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High spin states in the nucleus Tc have been identified for the first time via the fusion evaporation
reaction Ni( Ar, 3pn) Tc, at 149 MeV beam energy. The OSIRIS spectrometer with an additional
high purity Ge detector at 162' and several particle detectors were used to measure pp and particle-
pp coincidences, directional correlations of oriented states (DCO s), and line shapes due to Doppler-
shift attenuation (DSA). Furthermore, an angular distribution experiment was performed with the
reaction Ni( C1,2pn) Tc, at 120 MeV beam energy. Some 90 transitions were placed into a
level scheme comprising 45 levels reaching up to a possible spin I = 26h at 11.2 MeV excitation
energy. Definite spin assignments for more than half of the levels were made via angular distribution
coeKcients and DCO ratios. Shell model calculations were performed in a restricted configuration
space consisting of only the pqy2 and g9y2 orbitals. The level scheme can be reproduced very well
up to spin I = 215. The predicted structure of the states is discussed and compared to those of
neighboring isotopes.

PACS number(s): 21.60.Cs, 23.20.En, 23.20.Gq, 23.20.Lv

I. INTRODUCTION

Neutron deficient nuclei with mass numbers A -80—90
and Z &40 have been the subject of intense experimen-
tal eKorts and systematic studies during the last decade.
The isotopes of 34& Z &40 and with N &45 reveal exci-
tations with pronounced rotational bands caused mostly
by prolate quadrupole deformation, centered around the
N = Z nucleus s7ssSr with ~P2~-0.4 [1]. They exhibit in-
teresting features such as shape coexistence, suppression
of pairing correlations, competing proton and neutron
alignments, signature inversion, or triaxiality. These fea-
tures can be understood in terms of either total Routhian
surface calculations, particle-rotor-models, or the inter-
acting boson approach in the O(6) limit [2—6]. Moving
toward the N = 50 shell closure, the N = 46 nuclei show
distinct features of transitional nuclei. Their states can
be described by a simple shell model approach, although
estimated and measured B(E2) values indicate collective,
i.e. , mainly vibrational contributions at least in the low
spin region [7—9]. However, isotopes with N &47 reveal
the classic signatures of a high spin scheme dominated
by seniority states associated with pure aligned single-
particle excitations [10].

Recent heavy ion in-beam studies have given access to
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light Nb, Mo, and Tc nuclei [11—20]. These isotope chains
show the occurrence of the transition between rotational
and single-particle excitation mode at neutron numbers
N=45, 46: Lifetime measurements in the N = 46 nu-
cleus Nb indicate a decrease of collectivity when mov-
ing from the 1qp (one-quasiparticle) to the 3qp states [12]
but in the N = 45 isobar s7Mo an increase of collectivity
was found [15]. However, the investigation on ssMo has
shown that even four valence protons and four neutron
holes with respect to 38Sr50 do not drive this nucleus to
a permanent ground-state deformation [16].

The present work on high spin states in Tc continues
our systematic studies of the Tc isotope chain [19,20] and
extends the investigation of N = 47 nuclei to higher pro-
ton numbers. It should be stressed that the knowledge on
the odd-A isotones s7Zr [21] and ssMo [17] is fairly com-
prehensive, whereas the information concerning the odd-
odd isotones ssY [22] and ssNb [10] is rather marginal.
An extensive level scheme such as that deduced for Tc
here reveals an interesting check on residual interaction
parameters when adding one more neutron hole to the
better known N = 48 isotones [23, 24].

Apart from a P-decay study by Oxorn and Mark [25]
nothing was known on Tc at the beginning of the inves-
tigation. Very recently a preliminary excitation scheme
was proposed by Wen et aL [26]. The experimental ar-
rangements used in the present work and the identifi-
cation of p rays originating from Tc are presented in
Sec. II. The level scheme is described in Sec. III. The
shell model interpretation including comparisons to the
even-even nucleus Mo and the odd-A neighbors Mo
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and si Tc as well as energy level systematics of the %=47
isotones is the subject of Sec. IV.

II. EXPERIMENTS

A. Identification of oTc p rays and pp coincidences

The setup of the Ni + ssAr experiment has been
described in previous papers [16, 18], and therefore
only a brief review is given here. A 149-MeV ssAr
beam provided by the VICKSI accelerator at the Hahn-
Meitner-Institut at Berlin bombarded a 99.98% enriched,
19.8 mg/cm thick Ni target foil. The resulting p ra-
diation was measured by the OSIRIS spectrometer [27]
consisting of 12 BGO Ge detectors mounted in two rings
at 65' and 115' to the beam, and an additional large
volume high purity Ge detector at 162'. Evaporated
charged particles were detected in four 300 pm surface
barrier Si AE detectors and the evaporated neutrons in
seven segments of the NE213 HMI neutron ball [28]. All
particle detectors were positioned at forward angles. Al-
together 2 x 10s events were sorted into a prompt pp
matrix; the p-ray energy range was 50—2500 keV and the
time window 20 ns. The corresponding neutron gated
matrix contained about 2 x 10s events. The residual nu-
cleus soTc is produced in the 3pn evaporation channel
from the compound nucleus Pd. Its overall relative
cross section amounts to 7.7(3)%. PACE2 Monte Carlo
simulations [29] predict 10% relative cross section corre-
sponding to 60 mb absolute cross section. However, soTc
provides more than 50% of all neutron gated events. En-
ergy and efficiency calibrations of the Ge detectors were
performed with s52Eu and x33Ba standard sources.

Intensity relations between different particle-pp co-
incidences were inspected to assign p-ray cascades to
the various residual nuclei. Therefore gates were set
on either known or unknown strong transitions in the
pp, npp, 2npp, pry', and pnpp matrix. The intensi-
ties of various transitions in these gates were used to
calculate intensity ratios, such as R„= I(pp)/I(npp),
R2„= I(pp)/I(2npp), R„= I(pp)/I(ppp), and R„„=
I(npp)/I(pnpp) This gating .procedure was used to rule
out contaminations due to doublet structures in the to-
tal projections of the above-mentioned matrices. Yields
of transitions in gates on strong p rays in Mo,

Nb, and Tc reveal calibration points for B„and
are represented in Fig. 1 as ~ on the left-hand side of the
figure. By setting gates in the npp matrix, we found Ave
new p-ray cascades. Figure 1 shows the values of R„ for
the three strongest sequences, depending on the transi-
tion energies; the large symbols on the right-hand side of
the figure (*, ~, and *) reflect &he weighted mean of R„
within each cascade. As indicated by the dotted lines, the
three sequences are consistent with 2p, 3p, and 4p evap-
oration, respectively. After that, we compared the ratios
R„and Bq„of the unknown cascades to the correspond-
ing calibration values originating from "Mo, which is the
only known [15] neutron reaction channel with a sufficient
cross section. As a result, the three cascades were found
to have neutron multiplicity one [17], whereas the other
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two sequences, which were not included in Fig. 1 yield a
distinct enhancement of the 2n yields. Therefore assign-
ments to s Ni( sAr, 3p2n) Tc and Ni( Ar, 2p2n) Ru
could be made for these two sequences [20]. None of
the cascades in Fig. 1 were observed in the n-gated
matrix and, hence, they can be unambiguously as-
sigrled to Ni( Ar, 2pn) Ru Ni(ssAr, 3pn)s Tc, aild

