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- The program at tha Univeraity of Plorida is conoernud with contributing
. to the development of high poWer nuclear pumped lasers. ng:
SN f':'ﬁ- In urdcx tu luarary tho uuo nf a nuclunr roactor as an nnargy ourcu for

a laser syatem._the laner powe; extracted has to conatituta an app:eciahle

_“part of the Leactor powar. ror this reason. demonstration oE feasibility of

_fhxgh powerea nuclear-pumpud laaera should have tha highest priarity.

-i_is suggested that hlqh-enargy output can be achievhd casier by CH. nperation‘m,i,_

:'than by slngle pulse.; This reasoning defineq the direction of: the researchgjﬂ

-as follows: f;;_

_f:;demnnstratc cw output in: Lhe order of watte.dug,

.V:Q%k;Idcntlfy la”er QQSL& whieh are compatible W1th UF by excitnd

- states.lifetime W¢?50?9W?ﬂtﬁtsPhG motivation being the assumption

'thgtjhigheppwgrggﬁnﬁéﬁiéé;arefonIyiachiévhbleﬁﬁyﬁﬁoiﬁﬁéffigéiﬁn'Zfﬁr"”“L'“

' £q;fraqmcnt~sdurce5;ﬂﬁ‘[}ﬁ&u?,le;M1'>344~3'iTg;g,;J;mx,za:-u S

'~.QxamlnG'XLa' xur ana Kry undpr nuclear*“rradlatlon “#o determ;ne lf*?;’lifi

'Trthey dlL g@od CandldﬂﬁLb er'nuclear-pumped 1aqers.-ri




'”ﬁfew years bach.i In this case, input of nuclear energy into the laser was j*ﬂ"

' small c0mpared to the electrionl input. In.the prasmnt work anuattempt wasr'

_”vious experiment. a neutron flux of only 10 neuhrons/sec cm2 was. availb
f?m_able to provido thL nucleaz pcwcr input, which amouuted to a Eew: milliwattﬁ

'(Figuze l)._ In the-pxesentuexperimental snt-up-a neutron: flux of 10"

r_gnbote,,FThe windowaawere=Naclfmounted;at the proPer Brewester angle} 'Tﬁ€}  e

';;;cavity was a1 meter -dong* aluminum tube with’ a 10 mater radius hole~coupled

.gimirror at one end: and one - flat mxrror'on ﬁhe other; Both mirrors were gold

' .-‘?Qatgdféi}ylﬁ*?& (Flgute 3) : i

=afsecondary cantaxnmant as well aa a tadlatlon shleld Both of thesejparts

© NUCLEAR PUMPED CH-CO,-LASER

- ilF Bnckground

A nucleAr pumped C02 Iaser has not heen domonstrated 80, fa:.; However,i;l

o 'nucluar augmentation of au elcctricallv excited laaer was. demonatrated a.

L _mada to reve:so this nituatiqn. This 15 bnsed on the fact. that in the pre= =~ o7

10

f

14 n/cmz ,f,;i..;:.-? .

- .:;_ is availablc. which provides a nuclear pawer input,of up o 1co watts to the SR
llaser when qperatlng at & Peak power (5 megawatts thermal).; Thetreactor~also5ﬁfrri’V
,,!has the advantage of prov1ding a: port large enough,(ﬁ inch diameter) to allow{ S

__ _inaertion of the 1aser (Pigurc 2}.; The lasar system c0nsisted of tive parts:if?

:@gThe la‘vr*waa qn 85 cm. jiyrex watex cooled tube with A 16 win R
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'TH#JZlﬂ"ﬁwffiﬁﬁihgimﬁ:ff. V"f;fﬂff{foimf_ ;3 beEf Zﬂ:i:f3: ﬁf?;:f ﬁanjz;ﬂffdv;jfmff~7 -

U8y Asam Monitors A tharmopile was sed to detormine. lager’ oueQut.rg¢_;igﬁ*“--*
' . i
‘which was recorded by a st:ip,chart_rncordat., To datarminv obnetvad

,'1aaer,t§anh1tlon,'atéaz spectrum analyzer was used, - ©

"“fﬁf-ﬁf"?Rﬁhhits;;*>£:ﬁf-;=ﬁ;;srr?gr.¢:a:

