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Extension of nuclear structure data base sear~hes for gammi-ray laser canrdidates

E. D. Arthur, D. G. Madland, and D. C. George

Theoretical Division, Los Alamos National Laboratory
Los Alamos, New Mexico 87345

ABSTRACT itsomer.c state list of Ref.l for whi-zh =his
model is appropriate will be iden-:f:ud, ard
Results from a data base search of comput- results will be presented for =ijssely :paced
lzed nuclear structure librarles have been level pairs determined in this study.
ended and augmented so as to axpand the in-
rmation available for nuclei suitable as 2 APPROACH
mma-ray laser candidates. The spectrum of
xlear levels occurring in det>rmed rota- The methods employed utilize the par-::!

>nal nuclei have been calculated and have
in used In conjuaction with isomeric state
;a for odd-A aystems. The results of this
ymentation effort are presented with partic-
’r emphasi* on results obtalned for l77Lu,
and For these cases some possi-
'l inLerestinq casos were idantified that met
*rgy spacing criteria. HKowever, significant
adrance factors exist Zfor them which negate
#ir interest for jamma-ray laser applica-

rotor model of Bohr and Mott'l!eson,¥ wn::n -
applicabie to deformed nuclei anrd wh.:n ox
ploits symmerry properties arising f-om onn
deformations. "ne nuclear shape 1ag:-eas

freedom of nauch nuclei .nad o res
bands of nuclear 'wvels which are bu:
the intrinisic stares of the system. Th
‘ne ~an specify the parameters of each :oFa-
tlonal band, then one can construct rhe eneryy
spacings, spins, and parities of the :ndivic-

ons. ual levels occurring 1n the band. We iscam-
plish this using the particle-rotor model. The

1 __INTRODUCTION procedure (to be described in more ite-ai.

later) allows one to calculate, Jiven 1 rela-

In a previous computerized searchl of ex- tively small amount of data, addizisnal na-
rimentally base~” nuclear structure librar- “lear levels which may be missing in =x:s%ing
3,2-3 we 1dentified eigl.t pairs of nuclear experimental nuclear structure ata Lases.
vels that could be appropriate for gamma-ray Such information can then be combined wi"h ax-
ser applications. Cpecifically, such pairs ilsting level data to identify :ases ':=i are
st consist of a long-livea nuclear isomer pPossibly interesting for gamma-ray .aser ap-
hich acts as a laser storage state) lying plications.
ose (within several hundred electron volts)

a shorc-lived state. If two such states In cur application of this revhn pin, *ha
ist, aad the angular momentum difference first step was rthe ifdentifivarioa 1t o4 :le:
tween them is not overly great, then an ex- assoclated with the 51 odd-A i1someri=- :~ yinsg,
rnal radiation source could be used to ef- listed in Ref 1, for which this moiei weil| =
¢t 2 "ransition betwsen them, thus producing applicable. Of the 51 nuclel presenresl "laram,
depopulation that could eventually lead to eleven can be descrilind nsing a4 simple wrps:n
s.nqg. of the particle-rotor mndel, ‘heta ara ' he

rare earth nuclel,l53Ha, 165py vV, o1y,
In addition to identification of these 1174, 177xe, 1194g, L19%, 18%g, A%, ani
vel pairs, the search of Ref 1 produced a the actinide nncleus,255u. Af*mr = lna', -
bulation of iong-lived isomeric states fcr fication of a nuclaus as appiopriasn & o s
d-A and odd-odd nuclei. For such identified particle rotor model, A Second .tirmp: e
ses, some possibility exists vhat short- be mAt, namely The |Somer 'y Stare rf .ivesnor
ved levels could exist nearby that herato- must 11e at a high anough ’kﬂltnl: RN
e hf: or:\o.t “:::nt:.:‘:;mr:nci :hxlp:rplrI:.’:!:‘:llZ; that a real possihiliry mxists £ sow nmen
us . 8 tno 1 [ HE ORI .
rh'nental level 1dlr.a vll:h rn:ult.s tl.--.:;\edth::; :‘:;:dct\:‘;’e“musth'h: gr:nltulstrler_j.'- -n- |_i ) ,\l_-:
tical calculations, then t"he expan . 215 ‘ . ! e
mprised of experimentally and theureticaily ::Er;?: :::m?::. ﬁ'; npnﬁrar ”;L' U “T}"
sed levels may p:n~vide new rases in which | u Lf-- \ 1 polan, T -hl-"l- e
tin amma-iay laser r~andldates coul:l someric state of interest (whi 1 . f"?
Leresting g mambar of the excited 1-2{A11] f.an1: o [

