a,.

flux of 2 x 10 11 II/Cm 2-,;co a low !dower output was seen on the order of 50 mw f
^

and less.	 The lasing action would stop, however * if voltage across the

llY

tube was removed.	 It sheuld be noted though that the current metering
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Evan though there was not a strictly nuclear sustained output at

the pressure runs of 60 and 300 turr, i4. is of significance that the laser
w

would run only under nuclear irradiation.
9
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Even though there was not a strictly nuclear sustained output at

the pressure runs of 60 and 300 Wrr# i f. is of significance that the laser

would run only under nuclear irradiation.
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SPECTRAL EMISSION OF NUCLEAR EXCITED NOBLE GASES

1.	 Background

E	 e	 { 

In order to dz*teLmane the cifieienuy_of energy transfer from the

)Ne(n,r)T nuclear reaction to UV and VUV radiation a vacuum-ultraviol.:t

+ spectroscopy system was employed. 	 The test section consisted of a stainle3s

steal capsule with sapphire windows located in the horizontal thn7ughport

of the University of Florida Training Reactor.	 The radiation investigated

was the 172.0 nm band o£ Xa 2 ^, the 355.0 nm band of KrF * and the 282.0 nm*

band of XeBr	 Absolute optical calibration was performed using ;a tungsten

t	 ribbon lamp whose emission was determined by both comparison to a NOS call-

F	 brated tungsten ribbon source and a calibrated radiometer.	 This calibration

was coupled to a relative calibration (16:5 to 400 nm) performed internal

to the ';v s. ,h system using 'a :standard Deuterium lamp.	 Spectral scans provided

very large ;easily observed 'bands for all species studied even though the

optical path geometry included only a E1at VUV mirror and no elements for

t	 ,
€	 focusing on to the`monuchromator entrance slit. 	 (Figure 6)

t	 2. ` Result

Using -thv t,"tuw dcscrxbed above, radiation of each of the four molecules

mentioned shave were examined. 	 The energy transfer efficiency from the

3,	 E
lie (n,p)T nuclear iraldlatin►i to UV-lic)ht output wau derived from the measurement.

A Typical iq)etit t um !;-, shown in Figure 7. 	 ` Xe-'lIle. 'mixtures forming Xe 2 were	 )
i

measured to be up to 68 percent efficient. 	 Neither Xer, KrF, nor XeBr had
a	 _.

efficiencies greater than 1 percent. 	 These results are summarized in Table 1.
A

To investi gate feasibility of nuclear pumping, UFb was added serving at

the'aame tame as the florine donor to XeF and Krf.' As the concentration of

UFa is increased, the efficiency of XeF is greatly reduced. In KrF, a con-

no
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Tile results-of this study seem to indicate that there is an excellent

coupling between He and Ka..	 However, the coupling between ape and Xepr
p

is poor with efficic>ucies of less than one percent, 	 Also, the results seem
F

f to show that HF
6

is a poor substitute as a florin dotter since UP	 is incom-

E patible with the gases investigated even at a reasonable concentration.
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The results of this ,study seem to indicate that there is an excellent

coupling between I  and Xe ? . Ikywever, the coupling between 3 H and XeBr

is poor with t4ficirncles of legs than one la?reent. Also, the iersults seem

to show that 'IF 6 is a poor substitute as a florins donor since UF 6 is incom-

patible with the eases investigated even at a reasonable concentration.

}
f

4



( OPTICAL COMPATIBILITY OF UP6 WITH LABOR GASES ^	 v^

E_	 <
f	 °'s

1.S Background

For volume sources for nuclear-pumped lasers# UF 6 is the only practical i.^j
JJ

option for gaseous nuclear fuel, ;UP  will deposit '260 times more energy`

into a laser gas than He 	 per neutron interaction.	 It is imperative to deter-

mine the compatibility of 
OF  

gas with otherlaser gases.: Not only must they

rr be compatible in the conventional' chemical'sensa, but also in an extended

one, namely, that any collision occurring between the gases will not destroy
I

the required population inversion.

e One way to investigate optical compatibility is to measure the life-times

of excited states including vibrational and electronic deexcitation as well as

collisional transfer and recombination effects.