Throa runs at three Pﬂﬁﬁﬁute Of C02 ‘were qade..;&ha g&i'uséd'ﬁonéistud""”'
) premix b Lili8 602=N2:He4 ata total p:esaure ‘of 10 torr.  After |
5gfveri£ication of" 1asar—action, ‘the ptoper amount: ﬂf Hu3 Van addnd to bring
= thﬂ total prcsaanS'up to 20, 60 and 300 torr. ‘Each time a breakdown vcltaga
.xﬁfof 13 KM-DC wns appl;ed across the lnser tuba.r When braakdown occurrad, '

:;the current was ma;ntained at 25ma by changlng the VOltaga a8 necnsnnry.

e Durihg the firsh run at 20 torr total prﬂsfuk! (aea Fignre 5), the

 T1'Ber would operate with tﬁrkreactor At Zore power.' Pt a reactor powet oE

iabout 10 KW or 10 1 n/cm -sac, laser powar output incraaaed 25% with no o

:'fchange,in curront or voltagu. e e e T A T e LR

During the second run of 60 torr total pressure, the laser wou]d not

' ruﬁétbfquw34'

.'fznlbr k down a} zoi

'  3tpowex of dbout'lohw or 1nlln/cm &ec.:'Tho powcr output was lower thau

'that of the.zo toa' run but ih thiq caqe, the 1aser would only run while

L uubjected to nuclear 1rrad1ation. e

The th;rd run_uas at a total prebsure of 300 torr. hﬁ;in_thq secqnd__

:flux oﬁ

2 {f;agd ;¢§§., Thu lah;ng actxon would stop. however, 1f voltage across the
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_7‘9 o
V¢BY°ﬂ_ﬁh°“9h ﬁh9F§;?§!_ﬂ°§‘0 strictly nuclear sustained output at. @
-__,:thq,p:eniurg:gqn;ﬁgg,ﬁo and 300 tore, it is of significanca that the lasar ~ . =

would .run only undgprgq;gpr'i:tndinp;on;; o




Even though there was not a strictly nuclear sustained output at
the pressure runs of 60 and 300 torr, i' is of significance that the laser
would run only under nuclear irradiation.



. SPECTRAL EMISSION OF NUCLEAR EXCITED NOBLE GASES
UL Background
_In order to determine the otficiengy of onergy transfor from the'
' E;Bﬂe(nnwﬁ' nuclear-rLactidu to . and vov. Ladiatiun a. vacuum-ulbraviolpt “ijfl :;J:.é
_-Bpectroscopy systgm wns cmployed. Thc test secbion consisted of a stainless -
. =t¢°¥-sapsu¥e;wiPH.sapﬂhite;WLndowsclpcaged;in;tha_horizcntalothznughpo:t;-;.
-+, OF the University of rlovida fraining Reactor. The radiation investigated .

- was the 172.0 nmrband Of-Xdzt.*thc 355.0 nm band of KxF* and the- 282,0 nm

;Absoluta aptical calibxahion ‘WaE: performed usinq a tungsten
- ribbon lamp wh09¢ Lmiaeian wa5'dete:minud by buth comparison to.a NBS calis-

'"rb:atqdftungstanj;ibbun;snurﬁckﬂnd'aﬁéalibrﬂﬁﬁd'radiomEter;'fThiB'éalihratibnffﬂ*il”

'f:;agwaaacnuplggﬁtﬁ*qfgg;agiqgggalip:atioﬁ;(xssgta;4ddtpm}§p¢;;orm¢aﬁingégna;;a;;gg;v;&:;

to the ﬁwvﬁm 5vétem»usingfn'Standérd‘Duutériumilamp;;fSpeetral scans provided

g{vcxy;;@rgﬁﬁéasilgﬂdbgcfvgd¥b#hﬂéffbrﬁdll?sﬁééiéﬁ?kthdiédfévehkthdugh*ﬁﬁéﬁé

,}optieal'Path:gebmotryﬁiﬁcludbﬁ,oﬁly;a%flaéivﬁv'ﬁirroi'and*no‘eléménts~for"f»f*f

. focusing on to the menochromatory ehtrance slit, - {Figure 6)

3&%} mwﬁx~

‘Using the system desicribed above, Tadiation of cach of the four molecules’

mentioned abééélﬁéf;'axaﬁiﬁéa;**wﬁc*éﬁc£g§?t£&hé ar efficlency from the

"Hiﬂé?fh[bfT:nurleax 11&11110“ o valtqhh nutpuL was derivod from the meaqurcment.?

