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Synopsis:? Low-lying states in 95Tc were studied with the

93Nb(oc,2ny)95Tc reaction. %he‘measurements of the singles
Y—-ray spectrum, exéitation functions of y-rays, delayed
Y-ray spectra, angular distributions of y-rays and y-y
coincidence spectra were cérriedfout by use of Ge(Li)
detectors.

The following new levels were found on the basis of
the results of the y-y coincidence measurements; 882 keV,
1516keVv, 1550kev,2184keV and 2548keV»levels. Spin and parity
assignments for several levels ‘are. based on the results of
the excitation functions of y-rays and the angular distri-
butions. They are 882 kev 13/27, 957 kev 11/2%, 1215 kev
9/27, 1516 kev 17727 (13/2)%, and 1550 kev 15/2% (11/2)*.

The 336 kev 7/27, 627{kev 5,27, 882 kev 13/2%, 957 kev
11/2+ states and possibly 1265 keV 9/2+ state are found to
be strong candidates of tﬁe members of the core-multiplet
which is generated by the coupling of the 199/2 proton to
the E2 phonon of the core. These states are discussed in
term of a weak coupling model.

The observed angular distributions of y-rays were
compared with the expectations based on a simple deexcitation
model of the (a,2ny) reaction. The multipolarities of the
336 keV and 957 keV transitions were estimated to be Ml+E2(0.6
v 12% ) and M1+E2(78 ~ 92% ), respectively, by referring to

the calculated angular distribution.



1. Introduction

The ground state of 95

1-3)

Tc is a 1g9/2 single gquasiproton

state. This is the only positive parity single quasi-

particle state in the major shell between Z=20 and 50, and the

spin is the highest. The low-lying states in neighboring

94Mo and 96Ru have vibrational character.

Thus we can expect, in the low excitation energy region of 95Tc,

core multiplet states with spins 13/2+, 11/2+, 9/2+, 7/2+ and

doubly even nuclei 4-5)

5/2+ by the coupling of this 199/2 proton to the one quadrupole
(E2) phonon state of the core. There are no other possibilities
for exciting the high-spin states such as 13/2+ and 1i/2+ in

the low-excitation region. Therefore these high spin states

are likely to be quite pure. One may also expect in the higher
excitation region the high-spin states caused by the coupling

of lgg/2 proton to two and three E2 phonon states of the core.
There are a few evidence for the core multiplet states generated
by the coupling of the E2-phonon and particles in the high spin

state. Low-lying 13/2+ and 11/2+ states have recently been

91N 47-48)’ 93N 31—32)’ 93 c48) 115 n49).

and I The

found in b b T

ground state of these nuclei are all a 1g9/2 proton state, and

91 93 115

the even core of Nb, Tc and In are not of vibrational

character. Thus the only nice evidence of core-multiplet has

93 31-32) 6-7)

been found in Nb. Recently Marumori et al. have

pointed out that the three quasi particle correlation is
important for the collective excitation in odd mass nuclei.
They have shown that the correlation is quite important for
the low spin states in a core-multiplet of spherical odd mass

6-7)

nuclei. The purpose of the present work is to study these



core multiplet states (particularly the high-spin states).

8)

Recently Ejiri et al. have shown that the angular dis-

tributions of y-rays following the (a,xn) reaction can be

explained using a simple deexcitation model. The model

includes the effect of the statistical emission of neutrons,
and the statistical and the stretched emissions of y-rays
from the compound nuclei. An expression for the attenuation

coefficients for the (a,xn) reaction on the doubly.even

8)

nucleus has been given. We can expect that the same simple

model is also useful for the (a,xn) reaction on the odd nucleus
which has finite spin value. It is also the purpose to compare
the observed angular distributions with the expectations based

on the simple deexcitation model of the (o,xn) reaction.

Previously the level structure of 95Tc has been studied

from the radioactive decay of 95Ru?-lo) and from (p,n)%l_lz)

1-2) 3 3) 13)

(d,n) Cre,a)3) (p,y) )

and very recently (p,ny)l4

reactions. Some low spinlevelshere studied by these reac-

tions. There is no information so far about high spin states
such as 13/2 and 11/2}5) In the present work we used the
93

Nb(a,2ny)95Tc reaction, since the (o,xny) reaction pre-
ferentially populates high-spin states. The core multiplet
states were well studied by investigating the y-rays follow-
ing the (0,2n) reaction. Experimental procedures and results
are given in the next section. Detailed discussions on the
structure of the core multiplet states are presented in the
last section. A part of this work has been published in ref.