Ni( Ar, 4pn) Mo
Neutron gated pp coincidences, intensities, and

summed energy relationships were used to locate the var-
ious transitions in the soTc level scheme. The level en-
ergies E~ and the connecting p rays E~ can be found in
the left-hand side of Table I. The E~ values given are the
weighted means of several peak fits to different spectra.
The level energies were calculated by performing an over-
all least-squares fit to all placed p-ray transitions with
the computer code LEFIT [30]. The intensities given in
Table I are calculated relative to the 994-keV transition
and reflect mean values evaluated from matched yields in
either the npp projection or clean spectra. Intensities of
transitions with E~ &400 keV were corrected for timing
effects as described in [18].

Four p-ray spectra taken under diferent gating condi-
tions are displayed in Fig. 2: Fig. 2(a) is an npp-spectrum
gated on the 218-keV 13 ~12 transition illustrating
the negative parity band. In Fig. 2(b) the radiation
summed over all 12 OSIRIS detectors was gated with an
evaporated neutron. This spectrum shows that Tc is
the strongest neutron evaporation channel. Figure 2(c)
displays the positive parity side with an npp-spectrum
gated on the 216-keV 15+ —+14+ transition. The last
spectrum is a gate on the 462-keV transition depopu-
lating the 9805-keV state. Despite its position at the
top of the level scheme and hence, low relative intensity,
one can detect even the coincident high energy p rays at
1442, 1663, 1722, and 2301 keV. Furthermore, this cut
illustrates the efBciency of the neutron gating leading to
a background level near zero.

Apart from the possibilities of identifying new iso-
topes and constructing their level schemes this experi-
ment yielded information on lifetimes via Doppler-shift
attenuation line-shape analysis. For example, the slight
broadening of the 430-, 462-, 804-, and 1288-keV lines

I I I I I I I I I I I I I

0 600 1200
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FIG. 1. Ratio of yields without and with one proton gat-
ing condition for some cascades. See text for details.
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TABLE I, Excitation energy, transition energy, angular distribution coefBcients, DCO ratios, and spin assignments.

E [keV]

is2.6(s)
s4o.4(2)

494.1(1)
993.7(1)

1O2S.9(2)
1485.9(1)

1613.9(1)

1632.0(1)

1698.8(2)
1938.6(1}

1995.1(1)

2186.5(1)

2248, 0(2)
2537.4(1)

2557.9(1)

2600.5(1)

2vvs. v(1)

2946.8(1)

2982.1(1)

3167.8(1)

3201.2 (1)
3383.3(1)

3405.8(1)

3488.7(1)

3593.1(1)

3673.0{1)

4486.6(2)
4512.2(1)

46SV.2(2)
4864.9(2}

5599.2(2)
5651.3(2)
5706.0(2)
5808.3{2)
6338.7(2)

E~ [keV]

48.8(1)
187.8(1)
2s6.8(s)
494.1(1)
499.V(1)
99s.v(i}
683.5(1)
492.1(1)
991.S(2)
620.2(4)
1119.8(1)
608.1(1)
1137.8(3)
1204.4(4)
452.6(1)
944.9(i}
296.3(1)
363.3(1)
381.3(1)
509.1(1)
1001.4(1)
191.6(1)
ss4.4(i)
1192.8(5)
309.5(2}
598.9(1)
1051.5(1)
371.4(1)
S62.8(i)
413.9(1)
605,2(1)
ivs. o(i)
217 7(1)
s89.3(1)
780.6(1)
837.1(1)
409.4(1}
698.9(2)
1008.5 (2)
381.3(1)
424.2(1)
221,2(l)
6so.4(1)
1229.0(1}
6oo.9(2)
215.5{1)
845.8(1)
238.1(2)
868.4{2)
28v. s(1)
so6.s(i)
vis. i(1)
930.6(2)
18V,4(1)
21o.i(4)
42s.s(1)
184.2(1)
sos.o(2)
897.4(1)
1103.0(1)
919.1(i)
1128.8(1)
964.2(i)
sv8. 1{i)
1481.9(2)
1087.1(1)
1139.1{1)
1068.8(1)
2O9.2(2)
1473.8(2)

Ire
at 65

si(6)
s(s)

iso(s}
55(3)

1000(31}
ss(s)
139(S)
14(s)
7(2}

33(2)
ss(s)
24(6)
9(s)
32(2)

554(17)
7(3)
26(6)
21(4)
9v(9)

423(14)
49(s)
33(l)
v(s)
9(2)

182{6)
29(2)
24(2)
295(9)
s4(s)
sv(s)
4s(s)

258(1G)
19(s)
103(4)
41(2)
i4(1)
7(2)
i9(4)
16(3}
6s(6)
2v(2)
26(s)

288(iO)
24(s)

249(10)
ii9(s)
s(2}
i9(4)
i9(2)
43(s)
8v(s)
29(2)
s4(s)
9(4)
83(s)
ivs(v)
2o(4)

402(14)
17(2)
77(3)

24O(8)
443(14)

io(2)
2s(2)
22(2)
200(7)
286(9}
20(4)
i9(2)

A2

-o.ss(2)

-o.6o(4)
-o.s9(6)
o.si(2)
0.31(8)
-0.51(3)

0.28 (6)

-o,ss(i4)
o.so(s)

o.s8(8)
-0.36(3)
0.31(4)

-o.sv(4)

-o.ss(2)

c
-o.ss(2)

0,39(6)

-G.52(11)

o.si(s)

-o.2v(2)

-0.50{4}

0.34(3)

o.so(12)
d

o.so(2)

o.2s(4}
0.34(3)

A4

o.os(s}

0.16(5}
-0.04(8)
-o.o6{2)
-o.os(8)
o.io(s}

-0.02(6)

-0.09(16)
-0.08(3}

o.os(9)
0.08{3)
-o.oi(4)

0.08(4)

-o.oi{2)

o.o2(2)

-o.o9{6)

o.i9(i4}

-0.01(4)

0.08(3)

o. io(4}

-o.os(3)

o.o8(13}

-o.io(2)

-o.os(s)
-o.o8(4}

o.2s(,')

o.2o(,')
o.s(2}

o.is(4)

-0.05(87)
0.06(6}
0 2(1p)