’ifnL??ﬁfEnl ;papttum 1n:-huwn ity IJquL 7. XU—3Hﬂ-m1xturus Eorming“xéz“were':i

tieasir: o'&S ye;umnt_

't:&"'b hi

*5feffic1cnc1e5 gleator'than 1 pcrcent.'

.“n ¢ oa klumping, UP was added serving at

' ?Z;ffthe sane’ t)mc as tho florine Junuz to xLP and KrP the concentration oﬁ :,,"V,,”

”UP is 1ncr¢as;d, e etticiency of xer is qroarly rEdUCEd- In KrP. acon-
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_ws;?to show thab ur

S
The resultn;of this atudy seem bo indicate that tha:e is an excallent

_ f_coupling betw@en JHL and xe uowever. the coupling batwuen aua and XQBE e

,in poor with efficiaﬂcius of less than on¢ pcrcent, Alao, ha results saam

patible wihh the gases investigated aven at a reasonable concentration.

6 19 a voor subscitute as a florina donar since UF ia 1ncom-J :”
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The results of this study seem to indicate that there is an excellent

coupling between "He and Xe However, the coupling between 31!- and XeBr

20
is poor with efficiencies of less than one percent, Also, the 1esults seem
to show that W, is a poor subscitute as a florine doner since lll" is incom~

patible with the gases investigated even at a reasonable concentration.



e

’? -

 OPTICAL COMPATIBILITY OF U, WITH LASER GASES

’ .' R l- h Backgground

/r

g e e L For'volume sources: for- nuclear-pumped lﬂsera, ur,

'”optian fnr gnseous nuclear fuel.: HPG will depoait'”zﬁo timmntuore energy

"F*;ainto«n;laﬁer'gasathnn.ﬁe3 per neatron interaction. It.is imperative to deter~ i

Ls tha ‘only practical

~mine the. gompatibilityAuﬁ“ﬁwé gns”with?othct iéhér=gnncs., Not only mst thay T

5ﬁc5bc computible An tha conventional’ chemical sanaa, but alac ‘4n an’ extcnded

L onéy namclyf that any'colliaion occurring between the gaaes will not destroy

= the required poPulation invcrsicn.r

“ One way Yo investigate optacal compatibility is to messuLe. the lifa-tlmes*

: "of‘excited states including vibrabional and electronic deexcitation as wcll aafarﬁa

;;ﬁcollisional tranbfer ané recombinatlon cffccts._ c.-:

To make these measuremcnts a single photon coincidence counting systcm -

" has - bccn constructea._ By ﬁddltlon of Urf

t ?1aser gases, their potential for o

'ﬁcﬁnuclear'pumpxng ‘san be-evaluated. B

The system can be operatcd in two different mcdes. Pirst the pumpi :

ofjlaser gases w1th fxsqion Eragmen”s cominq from a Cf 2 source to determine_

eventaJwill r sult in'a population f B

?Tif thc energy ﬂBPO&LLion Erom tlbblOl

'ffcertain statesi

: The sccond made is to adi natural UPG and determlne if L




17

> q
*13s®1 “0D ojzur um: JO UoTAITDPY

A6 INADHH]

‘g ainbtg

heeed -
&

v E

TawuUiAg

;)7—1
REPROD UCIBILITY OF
ORIGINAL PAGE IS pog,'{”

- — e ——



,7umissinn. yielding an. overnll halt lltu for ite. dacay of agproximataly 2.6
;._yaats.)
. -1ﬁ,f¢a;g _ A'dalayedﬂuoiucidengu single photnn.countinq syatem~haﬁ'been*devaldped;~,;,t_'

for. the" Btudy-of the excitation of various: anéa by’ fission fragments.