To make these measurements a single photon coincidence counting system
#	 t

has been constructed.	 By addition of UF6 "to laser gases, their potential for

nuclear pumping can be evaluated."

The system can be operated in two different modes. 	 First the pumping

of laser gases with fission fragments coming from a Cf 252 source to determine

if the energy deposition from fission events will result in a population of

a certain states.	 The second mode is to adl natural UF6 and determine if
i
I

.	 E
the gas of interest is still excited into the same states and if the life- ;

'	 # time of these states was shortened. 	 Note, it has been demonstrated that 3%
L	 ?

UF6 in a 1::1:8 Co2:NZ :He laser will still support Va population inversion{

i (Figure 8).

Ile most commonly used non-reactor source of fission fragments for:experi-

me
	

purposes is the radioisotope 252Cf, which pontaneously fissions with

a	 life of AUOroximatIS]v 85 veers. (252nf alan dPrava tiv rL-narf-9 i'lo	 -.
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Jf

emission. yielding an overall half life for its decay of approximately 2 6

years.)

A delayed coincidence single photon counting system has been developed
_

r

•

for.the study of the excitation of various gases by fission fragments.

cigure 9 is,a schematic diagram of this system.	 The light pulse caused by
ti

` a single fission fragment passing through the 940 inviewed by a photomulti-

plier (PM 1 ).	 The output of this photomultiplier passes through a fast cross-

over discriminator within the base of the PM. 	 This discriminator' is set high

enough to exclude pulses from the alpha particles and gammas also 'emitted`e

by the source.	 The output of this discriminator is a fast logic pulse/related

in-time to the start of a;fission fragment track which triggers the "start"

of a time-to-pulse-height converter (TPII).' Startit;g the TPH converter

opens a time window of selectable Length during which the system can respond

to a signal from the monochromator)	 The photomultiplier on the monochromator s

i
is operated in the single photon counting mode and produces a fast pulse for

the TPH.	 The output of the TPH is
_
a pulse, the amplitude of which is pro- y

portional to the time between the start and stop pulses.

t
The system call 	 operated in several modes $ one of which is to set the

manochror.:ator on a'spectrum line of interest using an internal electrode to

(

i
electrically excite the gas. 	 The system is allowed to count long enough to

build up sufficient statistical accuracy. 3

The resulting output is a plot of population of the excited state as a

i^	 # function of time,	 All initial peak is caused by the gaumtas which come off

within 10 1 1 soconds of the fission and provide "zero time."	 Gaimias pass
i v

through the 'body of tiie PM tuba and generate this initial pulse.	 The rising 1 =

f portion of the curve i:, t-he excitation rogion during which the fission frag-

ment is passing through the gas and causing excitation and ionization. 	 The
F

peak is followed by all 	 decay period during which the populations of

t; t

i
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a
the excited states decay back to zero.	 From the decay portion of the curve,

w.

it is possible to determine

1.	 lifetimes of excited states, i

2,	 cross-sections for vibrational and electronic doexoitation, .	 a

3,	 colisional transfer cross-sections,

t A.	 electron-Son recombination coefficients, and

any other quantity that is usually measured in time resolved inten-

sity measurements.

Those quantities can be measured for Dither fission fragment or alpha
9

particles.	 The resolving time of the system at present is about 1 .5 nano-

seconds.-
i

2.	 > Results ra

The above descti ;ped technique was applied to a mixture of N2 - and UP 6' f'
t 9

Figure 10 shows the resultsof these experiments. 	 The inverse lifetime of an

excited N2 molecular state is plotted versus the ,total pressure (UP6 + N2.