0.07( )

o.o8(s)

0.06(3)

o.oo(', )

0.14(6)

&Daa

0.40(14)

i.o2(v}
i.ov(is)
o.so(v)

0.82(18}

0.95(6)

i.i2(9)

i.io(2s}
0.59(6)
i.is(12)
o.8s(v)

o.ss(v)

o.4v(v)

0.64{12)

o.ss(v)

o.92(is}
0.43(17)

o.44(is)
1.00(8)

o.sv(6)
1 ~ 15(12)

0.39(10)
0.76{18)

o.62(v)
o.sv(9)

O.99(i9}

1.28(11}
0.98(9)
i.o2(v)

o.96(io)
i.o2(io)

Gate~

B
B
B
F
A

A
A
A
F

A
A
A
A
A

A
A
A

C
E

C
C
D

C
D

Multi-
polarity

E2/M 1

E2/M1
E2/M1

E2
E2

E2/M 1

E2/M 1
E2

E2

E1
E1

E2/M1
E2

E2/M 1

E2/M 1
E2/M1
E2/M 1
E2/M1
E2/M1

E2
E1

E2/M1
E2/M1

E2

E2/M1
E2

E2/M1
E2

E2/M i
E2/M 1

E2

E2
E2
E2

E2
E2

I~b
i f

4--[6+]
5 —+4

5--[6']
9+—+8+

1O+ 9+
10+~8+

7 ~5
11+—+ 10+
11+ 9+

[io+]~io+
[10]]~9+

9 —+7

9 ~9+
[io3+] 9+

12+—+ 11+
12+—+10+
11 -+ [103+]
11 -+9
11 ~[10~ ]

11+
11 —+10+
112 ~11
112 —+9

11 —+10+
[122~]~12+
13+~12+
13+—+11+
12 ~112
12 -+11
122 +112
122 ~11
13 ~122
13 —+12
13 ~112
13 —+11
13 ~12+
13+~13+
13~~[12~ ]

+
132 ~12

[132 ]~122
[13,]~»

14+—+13+
14+~13~
14+-+12+

[»3 ]~»,
15+—+14+
1S+~13+

[14+)~14+
[142~]~13+

14- [1S, ]i4- [13;]
14 —+13
14 —+12

15]~[14~ ]

15 ~15
152~~14+
15 -+14
15 ~14+
15 —+13

[16+] 1S+
iV+~15+
17+~15~
17 ~15

[iv+] [i6+]
[17~]~15+
[18~]~17+

19+—+ 17+
19 -+17

[19+j [18+]
[19~3]~[172 ]
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E [keV]

6455.3(2)

6884.9(2)
6994.0(2}
7373.5(3)
7439.7{4)
7678.9(3)

8394.5(4)
S757.O(3)

9342.4(4)

9804.5(5)
11246.7(7)

E~ [keV]

647.1(1)
803.9(2)
429.6(1)
1288.0(1)
1722.2(5)
445.7(3}
305.4{2)
134O.2(2)
954.8(2)
1O77.S(5)
1872.2 (3)
2300.8(3}
585.7(2)
1663.0 (4)
462.1(1)
1442.2 (2)

Irel
at 65

17(2}
13S(6)
39(4)
169(6)
11(3)
4o(2)
s(2)
15(1)
2s(3}
5(2)
12(3)
1o(2)
33(4)
1o(2)
36(4)
23(4)

A2

O.27(4)

c,e

TABLE I. (Continued).

A4

-0.04(4)

RDco

0.52{18)
o.73(1o)
0.87(14)

0.73(14)

O.65(14)
1.O5 {21)

S
C
D

A
S

Multi-
polarity

(E2/M 1)
(E2/M 1)

E2

(E2/M1)

(E2/M1)
{E2)

Isr l~ b
i f

(2O+) [19+]
(20+1~19~
{21+)~(2O+)

21 —+19
[202+]—+ 19+
[22 ]~21
[21~+] [20~+]
[212 ]~[193][»] [»]
[22+]~[212+]
[22+]~ (21+)
[22+]~ (20+ )
(»+}-[22+]
(23+}-[»~+]
(24+ ) (23+ )
(26+) (24+ }

A: 994 keV, B: 945 keV, C: 1229 keV, D: 897 keV, E: 964 keV, F: 608 keV, S: sum of 994, 945, 1229, 846, 1129, and 1139 keV.

Square brackets reflect spin assignments proposed by theory and yrast arguments.

Doublet structure with transitions from Mo.

Doublet structure with a transition from Mo P-decay.

DSA line shape.

in Figs. 2(a) and 2(c) and the broad distribution of the
446-keV line in Fig. 2(a) are indications of short lifetimes
below some few picoseconds. Furthermore, directional
correlation of oriented states (DCO) ratios here defined
as

I(p1 at 162'; gated with p2 at 65', 115')
I(pt at 65', 115'; gated with p2 at 162')

have been evaluated to suggest the multipole characters
of the transitions. The intensities have been corrected
for the efficiency of both observing and gating detector.
About 4 x 10 events were sorted in the DCO-pp matrix.
Only E2 transitions were used as gates. Some 40 DCO
ratios are given in Table I together with the adjacent

gate. The expected values are BDc0=1.0 for a stretched
E2 transition and RD00=0.5 for a stretched AI = 1
transition.

B. Angular distributions

An angular distribution experiment was carried out
at the Van de Graaff tandem accelerator in Cologne in
order to make spin parity assignments. The reaction
ssNi(ssC1, 2pn) Tc was used at 120 MeV beam energy.
The target was a 99.98% enriched 16.3 mg/cm thick
ssNi foil. As no ns isomers were found in 90Tc in the
experiment described above, possible attenuations of the
angular momentum alignment due to the internal ferro-

1000— Gate 218 keV nyy
~ Mo57

500-

210—

500-

0

50--

Q
CV,

IV,'™'SQg ~ Fv

10- g

~lg~gi~iiliJ '

1000-

X

C3 h
Total pro]ec tion &yy

' Gate 216 keV oyy
X

d
Gate 462 keV oyy ',

I IG. 2. Prompt npp spectrum from the
Ni + Ar reaction (b) and npp coinci-

dence spectra in the OSIRIS spectrometer
with gates set on Tc lines: (a) 218 keV
13 —+12 transition, negative parity side;
(c) 216 keV 15+ -+14+ transition, positive
parity side; (d) 462 keV (24+)~(23+) tran-
sition, sr=+ high spin region. The numbers
given in the spectra are the peak energies in
keV.