1o Figure 9 is a schematic diagram of this system. The 1igh;-pulnancausedyby,19%1?
-a singlewfiaa1onrfragmentcpasﬁiﬁq-throuqh thﬁ*qus'is?vieﬁédrbY'dvpﬁbﬁdmulﬁiﬁ'
"”:raPiief"Fﬁllr' The °“tP“t Of'thiﬁ phﬂtomultiplier paauaa thrnugh a fast croas-“?;ifﬁ;
'ﬁf ?ovurndiBér£m1nator wichin~the hnse of the:?ﬂ. s’ discriminator is set nigh

" anoudh. to exclude pulses from the alpha particles and gnmmas also emittad
"”*kbywthe saurce., The" output uf‘thia,discriminhtor isa East logic pulse/related

in time o the start of &’ fisbion fraqment track which triggers the "Btart“

Ry a.time-to-pulae—height vonverte: {TPH).u s&artirg the TPH converter

“fopens a time window of selectablc length durihg which the system can reapond o

' 1t0 a Bighal from the mﬂnochromat'ff' dhe photomultipller on the mnnochromator'::'

.is:operated in thc #Lnglu phbton CQUﬂtlng mode and produces a fast pulse for

“the TPH. The output oF the TPH d5'a pulse, the amplitude of’which is pro-”tjz

'ifffportional to the tlmc betwoen thu start.and'stOP pulses.:*

"_ Th$.system can be ope od in several modes, one of which is:io set”the o

'fmanochronato:;Jn a spectrum 1ine of'interest using;an;internal electrode“to -
‘;' electriaally excite the gas the system is allOWed to count lang enough to;"'
?;fbuild up auffic;ent statistlcal accur'cv e B

“f: The 1ebult ng output is a plu' of populatiOh of'the'éx¢it§aﬁﬁtate éa'él: .
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'"fu#ﬁ205flbﬁ-"“7

th@ éxcitad abatuarducay back to zoro. fpgm the decﬁg_ﬁq:ﬁiqp_gﬁ_;hﬁ cuqu.:_  __ .
- it is pnzaibla to dacarmine 1 | o
.=1l?ﬁ 11fetimcu of excited atntes,_ _;__"' '7:“ " o
;%é; fcr°'3_Bect1°ns fo: vibrationnl and elactroniu dmaxcitaticn,
3 collistonal transfor croms-sectioms,

f ; 4%7 elgctron-ion reaumbinatlon coefficianta, and |

;:§;,_any othar quantity that.ia usunlly menaurad in tima reaalvad 1nten—' “:;?_

,_sity maaluremants.rg

-Thipse - qunntities can be measured for aither Eission £ragmunt ox alpha

' ,f ipnrticle& The resolving time of the aystem at preaent.ia ahout 1 5 nang=

.. Seconds. .

: ! o
:”Q,Pigure 10 shows the results of these experiments., The inverse 1ifetime.o£-an-l,;-*

*;g;gxcited N? molecular statn is plothed versus: the ‘total: pressure (UFG o+ N2

- partial pressurey. “Bs Lan bo 5uon in Piqura 10, for pure N2 the inver%e
"'.-:.;ﬁ:’.lifeta.mn is 11:1ea1:1y rclato& Ly ‘the gmsaure. 'I‘he lifetune of a atate is

- determined by;ﬂepopulatlon'hy-collisions; Thé collision: time is

O e b A
L .;17 ..avaxage velocity

g ‘;lnced Lo t.he __c.mbs, sectim} u by
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R

=r;ggr éLla runsnn, the inv&ran ‘Lifotimo should be, 1ndund. linnnrly telateﬂ
to the pralaure. “Only if the cross=-section ¢ iu also a ﬂunc 1on of pxetuur«.
" -could a nonlinear relationship be expected. . .= . :yauuf-fﬂ”-.
P 3 4 UFG'invaddad to the nitrogen gas, a shorter ;ifﬁtima7£0r the axéiﬁeﬂ'f.é'*.'"f

6 _ |
U 1 Feedre 10 Bti 1 uﬁéa}:’-%:'élatibﬁﬁtﬂp* is observed, only the slope of the =~

’Eiﬂéﬁééatés=l§fﬁbﬂﬁhfﬁdﬁbk;*fh;hﬁhutTQofas;ﬁéﬁéﬁéuinéréﬁtnéghy!ub’ffésuith;aﬁi:?-lﬁ?***

'rst:aight line is diffivent. In the above equation, the absolute valus of -

' -*axu;wauza=have~t¢:be~¢hangea;~¢ﬁi&ﬁf1;reéa§aﬁabiafaxﬁéacaaaﬂccxiiafaaaJsaewaaﬁa-aﬁvva:;ﬁ

