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Lifetime and g-factor measurements of the 1T isomer in %°Tc

A. A. Tulapurkar! Pragya Dag, S. N. Mishra! R. G. Pillay;! and J. A. Sheikh
1Tata Institute of Fundamental Research, Homi Bhabha Road, Mumbai 400005, India
?|ndian Institute of Technology, Mumbai 400076, India
(Received 2 July 1996

The half-life (T;,;) andg factor of the 2002 keV 11 isomer in the odd-odd nuclelféTc produced by the
pulsed heavy-ion reactioffZn(%8Si,p3n)%?Tc have been measured using time differential perturbed angular
distribution method. The measurdd,, value is 3.1820) ns. From the observed spin precession frequency
w, of a %Tc recoil implanted into a ferromagnetic Ni host, we obtain théactor to be 0.80@0). The
measured value of thg factor is in good agreement with a shell model analysis carried out using
m(P1yYer) and v(py.Qq,) Orbitals for the proton particles and neutron holes outside $&r core.
[S0556-28186)00612-7

PACS numbes): 21.10.Ky, 21.10.Tg, 23.20.En, 27.64.

[. INTRODUCTION energy resolution of 2.1 keV at 1332 keV. The detectors
were positioned at angles45° and+135° with respect to
Recently, high spin states in nuclei wik=90 have at- the beam direction at a distance of 12 cm from the target.
tracted a great deal of experimental and theoretical attentiorl.he time signal from the HPGe detector was used to start the
Theoretical understanding of nuclear structure in this masgme to amplitude convertefTAC), which was stopped by
region using shell model calculations has achieved considethe primary rf signal of the buncher. The time resolution of
able success under the assumption of a cldid, core, the HPGe-detector—pulsed-beam coincidence setup was typi-
with protons and neutrons as particl@s holes distributed  cally 5 ns for 1.3 MeV. All the measurements were carried
in the 204/, and Bg, orbitals[1,2]. Of particular interest is out at room temperature.
the study of spectroscopy and electromagnetic moments of The experiment was performed in two stefig:identifi-
the N=49 nuclei, e.g.,%Tc, where due to the interaction cation and placement of isomeric statefTc and(ii) mea-
between protons and neutron holes occupying the same osurement of the half-life and factor of the isomeric state. In
bitals a large number of high spin states at relatively lowthe first part of the experiment, tH&Zn target was backed
excitations are predicteld,2]. The spectroscopy of the odd- by 50 mg/cnf Pb and data were collected in list mode with
odd nucleus®Tc has been studied by several groipsl]. eight parameters comprised of energy and time signals from
Fieldset al. [3], using a ¢,3ny) reaction, established sev- €ach detector. In the second part of the experiment the re-
eral high spin states irP2Tc. More recently, using the coiling ®Tc ions were stopped in 3.7-mg/cnthick natural
NORDBALL facility, Arnell et al.[4] have made a detailed Ni. A static external magnetic fielflo,=3.6 kG was applied
study of the ®Tc nucleus. Figure 1 shows their proposedperpendicular to the beam-detector plane to polarize the fer-
partial level scheme. In their study, in addition to a positiveromagnetic Ni host. The data were collected in the form of a
parity band several high spin states belonging to a negativéwo-dimensional2D) matrix (energy vs time for each detec-
parity band were reported. Further, from Doppler shift meator) for both up and down directions of the external magnetic
surements with stacked thin targets, they inferred the predield.
ence of a 11 isomeric state at an excitation energy of 2
MeV and estimated its half-life to be 14 ns. Here we

report our results on the half-life argl factor of the 11 lll. RESULTS

. . 9 - . . .

Isomer In ZTC using time differential perturbeg-ray angu- A. Measurement of the half-life of the 11" isomeric state

lar distribution (TDPAD) method. The experimental results in 9Tc

are compared with theoretical calculation using the shell . ) o

model. Figure 2 displays typicaly-y coincidence spectra ob-

tained from the list mode data. The spectra were found to be
consistent with the level scheme proposed by Areelal.