partial pressor,"Y. `- ks can br noon in Pigu_re 10, for pure_N 2 the inverse
1

3 lifetime is linearly related to the pressure. 	 The lifetime of a state is

determined by depopulation by collisions.	 The collision time is

f X	 1	 : mean free path
t

^ v -	 G	 :_average velocity

p since l is -related to the cross :section a by
(

t
`1

-	 z
1=	 n i particle densitynom''

i

i

and the pressure is related to n by

p - nkr

€ assuming that 1
BkT
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1j	 22 ^^

For this reason, the inverse lifetime should bee indeads linearly related

to the pressure.	 only if the cross-*action , 0 is also a funcozion of pressure,

could a nonlinear relationship be expected,;;

If UF6 is added to the nitrogen gas, a shorter lifetime for the excited I ,•

NZ states is measuredors in other words, quenching of N Z by UFO results.

` in Mews 10 'a still linear relationship is observed# only the slope of the

straight line £,c diff...ent.	 In the above equations the absolute value ofs

a would have to be changed, which is reasonable mince now ccllisionu between

UFO and NZ are added into the picture.	 However, what is harder to explain'`

` j is the apparent threshold for this larger cross section.

Since nuclear pumped lasers nest to be high power and efficient, other
t

systems such as excimer lasers heed to be examined. 	 mho next gas studied
a

therefore was YAP. 	 By mixing No with a florin donor such as Nr3 the XeF
!,	 a

molecule can b! prods4ced. 	 With the addition of No as a buffer gas such I

studies have been done wh ich parallel mixtures of functioning lasers.

Figure 11 chowo a typical lifetime measurement for Xer, while Figure

12 gives a comparison of the measurements taken at total pressures of 300,

500, 700 and 900 torr. 	 By measuring the slope of tho exponential the life-

time can be found.	 The plot of 1/T (Figure 12) shows these lifetimes as a
3

{ function of pressure.	 Additional UFO changed the lifetime considerably.
6

Figure 13 is a I>1oL of the data witik. only 11 UFO added,	 it is obvious that
a

the lifetimA iu shortened by addition of just a small percentage of UF6.

i
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NUCGrfAR' , PUMPED CW-LASiN<, Or THE 3tto-No SYSTEM

by =1

0.1r. t'aeter. M. J.	 10wt,	 R.T. Schneider
• Dep,irtmont of Nuclear Onginoaring Sciences j

University of Florida
datootivillo,	 rlotida 12611

ABSTRACT

The gain for the 63208 laser line for the nuclear excited ile-Ne
S

.

' system has been measured for 300 torr pressure at thermal neutron Flux

levels from 2 x l0y to 1 x lU lan/cm2-sec.	 In order to estimate small !

signal gain, the gain was also measured as a function of input intensity.

For demonstration of feasibility of C14-operation of nuclear pumped

Lasers, a cavity was , operated and lasing was observed. 	 Although the
a

lA.dar output way small, we canc;lude that laving in a GW mode has been }$

achieved with Ile-Nc using moderate neutron flux levels. tt
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INTRODUCTION t^

To show the rv,r=ability of vxeractinil mower from a nuclear reactor

i

t

in the fort" of	 I.tuel	 li'Pub,	 ,t	 i;; mandatory to demonstrate that CW- iclser

action is pDssible.	 Ao tar t the nuclear pumped lasers that have been

demonstrated tu:ed pu)l ;c,9 i kactol ^. it.tvinq extremely high neutron tluxos ats

energy sources.	 Pulse lengths varied with the different experimttnts

but t in all bases, ware a small fraction or a second.	 For engineering
i

applications of these lasers, a pulsed reactor with a high repetition rate

would be required.	 Such reactors do not exist at present, although it is

Yj conceivable that they could be developed. 	 However, it would be much easier

if a steady state reactor, having a moderate neutron flux, could be used.

i This papor described the work done culminating in the actual CW-nuclear 	 -
a

-
i

pumped lasing r!f tiro He-Ne system.t

( t+

tIinglo pat>s yarn expexatntnla, were earned out in two different reaetprs. j

The first, a .,tedium flux tank type heavy-water reactor, located at the d

occrgia la; t-ituto of	 t lo^!htiolugy,	 Wtri u:i4td lxlr tits thermal -neutron flux range t

from l r, 10	 LEY i ;x 10 l n(cm` -zwW	 'I'he ()deer reactor, an Argonaut tylre

reactor Loe"tod =,t th.- Viilvoinity- or Vlorida, wou usad for lower ,theitnal

noutroll	 :lttx :: a'=ali,7iuq from ,? x	 10	 1 a ? x lct l ^ttfulnl-ore,-	 The oveq;lap in

range; allbwc+d e, ni al uion of 0 1v surd taken at each rcac,or.