N UFG and- Nz are addad into the'picture. Huwaver; what is hardnr to uxplnin

T;gia the appatent threshold “for this 1arqer cross’ section.

stnce nuclear'pumped 1asars nueﬁ to ba'high power and efficient, okhar =

7 ystena s hfaq uxcimer Yaoin Hoed | to B cxamined} :th ext gas studied

::{1*_:71 "ihhorefo:e was rer.' By mixing XQ with a florine doner Buch as NP ‘the XcP "i

3
With the addition of Ne as a buffer gaa SUch

"molecule can'b' pxoducud.

_ btUdiQB have been dmnc whichﬁpaxallel mixtures of functioning lauers{"wv;iﬁfnlEﬂﬂﬁw -

- Figuru 11 bhowq a typ;cal lifetima measutement for xeF, while Figure S

"fiiz givea a comparison of th; muasuremuntb taken at total pressutes o '300,_ o

' 500, 700 and 900 torr.' n, measnrlng the slope of tha exponential thu 1153-7 -

:” tima can be found; The plot of I/I (Fiqure 1?) ahows thase lifatimes as.a _i:;i;“--m"
. iﬁé al ur‘6 changed the lifetime cons derabl ,

n with only l% UF added.

,_Lgutc 13 ib a ploL ui LhL daL

t is obvious that 1F"

. ]the lifetimn in nhortonpd by addition of 3ust a small parcentage of UF6 -
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BRI T L B e SR
NUCLﬁhRéPUHPEﬁ'CW'LASING o THE 3ﬂﬁ4ﬂe SYBTEN

. by .

o R s.nt:ur, M dy Rowe, RaTe Schnadder - =
Dgpdztmvnt of Niclear lnqinonrlnq Sciencea
Lo Andversity of Flopida:
) uuxuaavillu, Morida 12611

’fﬁ; : f”ABSTRAcm:' e ';

The gain Eor the 63283 laser 11nm for the nuclear excited ue-Ne S ?

_ AP

: |

___:r_system haa been measured for 300 torr pzossure at thermal naut:on £lux :

_mvels from 2% 107 m 1x 1014lt/gm2-sec.

lnvorder to esttmnte smnll

g

- signal gaiu, the

:in:was also maasured ag a Eunction of input intenaity.'

ror demonstratlon or teasibility of cw-opcxation of nuclear pumped

L achmved w:.th HQ"’NL usmg moderato neutmn flux levels.




- wmy,,.__uwbm R

"o 5haw thv iva~1b111tv ot uxt:ant:ng ;nwur trom a nuclear rcactor o

“inthe furm of Idhv! llﬂht. \L i maudatu:y to dumunstratu that cw—laau 52;'5'

3

:tho'uuvloﬁn pumpod 1asers thnt hava'been

'aution is posq1bln "Hu Elv

Lf”aemanstratud “nod pull03 lhnctnlt u;van :xtremoly high nequon fluxuq aﬁ

. ...,«1 ‘\
enexgy bourcoa4l'”"

Pulu 'lungthq vuriud Wlth the diffnrenc ehperxm&nLa oy L

*:fbut, in all éase ; wure a small Eraction of a second._ For enqineering

- "applicationﬁ of theae laﬁera, a pulsed reactor with a hlgh repetition :ate .

'*'wnuld he required. _Such reactﬁr% do_not exist at presant. although it%la

N conceivable that thuy'cuuld bo dnvclopvd nowevur. it wmuld he much easier,;V”*_ .

"ffu' a steady btﬂtu Fear tm. havmq a mudt"*"‘-ﬁ “‘—““"“ El“"'

;This papur deb

'thd tho wn;k d

:cmuulminatxng 1n the actual cw nucledr

- pumpcd lasing_uf tl uQéNg,gyst¢m5;

T GATN. MEASUREMEN!

ninglo m'» yain. experigents were carvied out intwo different reactors.

n_::@.a;_;_ um - £1ugtank -ty "'-;,'ﬂf'ﬁ?s“‘-‘-i-‘z_'.ﬁ*?ater-ﬁ.—twﬁétdf; -i.‘wca'tedi'-éﬁ'? t:’hieé}l"