[4]. In order to identify the existence of isomeric states in
High spin states if’Tc were populated by the heavy-ion %2Tc, delayedy-ray energy spectra gated by different time
reaction ®8Zn(?%Si,p3n)%?Tc with a 2-ns-wide pulsed Si intervals with respect to the pulsed beam were generated.
beam €,,,=100 MeV, pulse separatiorr 100 ng provided The delayedy spectra for the energy range of interest are

by the 14 UD Pelletron Accelerator facility at TIFR, Mum- shown in Fig. 3. The intensities of sevesatays were found
bai. The targets for the nuclear reaction were made fronto show variation with delay time, the most prominent ones
isotopically enriched®®Zn metal rolled to a thickness of 2.6 being 932, 1004, and 1097 keV linésot shown in the fig-
mg/cm?. The y-ray spectra were recorded by four Compton-ure) arising from the decay of the isomers 21/t 8Nb and
suppressed high purity G&IPGE detectors having an effi- 11~ in %Mo, respectively, which are produced in the same
ciency of 23% relative to a’3<3” Nal(Tl) detector and an heavy-ion reaction. In addition, the delayed spectra also

Il. EXPERIMENTAL DETAILS
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a7 71 4787 11~ state. Arnellet al. [4] have argued and assigned this
(67 oy 668 arie isomer to the 1T state in%2Tc. For further confirmation and
-p) v 4048 placement of the isomer, coincidence spectyay(At) were
(159 pisig 3587 (147 3562 constructed from the list data with the first energy gate on
(144 3300 495 .
663 (13 — 3067 v rays feeding the 10 state and the second energy gate on
(139 2637 El o the 1355 keV(10"-8%) ground state transition. The time
636 spectra obtained with the first energy gate on the 636, 663
4z 046 20 ar 200! keV and 485, 495, 545 keV rays belonging to the positive
ot 1355 and negative parity bands, respectively, are displayed in
1355 669 Figs. 4a) and 4b). From Fig. 4 it is clear that the time
ot B R-——e685 : . .
spectrum gated by the energies from the positive parity band
gt kaad S shows only a prompt peak, whereas the spectrum gated by
the y rays from the negative parity band distinctly shows a
FIG. 1. Partial level scheme dfTc. lifetime decay, confirming the earlier assignmé#t of the
isomer to the 1T state.
showed variation of intensity for a number of othgmrays For a precise measurement of the lifetime, background-

with energies 647, 669, 686, and 1355 keV which were ideneorrected energy gated time spectra for varigusys, e.g.,
tified to originate from the decay dfTc, indicating the pres- 545, 647, and 1355 keV lines in th®Tc state, were ex-
ence of an isomer with a short half-life3—4 ns. Consider- tracted from the E,,,t) 2D data. To eliminate the perturba-
ing the near degeneracy of the transition energies in théon of angular distribution due to the magnetic interaction
cascade 12-10" and 11°-10" (see Fig. 1 the observed the time spectra of each detector for both the directions of
isomer in %Tc can be attributed either to the 12or the  external magnetic field were added after matching at the time
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t=0, and are shown in Fig. 5. The time spectra with energycounting time for both directions of the magnetic field. The

gates on 647 and 1355 ke¥Y rays show an exponential spectra of suitable detector combinations, after matching

decay of the intensities. The decay region was fitted to thé¢heir prompt positionst=0), were then added to form the

function sum spectr&T(6,t) andN | (6,t) from which the ratio func-

B tion R(t), defined as

N(t)=P,+Pe M,
[NT(6,)=N|(6,1)]

to extract the decay constantand hence the half-life. The R(t)= [NT(6,t)+N[(6,1)] @

coefficientsP; and P, represent the background and the

counts at timet=0 in the time spectrd(t), respectively.