A.	 Modlum Rux lWac at x,.1ili.htounuromont.:;

figure t z. ow,' t Giv , si" 1 tmnit it al a en n nuvnt	 typical of both reactors.

{ However,	 in the medium flux	 v'tor ' 	it i:, I^,ssiblo to irtadiate larger

' vi>I mks t3a1h	 .1 	 e.rHz.l .h it	 1 Lua,	 .i	 -lit, at ^ ,..o,1 pol t.	 is	 ti	 Riches	 in ,l Lim4Ler

as compared with	 I.l	 alrckt1 ,7	 Ili th y -	 11,%v	 MIN	 I.tcility.	 Ali Ile-No amplifier i

REPRODUCEBILITY OF THE

ORIGINAL PAGE M POOR
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Was located in a throuyhport eluse to the reactor cord, - . Tho amplifier con- y?

aistod of a WALot-C%Oled stainless-stt'e1 tube, terminated by two sapphire

windows,	 It was filled with a llie-No (S ol) mixture of a total pressure of t

t

300 Torr.	 At tho- Out t. lce of the , through1lort a commorclally-availablo

.5mW Ito-No oscillates w,cs located. 	 - Tho amplified ,laser beam was projected
i

onto the entran;;o ;.lit of" 	 tnkmnrhromator and detected by a photomultlplier

tube.	 The rnsultinq photovurront was measured with a picoammeter and con-

tenuously displayed oil an x-y plotter, 	 In the throughporti a maximum neutron

density of 1 x 1014 was available for the 3Na(n,p)T reaction to excite the 9
1

laser gas,

figure 2 shows the results of the ,hilt maasuremont,	 A peak power gain

of 9.84 dB/m for Life neon 3	 2	 laser transition (A	 '6323,28)' was
s	 T>4

1 observed.	 This maximum amplification was achieved at a neutron flux of 2

x 1012nlcW-s.	 AL higher'noutton flox4's, the gain decreased and turned into

absorption.	 Thl:, agrt,e9 with the electtieally humped case where at large

discharge tube eurrent::, the output falls uff and eventually ceases due to

overdriving the later medium,	 'Phis overdriving is a result of destruction

s of the lie 2 1	Witastables by oot,	 i.sions of the :second kind with electrons. 4

f These maamit.'m011ls , • a„ lit-	 to uldls ionulta whsh concerned nuclear
'r^

enhancetnont of an eiootrivally rxviLotI pulsed Ile-Ne laser.'	 The fact that

¢ their lager was tslk -.• ttieaily excited and operated at a lower gas,pres;surc

makes cam{rocist,n ,ttfftculC,	 h+wl;•v,•t,	 the tcaecon why no large gain wan observed

in Chi" older work .%jn bt' found is the f gvt thaL'they were made at a neutron
r

flux of n > 10l"^11/cul-'sve, :whol	 ,	 accotdulil to the, . present measurements, no
1	 '

gain can he ex11e0ted.'

The Motet	,io),o-t; t ism	 to t i10	 i,t:ret	 .unpt i t icr was. 12 mw/cm3 at peak slain,
#•

whale	 4 Y.lt -	nd4f stu 	 wa4	 xti.tclt'd ill 	 fosse light.	 This re-
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lt.	 I,ow 1p^	 ]ux Re'lotor (Min ^ICa.lfiUl lllli•llt li
1

T(!r first exrx-sim ant iudir".Itcd that the nnivernity of Plorida train-
,

ing roactorr a low flux least x• 	
F

l+nlax 2 x it11 "Mvmelnec) would be sufficient ^̂	 r
J	 ...

to continue the raudy of
I

A stalnio.•.	 :itt-0	 ,apsolt	 arlrlar t„ tli,tt	 tnitd proviounly, but uncooled,

was inserted into the huriZontal Lhrouybl )art of the reactor, see Figure 1.

