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ARSTRACT

Results from a data base search of comput-
lzed nuclear structure libraries have been
.ended and augmented so as to axpand the in-
rmation available for nuclei suitable as
rma-ray laser candidates. The spectrum of
:lear levels occurring in det>rmed rota-
>nal nuclei have been calculated and have
mn used In conjunction with isomeric state
:a for odd-A asystems. The results of this
ymentation effort are presented with partic-
)£ _emphasig on results obtained for 1771,
He, and l79HE. For these cases some possi-
¢ interesting casea were idantified that met
*rgy spacing criteria. However, significant
rdrance factors axist Zor them which negate
gir interest for jamma-ray laser applica-
ns.

l__INTRODUCTION

In a previous computerized searchl of ex-
rimentally base~ nuclear structure librar-
3,2/) we .dentified eiglt pairs of nuclear
vals that could be appropriate for gamma-ray
ser applications. fpecifically, such pairs
st conslist of a long-livea nuclear {somer
hich acts as a laser storage state) lylng
ose (within several hundred electron volts)

a shorc-lived state. If two such states
ist, aand the angular momentum difference
tween them is not overly great, then an ex-
rnal radiation source c¢ould be used to ef-
¢t 2 *ransition betwwen them, thus producing
depopulation that could eventually lead to
s.ng.

In addition to identification of these
val pairs, the search of Ref 1 produced a
bulation of iong-lived isomeric states fcr
d-A and odd-odd nuclei. For such identified
ses, some possibility exists vhat ashort-
ved levels could exist nearby that herato-
re had not bheen measured exparimentally.
us, if one were to augment this present ax-
rimencal level data with resuits [rom Cheu-
tical calculations, then rhe expanded set
mprised of experimentally and theouretically
sed lavels may provide new cases ln which
Lteresting gamma-i)ay laser candidates could

found.

We report in rhis pajer the baginn.ng of
e process of level daca augmentarion using
coretical nuclear structure model resul’s,

have concentrated or pernanently deformed
clal (rare sarth and actintde) where simple
dels applicable to odd-A systems are appro-
fate. In the following sections the model
11 he described, nuclet appearing in the
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ijomer:c state list of Ref.l for whizh =his
model is approprilate will be ident:£:n04, ari
results will be presented for :losely spaced
level pairs determined in this study.

4. APPROACH

The methods employed utilize the Dar-L1zla-
rotor model of Bohr and Mottleson,? wni:=h .3
applicable to deformed nuclei and wh::n ox-
ploits symmerry properties ari1%1n3 from nna
deformations. T"ne nuclear shape 1agrees £
freedom of sauchk nuclei .cad 3 reza
bands of nuclear 'wevels which are bu:
the intrinisic starves of the system., 7
‘ne nan specify the parameters of esach
tional band, then one can construct rhe enaryy
spacings, spins, and parities of the :ndivid-
ual levels occurring in the band. We i~cam-
plish this using the particle-rotor model. The
procedure (to be described {n more ie-arl
later) allows one to calculate, given 1 rela-
tively small amount of dava, add.cional na-
zlear levels which may be missing 1n =x:sting
experimental nuclear structure <data bLases.
Such information can then be combined wi*h ax-
isting level data to identify :ases *':“i1= irm
PO3sibly interesting for gamma-ray .aser Ap-
plications.

In cur application of this “echnigpin, *Hha
first step was rhe identificarion ¢ g:in:
associated with the 51 odd-A i1someric :y'as,
listed in Ref 1, for which this modei w1l L'e
applicable. Of the 51 nuclei pressntsi ~Lare,
eleven can be describad using a simple wnpsisn
of the particle-rotor model, Thedm ra " he
care earth nuclet,l53Ha, 165py 16, 1l
P17u, 117He, U194g, 119, 18y, H9, 4ny
the actinide nucleus,?35y, Af“er 1 lear, -
fication of a nucleus a3 appropria’e ! .p *he
particle rotor model, a second «riter: n e
be mmat, namely the lsomer'c state f ;' ajpaxe
must lie at a hiqh enough excitat: n aney gy
rhat a real possibllity mxiats £ new .nmen

