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two new activities. -The flrst, Wlth a 7O—m1n half- llfe, is belleved to be Tb

is ‘probably Tb
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- ABSTRACT

A series of C12 bombardments on Prlhl has resulted in the. dlscovery of

1&8

The isotope has two gamma rays, 780 and 1120 kev, follow1ng its decay._ The

780-kev gamma, ray is postulated to be the tran31tlon from the flrst exc1ted
level to the ground .state in the even-even nucleus, Gd;haq .The second activity
has a half—llfe of 24 min and has a 305-kev gammsa ray following 1ts decay. It

A? . though this has not been clearly establlshed

ThlS work was performed under the auspices .of the U, S -Atomic ‘Energy
Commission. »

+Present addresse’ Univers1ty ‘Institute for Theoretlcal Phy51cs,
Copenhagen, Denmark. '
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its gamma-ray energies are known.2 None of the Gd.ll+7 gamma, rays appeared in

1k9

the gamma spectra taken with the above sample. The gamma rays .of Gd 7 growing

in from Tbl49 were observed. The inability to see any Gd;u7 growing in from a

pure terbium fraction certainly indicates that the new .activity could not be
lh? 148 has & half-life of about 130 years. ..No gamma rays have been

identified in connection with its'deCay. The isotope is an alpha emitter, and

3 Its half 1life is too long

for growth of its act1v1ty +t0 be seen with samples conannlng orlglnally the

there is also fair evidence that it i'sﬁbeta—stabl'eu

70-m1n activity. v _

The next experlment perfqmﬁd.was a bombardment of PrlFl‘with iOO-MeV
C12 ions. The results from this experlment ‘are discussed more'fully in. con-
nection with Tbllw° Suffice‘it to say that the gamma spectrum in this case
indicated that G4 1h7 ,presumably groﬁingbin from Tb M7, was present in large -

149

quantity, while Tb was definitely absent and the gamma rays assigned to the

70-min activity were present, if at all, to a very limited.extent° ~Essentially
the same kind of evidence was obtained from Nl)+ bombardments on Prlhl.; In
these experlments no chemical separatlons ﬁere made Terblum-lh9 was seenuto
be present 1n an 80=Mev bombardment but the gamma rays .of the 7O-m1n act1v1ty
were not. In a 110-Mev N L4 bombardment the gamma. rays of the new act1v1ty

were very much in evidence, being in greater abundance than the gamma rays of

149. Spectra of the same sample taken at later times dld not show any Gd LhT
present, while Gd;u9 was seen. A 225-kev gamma ray very promlnent 1n Ga 47

decay was definitely absent from this experlm.ent° The evidence from the two
N b borbardments together with that from the Clz exPeriments indicates that

149

" the 70-min activity has a lesser mass number than that of Tb ’ but presumably

greater than 147. In this manner the 7O-min activity wa.s determined to beb
TblAB‘ _ _ R : o : .

-The gamma spectrum obtained in the 75—Mev C bombardment is shown in
Fig. 1. The two gamma rays ass1gned to the decay of Tb 148 have energies of |
780 and 1120 kev. The half—l;ves of the two peaks were determined and found
to be about 70 min. The two gamma rays have thus been assigned to Tblh8ndecay,
not only'on theabasis;Ofﬁthe-VariatiOn‘df theirxinténSities,Mith;bbmbardingr_
.energies, but aiso because of their half-lives. Table I lists the first-.
excited-level energies of even-even nuclei whose neutron numbers vary from

90 to 82.

e
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_Table I ‘

Variation of energy of first-excited-lével with neutron mumber

Neutron Number © - Nucleus : 'y~ Energy of
firsteexcited-level -
. . . of kev
90 | . "G,d;l:b?*'. 123
'Sm%?zn . N -
88 - Ceattt 34k
| st S 337
. 86 | suto | - s62
_ NE&@”‘ : - . koo
8k | nal | 6ok
8o - . : Nd;hz "-' 1.57
Adelho _ 1.596
Ba138 1.43
Xel,36

1.32

The energies quoted for all these nuclei are well established and have
been taken from the new Table of Is’o‘t_0pe,s.;4 The variation of first-excited-
1evel‘energies,offeven—even nuclei with neutron number is readlly noted. As
the neutron number is decreased going from the.region where rotational levels
in nuclei are'observed_tOWard'the.82=neutr9n closed shell, the energies in-.
crease, They begin to aecrease again on the other side of the 82;neutr0n shell,

though this is not shown in Table I. 'Gd;ug,‘the nucleus populated in the decay

148 1Lk

of Tb , has 84 neutrons, the same number as Nd& .+ For that reason one would

expect that theirvfirstnexcitednlevel energies would be somewhat similar in

magnitude. The first excited level inl\T_d.llm has an energy of 694 kev. When

we note another general trend in Téble‘I -~ that is, that the energies seem to

increase with atomic¢ number for a given neutron number--- it certainly does not

: seemHUnreasonable t0 propose that the 780-kev gamme ray in Tblh8 decay repre=

sents the transition from the first excited level to the ground state in Gdlu8a

The ratio of intensities of the two gamma'rays, 780 and 1120 kev, -assigned to
148