1

200
I

600 1000 1400
Ey fkeVj

I

1800 2200
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magnetic field were neglected. Four Ge detectors were
used to detect the p radiation. They had relative efIi-
ciencies of 25—55% and energy resolutions of 1.9—2.1 keV
at E~=1.3 MeV. One detector was fixed at 125 relative
to the beam to monitor the beam current. The other de-
tectors (Dl—3) were mounted with relative angles of 55'
and 45' to each other, scanning the regions from —90
to +10' (Dl), —35' to +65' (D2), and +10' to +110'
(D3). In addition, two large volume NE213 neutron de-
tectors were located 5.5 cm below and above the beam
spot in order to take the p-ray angular distribution in
the ln-gating mode. Furthermore, a planar Ge detector
was used as a low energy photon spectrometer (LEPS).
This detector was mounted at 142' and operated within
the energy range 20—150 keV and in coincidence with the
four Ge detectors and the neutron detectors. LEPS cali-
bration was done with a z Am source.

Corrections of the intensities of the individual p rays
were performed firstly for the beam current with p-ray
yields measured in the monitor detector and, secondly,
for ADC dead-time efI'ects. The three movable detectors
run at rates of approximately 10~ counts leading to ADC
dead times of about 30%. In case of the fixed detec-
tor these values were reduced by a factor of 3 due to the
smaller solid angle. A possible asymmetry of the chamber
and angle dependent p-ray absorption were checked with
spectra from long-living activities and Eu and 33Ba
sources and by comparing the yields of transitions from
reaction products at —35' and +35' in detector D2. The
mean of the ratio I(+35')/I( —35') amounts to 0.99(l).
No asymmetry was observed with the activity and cali-
bration spectra. Only at one position an enhanced ab-
sorption was found for E~ (150 keV due to the target
frame. Subsequently, the intensities in the three movable
detectors were matched to each other. This procedure
yielded data points at 12 difFerent angles between 0' and
90'. The left and middle parts of Fig. 3 show some exam-
ples of least-squares fits to the data using the Legendre
polynomial formula [31]

I

994 keV 10+~8+ 216 keV 15+ ~14+
1 100

0.'F-

1139 keV 19+-+17+ 1001 keV 11 ~10+
n-gated

:- 15+-14+ n-gated

q 100

tion which is in excellent agreement with its fitted value
a.=3.2(3). The y2 analysis [36] of several transitions is
illustrated in the right part of Fig. 3. The full curves cor-
respond to the analysis with the calculated o' or o.z/n4
values. The dashed ones represent their upper and lower
limits. The resulting mixing ratios given in Table I refer
to the absolute minima of the first curves with the er-
rors extracted from the crossing points of the latter with
the 0.1% confidence limit. Only the minima with b -0
were considered, since large E2 admixtures to AI = 0 or
AI = 1 transitions (6~ oo) are unlikely due to the sim-
ilarities of the wave functions of the adjacent states (see
Sec. IV). The change in parity was marked with the mix-
ing ratio of the 1001-keV 11 ~10+ transition, which is
consistent with zero. If it was a mixed E2/Ml transition
the mixing ratio should be distinctly diferent from zero
due to its large transition energy. For example, the mix-
ing ratio of the 713-keV 14 +13 transition amounts
to 8=0.39(10). The DCO ratios were consistent with the
results of the angular distribution measurement and even
the mixing ratios deduced from the DCO ratios and angu-
lar distributions are in very good agreement [37]. There-
fore the DCO ratios allowed us to assign multipolarities
to some 20 more transitions. Spin parity assignments are
given on the right-hand side of Table I. Values in square
brackets are suggestions arising from theory, which will

be discussed later on.

W(O) = Ap + A2P2(cos 0) + A4P4(cos O) ~
L
v 'I

608 keV
n-gated

r 11--10

192 keV 11~ ll —i 100

These fits were deduced from two angular distribution
least-squares computer codes named AD [32] and CHIPLO

[33]. The A2 and A4 values listed in the middle of Ta-
ble I are the fitted numbers corrected for the attenuation
due to finite solid angles of the Ge detectors [34]. Mixing
ratios b(E2/M1) were evaluated for 12 transitions in the
phase convention of Rose and Brink [35]. The determi-
nation of b strongly depends on the alignment factor o,
which describes the width of the magnetic substate dis-
tribution assumed to be Gaussian. The o. values ean be
determined from the attenuation coefIicients defined by
o.i, .= AA, (exp)/Ai, (theo), A,

' = 2, 4 of stretched E2 tran-
sitions and ean be inferred into the alignment of subse-
quent states using the UI, eoefIicients and the feeding pat-
tern, always on condition of fast transitions. In our case
o was found to be 4.4(5) at I = 195 deduced from the fits
to the data of the 964-, 1069-, and 1139-keV transitions.
This results in o =3.1(3) for the 994-keU 10+ —+8+ transi-

964 keV 17 ~15 713 keV 14 ~13
~ 100

~ I

30 60
angle

I

90 0 30' 60'
angle

713 keV 14 13
I I ~ ~

90' -90" -45' 0 45 90
arctan($)

FIG. 3. Angular distributions and y analysis of the mix-
ing ratio 6 for adjacent XI=1 transitions in Tc. The lines
through the data points are least squares Bts to the angular
distribution formula (2). The full curves in the y plots cor-
respond to the analysis with the calculated width o. of the
magnetic substate distribution. The dashed ones represent
calculations with the upper and lower limits of o.
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III. THE LEVEL SCHEME OF Tc

A. The Tc ground state

The level scheme based on the experiments described
in the preceding section is presented in Fig. 4. The first
quantity to discuss in case of an odd-odd nucleus is its
ground-state spin. Oxorn et al. [25] found two P-unstable
states in Tc and assigned spins of (6+) to the 49.2(4)s

~Tc level and 1+ to the 8.7(2)s 90~Tc level. Both de-
cays should have approximately the same Q value. Nev-
ertheless, we claim the lowest state observed in our inves-
tigation to have I =8+ and the 994-keV p ray to be the
10+—+8+ yrast transition. The first arguments are based
on systematics: All neighboring odd-odd N = 47, 49 nu-
clei 8 oNb [38, 39] and Tc [40] have a definite ground-
state spin of I =8+ measured either by P-decay or trans-
fer reactions. In Y, the lowest positive parity state was
found also to have I~=8+ [22]. The 10+ ~8+ transition
energies in the 90Tc isotones ssY and ssNb are 1107 keV
[22] and 1089 keV [10], close in energy to the 994-keV
transition. Moving toward the N = 45 odd-odd nuclei,
the 6+ state becomes lower in energy as observed in 84Y

[41]. The situation seems to be similar in ssNb [9, 11] and
ssTc [19]. Yet the p-ray energies connecting the 8+ and
6+ states are about 300 keV and all the 8+ states have
probably isomeric character [41]. The energies of the
10+ —+8+ transitions again are about 900 keV in these
nuclei.