A Commercial helium peon laser was used for the gain measurements. 	 A beam

splitter and a filter holder were inserted into the optical path.

Tile beam splitter, used in conjunction with a pyroelectric detector,

j allowed checking of constancy of tilt; input beam. 	 The filter holder pro-

' vided a means to insert various; filters into the light beam. 	 Therefore,
r

it was possible to menilure gain for vartoutt input intensities.

On tile output side of tho amplifier cell a series of mirrors were used

to project the beam onto the slit of a one meter spectro.neter turned to
i	 11

the first ardor 632M laser wovelength, which ensured that only the 63288 )

laser light would bo det"tt l.i lly the photomultiplier tuba.	 The photomulti- l

plier output wow ami t hied and fvd i1 ,	 one ;.halrnal (A) of a differential .

amplifier while Lhe uQtput of tilt • ltyrovloctric detector was fed into the

other channel	 ill)	 lif Lilt,: diIIviential	 amplifier,	 Lo elllninatu the Possi- -

g^ bilI Ly e1 {Y,II i0t i0htt	 111 tilt• ouLl uL of	 the 1,Lol7e laser beiniu' mistaken for
k w

The	 pit+l•t	 l0tiV1	 lr;eti	 JA 0%1.t •.1	 1110 tlpi't 1'1luttiLy	 fur ;t	 socond brat:ure-

1"ont te,hniglw	 milk ='=Iliont t,t	 tilt-	 1iffv1LAl1ili1 amplif er. 	 "The laser had

fahigh f>aquunoy ntl_w oompournt An its output. 	 This component was also

.1011))1t14'-1	 i'ii	 ti ll,'	 tt+kth	 .•S'lli	 t^	 1'.10.IINf ln •l	 1hHJ	 Jtultil'	 CClllf 1011eJlt,	 OIrL' call	 i Att

` 1Caloulato	 ' Jail.	 111	 t`Iti 	 ;alllv=w41	 .z.	 Litc	 }i4' , J:1111	 1	 found	 In ;A	 Lronsi::;tor T
fi `F

1 circuit.
IF

'1';14 rt.'•Ll fL ;	c+L 	 Llidca' IITt'.L,i}L i'1ili^iil t, 	 c.itt-, ttt•	.ii'Cn_ l71	 )!'.}tj,110	 2a	 -

y^
i REPRODUCIBILITY OF THU

ORIGINAL PAGE IS POOR s
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It.	 1.»+ Mute 14 0-41'11+r t;airt I'1e'46U1fV9k'1lt6

Tile firut .>xi c'r tut► nt Ouli. • .11od 111.111 OW thsivol-sity of Florida tr.lin-

ing reactor, a low t i ttx t vacto (usx 2 x it) 12"/t ' a1f rec) would be sufficient

to continua the t.tutly . + t ik -N.,.

A stalnle:: : A v-1 .ap : tlle . :trell .lr f•t th.tt tvwd proviuuttly, but uncooled,

w4u inserted into the huri zotital thtouytt ) tort of the reacAor, see Figure 1.

A coniareial helium r+ecn laser was used for the gain lttaaAUrementa. A beam

splitter and a filiter holdoz were inutorted into the optical path.