45 and 46.



2. Experimental procedures'and results
2-1  EQUIPMENTS

Alpha particles with energies 20.5 v~ 24.5 MeV were
provided by the 110 cm Osaka University Cyclotron. The a-
particles with energy below 20.5 MeV were obtained by use of
aluminium absorberst The d?beam was guided to a y-ray cave
in a experimental room so as to reduce the back ground y-rays
from a Faraday cup, slit-systems and absorbers. The arange-
ment of the the equipments is shown in fig.l. The target
was a metallic Nb-foil with 4 mg/cm? in thickness. The Nb-
foil was preparéd by rolling out a piece of natural Nb-metal.
Gamma-rays were detected by 30 cc‘énd,40 cc Ge(Li) crystals
(ORTEC) and the 20 cc Ge(Li) detector which was fabricated
in our iaboratory. The energy resolutions of these detectors
were 2.5 keV (30 cc), 3.6 keV (40 cc) and 5.5 keV (20 cc) for
the 1.33 MeV y-ray, respectively. Signals from the Ge(Li)
detector were analyzed by a 4096 P.H.A. (PACKARD). Two types
of target chamber were used to get the y-ray spectra. These

are shown in fig.2.

2-2 SINGLES yY-=RAY SPECTRUM

The singles y-ray spectrum following the 95Nb(a,2ny)95’1‘c
reaction with 22.5 MeV a~particles was obtained at 55° with
respect to the beam direction by use of the 30 cm? Ge (Li)
crystal. The obtained singles Y-réy spectrum is shown in

fig.3. The energies and the relative intensities of the



93Nb(oc,Zn )95Tc reaction are listed in

Y-rays following the
Table 1. The strong 766 keV y—-ray from the B-decay of the
ground state of 95Tc appears in the singles y-ray spectrum,
because the spectrum was obtained after a long time irradia-
tion. The energy calibration for the Ge(Li) detector was
carried out just before and after the measurement of the
singles y-ray spectrum. The y-rays from the radio-active

133Ba 137C 60 88 228

decay of s, Co, Y and Th were used. We

'
obtained the deviations of energies from the values expected
from the linear function of channel number by measuriﬂg

these +y-rays. The correction curve for the energy determina-
tion for the Ge(Li) detector is shown in fig.4. Since the
spectrum for the energy calibration was obtained after the
irradiation in the same geometrical arrangement as for the
measurement of the singles y-ray spectrum following the

(0,2n ) reaction, the 766 keV y-ray appeared in both spectra.
The peak positions of the 766 keV y-ray in each spectrum

agreed with each other within 0.05 keV. The relative efficiency
of the 30 cm3 Ge (Li) detector was measured for the y-rays from

the B-decay of 133Ba and 152E

u. The relative efficiency curve
obtained is shown in fig.5.

We found that some strong transitions feed the ground
state (9/2+) and not the isomeric state (1/2 ) at 39 keV as
follows (see fig.18). We can estimate the intensity of y-rays
feeding the isoméric state at 39 keV. Since the singles y-

ray spectrum was accumulated for the last 4-hours in the total

44 hours irradiation with constant beam current, the total



numbers of the ground state decay in the interval was aiven bv
t
_ 2 -
Nglgr) = St c(1-e?t at, (2.1)
1

where C is the number of ground state produced by the incidené

beam per unit time, A is the decay constant of the ground

state (11/2=20 hr), t;=40 hours and t,=44 hours. From eq.(2.1),
we get NB(gr)/At-C=O.77, where At=4 hours. The branching

ratio for the 766 keV transition to the total B-decay from

the ground state is 93.4 %}5) Thus the number of the ground

states produced in the last 4 hours is evaluated as (total
nupber of the 766 keV y-rays emitted in the interval)/0.77

/0.934. Here we neglected the effect of the conversioh

93Nb(oz,2n)95Tc

reaction has been obtained as o(9/2%)/0(1/27) = 7.0 # 0.516-17)

electron (<1 %). The isomeric ratio of the

Thus we get the upper limit of the relative intensity for the
Yy-rays feeding the isomeric state to be less than 33 (see table
1) by use of the relative intensity of the 766 keV transition,_

Here we neglected the 93Nb(d,pny)95Mo reaction as follows.

