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CONSIDERATIONS TO ACHIEVE DIRECTIONALITY FOR GANHA RAY LASERS

S, Jha* U, of Cineinnati, Cineinnati, OH
J. Blue, HASA~Lewls Research Center,; Cleveland, OH

Abstract

This study coneerns a2 method of align-
send &f nuelel for 4 pamma ray laser and a
means of zchieving preferential emlssion of
redlation along the crystal exis. These
sensidera '1on5 are inportent because it
is not possible to cchieve pre-
:cniwq of gumpa radiztion in order to
o FhUuUWu male nultiple passes through
ctive peplen, Atomic allpgnment has
a:hin“td by paterials resedrchers who
rede ncrp~“it~ structures composed of

-1ike sinple c“ystals all wlth the
x-enuat101 and all pointing in the
i*rcticw contained in a matrix of
The roposed methed of
igsson oy “adiﬁtion along

“*ﬁdlﬂs is to heve a symmetrle
2ns ar Yhe nudileus hhﬂ 3 geguence
levels of epdn and parity 27 and
spoged sonsng will reduse the
crelted states reguired for

reduce the linewldsh due do
zninx, Mossbauer
s intendsd to test
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T, Introduction

tooiagl Review

snt revisy driticles have indicated

batontial iiffic“’t4es that exist in

ing a ga=ma ray lgser, The state

evledirs of the Lwtcrﬂc‘ions of the

us ara ita surroundings was insuf-

to 2lloyw these who toneeived the
i e Eag lager to foresee

croblens,

.
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the most diffieult of the

< iy rereelved problems, how So obbal
naizy of Inverted states zsulfiedsnt to
wve Inging, 1s s411) with us, There is,
caever, no known fundemental limitatlion to
chi&wing_high depeltles and man's con-
Lnulng olfort to make his power sources
fiszglicw reaétors, fuslon reactors and
grsizle zecelerators) more powerful mey
siredazy oolve thHe inbtenslty problem.
dn ericinally unapgreciated problem,
PP

figztuatineg nuelear interactions with
surranndings that broaden nueleap
225 v Bhe extent that vesonant -absorp-

[P

“Lon and stimulsted emission zre unlikely,
ip vhe subjeet of this peper. The statie
interaction of

the nuelear guadrupsle

rrgpported by HASA Grant: HSG 3091

-

moment with an internal electrin fileld

gradlent 1s considered a5 a means to

achieve: N

1) enercy level splitting

2} desirable directivity of the emitied
gamma rediation

3} a practical phisical material with
geonetry suféable for a laser.

The eonelusion of this paper unforiunately
will not give a solution to z2ll of these
problems but 1s rather a sugrestion as to
what nuclear snergy level configuration 1s
desirable for a gamma ray laser. These
conslderations will serve to puido ocur
Tuture experinsntal research studles.

General Considerations for Populatien
Inversion o
’
To achlesve populatinn inversion of nuelar
levels iz not diffieult 2P one~tabes ad-
vantage of beta decay and niclear iso-

wew*Hn This 15 illustrated with the decay
Uf -‘cn.
1135,
———msen 115d
el
wmdZ, 130m
. 392 keV
Ay
"a
A freshly separated source of 113%? will
dseay into the isomerie level of In and

pepulation inversion will exist foy peveral
hours; eventually the ground state popu-
lation increases and excesds that of the
isomerie level.

Population inversion can be achieved by
nuclear reactlons as shown by the éxample:

a‘c=8b —rrerran Sod
’ 79 keV
;a_‘c=hb- —_‘.:-n_a.._

llhln

M3n (0,5}

725“ -




Fnerzy Reauirements

“he enerpy of the lscmeric level 1s a
sonsideration since the parasitic absorp-
ticn by atomic electrsns is decreased for
noere ensrgetic phatens whereas the cross
seasisn Por st mulated emilssien is pro-
rersichal tok 2 and therefore favors low
encrgy transitions., Another consideration
favoring low energles 18 thut photon
energlies must not be decreased by the re-
e21l of the emitting nueleus. The so-
ealled recollless fraction decreases
sxponentially  with inereasing energy,
basoming neglisible above 150 keV., In
i3 note we are proposing the use of-only
geprtain kinds of nuclear levels because
ane ean thereby achieve: 1) unidirectional
wrznsmission of gamma rays., 2)by removing