The second argument arises from results of the LEPS-
p coincidences in combination with the predictions of the
shell model calculations: Comparing the ungated and
neutron gated LEPS-single spectra, a so-far unknown 49-
keV line was found to belong to a neutron evaporation
channel. A gate set on this transition in the LEPS-p ma-
trix revealed weak coincidences with the 188-, 684-, and
608-keV transitions in Tc built upon the 153-keV 4
state. A distinct coincidence between the 49- and 188-
keV transitions was observed in the pp matrix. However,
statistics were too poor to observe clear coincidences be-
tween the 49-keV transition and the 684- and 608-keV
transitions, respectively. Nevertheless, a 237-keV transi-

tion is observed in the npp and pp data, possibly a decay
of the 340-keV 5 state. This leads to the level at 104
keV with a possible spin I =6+. We note that the 6+
state with a ~=88 p,s lifetime in ONb lies 123 keV above
the 8+ ground state [42], while in 92Tc the difference
amounts to 214 keV [43]. The shell model calculation
for 90Tc (see below) predicts the ground-state spin to be
I"=8+. Other predicted low-lying levels are the 2+ (143
keV), 4 (340 keV), and 6+ (106 keV) state. The theo-
retical results reproduce the experimental states only if
one matches the lowest experimentally observed state to
the calculated 8+ ground state. Moreover, the theoret-
ical difI'erence of 106 keV between the excited 6+ state
and the 8+ ground state fits very well to the 104-keV
level distance discussed above. A measurement focused
on the low excitation region in DTc should clarify the
situation.

B. Negative parity states

Above the 994-keV 10+ state the p-ray flux divides in
two branches —the 945-keV transition continues the pos-
itive parity structure, the 1001-keV transition transports
most of the flux from the negative parity states. The
second strong path from these states is the 509—492-keV
11 ~11+~10+ sequence. Both the 509- and 1001-keV
transitions have mixing ratios consistent with zero. The
563—218—713—184-keV cascade of four stretched dipole
transitions is built upon the 1995-keV ll state. They
are accompanied by the comparatively weak 781-keV
13 ~11 and 931-keV 14 ~12 transitions and the
strong 897-keV 15 ~13 p ray. At higher excitation
energies even spins were not observed and the band con-
tinues by a cascade of three stretched quadrupole tran-
sitions up to spin I =21 at the 6994-keV state. The
negative parity ends with two p rays at 446 and 955 keV.
In addition, a weak decay branch depopulating the 1995-
keV ll and 2187-keV 112 states down to the 153-keV
4 level was established. Several transitions connecting
yrast and yrare states in the I=(ll—15)h, spin region were
found. Several other possible parity changing transitions
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FIG, 4. Level scheme of Tc deduced
from the present work. The width of the ar-
rows connecting the levels are proportional to
the relative p-ray intensities. If the intensi-
ties of the feeding and the depopulating tran-
sition are equal within their errors, the cor-
responding levels are dotted. In these cases
populating and depopulating p rays might be
inverted changing the level energy. Energies
are given in keV.
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were observed, but due to low statistics no angular dis-
tribution coeKcients could be extracted.

C. Positive parity states

Switching to the positive parity states, many transi-
tions and yrare levels were observed in the I=(ll—15)h
spin window. The main p-ray flux, however, splits up at
the 1939-keV 12+ state into the two sequences 599—846
keV and 1229-216 keV and then once more at the 3168-
keV 14+ state into two 15+ states via the 216—1129-keV
and 425—919-keV cascades. Then the 4512-keV 17+ and
the 5651-keV 19+ levels collect the flux again. Spin as-
signments are straightforward for all these levels. For
the following two transitions of 804 and 430 keV only
DCO ratios were evaluated, which suggest BI=1 char-
acter for both transitions. Thus tentative spin assign-
ments of (20+) and (21+) to the 6455- and 6885-keV
levels are given. At the top of the level scheme an en-
semble of another eight transitions was arranged. De-
spite the comparatively weak intensities of these transi-
tions the low background level of the npp matrix allowed
us to observe coincidences even between themselves [see
Fig. 2(d)]. Furthermore, summed energy relations ensure
the placement of the 7679-, 8757-, and 9342-keV levels.
The succession of the 462- and 1442-keV transitions at
the top of the level scheme was chosen on the basis of
their relative intensities. The DCO ratios of the 462- and
586-keV transitions are consistent with stretched dipole
character, whereas the 1442-keV transition is most prob-
ably a stretched quadrupole.

IV. DISCUSSION

A. N = 47 and Z = 43 systematics

As Tc reveals a complex irregular high spin excita-
tion scheme an interpretation based on the shell model is
favored. Before discussing the shell model interpretation
of Tc in more detail, we shall present it in an illustrative
way by comparing it to neighboring isotopes. Figure 5
displays the 9 Tc positive parity I &15 states and the lev-
els of the N = 47 odd-odd isotones ssNb [10] and 92Tc
[43]. The two ssNb levels fit well to the yrast states in

Tc, whereas those of Tc have a larger level spacing up
to I=125. In calculations performed by Oxorn et at. [10]
the erst excited 10+ and 12+ states in Nb are proposed
to have 7r(g9/2) v(g9/2)13/2 and 7r(g9/2) v(gs/2)17 /2 con

Ggurations, respectively. In contrast, ~Tc possesses only
one neutron hole with respect to the N = 50 shell clo-
sure, thus a broken ggg2 proton pair must be used to
increase spin. Accordingly, the wave functions of the low-
lying Tc states are proposed to have 7r(g9/2), v(g9/2)
i=13/2, 17/2, 21/2 configurations [43].

In Fig. 6 the main positive and negative parity se-
quences of Tc are compared to those in the odd-A
neighbors 89Mo (N = 47) and 8991Tc (Z = 43). The
data on these nuclei were taken from [17, 20, 44]; the
extension of the 91Tc levels above I =35/2+ as well as
the decay branch down to the I =1/2 level was also

E„[MeV]

2— (12)

1— (10)

0—
4iNb47

15
14

12
11
10
9
8

90
43Tc47

152
' 142

132

122

102

(»)
(12)
(»)
10

92
43Tc4g

FIG. 5. Positive parity energy level systematics with odd-
odd neighbors. The yrast and yrare levels up to I = 15h in

Tc are compared to levels in the isotone Nb [10] and the
isotope Tc [43].
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FIG. 6. N = 47 and Z = 43 energy level systematics with
odd-A neighbors. The level scheme of Tc is compared to the
level schemes of ' Tc [20, 44) and Mo [17]. Levels, which
are supposed to correspond to each other, are connected with
lines.

evaluated from our OSIRIS experiment. On the positive
parity side, the level spacings are very similar, apart from
the low spin sequence in 89Tc, where the 21/2+ —+17/2+
transition energy (695 keV) is larger as compared to 91Tc
(316 keV) and 89Mo (487 keV).