Tb is 8:5, after the gamma-ray intensities have been corrected for the
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efflclency of the 3 X 3-inch NaI(Tl) crystal used to obtain the spectra. We
should like to suggest that the two gamma rays may be in cascade, with the
1120-kev gamma ray belng the tran51tlon from a level at about 1900 kev to the
780«kev first excited state. A somewhet analogous case exists in Nd.lLm in
 vwhich a transition of 1490 kev proceeds from a level at 2180 kev down to the
first excited level at 694 kev. .Coincidence work is needed to test this
p0551b111ty. v

-The rest of the gamma rays in the épectrum’were‘feund to decay with
a 4=hr half-life. A spectrum taken approxiﬁateiy 10 hours after the one
displayed in Flglué was obtained showed no peaks at 780 or 1120 kev° Only the

gamma rays of Tb were visible.
The decay curves .of the 510-kev and K-x-ray peaks,were‘resolved and
found to have 70-min components. Thus the YO;min activity must decay both

by‘positrdn,emission_and'by'electron capture,

Terbium-147 _
A new activity with a half-life of 24 min was observed in the 100-Mev
'C12 bombardment:on Prlhl,- As mentioned previously, Gd 4T was known to be
: certalnly'present in the sample produced from this bombardment by virtue of
the identification of its gamma rays, while Tblu9 nd Tb “5 were known to be

absent. Figure 2 shows the gamma spectrum taken of the sample approximately
10 minutes after the termination of the bombardment. The gamma rays of 'I‘blk9
_andﬁTbl%8lare not dbserved.in.the spectrunm, Therevis.a peak at 225-kev which
represents the most prominent gamma fay in Gd;u7 decay. There are also two
other peaks present, one at 145 and the other at 305 kev. The half-life of the
305~kev gamma ray was found to be 24 min. There was a component of about the
same half-life in the decay curve of the 14S-kev peak. Spectra taken at later
times showed the 225-kev gamma ray increasing‘in intensity relative to the.other
two peaks, and at still later times the remainder of the Gd;u7 gamma. rays be-
came evident. The same 24~min half-life appgared as the shortest component bf
beth thé Geiger-Mﬁller'ceunter and the 510-kev annjhilation peak decay curves.
‘Thus iﬁ was established that a new activity with ‘at least one gamma

ray (305 kev) had been found. Also the mzss number of the isotope had to be
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less than 1&8 because the 305«kev gamma ray belonging to its decay was not seen
in the 65= and 75-Mev C bombardments when Tb™ 148 was known to be present. We
would like 4o propose that the new 1sotope is. Tb h7 for the follewing two
regsonss

: Flrst the decay curve of the 225 kev gamma ray Was. Obtalned and it was
found to have an initial 1nterval Jof growth whlch was then followed.by the '
characterlstlc half—llfe of G& h7 The half-llfe ef the growth perlod of the
225=kev gammis ray was found to be between 20 and 30 mln, 1ndicat1ng ‘that pers
haps the gamma ray had grown in from the Zh—mln act1v1’cy° ’

Second, in Fig. 3, which shoWs the spectrum taken e day ‘after mebardp
ment. time, only the prominent gamma rays of Gd h7 decay are seen. Their ener-
gies are 225, 390, 635, 750, and 900 kevs - Smaller peaks are ‘seen at about 1ip,
120, and 500 key,; which represent undﬁdbtedly some. of “the leds intense gamma.
rays of approximgtely the same energles ‘reported .for’ G 47 2 The-: pclnt that -
we wish to eniphasize is ‘that no intense gamma rays; other ﬁhan those of Gd AY

are visible, 1ndlcat1ng that the 2h-min activity Probably does decay te_Gd}hY.



8- | , UCRL-837k

ACKNOWIEDGMENTS

We should like. to acknowledge the help and cooperatlon of the crew of

-the Berkeley . heavy-lon linear accelerator0 The a551stance of the Health

="

Chemistry Department of the: Radlatlon Laboratory in monltorlng and target

transportation is also appréciated.

REFERENCES :

1. Thompson, Harvey, Choppin, . and Seaborg, J..Am. Chem. Soc. 76 6229 (l95h)
2.  Shirley, Smith, and.Rasmussen, Nuclear Phys. L4, 395 (1957) .

3. M. .A. Rollier and. John 0. Resmussen. (UCRL), unpublishedidata.

. 4, Strominger, Hollander, andrSeagerg, Revs. Modern Phys. 30, 585.(1958).



=

9- ‘ UCRL-837k

Fig. 1.
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Gamma. Spectrum obtained in the 75-Mev Cl2 bombardment on Pr
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Fig. 2. Gamma Spectrum obtained in the 100-Mev Clz bombardment on Prlhl.

The spectrum was taken approximately'lo minutes after the termin-
ation of the bombardment.
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Gamma. Spectrum taken a day after the termination of the 100-Mev
¢l2 bombardment on Prill.” The prominent gamma rays in the decay

of Gal*( are readily observed.
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