II. Proposal

Treasrie Quadrupsle Trensitlons

a radiaticn emitted between nuclear
5 of cpin t=d parity 2% and 0% or O

+ aztuzliy 4nvelves transitions to or
zupiavels ¢f She 2% state since that
i spiits intom =+ 2, +1 and 0. If
e iz gn eleesrle fleld gradlent g

n o4s axially symmelwisz wlth respeet to
T e¢rystal axis shen the sublevels split
25 shown in figure 1, and the three
=ransitions &m = 4+ 2, &m =+ 1, and

Lz = 0 zwe shifted in energy as shown.

/,%ezqn

+2
=1 a2
’, 1 efqQ

Fig, 1 Energy level splitting of 2* level in a
field gradient and also showing the three

transitions to a 07 level.

The angular distributipn of the pamma
rzdiation with respect to the symmetry
axis 1s given. by .

H(e} = % (1 - cos ') for sm = + 2
W(a) = % {1 - 3 cos2¢ + b cos Ile) for
fno=t1

Wie) = 3 (ce~2a + 4 cos“e) for am = 0

These radlation patterns are shown in
Tigure 2. ’

i3

Ams 0

Fig.2 Electrie¢ quadrupole angular distributions
for the three components of a Z¥level.

Combining the inflermation of the two
figures shows that the & = + 1 component:
is emitted alons the crystal axdis with ar
ensrgy E g ~1/ge%qQ . . If the energy
of the gamma ray is not too high and the
Debye temperature of the solld 1is appro-
priate then there may exist a large
frac¢ion o receilless photens. When chne
of these photens interacts wlth another
nueleus In the isomerie state then stimu-
lated emission will oceur. Hovever, only
the am = + 1 transition will have an
en=srgy matceh with the Ineldent photon.
The gamma rays arisins from the other tue
tranzitions would emérge perpendicular to
the symmetry axis.

These ildeas have been tested by carrying
out Fossbzuer zbsorption experiments for
the 2*+0% transition. The absorption of
the recoilless photon in a W82 single
cryatal (hexapgonal eleszz paclted) wnich has
an electric field gradient aleng thz c axis
at each tungsven nugleus gave the resulis
shown in figure 3.9 Only a single com-
penent, sm= % 1, i: resonantly absorbed
when the inciden® photen is eriented along

REPRODUCIBILITY OF TH¥
ARIGINAL PAGE 18 PONR
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¢ axis. A similar result is shown in
igure 3b for $hg, photon of the 240+
swpnsition dn ~ aHf, vhich was abseorbed
in single crystal of hafnium metal,
Logy
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Hossbauer transmission experiment of the
2+4 0% transition in WS, for the case
when the Incident photef s aligned wlth
¢ axls of the crystal.
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Fig.3b S5ame as %a except the 2+..0% transition
[ transmitted in HFf metal single crystal,

In bothl cases the résults confirmed that
the dm = + 1 transition 1s absorbed
parzilel to the symmetry axls.

Filamentary Alienméent of the Huclear
isomers .

It was recognized by the Inventors of
the gemma ray laser concspt that the
alignment of the active atoms on a single
axis could solve the problem of the non-

Xistance of mirrors with which to form a
gavity. UWhisker erystals wore suggested

e o . mean s M w

48 a poussible materials confisuration.7

The idea of the whisker configuration
czn be combined with the anisotrople
distributieon of the 4m = + 1 quadrupole
trensitien, What is regqulved to do this i
an eélecerle field gradient zlong the
whisker filzment and the eryesial structure
ef the {llament to be symmetric about the
whisker axis. The concept 1s shown in

rigure U,
A .
Jamatiz R Amee
¥ A
» LY »® - G A
Azl Amaxt
I >

\h Atvae

éAm::a

AN

Fig.h Schematle illustration of nuclel n Ifsomeric
stares ¢, aligned in flilaments and emitting
quadrupole radiatlon whenan electric fleld
gradient is present and’ is in the filamentary
direction. .