' ﬂ;::The first,‘=

Stesd Loy ch; thuxmai nout;on flux rangc

S in diam

amplifier o



,':_wan locatcd in a, thluughpolt ;1nbe to thu rvaubur core.f The-nmylifiur con=. .
,_aisted ot a watoz-uuolud ataiulcas-qropl tuhu. tarminnted by two sapphi:e

.!ﬁwindowa.r It was filled‘wtth a }uewﬂe (;al} mixtuze oﬁ a total presgure Gf
'-:;300 Torr. At thv ent ranc: nt the throughport a Lummerulﬁlly available
QV;;;;fr' n Smw Haane oseillator W luuatvﬁ.; Tha nmpli(ied laser heam wns projected
L :>;€gontn the entran;viﬂlxt wf a mannvhromntur -angd: detected by a phqtomultiplier*ﬂ*

‘-;-.tube.' The;resultlnq:photowurrent;was-muasnred-wlthra picnammeter andwconw—'

'g,tinuously dxsplayed op an ey plotter. “Incthe thtnughport; a maxiMum neutron e
,fdenaity of l_x 101 ‘was. available for'the 3Ha(n.p)'r renction to ‘excite the

.-._;_‘:1ase: gas.

T?Figura 2 shows. the teauits of thL gain moaﬁuremontﬁ A peak power'gain :

‘of B 84 dB/m fﬁr Lhu nenn 3 #’ p lasur tLanaition (A = 6323 JK) wab '
2 4

ThiS'maxlmum ampiiflcatiufﬁwaa achievad at a neut:on ‘Elux of 2 :

'flabserV;d.f

1012n/cm -a. \L hiqher nuutznn fluxc%. thu g11n decreased and turned into il%fft'

fnbgorptian. Thiu nq:xoq with thv oloxtttvdlly numpv

dfvaue whcrc at large

1;dxschazge tub; hﬂlrcﬂho; thu uutput Lnlla uft and evauLuqlly cedses due to

: overdz;v;nq thcflabnx modxum.' Th:q mvv:;iiv;ﬂg xs a Le utt of destruction.rm

tne Hc 2?9 mv ibleﬂ'by'~ullzaionq nf-the aecond kind with electrons.éi.'

anutnmvnt‘ Gaﬁ'Kp'chmrd:vj tn uldv' louultﬂ whyﬂh (oncuxnod uuclea;

ORIGINAL PAGT ,fs ,1”
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P Lol Flux Kegdtor Gabes Seasugoments 0 0000 b
Sl st espriment Bidicatod __.th-;i":-.--nimz"tnsarisremty of #loclda’ train-

ing runctor. A Inw fIux reactor: {nux 2% ln n/um FQG} would be suffivient

"*foto continue the &tudv at ““”N“

A Jtalnlo“-'ﬂtv‘I vnpqult_ 'ﬁfﬁﬂ}*fﬁnihnfﬂﬁ?' pbevinuqu, hut unuoolcd. e

""ﬁas“inaerted'intu*thﬂ hur: untdl Lhroughpurt uf the reactnr. sue F;qure 1.

A commarcial helium heen laser was “wsed for the gain maaauremants.' n'beam53"7'”

ﬁ*ﬁaplituer &nd a £i1 er?holdﬁr wuru inse:tcd into the aptical path.

Thﬁ bﬂam Evpj.ittl‘.fr, uaed ih con-jmlction With a Pyroelectric. detﬁctor'

IJ??f a11ade checkinq of conntancy of the input buam. The filter holder pro-_

';:vided a means ”o inaort Vaflﬂnu filturﬁ 1nLo tha light bcam.f Therefbre. o

ﬁit-waﬂ p°331b1° to mD“HUfﬂrqain ror'varinu 'tnput intensities{"“ o

: On LhL ohtpun idg of tho-amplifio; uell a seriea-of mxrrors were usad ;,

ﬁto projert the bcam unto tho sllt of a une metL _ _ectronetor tnrned to

:”ithe Ei- t oxdv: uJ*BR la et wuvuluugth. whacn anured_thnt unly the 63283 o

L dQLOLLUJ by Lhc phutnmulnjpllgr tubp

 “ 1asor liqht would b The photomulti-rﬁyl

. ,othe,x:
1lity ot rij?!ﬁ},l'l,ﬂ-.};;.;'

Tho %i«‘ﬁ.*l‘} LI* 1AL



B low Flux keactor Gain Measutoments

The first oxporimnt imdicated that Uw tniversity of Florida train-
ing reactor, a low flux reactor (max 2 x ““zl\/t-'.zﬂOC' would be sufficient
to continue the study of He-No,

A stainless stecl capsule simlar to that wsed proviously, but uncooled,
was inserted into the horizontal throughport of the reactor, see Figure 1.