sured lavels to he jdentified. n i 4y .. 0

tion these must lle closs to the | =»:r  Acn
extreme example, <2350, appears in v o
tllustrates *rhis point. Hara ' hin o
isomearic atate of interest (whi-h :5 * = f:pa
membar of 'he excited 1-2{f)1) bant (R TN
HO mlactron velis above *he grouant sy - Vand,
The apa-‘nq of the higbter 1,inq inve: Lo b
band (the 9/27, 11/2°, 1Y/} atatea, o + ;n ap
the arder of rans of kilovoir ., et oany
higher-lying band mambera 1dantifief - v Y
thaaret {cal caleculations woujd e e
higher axcitatfion snerqgimg, Theas, TN
Invels (nther than the ground e
within an sperqy spacing that .o,

teraar for A JAMMA-TAY laamt Al v
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gure 1. The band and level structurs of 235U,
iargies of the 7,/2([74]) ground=-stace band
mbors appear on the left; energies of the
2(631] band, which iancludes the isomer, ap-
ar ot the right.

After conslderation of this second crite-
on only J of the 11 nuclei have their known
omeric levels occurring at high erough
cltatlon energy fot there ro be a possiblity
at missing levels can be identified. These
e 1770y (E, = 970.2 kev, JX = 23/2-, half-
fe = 160.5 days), L77Hf (Ey= 2740 Kev, JK =
/27+ halflife = 51.4 min) and L79He (E, =
05.7 kev, J® = 25/27, halflife = 25,1 days).
r thesa nuclei, rotational bands were
enntfied from ex13ting experimental Jdata and
re constructed using the followling particle-
tor expression to complete the spectrum ot
clear levels for each bhand:

E(J,K) = g + (M2/21) [J(Je1)-K2
vB, L 2-0I 2 a0 12, (tn

arm g 1% the single particle (.quasi-parti-
») enmargy, [ ls the moment of inerria, .J l»
» total asgular momantum, K {ts projection
the body-fixed symmetry axis, and a i1s the
srupling parameter. The last term in &q.
I, Ln which A appears, arilses from Corlolis
-aract.imna, [t has bean assumed “hat the so-
llmd reccoil tearm an be absorbed into the
avt-par' icle enerqy. Flnally, band mixing
"mai't 2 hava hean {fqnored,

The solution of FEq. (i) rhen 1equires
wledge of three atates to determine t he
‘a® unknowns (eg, 1, a) for K=1//7 and knowl -
@ af 'wo states to Jetermines ' he ' wo o un -
wna (Eg, 1) for K = 1:2, If tnaaffi.iant
yerimantal (nformat ion axiata (' he ganal
), one can use Nilsaon™ o1 NMila=on-like
calations to complete,as much a1 posaihiae,
1 Yow-lying apecrtrum. Note that the flrst
t memhara of A qlven low-lying band are 1t he

most accurately known exper:mentally. nocun
caseg zhe best possible valiues are *o-a.n2
for €k, I, and a (if K=1/2) proviied =-haz
iues not attempt to calculate band memcers T:°
high in 3spin values where I=I(w). Ancther -2a-
son to confine the calculation of zhe i:sc-rets
level spectrum TO lower excitation ererjy.es .3
that more complex staces than rthose nrea=2d
here arise as the excitation energy .ncreases.
The rode NUKLEV was developed to <arrcy ut
sulutlons of Eq.(l) as just descr:bed.

Table 1 lists for the three cases :onsid-
ered here the rotational band 1nformarn
{bandhead energies, spin, and K juan-
ber) used to producecd the results
the next section. This informacicn wag - aken
from data appearing in Ref 6-7.