The extracted half-life for the 171 state is 3.180) ns which

is higher than the earlier estimated value of 1.94is

was formed. Figure 6 showR(t) spectra obtained for the

TABLE |I. Summary of various parameters extracted from the
least squares fitting of the spin rotation sped®@@). Column 3
B. g-factor measurement contains theA, coefficient obtained from angular distribution data,

When the recoils are stopped in the ferromagnetic Ni host2ken from Refs[3,4].

the y-ray angular distribution shows time-dependent modu- A
lations, characterized by the Larmor precession frequenc¥ 2

.7 . . Energy gate A, (angular o
w , due to the hyperfine interaction of the nuclear magnetic o2
moment of the isomeric state with the effective magnetic kev (TDPAD) distribution (Mrad/seg 9N
field Be(=Bpt+Bex) present at the nucleugs]. The 647 -0.07  —0.08  171.945 0.80220)
background-corrected time spectra recorded by the detectors 1355 +0.12 +0.50 169.745 0.81121)
at angles=45° and*135° were first normalized for equal
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FIG. 4. Projected time spectra of the 1355 keV ground state S
transition in coincidence witly rays from the(a) negative andb)
positive parity bands. . L
A =
647 and 1355 keV energy gates. The spectra were fitted by 6 |
the function 1355 keV
5 -
R(t)=(3/4)A,sin2wt), (€))
4 +.°
to extract the Larmor frequenay, . Here A, is the anisot-
ropy of the y-ray angular distribution. The fitted parameter 3
values are listed in Table I. From the measured value of
Larmor precession frequency thge factor of the isomeric 2 F
state can be estimated using the relatiom §
=(gnunBei/f). The room temperature hyperfine field of 1 1 !
%Tc in Ni has been measured to Bg;=—47.8(1.5) kOe 0 10 20 30
[6] using a source prepared by melting radioacti?&lo t(ns)

with Ni. After correcting for the external field of 3.6 kOe

used in our experiment, the effective magnetic field at the FiG. 5. Time spectra of 647 and 1355 keV energy gates in

%Tc nuclear site comes out to be44.2 kOe. With this  92r¢ nucleus showing the half-life of the Tlisomer. Top panel

value of Bgy the g factor of the 11 state in 9°Tc is esti-  shows the spectrum for the 545 keV transition feeding the 11

mated to bet+0.80620). The sign of they factor was deter- state.

mined by taking into account the sense of rotation observed

in the spin rotation spectra and the signfaf coefficients of

the relevanty transitions[3,4]. Before discussing thg factor of °Tc, it is worthwhile to

compare the experimental result with thevalues of similar

TABLE IIl. The dominant components in the shell model wave high spin states in neighboring nuclei witi=49, e.g.,

IV. DISCUSSION

function and their amplitudes for the Ilisomeric state irP?Tc. 9Nb and ®*Rh. The lifetime and they factor of the 1T
state in %Rh have not been measured so [f4. However,
Configuration Amplitude the g factor of the 11 state in®°Nb [7] has been measured
N 3 . to be 0.798. The measuregfactor [g=0.806(20) of the
(P 1A 9or)gli7r2 ¥(Dard o2 0.577 117 (7w (P12 (99 *1¥(e) 1) state in %2Tc (present
7 (P12 190D 152 ¥(Derd) o2 —0.492 work) is very close to the value reported<0.798) for the
7 (P12 1A 9o 132 V(Do) o2 —0.446 117 (7 (P12) (992 ?1¥(ggr) 1) state in ®°Nb. The close
7 (P12 1A 9o 3)152 ¥(Derd) o2 0.325 similarity of theg values measured fofTc and °°Nb would
T (P12 1A Ge) el1ze (9o o —0.262 be consistent with a simple scalar addition of the effective
T (P11 AGe) Jol212 ¥(Ter2) o 0.179 proton and neutroly factors. In such an approximation the
[ (P12 1AGe) 132 (9o o2 0.093 netg factor of the state would depend only on the angular
(P12 1AGe2) Fol10r2 ¥(Ter2) o 0.052 momenta and not on the details of the occupation of the