The beam splittere used in conjwtction with a pyroelectric detector,

allowed checkin.11 of constancy of the input limas. The filter holder pro-

vided a mans to in: .ert. vwriout, f iltcrs into the e light beam. T'herufure,

it was ljosxtibl y to Pvayury pain for varl out: input intenz; ities.

on the outl-at aide of the amplifier cell a series of mirrors were, used

to project the 1x am .alto the :;lit of a one mater spectro.seter turned to

the f i rAt ordt • c t. 4::1+n la--.v t wav, • l e-nath, wh i ctt ennured that only the 6328A

laser li•illt wv ► 11A Lit , 	 by the photonultiplict tulto. The photomulti-

plier outi,ut v,:t: am i I i f led and 6A it - otu g citannel (A) ut a differential

.arylifiet wtl.ilc^ tlh' output ut thk 1 •,,iocicctric detector was fed into the

ol-her channel tlt) ,•t t_h::: .tittc • tt•Ittial anlllifier, to e>llmin , etc- the possi-

hill y; •^: 'ti t,.t t.tt..	 to t:u • .^utl .it •)f the ptul)u 1.1::er beine; mistaken for

1'he •	t	 k	 ,	 l.t:.t	 , ,. t	,4•.1	 1	 t.+1	 I,!	 • ,1	 t i,. , 	 - 1 , 1  1 t utti ty	 lur	 a	 r;evoli(l Rk'a',uCet'

11"11 nt.	 t^,hnt ;:1111	 MA01 . ti	 it•t)t	 ,,t	 th. ,	tt	 i t,•t•.	 ttt	 ial atIlpl ifier.	 The laser itred

a hicln tt	 i t •.	 output. 'Mis component was also

atnitl it ie i	 11	 t Ito	 .t.t , i, . • t	 l	 I	 .	 t:.t ► 1	 itt•t	 t 1w. rtui:,l'	 c •t+mlxlnetnt, une • 	 0.111

valculatt • 	 Hait i 	 in	 ti:• t:n. •	 w•..	 tilt•	 !Ni'	 ;. ► in	 t .	 found	 in	 •I	 tralvli!.tot'

circuit.

The	 .-1	 a r;c	 ,rt•.e:,.:I. mt-: ,t 	 tt, ht• .,tin in Fj , rlte 4.

REPRODUCIBILITY OF THIi
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flte:ae nsuavuu+utvuL;; agreed within tvanun with the preliminary meanurc- Y,

ments made at the medium flux reaetot. 	 In addition o these measurements
i

are now extended to lower flux levels,

piffgftt neutl -laetWk-011 -tire 110doutemvilt's clams at the two difforent loca- i

Lions pertain to the neutron flux range betwoun 1011n/cm2see and-1013n/cm2sco.

The uncooled laser. tubes shows ,a maximum yaln at b x 1011n/cm2 sac -while the

cooler laser tube :1huw:1 the maximum gain at 1 x 10 12n/cm2Seca	 Since both
J

measurements tend to agree at the lowerflux levels, it is suggested that
1

this gain curves At higher fluxes are due to the fact that the uncooled tube

(

is heated by the nuclear reactiotsa which is detrimental to laser performance.

It was found that whoa the capsule was cool (start of the run) gain was

(
tI

i'ou td, but after running the reactor at power for a few minutes, 'thus heat-

ing the amplifier, gaits disappeared.	 Then, when the capsule was allowed to

' cool and gain moasun°Tents repeated, gain was again found. ¢	 ;;

The reason that an attempt was made at all to use an uncooled tube is

that the accesu port for 'the low flux re.lcLet is only 1.6" in diameter, while

the one for this medium flux reactor wan G" in diameter. 	 It is difficult

( to reduce the comrloto instrumont package to the smaller diameter, 	 On the #

a other hand, this; reactor offrs, operational characteristics, which are better 3

Lot the neutron flux t.uage of int.orotat than the one of the medium flux reactor

which Is desiytlod to operato at I0 I 'ln/cm2soc,	 and higher.

t ':	 Ill	 oldot	 1.1	 .131.1llo	 that	 I	 ;;tgnal	 deals	 can	 he	 dot eiminod,	 it	 1:.

neL'as;Sarj' . t..	 nit'ntnto	 y.lin	 lot	 vlittrtont	 Illltut	 rntonsitie!;.	 This-was done

with reactor Lvwot.	 l:; 1'ata1nu Lc't ,	 Uuc'.	 to	 Lhe h/auting efti_et,	 the reactor..