A commercial helium nccn laser was used for the gain measurements. A beam
splitter and a filter holder were inserted into the optical path,

The beam splitter, used in conjunction with a pyroelectric detector,
allowed checking of constancy of the input beam. The filter holder pro-
vided a means to insert various filters into the light beam. Therefore,
it was possible to measure gain for various input intensities.

on the output side of the amplificr cell a series of mirrors were used
to project the beam onto the slit of a one meter spectroseter turned to
the first order oi28k laser wavelength, which ensured that only the 6328k
laser light would be detected by the photomultiplier tube. The photomulti-
plier output war amplified a;\.l fod i one channel (A) of a differcntial
amplifier while the output of the pyroclectric detector was fed into the
other channel (B) ot Lhis datterential amplifier, to eliminate the possi=
bility of rariatiot: o the outjut of the probe laser beiny mistaken for
yain,

The tacbe Laser used providisd the opportunity for a sccond measure=-
ment technigue indepndent of the lifferential amplifier. The lascr had
a high frequency nolse component in its output, This component was also
amplitied 16 the gain cell. B omeasuring this noise component, one c¢an
caloulate gain 1 thi e way o o the A aain 1y found in o transiston
circuit,

The resulis oi-tnese measuroments can be sceen in Figure 2
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_ Thuru nmabu:vmuut ngzuud.n;thiu reason w;th thu pruliminnry mnaqure-:
nmanta made at thu mudium.flux renutox.-.Iu;qdditinng.thﬂsa_mangurgmengs,
L are now exténdcd'to-lower flux.luvala,,

. Ditiu;cncvﬂ hcthuu Lhﬂ ICAEUECRCNLL - done at the two dlfferunt loca- L

~ tions pertain to the neutron fkuxV”@“ﬂ?abﬂtﬁﬂnn;1ﬂ%§n[cm?ﬂﬁc andflo'-nfémzséé#"'
i@gzpnaap;gd laner tukg_shuys,Q mﬁgimumigﬂiﬁ'ét;ﬁ:x'lﬂ{*ﬂ/cmzsec while fhéﬁf'

_;mcqqlprflﬁgaﬁ tubq;sbqwﬁ_the;maximuh,gain_atﬁlgx,10}?h{cmgsec.';Since;hbth.’. .

;;mehaqggpehtgltehdgﬁqfégzgﬂ.at;t§g 1owgr§fluxwleVais;fitiiéfauggdﬁféd‘Eﬁﬁt'::*"

i thu gain“CurveSJut;hiQher,fluxﬂa arn duc*tc-thé.factfthhﬁ théluhcnﬁiéﬂ tubﬁ-”"'r:'

:ﬁgis heated by the nuul;ar reactiona,which is: detrimuntal to laser performance. S

S Itwas found that whnn chg capsul¢ was ‘ool (start of ‘the’ run) gain ‘was"

- found, but aftul runulng the reactor at. power for a few mlnutes, ‘thus heat-flv'i -
'%;xng the amplitxex, gaiu disappeaxgd., Thnn. when the capaule waa allowud to  :b:

';cool and’ gain mvasurcments rnpﬁatcd. qain was aqaxn found.

Tha reason Lhat an attompt was mado nt all to use an uncooled tuhe is

7Lhat the ﬂLhOHb pozt fo; thv 1ow Llux rudctur iu only l 6“ in'dlameter. whxle

”'the ane for thw mudlum flux rvALtor wah G" in diameter.: It is deflCULt '”J ” -

'”pnaknqe to tho qmaller diameter. 'On the-'

”*ﬂto xeduce the cﬁmploto inthum

B other hcmd,' thi

rua;tol offox» upetatxonal vhdracteristlcs, whlch are bettcr o

'-Lor the'neutzon 11ua'1ange'ot 1nLcleuL than the one ar the medmumrflux,reactor;

'f;whluh is de'lquud'tu n]ofnto at ln Ju,cm:soc and hlger.

mmln. -gn'da‘t' ln\ RT3

_ Uuu tu Lhe hcat;ng efi _3~_ J:“

”} and ?0 hw '




: 800%). huwever. as a cﬂ“ﬂﬂqueﬂhv aaturntion is ruachud at falrly Low inpuh .