orbitals.
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0.2 TABLE Ill. Experimentalg factors in the mas&=90 region
taken from Ref[9].
1355 keV ﬁ) Valence
0.1 - configuration Nuclide " OnN
é T (7p1) 8% 59 1/2- —0.274846(10)
o) (vQr) 87314 9/2* —0.2429(7)
0.0 - 1 86314 g+ ~0.241(3)
(7902 9Zr, 8" 1.3587)
9Mosgg 8" 1.4136)
o1 L %R, 8" 1.3875)
b
o0 such a composite state involving the addition of three angu-
PR ; g lar momenta can be approximated in terms of the constituent
et i ’\“ proton and neutron contributions. Tigefactors of the con-
e 021 stituent states which involve the momertaj, with g fac-
torsg,,9,, respectively, are evaluated using the expression,
647 keV
0.1 |
9=(1/2)(91+92) +(1/2)(91—92)
00t }{Ualia+ D=jaliz+ DI+ DL (6)
Q /
-0 + S This formula can be used in the first step to calculateghe
factor of a proton configuration using the effectiydactors
of py» and ggy» levels. This is then combined with the
—02 | . , factor of a neutron hole in thgg, state to estimate thg
"o 5 10 15 20 factor of a particular component in the wave function of the
11" state. Finally, they factor of the 11 isomeric state is
t(ns) obtained by using the relatidi8]
FIG. 6. Spin rotation spectrid(t) for 647 and 1355 ke\y rays
deexciting the 11 isomer in the®?Tc recoil implanted into a fer-
romagnetic Ni host.
g=2 g (A)? ()

Shell model analysis of theg factor I
For a better estimation of thge factor for the 11" state in

9 i i i
“Tc we have made a shell model'calculann with the va whereA, are the amplitudes of the different components of
lence protons and neutrons occupying (Bey/»,19g,) con-

f i .tlgg the inert T \culati the wave function of the 11 state(see Table ). In order to
Iguration space wi gS" as the inert core. The calcula IONS calculate they factor of the 11 state in®2Tc, it is necessary
were performed in the neutron-proton product formalism

. NS to know the effective single-particlg-factor values of
with the Hamiltonian represented by P4, and wgg, protons and theg, neutron hole. Table I
gives a list of the experimentally measurgdfactors for
H=Hpp+HnntHpp, (40 some nuclei in the mass-90 regif®l]. Theg factors of the

ground states ofY 5, and $/Sr,s can be used as the effective

whereH,,, H,,, andH,, are the effective proton-proton, 9 factors ofm(p,;;) and »(ge) levels. For theg factor of
neutron-neutron, and proton-neutron interactions, respedhe m(dg) state, we can use the value of 1.887measured
tively, and their strengths were chosen as given in R&f.  for the 8" state in 7iRuso. With the above single-particle
The calculated shell model level scheme was found to reprag-factor values and the amplitudes listed in Table II, the
duce the experimentally observed energy level€%t and  factor of the 11 state in %°Tc is estimated to be-0.771.
be consistent with the results reported in Hdf. For sub-  Alternatively, usingg(m(gq,)) = 1.4136) as measured for
sequent calculation of thg factor we used the amplitudes of 35Mos,, theg factor comes out to be-0.785. The estimated
the dominant components of the shell model wave functiorg factor for the 11 state in 9Tc closely agrees with the
for the 11~ state which are listed in Table Il. It can be seenexperimentally measured value ©f0.80620).

from Table Il that all the dominant components belong to the In conclusion, using pulsed heavy ion beam and TDPAD
[ (p12) 2 (9e2)*17(gg) ~* configuration. Theg factor of  method we have measured the half-life apdactor of the
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11~ high spin state in the odd-odd nucle¥fdc. We observe ACKNOWLEDGMENTS
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