The 948 keV y-ray (9/2++7/2+) is expected to be more intense
93

than 766 keV Y-ray‘(7/2++5/2+) in the Nb(a,pny)QSMo reac-
tion, because the spin of the emitting state for the 948 keV
y-ray is higher. Indeed the inﬁensitymof the 948 keV y-rays
is twice as largé as that of the 766 keV y-ray in the (o, 3ny)
reaction?) Therefore we can estiméﬁe the cqntribution of the
93Nb(a,pny)95Mo reaction to be less than 4 % from the measured
intensity of the weak 948 keV y-ray in tﬁe present spectrum.
In this way the upper limit of the relative intensity of the

y-rays feeding the isomeric state is estimated to be less

-T



than 33+3. Thus we found that the 882 keV, 633 keV and 957
keV transitions feed the 9/2+ ground state, and not the 1/27

isomeric state.

2-3  EXCITATION FUNCTIONS

Excitation functions for y-rays were measured in an
energy range between 17 MeV and 24.5 MeV. We used aluminium
absorbers to degrade the u-particle energy below 20 MeV. The
excitation functioné for y-rays were used to assign the y-rays
to the aépropriate reactions and to estimate the spin values
and excitation energies of the emitting states. The observed
excitation functions for strong y-rays are shown in fig.6
and fig.7. wince we are concerned with the relative yields
of the y-rays as a function of the a—-particle energy, the
erros in the figs. do not include those due to the detection
efficiency of the Ge(Li) crystal and the beam collection
effitienéy. Note that the latter Qet‘down a few per-cent as
the beam energy decreases because of the spreading by the

target and absorbers.: These errors amount at most to about 8 $%.

2-4 GAMMA-GAMMA COINCIDENCE MESUREMENTS

Gamma-gamma coincidence measurements were carried out

3

at E =22.5 MeV. The 40 cm” detector was placed at 90° and

the 30 cm>

detector was placed at 70° to the beam direction.
The distances between the target and these detectors were 4.5

cm and 5.0 cm, respéctively. The beam current was 1.2 nA.



The block_diagram of the circuit system is shown in fig.8.

The time resolution of the fast coincidence system was set

to 40 ns (note that the cyclotron gives 2ns beam bursts every
95 ns). The ratio of chance to true coincidence was less than
3 %. Energy gates were set on the full energy peaks of the
337, 363, 593, 629, 633, 664, 668, 882 and 957 keV y-rays and the
neighboring back ground portions of these photopeaks. Four
coincidence spectra were obtained in one run. Each spectra
were accumulated for 8 hours. The observed coincidenoe
spectra are shown in fig.9, 10 and 11l. The intensities of

the coincident y-rays were obtained by taking the difference
of counts with energy gates on and off the photopeaks. The
relative intensities obtained from the coincidence spectra

and the relative coincidence rate for each gate are given in

Table 2.

2-5 DELAYED y-RAY MEASUREMENTS

The delayed Y-rays were measured with 22.5 MeV a-particles.
The block diagrams of the circuit systems for the delayed
Y-ray measurement are shown in fig.12. The delay time of the
Y-ray was measured by operating a time—to-amplitude1converter
with starting pulses from Ge(Li) detector and stopping pulses
generated by a circuit to pick up the RF signal of the
cyclotron oscillater. The circuit diagram to pick up the
RF signal is shown in fig.13. Filters tuned to the R-F

frequency of the cyclotron oscillater and 1its higher



harmonics were used to remove the RF modulation on the
pulses of Ge(Li) detector. The time modulation was checked

by observing the time distribution of y-rays from radio-active
decay. It should be mentioned that‘we could rémove the

R-F modulation effectively by wrapping the Ge(Li) detector

and the cable between the Ge(Li) crystal and other circuits
(main amplifier, H.V.Supply and power supply) by thin aluminium
foils (cooging foil).