Several authors suggested that vibrational excitations
occur in the low spin region of N = 48 nuclei [23,
10] because the experimentally observed 2+, 4+ and
13/2+, 17/2+ energy levels do not correspond to the
shell model predictions. These calculations were per-
formed within a p~g2-g9y~ configuration space for both
protons and neutrons and a charge independent effective
interaction [23]. Indications of vibrational contributions
may also be seen in the 90Tc level scheme: The 994-keV
10+ ~8+ and the 945-keV 12+ —+10+ transitions have
similar energies. There is also a distinct staggering of
the branching ratios b of the four mixed BI=1 transi-
tions in the I =8+ 12+ range: b—(12+~ 11+) = 0.047(5)
= b(10+ —+ 9+) = 0.043(2) but b(11+ ~10+)=0.89(5)—b(9+ ~8+)=1.0. This staggering of intensities directly
transforms into a staggering of the transition strength
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because all of these transitions have similar mixing ra-
tios 6=0.2—0.3 and p-ray energies. This pattern may be
associated with contributions arising from one and two
phonon excitations but clearly lifetimes are necessary to
clarify the situation. The states in the intermediate spin
regime I=(13—15)h seem to fit well into the energy sys-
tematics but they cannot be associated with states in the
neighboring odd-A isotopes because proton and neutron-
hole excitations compete with each other in that spin
region. In 8 Mo a broken proton pair couples to the un-
paired neutron, in Tc a broken neutron-hole pair cou-
ples to the unpaired proton. To gain spin larger than
I = 15h in saTc or I = 25/25 in the other nuclei proton
and neutron excitations are necessary if only 2pqy2 and
1gg/2 orbits for either protons or neutrons were consid-
ered.

The interpretation of the negative parity levels
is less evident. Apart from similar difficulties
in the intermediate spin range, the odd-A neigh-
bors reveal XI=1 staggering even at high spins.
However, the E2 cascade depopulating the 39/2
state [55% 7r(pi/2) x(gg/2)zi/2v(gs/g) &z&2

and 43%

ir(pi/2) 7r(g9/2)~jy/2i (g9/2)21/2] in Mo may be associ-

ated with the 21 +19 ~17 sequence in Tc. By
adding a neutron hole to the n(pi/2) vr(gs/2)izv(gs/2)s
41/2 state in siTc one ends up with a possible level with
I =23 in OTc. If we attribute this spin to the 8395-keV
level the previously mentioned E2 cascade should coin-
cide with the 37/2, 33/2, and 29/2 levels in siTc.
The level spacings of both nuclei are in reasonable agree-
ment, but their decay patterns are rather difFerent: soTc
deexcites via stretched E2 transitions, whereas siTc has
strong BI=1decay branches. In the low spin part of their
level schemes the similarities between the Tc isotopes are
again striking. The additional gg/2 neutron hole couples
to the pqgq proton to spins I =4 or 5, thereafter a

v(gs/2)z 4 s neutron hole pair leads to a BI=2 sequence
up to spin I =11
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to (21+) and (23 ). Shell model calculations in 90Mo

by Kabadiyski et at. [18] were performed with a much
larger configuration space including the proton orbits
1fs/q, 2ps/2, 2@i/q, and lgs/2 and the neutron orbits
2pi/2 lgg/Q g7/2 ) 5/2, 2ds/z, and 3s i/2 ~ These au-
thors found that excitations across the N = 50 shell gap
do not contribute significantly to the wave functions of

Mo states. Moreover, excitations of 1fs/z or 2@3/2 pro-
tons become important only at very high spins, for ex-
ample, the yrast 20+ state in Mo consists mainly of
a completely aligned vr(fs/2) x(pi/z) 7r(gs/2)i2v(g9/Q)s
configuration, whereas the yrare 20+ or the yrast 21+
states have ~(fs/2) 7r(pi/z) vr(g9/2)i2v(gg/2)s charac-
ter. Thus we found it sufBcient to describe the states
in soTc within the restricted proton and neutron Igs/2
2pjy2 model space.

Figure 7 displays a comparison of the experimental
and theoretical excitation schemes of soTc. The theo-
retical levels are shifted slightly up in order to optimize
the overall agreement between theory and experiment.
This binding energy shift (BES) and the mean level de-
viation (MLD) are defined in [23]. In s Tc, the fit to 23
levels up to spin I = 2lh results in a BES of only 50 keV
and a MLD of only 100 keV. In the following the states

B. The shell model interpretation
17'

17

The configuration space utilized in our calculation con-
sists of only the 2pqgq and lgg/q orbitals for protons and
neutrons. According to that, MTc has five valence pro-
tons and three neutron holes with respect to the sSr
core with the subshell closures at Z = 38 and K = 50
commonly used in this mass region [23, 45, 46]. The cal-
culations in the present study were performed in a con-
venient proton-neutron particle-particle formalism with
the computer code RITSSCHIL [47]. The two-body matrix
elements of the residual interaction and the four single-
particle energies were taken from Gross and Frenkel [23]
who deduced these parameters from a fit to energy lev-
els of N = 48 and N = 50 nuclei under the condi-
tion of preserving charge independence of the nucleon-
nucleon interaction. The eight valence particles/holes
provide many coupling schemes up to spin I = 235,
whereas experimental spin assignments in Tc reach up

AS
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FIG. 7. Comparison of the experimental level scheme and
the RITSSCHIL shell model calculation within the pq/2, gg/2

configuration space. If the spin was deduced from the exper-
iment, it is denoted upon the experimental level. Otherwise
the experimental levels are connected to the most probable
theoretical levels.
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with different parities are discussed in terms of increasing
seniority v = v + v .

X. Positive parity states

The main components of the wave functions of certain
positive parity states are shown in Table II in comparison
to the states in the neighboring nuclei Tc, Mo, and

Mo, which is the nearest even-even core.
(i) v=2. The two gq/q particles can couple to spins

I = (0 —9)h. According to the Nordheim rules in the
spherical limit, the 8+ state is predicted to be the lowest
of the multiplet. Because of isospin repulsion, the odd
spin states lie some hundred keV above those with even
spins. The predicted 9+ —+8+ energy, 554 keV, is close
to the experimentally observed 494 keV. The admixture
of partitions with v &2 to the 8+ state is comparatively
large (Table II) and this effect is even more pronounced
for the 6+ state, which has only 41% vr(gs/2) v(g9/2)
character. It is predicted at 106 keV excitation energy.