Table 1  Band Parameters -
Band Energy Bzandhead Snace
~ ‘k: [) _L :‘nln E:,—.-.--
1171y 0 12 P L
150.39% 9/2 y2*
457.9 5,2 5 2
569.62 1/2 12t
76i.65 1/2 1 2"
970.15 232 PR A
1230.7 12 AR,
1356.9 1572 1, 2t
1502.6 13/2 R
177ye 9. 702 o
321,13 9/2 R
508.1 w/2? ot
559, 4 1.2 o
608. 12 A
745.9 ~e2 A
805.7 Vi (.
157.8 v2 t
1315.4 25,2 R
14)4. 1.2 A
1634, 172 :
1882, 1.2
Hiye 0. V2 .
214, Peg- '
114 .R HE E
h18.4 a2
nid, ;

1an. L '
nn, L v ’
11057 S
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The next step in this process will involve
milar procedure applied to a subset of the
.someric states ldentified for odd-odd nu-
. in Ref 1. Here the chances of successful
wtification of potentially interesting
11 pairs may be increased significantly due
,he complexity of low-lying band structures
juch nuclei. 1In these instances, bandhead
itification may occur through the examina-
| of gystematic trends obtained by studying
coupling of single-particle orbits in ad-
nt odd-A nuclei or tirough use of Nilsson
jle particle orbits. In isolated cages
tied so far, theoretical evidence has heen
iented for the existance of lavels that are
i@ to low-lying isomers, as was done 1n the
} of 158 Ho by Sood et al.8 These inves-
itions will also require informatlion ob-
ied from more microscopic nuclear structure
11 development currently undervay9 that al-
: more realistic specification of contribu-
8 due to residual n-p interactions.
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In this section results obzainei £
17zLu, 177He, and 1794¢ are presented. F-
17 Lu, nine rotational bands were used =ha
resulted in a total of 51 calculated .eve:
extending to an excitation energy of .751 kaV,
Of these, the closest level to -he .5l-1ay
igomer at E, = 370.15 keV was the 3.2 leval
iying ar 962 keV, which has been iden-:f:ed
previously experimentally. No new addi-:ona.
theoretical levels were identified at anerg:es
below that of the isomeric sgtate.
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For our investigation of 17 Hf, data for
twelve bands were used in the =zalcular:on, 2a
condition necessitated in part by the nigh ax-
citation energy (2740 keV) of the isomer. This
calculation produced 127 levels up =2 an exci-
tation energy of 2787 keV as compared with ap-
proximataly fifty levels that are known exger-
imentally. The closest calculated (avel!s to
zhe JE = 37/2- {somer are a 25.2- leve. at
2709 keV and a second 25/2~ level at .74) kxav,
Thus, the closest level is predizted =5 .:e
several kilovolts from the isomer. Even Tore
important are the large changes in sp:n and K
quantum number required to induce a =rins.-:cn
between the isomer and the closest shor--.:ved
level. In this case, AJ = 6 (an E6 “ransi-
tion) and AK~18 exist, which produce over-
whelming hindrance factors for transitions be-
tween these levels,

Finally, for 17947, eight rotational bands
were used to produce 47 levels up to an =nergy
of 1366 keV vs the 26 thar are known experi-
mentally. The closest levels %5 the 25.2°
isomer atr 1105.7 keV are the 17/2- state cal-
culated to occur at Ey = 1105.3 keV and =he
11/27 state at 1131 keV. Although “he energy
difference Letween the lsomer and -he 3-a-e
calculated to exist at 1105.3 keV (s 400 elec-
tron volts (which is attractive from ~he point
of view of the gamma-ray laser cr:*eria {14-

cussed earlier), once again large s3pin ani K
differences wi'l effect.vely eliminare " ransi-
tions between these two leval pairs, In rhis

-ase, an E4 transition and a chaage :n nine
units of K would be required to affe-: 1 "ran-~
sicion.

4. _CONCLUSIQONS

A simple particle-rotor model has teen ap-
plied to augment expearimental levei: far sy ned
in searches for nuclear lavel patrs apprwpr:-

Ate to gamme-ray laser conceprs, TWwo iyl -
:ant probl..ms hampered this effort. Tha f:p.

otcurred because the expecsimenraliy Iermrmine
add-A 1anmeric lavels of (nteraar [ay, ! 2 *he

most part, at luw aexcitation mnamy Noreiow
the mnerqy region where addir: nac ELTELI |
would be predlcted, A more fanfamer ' v b
lem existe in rhat, aven when ~he love, Ly
Iing criterta of less rhan a <) v 0 v

tinn was satisafied, unacceprabi,; o r Ling -
snceas in apin and K quantum numbe: v

batween the membears of the payr, e o
turn produce lLarge hindrance 1.0 4 ' roan
ai' fons hetwean 'he two lave. .