tound. ) mlevtenn veisis above *he groen |l s v - A,

We report in this pajer the Laginn.ng of The apa--nq oE the h{qrnr %i\nq the R
e process of level daca augmentatlnn nsing band (Lhe 9/2-, 11727, 11/, 1|a|r1. L B 1]
enretical nnclear srructure mxiel reanl's, the order of rans of killoveir o, | nnr

have roncentrated e pernatently deformel higher-lying baoid mambers "'P"?‘”' St oo h
vlel (rare earth ami actlnhie) where slmple thaarel i::al cal;ital tons Hnn:d e e
dels appiicable to wid-A asysrems are approe- higher ax:'itation energisg, fhina, - T
{ats, In the fonllowing seci lany the model Isvels (ather than the gyonodl .* o
11 bhe (describedd, nucleil appeaaring 1n | he wlthlin an espnerqgy spacing thar oo

Imimar far a JAMMA-1AY ia%e) ajpi:
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gure 1. The band and level structure of 235U,
iargies of the 7.,/2(74)]) ground-state band
:mbors appear on the left; energies of tthe
2[(631]) band, which includes the isomer, ap-
ar on the right,

After consideration of this second crite-
on only J of the 1l nucleif have their known
omeric levels occurring at high erough
cltatlon energy fof there *o be a possibliity
at missing levels can be ident!fied. These
e 177y (E, = 970.2 kev, J® = 23/2-, half-
fe = 160.5 days), L77Hf (Ex= 2740 Kev, J% =
f27+ halflife = 51.4 min) and L77Hf (E4 =
05.7 xev, J® = 25/27, halflife = 25.1 days).
r these nuclei, rotativnal bands were
sini1fied from mx13ting experimental .{ara and
re constriucted using the followlng parrticle-
tor expression to complete the spectrum ot
clear levels for each bhand:

E(J,K) = gx + (M2/20) {J(Jo11-K2
N "VICI LA TE A YR B RS O IR tH

are ¢¢ 18 Lhe single particle (.quasi-parti-
:l enmrgy, [ is the moment of inertia, .J is
» rotal aAiiqular momantum, K Its projeictlon
the body-fixed symmetry Aaxis, and a 13 the
smipllng parameraer. The last term in &q.
t, in which A appears, arises from Corinlis
-eracl.imns, [t has besn assumed zhat the sn-
llm| recoil term :an be absorbed (ntn 1 he
ssi-par' icle enerqy. Finally, band mixing
'mirt A have hesn frpmiored,

The solul tan of Fq. ({) rhen regqnlres
wledyme nf (hrea nlAtes 1o fmiermine ! he
cae uknowns (e, 1, Aa) for Kel/? and knowl -
j» uf twn stAles 1 cetermians fhe fwn oan -
wina (eg, 1) for K o~ 12, If ananffaicient
yar Imental informat lvn exlala (" he vanal
i®), one can use Nilsaan v Nlla-an-llke
catlatlons ro complete,ss mch a1 potnibie,
v Tow-lyling specrram. Niate VhAal ahe (1w
1 wamhare of A glven low-iying hamwt are [ he

most accurately known exper.mentally.
ases t-he best possible valies are
for €¢, I, and a (if Kal/2) provided A
ives not attempt to calculate bard mempers =< :°
high in spin values where !f=](w). Ancthe: -2a-
son to confine the calculation of the i:s.-et=2
level spectrum to lower excitation erezjyies '3
rhat more complex states than fthose ~:-=2az2d
here arise as the excitation energy :ncreases.
The rode NUKLEV was developed o arry 2.t
sulutions of Eq.(ll as just descr:bed.

Table 1 lists for the three casex :O&s.di-
ered here the rotational band 1nforman
{bandhead energies, spin, and K 3juanzwus
ber) used to produced the results .les:
the next section. This informaz::n was - aken
from data appearing in Ref 6-7.