(ii) v=4. Completely aligned configurations with
seniority v = 4 can reach up to spin I = 15k;
7r(g9/2) i (99/2)2i/2 or 7r(99/2)gi/2V(g9/2) . Indeed, two

closely lying 15+ states are observed at 3383 and 3593
keV excitation energy. The theoretical energy separa-
tion is calculated to be 136 keV; the experimental value
is 210 keV, similar to the 231 keV diff'erence of the two

7r(gs/z)s and v(go/2)s 8+ states in Mo. The exper-
imental decay branch from the 152 into the 151 state
is very weak [6 = 0.07(3)] also indicating a difFerent
nature of these states. The calculation predicts the
7r(go/2) v(gs/2)2i/2 configuration to be yrast. This is
in agreement with g-factor measurements in the neigh-
boring even-even nuclei s4Sr [48], ss ssZr [49, 50], and

Mo [49, 50], which give evidence for a v(gq/2)s con-
figuration of the lowest 8+ states. In our calculations
the 8+i state in Mo has a 72'%%uo v(gs/2)s contribution
and only a 1.6'%%uo ~(gg/2)s partition. The calculated wave
functions of the 21/2+ and 25/2+ states in oiTc have

mostly vr(gg/2) v(gg/2)s character and a negligible con-
tribution of the m(gs/2)zi/2 configuration. Another neu-
tron hole coupled to the main configurations leads to
the vr(gs/2) iv(go/2)2i/2 state in s Tc, which is predicted

to contain 56% of that partition. The 152 state [60%%uo

~(g9/2)2i/2V(g9/2) r bllt 2.1% vr(9o/2) v(9o/2)2i/2] can

be derived by first coupling a neutron hole to the 82+ in
Mo [74'%%uo ~(go/q)s, 1.4% v(g&/2)s ] leading to either

the 21/2+ [61%%uo vr(g9/2)sV(gg/2) 1 O%%u0 V(g9/2)2i/2] or
25/2+ [46% ~(go/2)sv(go/2) ] states in Mo and then
adding the g9/2 proton to form the vr(g9/2)2i/2v(gs/2)
states in Tc. The situation is similar for the two 14+
and 13+ states: The yrast states have essentially neutron
hole excitation character vr(go/2) v(gg/g)2i/2 the yrare

TABLE II. Wave functions of positve parity states in ' Mo and ' Tc.

Isotope Spin [h] Wave function 4' Contribution [%]

Mo

Mo

91T

gOTc

goMo

0+

9/2+

g/2+
8+
g+

7r (gg/2)

(gg/2)'

7r(gg/2)

7r(99/2)

7r (9g/2) S

7 (gg/»s2

(gg/2)-'

v(99/2)

(99/2)
v(gg/2)

'

v(gg/2)s
—2

v(99/2)s

I i.s
I i.4

52.1

74.2

76.7

72.7

71.9

74.1

86.0

sgMo

g'Tc

goTc

goMo

g1T

goTc

21/2+

2S/2+

15+

152+

16+

37/2+

37/2+
21+

~(gg/2)6, 8
2

7r (gg/2) S

7r (gg/2)

~(gg/2) 21/2
7r(99/2)

7r (gg/2)

7r(gg/2)21/2
3

7r(gg/2)

~(99/2) 21/2
3

m(gg/2)s

~(gg/2) 8
2

7r (gg/2) 21/2

~(gg/2)2, /2
3

—3
v(gg/2)21/2

v(gg/2)

v(99/2)
—2

v(gg/2)6 8

v(gg/2)s
—2

—3

v(gg/2)
—3

v(gg/2) 21/2

(99/2)

v(gg/2)
—2

—3
v(gg/2)

v(99/2)s
—2

—3

I i.o

I o.4

I o.s
I 2. i

46.2

60.9

59, 1

64.1

55.6

60.0

97.7

93.6
99.4

97.6
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states proton character 7r(g9/2)2i/2v(g9/2) . The parti-

tions of these states indicate that the 7r(g9/2) —v(g9/2)
splitting efFect becomes less important with decreasing
spin. Accordingly, the states with 10& I &12 are mixed.

(iii) v=6, v = v =3. These seniority v = 6 configu-
rations extend the spins up to I = 2lh. An also possi-
ble 77 =5, v =1 7r(g9/2)z5/2v(g9/2) 17+ contribution is

of negligible amount. The 4512-keV 17+& state is a mix-
ture of three contributions: 7r(g9/2) i7/2v(g9/2) i7/2 (29'%%uo),

7r(g9/2) i3/2v(g9/2) 2i/2 (25%) an«(g9/2) 2i/2v(g9/2) i3/2
(25%%uo). Due to the predicted balanced partitions of the
17+& state and the rather pure configurations of the 15+
levels, the theoretical branching ratio should be given
by blah, o ——(1129/919) =2.8 if proton and neutron efFective
charges are similar. This is in good agreement with the
experimental branching ratio b,„9t——3.1{2). The 5651-
keV 19i state consists of 7r(g9/2)i7/2v(g9/2)2i/2 (47'%%uo)

and 7r(g9/2)zi/2v(g9/2) i7/2 (50%). The (192 ), (20i ), and

(21i ) states are predicted to have almost pure aligned
v = 6 7r(g9/2) v(g9/2) configurations and almost no
v = 8 partitions. This is supported by the experimen-
tal decay pattern: There is no 21+& —+19& E2 transition
observed, but two Ml transitions. These dipoles are
supposed to be spin recoupling transitions within this
7r(g9/2) v(g9/2) seniority scheme. Moreover, a distinct
feeding of the possible 5808 keV (192) state from the
(20i ) is observed though hindered by energy. Again the
wave functions can be understood in terms of adding a
proton and neutron hole to Mo.

(iv) v&8. A completely aligned seniority v = 8
7r(g9/2)23/2v(g9/2)zi/2 configuration provides two levels

with I = 22h and I = 23h as well as yrare states with
lower spins. The calculated excitation energies are near
9.2 MeV with the 23+ state predicted 50 keV bel07ii the
22+ level. Experimentally six levels above the 6885-keV
(21i ) are observed. The two states near 7.5 MeV ex-
citation energy are supposed to be the yrare (202+) and
(212 ) states having large 77 = 8 contributions in their
wave functions. Purthermore, we attribute the two lev-
els at 8757 keV and 9342 keV to the calculated 22+ and
23+ states though the energy difI'erence of 586 keV is
in contrast to the predicted 50-keV inversion. This as-
sumption arises from the decay pattern of these levels;
despite the branch into the yrast band there is also a de-
cay observed into the yrare 7679 keV (212+) state via the
1078- and 1663-keV transitions. Two more levels at even
higher excitation energies were detected. An extended
model space is necessary to explain them either by lift-
ing of a 1g9/2 neutron into the 2ds/2 orbit or by excit-
ing a proton from the 2@3/2 or 1'/2 shells into the 2@i/2
shell. The first possibility is unlikely as the energy needed
amounts to several MeV, as shown by the calculations of
Kabadiyski et aL in the case of 9PMo [18]. The promo-
tion of a 1fq/2 proton into the empty 2@i/2 shell provides
a spin gain of 35 and is favored by the Nordheim rules
and the measured DCO ratios of the 462- and 1442-keV
transitions. As the extra 7r(p3/2) 7r(pi/2) pair should
first couple to lh, the 9805-keV level could also have se-
»ority U = 1o [7r(p3/2) 7r(pl/2) ]17r(g9/2)23/2v(g9/2) 2i/2

and [7r(fs/2) '7r(pi/2)']i7r(g9/2)23/2v(g9/2)2i'/2 4+ p«
titions.