The delayed y-ray spectrum was accumulated in a time
interval of 15 ns duration starting 20 ns after every beam
burst. The lines of the 882, 957, 633 and 593 keV transitions,
which were strong in the total y-spectrum, were not seen in
the delayed spectrum. Thus the upper limits of the half lives
were estimated to be 3 ns for the 882 and 957 keV transitions,

and 5 ns for the 633 and 593 keV transitions.

2-6 ANGULAR DISTRIBUTIONS OF y—-RAYS

The spins of.the compound nuclei produced by a-particle
in spinless target nuclei are completely aligned in a plane
perpendicular to the beam axis. Ejiri et al. have shown that
spins of excited states produced in the (a,xny) reaction are
still aligned in the planeg)v The degree of the spin alignment
of the excited states in low-energy region is well explained
by a simple deexcitation model for the target with spin zero?’

If the target has a finite spin value, which is randomly

oriented, the spin alignment of the compound nuclei is not

-10-



complete. The spin alignment for high-spin states however is
still quite good, if the angular momentum of the incident
a-particle is much larger than the target spin value. Therefore
the precise measurement of the angular distributions of y-rays
are crucial for the spin assignment of the excited state.

The angular distributions of y-ray were measured at
Ea=22'5 MeV. The angular distributions of y-ray were measured
in 10° steps between 0° and 90°, and at 110°. Here the beam
was stopped in a small target chamber, the wall of which was
covered with a thin lead sheet (see fig.2b). At foward angle
the background from the lead sheet was about 40 % of the
total background. Since the energies of some y-rays from

93Nb(oc,2ny)95Tc are very close to those from the lead

the
sheet, the measurement was also carried out by using another
target chamber, where the beam was guided to a shielded Faraday
cup outside the y-ray cave (see fig. 2a). 1Ipn this case

the y-rays were measured at 31°, 55°, 70° and 90° to the

beam direction. The 20 cm3 Ge (Li) detector was used as a
monitor counter. The distance between the target and the
detector is 20 cm and the beam spot was 1.5 mm in width and

4 mm in height. Because of the large distance between the
target and the detector, the finite so0lid angle correction

of the detector is small. The corrections are less than 2 %

18)

for the A2 values and less than 4 % for A4 values.

position of the beam spot was checked every other run at

The

the beam viewer. The position of the beam spot was

-11-



satisfactorily constant. The dead time correction.in the PHA
was made by counting the number of pulses fed to the PHA.

The co:rection was about 1 %. The geometrical asymmetry was
checked by measuring the 766 keV y~-ray following the B-decay

of 95

Tc, which was produced in the target during the measure-
ment of the angular distributions. The results are shown in
fig.1l4 and fig.15. The obtained angular distribution coef-"

ficients are given in Table 1.

The angular distribution of y-rays can be expressed as

max

W(6) = 1 + A) max

asz(cose) + A4 a4P4(cose) + o0 (2,.2)

Here AT2X angd A?ax are coefficients for the .angular distri-

2
bution of y-ray emitted from the completely aligned nucleus}g)
and a, and o, are attenuation coefficients.

Recently Ejiri et al. have shown that the attenuation
coefficients for y-rays from yrast levels produced by the
(a,xn) reaction can be explaihed by a simple Y-ray deexcita-
tion model. In this model the compound states are considered
to decay to the ground state through the following processes.
The compound nucleus produced by captﬁre of a-particle decays
firstly by the statistical emission of neutrons. Then nucleus
reaches to the yrast levels by the successive emissions of
statistical y-rays. Finally nucleus comes to the ground

state after emitting the stretched y-ray through the yrast

line. Thus the yrast levels are considered to.be fed partially

-12-



by the stretched transition from the upper yrast level and
partially by-the statistical y-rays from outside the yrastr
level, which is called as "side feeding". Intensities

of the side feeding to each yrast levels are assumed to be
constant (see ref.8 and ref.4). The attenﬁation coefficient
az(Ji) for levels in even huclei with spin'Ji is given as

follows (see ref.8)

L g B'jrzl *In N (.3 %’33 +iy N
a,(J;) = J! Jy [(1- ————T——) (135 )y
274 I 1= z (3'+5) 2(J'+%'-)2 ,
1 3 1
x(1-—-———1- + 5ot )] (2.3)
T 45 2 Fraz
i 2

Here I is the maximum spin of the observed yrast level, Nn
and NY are the average numbers of neutrons and y-rays which
are emitted during the deexcitation to'thé yrast level, and
jn and jY are mean values of angular momenta carried away by
neutrons and y-rays. The values of jn’and jY are obtained
from the conventional statistical model. Eq. (2.3) is
derived for the case in which the spins of inciden£ particle
and target nucleus are both zero, and thus‘the spins of the
compound nuclei. are completely aliQned. Assumiﬁg that the
deexcitation process in odd A nuclei‘is essentially the same

as in even nuclei, we apply eq. (2.3) for the;éi§§ént case.