-

Most of the photoens from An=32 and Am=0
transiticns will be emitted oub of the
whisker; those few emltted along the whizler
axls will be shifted in ensrgy from the
am=*1 photons. The zxially directed, am=%1
photens will have less ener:ny spread than
would photons from a deagenerate 2% level,

~

Directionally Solidified Eutectiss (DSE)

Materials sclentists are wverking on the
development of reinforced materials where
the strengthening meubers are filsments or
lumellze of a precipitated sutectis., The
pretcipitates ars single erystal and
alirsed and are often spaced in 2 rather
regular array in the masrix alloy. Such
a material is sheun in figure §, a SEM
view of a directionzlly sslidified rod of
neminal composition Co-15 Cp-20 Ni=-10.5
HE - %035 prepared by V.G, Kim of NASA's
Lewls Reseatbeh Genﬁer.a In this case the
precloltate 1s HIC and the matrix muterial
has been ebehed away to show the protruding
HfC {ilaments.




SEM OF DIRECTIONALLY SOLIDIFIED Agdigional considerations faver the

Co-25N1-5Cr-3A1-8.3 HI-1.1 Zr-0.7 C EUTECTIC ALLOY 0"+2" sequence, 1.e., the iscreric state
(""NASA HAFCO-107 R =" CMIHR should be the 0" and the lower state 2

and both states should bhe above the ground

state. With this arrangement, there will

be¢ no nuclear absorption of the recoilless

gamma rays and there will be no broadening

of the 0 level due to the stochastic

field gradient or magnetic flelds at the

nucleus since a 0" state has no momeni.

The only factor then broadening the 0

level will be the inhomogenous isomer

shift. We prefer the 2% level to be short-

lived, then its natural width will be

far larger than the isomer z:ift, thus an

energy match bdetween the recoilless scamma

ray and the energy difference between

0%+2* s assured and stimulated emission

can occur.

The question as to whether the preferred
nuclear level arrangement exists can only
be answered by research studies in
isomerism. A number of known 0*+2* {scmers
are given below.

ot 1.836 MeVv

0.3ns
. = : hz E—— e e
Fig.5 Structure of directionally solidified 20Ca 2+ 1,524 MeV
TaC-15Cr-20Ni-Co alloy. TR —
The DSE alloy s
solution to the gar juire- g* ,937 MeV  22.8ns
ment for alligned h iirement 7256
of symmetry and an electric field gradient 2* (862 Mev
along the filament can be hieved in ——
either tv ays:
1) the precipitate can have a crystal

structure vhizh has isotropy about a
erystal axis and the crystal axis 1s

O S at ¥ mArusiuse Lo LnEates Cisuiride gt — 1.2158 MeV 3.6ns

LY " 70Ge
a hexagonal cl 2“ 1.039% MeV
2) the precinitate

structure, e.g.,

in the fil i
ential expansi
precipitate and ¢

12 matrix. The st 1in .
Or the crvstal would be expected . iestroy |as _L_____ .821‘ MeV
Hy

the symmetry in the strain directlion and
give rise to ar electric {ield gradilent. .Z:_.._"”3 HeV
Mossbauer absorber measurements will

be made using the HfC reinforced composite

as the absorber f the - i .

the z++0%* transition i; if. 1rf the

HfC has become noncubiec, this should be

detectable in the shape of the absorption

line. Isomeric states with longer lifetimes
should be sought for the gamms ray laser,

Preferred Level Arrancement In addition to the traditional islands of
isomerism, many quasiparticle ites,

As we have indizated, a lonc=lived bandheads of decocurl=d bands and nuclear
1§CT:r nufi N pin juence - Aevels levels with large changes in nuclear shape
2 +07 or 0" = in a } having an may provide the longer-lived isomer
axiai;r-' g:ﬁ'*.-f', ic fiel state of the 07+2* type.
provide direc gamma r

4 EPRODUCIBILITY OF 111
URIGINAL PAGE 1S POOR
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Conclusion

The raticnale for searehing for a

uuclear lscmsr yiith a 0% spip and parity . *

gnd decaying by means of a 0%+2% transi.

tion has been given., At this point no -
suitegble dsomer 1s known. The direction- -
zilvy of emission which a laser requires

san be achleved in filementary structures

<ith symmetry zbout the filementary axis,

Jaterlals vesearch In directionally

B*liuified, precipitate relnforced, alloys

Chould be wetohed for developments whiceh

mEY nave the s'nnetry and electriec field

sredient roguired to achieve directicnal
gammaz ray emission.
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