8. negative pa&'ty states

In general, negative parity can be produced by either
one proton or one neutron in the 2pi/2 orbital and the
other valence nucleons/holes moving in the 1g9/2 orbital.
Table III lists the predicted main components in the wave
functions of negative parity states.

(i) v=2. The lowest negative parity states in 9PTc are
generated by a proton in the 2@i/2 orbital. The existence
of the 4 and 5 states can be explained by coupling
a 1g9/g neutron hole to that proton. This simple con-
figuration contributes about 50%%uo to the wave function.
The 4 state has a sizable 7r(g9/2) v(pi/2) component,
which is associated with the 1/2 state in 39Mo. We
mention here that contributions as 7r(p3/2) v(g9/2)
or 7r(fq/2) v(g9/2) to the negative parity states are
likely but not considered within our very restricted model
space.

(ii) 77 = 4. The maximum spin value with se-
niority v = 4 is 13 . The calculations predict the
7r(pi/2) 7r(g9/2), v(g9/2), i = 2, 4, 6, 8 configurations to
be yrast; the 7, 9, lli, 12i, and 13i states should
contain about 50% of this component. In contrast, the
112, 122, and 133 states are supposed to have main
partitions of 7r(g9/2) v(pi/2) v(g9/2)s s. As an exam-
ple, the components of the wave functions of the two
12 states are presented in Table III. The 12i state in
9PTc, the 5 state in 9PMo and the 17/2i states in 39Mo
and iTc have a 2@i/2 proton. The 17/22 state in s9Mo

has a 61% v(pi/2) v(g9/2)s component. The coupling
of a lg9y~ proton to that configuration provides a 12
and 13 state in 9PTc and as expected, the 122 state has
a 59% 7r(g9/2) v(pi/2) v(g9/2)s partition. It should
be noted that the strong 218-keV 13i ~12i Ml branch
of b = 0.55(3) may be associated with a spin reeoupling
within the v = 4 seniority scheme.

(iii) v&6. On the basis of seniority arguments one
may expect the levels up to 19h, to have v =v =3
7r {pi/2) '7r (g9/2) s v{g9/2), , i=13/2, 17/2, 21/2 configu»-
tions, but already the 15 state contains a 36'%%uo v =5
7r(pi/2) 7I (g9/2) ipv(g9/2) partition. Up to spin I
21& the 7r(pi/2)'7r(g9/2)ipv(g9/2)' &—13/2, 17/2, 21/2
are the most important components. The levels with
even and odd spins in that region are predicted to be
nearly degenerated and they are not observed in the
experiment, either. This is the reason for the strong
21 —+19 —+17 —+15 E2 cascade in contrast to the
odd-A neighbors. In these nuclei more and different cou-
pling schemes are predicted resulting in a LI=l M1
decay pattern as discussed in [17]. Finally, the (23 )
state is explained as a completely aligned seniority v = 8
7I (pi/2) 7r(g9/2) i2v(g9/2)2i/2 configuration. The two fast
M1 transitions with 955 and 446 keV are once more in-
terpreted as a spin recoupling cascade.
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TABLE III. Wave functions of negative parity states in ' Mo and ' Tc.

Isotope Spin [a] Wave function 4 Contribution [%]

89Mo

9'Tc
90T

1/2

1/2 7](Pl/2)

~(ul/2)
~(g9/2)'

(~ /2)'
~(g9/2)'

v(il/2)

v(g9/2)
v(Pl/2)

(g9/2)
'

v(Pl/2)

11.0
40.4

51.7

72.0

74.7

90Mo

9'Tc

90Tc

17/2

17/22

17/2-

[s (pl /2)
' s'(gg/2) ']5

/ )' ( 9/ )']45

[~(S l/2) (g9/2) ]4,5

[~(S l/2) '~(g9 /2) 8] l7/2
7r (g9/2)

[~(P1/2) ~(g9/2)8]17/2
(g9/2)'

[~(ul/2) ~(g9/2)8117/2
~(g9/2)

[v(S 1/2) v(g9/2) ]5

v(g9/2)

[v(Pl/2) ' v(g9/2) 8 ]l7/2
(g9/2)

[v(P1/2) v(g9/2)8 ]17/2

[v(Pl/2) v(g9/2) ]4,5

v(g9/2)

[v(P1/2) v(g9/2) 8 ] 17/2
—1 —2

v(g9/2)

[v(pi/2) v(gg/2)8 ]iy/2

I 2.7

I i.g

62.4

61.0
62.6

58.8

75.8

M

9'Tc
'0Tc

39/2-

37/2

21

[~(pl/2) '~(gg/2) i7/2]g

[~(pi/2)'~(gg/2) i7/~]g

[s (pl/2) ~(g9/2)10]21/2

f~ (Pl/2 ) ~ (g9/2) 10]21/2
l 4

v(g9/2)S
'

—3

v(g9/2)8

v(g9/2) 2l/2

44.1

43.2

65.9

80.1

V. CONCLUSIONS

To summarize we have identified excited states in Tc
via particle-pp coincidences. We deduced a comprehen-
sive and complex level scheme by npp coincidences, in-
tensity and summed energy relations. The level scheme
is built upon an 8+ state, which most probably is the
ground state. For approximately half of the 45 lev-
els identified, definite spin and parity assignments were
made. Some features of the level scheme can be under-
stood in terms of energy level systematics with neighbor-
ing nuclei. RITSSCHIL shell model calculations in a lim-
ited model space reveal detailed insight into the origin
of the individual states. The shell model with the eight
valence particles/holes moving in the 2piy2 and 1gg/2 or-
bitals provides a good description of the energies of states
below 9 MeV excitation energy. Many states are pro-
posed to have pure aligned seniority configurations and
are expected to decay via strong and fast Ml transitions.

Other states should have weak decay branches due to dif-
ferent proton and neutron seniorities In the high spin
region of the positive parity band our very restricted con-
figuration space is exceeded. The 462—1442-keV sequence
upon the 9342-keV level may be explained by promoting
a proton from the 1fs~g into the 2@i/2 orbital. In the low

spin regime also some vibrational excitations may take
place. Lifetime and magnetic moment measurements are
in progress to test the proposed wave functions.
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