N levals as wvll.f Thllvlurbp uuly luw puwvr 1aacr output can bm cxpactud

u\

: for a nucluar pum;od HuNu laaor. which is lu agreﬁment wlth tha situution

:T_”oE thﬁ discharge ne~Na Laser.

l)\bLR I XI‘I‘I(I MET NT

}_ ;Tb_demonstratc 1abing for a Ho-ﬂe nuclear pumped laser, the experiment_ |

- aa shown in Figure 1b was sc.l: up.

The laaer Lavity deaigncd to resonate at 6328&. uaed o corner cuho ;T;_.

~pﬁgre£1ector nnd a “0 mrradius. dlelECtric outpuh mirror.ﬁ

The corner LUbQ rafle;to; waq_usud in urdLr to reduce the alignmnnt

tpxoblums fuL inculﬂ uaqtnt.oxputlmuntnxinn, 1t was fclt that duc tu thu

;V]Luatremuly higly. hlﬂglL pasa galn. S gvzn;; LUbQ refluctor. instead uﬁ

.E{xagulatalasexemxxror 4c¢uldviatoluratcdz' Atthouqh hhe cavity had single

'“pass ‘lasses of 51%, the single. pa%w qdin moaqurementa indlcated,this vavity

' 'deould bo. suﬁﬁiﬁient g 4] hﬂppﬂli laqinq.g;@_;

Thxs pLOVvd, xndvcd, to e The case nnd ELUUIO 4 bhows thv ‘laser outiﬁ"

: E""'pm: as a :funcl‘.x c.;';'x of .':)ti.ut_r_'nn s

éfbnfé?ﬁﬁéﬁfﬁﬁ%idbﬁﬁiuﬁéﬁﬁﬁiﬁnrwun1?=rvlutivafﬂutPUtﬁ_%ﬁplottediﬂﬁ”:“"'

.hnll ll.lm ‘lt' htll IU:IL lm. Tt

¢ gain measurements,

'f__mmonU BILITY O

ORIGINM‘ PAGE. B POOR,

i fo the 1nah111ty to calibratn thc £



'-_Agion.:3,This_ta@iat;ouﬁputputwin;alﬁquroportidnallto'reaetof‘pdﬁér'andif:;'f-u-+

'”*t';ratio of spontaneouq to: atimulated output was found to be Istim,,eo.

7 ClEcKS O RIASING

- First, A-yqvﬂiﬂngﬁhwscqn-with;$h¢ Bp@#;rqunerfwgs;yarﬁo:mgd,tn insute

that. the obsarved phenomenon i, indeed, a spectrum line and not a cutout ..

-of .a continuum. - Qptical mateptals, 1ike sapphiro, which are ‘used as window

o mﬂtﬁFiﬁl-ﬁﬂ?Fhﬂ_Eraﬂent_tuber}iﬂmtnnac¢]Qndarainflueh¢é o£ nuclear radia=

6

G QOu;d_produqtiarsimilar;pint as Figure 4, fHowever, the sapphire luminms= - =

=’éance'FEﬂk5'Bt“51“ﬁ*Wﬁﬁéiehgﬁha"éﬁﬂ*is1cénEihuous*%adiatibﬁlﬂ Dééééti&ﬁﬁfﬂ~-’****

" ofa_red line would discard the ‘possibility thut sapphire light vag’ obserVed;f

’*’iThe wavelength ‘scan showed sevcral ted 11nes, the stzongeat baing at 6328&.

Next. the rgsonant cavity ‘was spo;led and ‘tho wavelength scan repeatedi'yr o

“LUnder ‘these conditionq, only spontaneous 1ight output can be expeched.: The S

spon.:

'rhem'”'_' S

4ﬁspontaneous intqnsity - Howeyor, the erroz iq leas than a factor of 60 and - o

'*ﬂ{*chure is. undoubtndly. u lnsor uutput
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