Table 1. Band Ragtameters -
Band Energy Bzandhead >naze
- ‘k:“ _L Sn-n E:r-.....
1771y 0 142 ~e2t
150.33 9/2 yr2*
457.9 5.2 5 2°
569.62 152 P
716L.65 172 2"
970.15 232 R Ry
1232.7 V1,2 I
1356.9 152 1y ot
1502.6 1372 H I
177y 9. 702 SRR
321.1 972 LIRS
508.1 v /2 oot
559.4 12 o
608. 12 VouT
745.9 Sl A
¥05.7 ird '
1n57.8 2
1315.4 212 U
144, 1.2 v
1634, 12
1882, 1.2
e 0. V2 ‘
214, P '
(14 R [
n18.4 nol
wid, N
1n. (.

wm S L
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The next step in this process wili invoive
milar procedure applied to a subset of the
.someric states ldentified for odd-odd nu-
. in Ref 1, Here the chances of successful
itification of potentially interesting
11 pairs may be increased significantly due
.he complexity of low-lying band structures
ch nuclei. In these instances, bandhead
itification may occur through the examina-
| of systematic trends obtained by studying
coupling of single-particle orbits in ad-
int odd-A nuclei or tiirough use of Nilsson
jle particle orbits. In isolated cases
ilied so far, theoretical evidence has heen
ented for the existance of levels that are
1@ to low-lying isomners, as was done .1n the
1 of 158 Ho by Sood et al.® These inves-
itions will also require information ob-
ed from more microscopic nuclear structure
11 development currently underway9 that al-
: more realistic specification of contribu-
8 dus to residual n-p interactions.
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In this section results ob:zainei ¢
i;ZLu. 177qe, and.179Ht are presented. F

Lu, nine rotational bands were used :tha
resulted in a ctotal of S1 calculated .evel;
extending ta an excization energy of .75) ka',
Jf rthese, zhe closest 'avel to ~he sli-1ay
isomer at E, = 370.15 keV was zhe 3.2° levei
iying at 962 keV, which has been :Jern-:f:ed
previously experimentally. No new addiz:iona:l
cheoretical levels were identified at =rerj.es
below that of the isomeric state.

For our investigation of L77Hf, daca for
twelve bands were used in che -alculat:on, 2a
condition necessitated in part by the nigh ex-
citation energy (2740 keV) of the isomer. This
calculation produced 127 !evels up =5 an exci-
tation energy of 2787 keV as compared with ap-
proximately fifty levels that are known exper-
imentally. The closest calculated (evel!s :=»
zhe JK = 37/2- i{somer are a 25.2° lavel at
2709 keV and a second 25/2 level at 743 ke,
Thus, the closest level is predicced -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 *ransitions be-
tween these levels,

Finally, for 17942, eight rotational bands
were used to produce 47 levels up to an =nergy
of 1366 keV vs the 26 thart are known experi-
mentally. The closest levels %5 the 25.2°
isomer at 1105.7 keV are the 17/2- state cal-
culated to occur at Ey = 1105.3 keV and rhe
11/2- state ar 1131 keV. Although -he =energy
difference Letween the isomer andi zhe a:zave
calculated to exxist at 1105.3 keV is 400 elec-
tron volts {(which is attractive f:zom -he point
of view of the gamma-ray laser n:;:-er:a {14-

cussed earlier), once again large spin ani K
iifferences wi'l effect.vely elimina e *ransi-~
tions between these two leval pairs. inomhas
case, an E4 transition and a -haage i nina

units of K would be required to affer: 1 '.ran-
sicion.

4. _CONCLUSIQONS

A simple particle-rotor model has inen ap-
plied to augment experimental leve. tar sy ned
in searches for nuclear level pairs appropr:-
ate to gamme-ray laser concepts. Two S: (il
cant problisms hampered this effor* . Tha 1
ntcurred because the expesimenrally {mtmrminey
add-A Isomeri: lavals of fntereqar (a4, @ e
most part, at l(ow excitatinn epnerjins 'e|ow
the enerqy region where arllir: ool Lannlg
would be predicted, A more fap lame:
lem exisrs in rhat, sven whan ie love L
ing sriteria of leas rhan & x: | = et
1inn was satistled, anavesprabiip Dar e 1 tre
sacas in spin and K smantam namte: irred
heatween the membars of 1the pasa . Yooy
tnren praduce farge hindrance fyvf . taan e
altions betweren 1ha two lave .,