Here the target spin is 9/2+, which is randomly oriented.

The correction for target spin J, is given as

t
T 273 _+1 Jc+.:r+ 23 _+1

B,(3 )= |z o < T,U UL—§J )]/[ i Tz]
$£='Jc—Jt'1 27, +1 ’2 IJ Jt, 23, +1
(2.4)

Here J is spin of the compound state, % is the angular
momentum introduced into the target by the a-particle, and
Tz is the transmission coefficients for the a-particle

given by

J
_ 1/2 1/2 i
Uztz—§Jc)-(zz+1) (27 +#1)/5W(2 2 I, T3 R T (2.5)

The values Bz(Jc) are shown for the present case in fig.16.
We obtain the attenuation coefficent for the state with spin

Ji as follows

2 .
1 Im T
u (J;)— —_— g B, (7" )[(1"'""—I_Tn nyN (1——'-——-11—1——)NY
J +1-J J'-Ji (7" +5-) (gt +—-)
1 1
x (1 . ) (2.6)
Fxr i)

We use the values N, =3, Nh=2, j,=1.2 and jy=1.2 from the

-14-



conventional statistical model (see Appendix 1). The maximum
spin value of the states populated in the present reaction is
taken as Jm=21/2 (see sec.2-7), and this agrees with the
maximum angular momentum introduced into the compound nucleus
by the o-particle bombardment. (A change of one unit in Jm
causes a change of about 0.025 in az.)

Angular distributionsof y-rays following the (a,2n)
reaction on deformed nuclei with high-spin have been measured?2—26)
The attenuation coefficients obtained from the angular, distri-
butions for the targets with spin 5/2 and 7/2 are shown in
fig.17 together with the present results. We note that the
attenuation coefficients depend little on the incident energy
and Q-value, and that they only depend on the spin value of
the excited state. There are a few data of attenuation
coefficients for the (a,2n) reaction on odd mass targets and
the obtained values have large errors, therefore we couldn't
derive the definite conclusion about the validity of eq. (2.6).
It is interesting'to investigate the angular distribution with
odd mass target in order to make clear the mechanism of the
reaction and to use the (o0,xXn) reaction as an efficient
spectroscopic tool. The agreement of the calculations and

obtained values are satisfactory, and the deviation from

calculated values are smaller than 0.1 for az.

2-7 LEVEL SCHEME

We propose a level scheme for 95Tc as shown in fig.18

-15-



on the basis of following results and arguments. The ground

state 9/2% and the isomeric state 1/2° at 39 keV have been

well established.ls)

The 336.6 keV level. The spin and parity assignmént of
7/2+ has beeh established by previous ﬁorks?-ll'27) ~ An MI1+E2
(11 + 9 %) multipole for the 337 keV transition has been

27) The

reported from conversion electron measurement.
mixing ratio is obtained from the present results of the
Y-ray angular}distributioh. Using an attenuation coefficient
a2'= 0.29 + 0.1 for the 7/2+ state, which was estimated from
fig.17, the quadrupole dipole amplitude mixing for the 337
keV transition is obtained as 6 = 0.08 ~ 0.36, where § =
<f|FE2 11 i>/<£{IML1{l i>. This is graphically shown in fig.19.
Thus the 337 keV transition is mostly of Ml character with
small E2 admixture (0.6 % ~ 12 %). This is consisten with

27) 1t should

results from conversion electrom measurements.
be mentioned that the other possibility of § = 4 nv o is not

excluded from present results because of a large error in the

A4 coefficient (see fig.19).
The 626.9 keV level. A level around 627 keV is known
from the 95Ru decay?-IO) the (d,n) reaction%) {(p,n) reaction%l)

13)

and (p,Y) reaction studies. The spin and parity of this

state has been assigned as 5/2f1r9:10,;3)

The excitation
function for the 626.9 keV y-ray observed in the present
work shows that the spin of the emitting state of the y-ray

shoud be around 5/2. Thus the present 626.9 keV y-ray is

-16-



considered to be the ground state transition from the 5/2+,
627 keV state.