Lowy w:a:i	 Io ,tt trLod	 to Lho	 I ill bctwtwn 9 '1110.: 10 KW wht•1-c heating dticl;l
si,

t	 ^ hok	 I todur,^	 a	 C1.11'ta ,l	 Int• a r,t:,,=	 inlhc	 Lebo	 itabprt .hurt•.

+: `ilerrosultr, .1t	 t11,;u meastiienlonte atL shqwl,'in Figure d.	 As can be r
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©00%) $ however, as a consequenev, saturation is reached at fairly low input
\%

levels as well.	 91hutetore, only low j ower laser output call be expected

for a nuclear pum{rd NoNo laser, Which Is In agrebment with the situation

of the dischargo lie- Nu t,aser. t

1ASUR IWITIMIENT

To demonstrate lasing for a tie-Ne nuclear pumped laser, the experiment

as shown in Figure lb was act up.

The laser cavity designed to resonate at 6320R, used _a corner cube

? reflector and a 20 m-radius, dielectric output mirror.

i The corner cube reflector wa;t used in order to reduce the alignment

problems for incori't tractor experintcuLaLicn.	 It was felt that due to the

extremely high x:inyla pass gain, a cotta" cube reflector, instead of a -.

regular laser mirror:, could be tolerated. 	 Although the cavity had singlet .-
b p

t pass losses of 51%, the single pa::s gain measurements indicated this cavity

' would be sufficient to support lasing.

This proved, indeed, to'be the case and Cigure 4 shows the laser out-
l
f

put as; a funct]Qil of neutron flux.:-:	 Inn+ to tha inability to calibrate the'

do€«cation system elor .lbuoint,O United, anly'r.-lative output is plotted.	 A1-
4

though basicl on the nens.itLvtt y of Litt- 13holomultiklxer tube at 6,1289, it's
i

a

}teak output Has ostimatod to b.= a tew mivruWatts.

Phe thte;111nlc{ for Ia.timt 	 in of	 o neui	 un Ilux level of 2 x 10U n/cm2 -Sec . i

After thrvtihold,	 t1w i,lut 	 of Ia.:.r 0111{7Ut	 fulls+wr'the inc^rcane in neutron`
#^

faux.	 '1l to t	 c :.hull	 t unc .tt	 kill	 w.cctuf	 I utvvt ,	 lasitcy cctcr:c+ct due to	 the
d

#

L
heating of tie	 e.tl°.dale ,t^ plr+:irt.lt	 iu thn .rain measurements.

IS. 	s
THE
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CHECKS FOR TASJNci 1 r)

First, a wavelength scan with the spectrometer was performed to insure

that the observed phenomenon in, indeed, a spectrum line, and not -a cutout. 1

of a continuum. 	 Uptical materials, like -sapphire, -which "are used as window #.

material in the present tube, luminesce under influence of nuclear radia-

tion. 6	 This radiation output is also proportional to reactor power and €

could product a similar plot as figure 4, iflowever, the: sapphire lumines-

cence peaks at blue wavelengths and is continuous radiation.	 Detection

of 'a redline would discard the possibility that sapphire light was observed.
s

I The wavelength scan showed several red lines, the strongest being at 6328A.

Next, tile resonant cavity was spoiled and the wavelength scan repeated

Under these conditions, only spontaneous light output can be expected. 	 The

ratio of spontaneous to stimulated output was found to be` istim =60.	 Theret
span a

is 'substantial error in the measurements attached to this value because, R

like most laser lines, the 63289 is a weak spectrum line resulting in a low

E i
spontaneous intensity.	 Howeyer, the error is less than a factor of 60 and

j there is, undoubtedly, a laser Output.
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Figure 1 i ' Uperimental sat-up

Figure 2s Gain vs. Neutron Flux For Cooled and uncooled Amplifier

Figure & "determination of small ]signal uain

Figure A Laver output as a Function of Neutron Flux
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