The 646.8 keV level. This level has been observed in

11-12) 95 10)

, the , the (p,Y)

2,.3) The spin

the (p,n) reaction
13)

Ru decay

and the particle transfer reaction. »
and parity of this state has been established to be 3/2 by

the (p,n) reactionlz). The excitation function for the present

reaction

607.9 keV'Y-ray suggests a low spin for the emitting state.
Thus this y-ray fits in the transition from the 646.8 keV state
to the 38.9 kev fifst excited state.

| The 667.9 keV. level. The 667 keV state has been observed

11) 13)

and the (p,y) reaction.>’ The 629.0

in the (p,n) reaction
keV y~ray was assigned to .the transition from this level to
the38.9 keV state. The energy sum of a cascade transition

of the 38

L] - L - v v ¥ - E

9 - 629.0 - 546.8 keV agrees well with
keV cross over transition. Thelspin af this state has been
established to be 5/2° by the (p,n) reactiont?) . The excita-
tion function for the 629.0 keV Yéfay'is consistent with the
5/2° assignment. | |

The 882.4 keV level. We propose‘tﬁis level on the basis
of éhe following reasons. 1) The 882.4 keV y¥-ray is the
strongest and no other y-rays with a compatible intensity is
seen-both in.the singles spectrum and in the coincidence
spectra above 50 keV. 2) This y-ray feeds the ground state,

and not the isomeric state (see sec. 2-2). 3) The energy

sums of the two cascade lines of the 882.4 keV - 667.2 keV

-]l7-



and the 957.3 keV - 592.5 keV agree well with &ach other.

This locates the excited states at 882.4 keV and 1549.7 keV

{the 957.3 keV state has been observed in the (p,n) reaction.)
The spin of this state is assigned as 13/2 on the basis ofth;
following facts. a) The results of délayed y-ray spectrum

show that the multipolarity of the 882.4 keV transition is
smaller than 3. Therefore the possible spin value is restricted
to the values between 5/2 and 13/2. b) The fact that the sign
of the angular distribution poefficient A4 is negative indicatés
that the spin of this state is either 9/2 or‘13/2. (see fig.19)
c).The excitation function for the 882.4 keV Y-ray rises more
rapidly than that for the 957 keV with spin 11/2. This shows
that the spin of this state is not smaller than 11/2. (see
below) The spin assignment 13/2 for the 882 keV state is
consistent with the following facts. 1) The branching to

the 337 kev 7/2+ state is known to be less than 2 § from the
preéént results of the Y-Y‘coihcidencé measurement. 2) This
state has not seen from the 9SRu decay. 3) The (p,n) reaction
little populate this leveill), suggesting that the spin of
this state is high. The positive parity assignment for the
882 keV state is based on thé following. If it were of
negative parity, the 882 keV transition to the 9/2+ ground
state would be of M2 character. Recently Ejiri et al. have
éhown that the spin-isospin core polarization reduces very
much M2 transition rates between single-quasipafticle statesga)

If we take the same reduction rate as in ref.28, the expected

-18-



half-life for the single-particle 882 keV transition would
be longer than 5 ns. However the delayed spectrum indicates
no delayed component for the 882 keV.

The 928.1 keV level. The spin and parity assignment of

95gu decay studies?_lo)

(5/2+) has been reported from the
The present results of the y-y coincidence measuremehts show
the 301.2 - 290.6 - 336.6 keV caséade transitions as seen in
the 95Ru decay. Since the 301.2 keV transition is very weak,
we can not get further information about this level.

The 957.3 keV level. The location of this level is
based on the following reasons. 1) There is no intense f—ray
in coincidence with éhis Y;ray above 50 keV. 2) This y-ray
feeds the ground state and does not feed the isomeric state
at 38.9 keV. 3) An excited state at 960 keV has been observed
in the (p,n) reaction}l) The épin is assigned to be 11/2 on
the fbllowing bases. a) The reéults of the delayed y-ray
measurement indicate the multipolarity of this transition to

be L=1 or 2. DB) The sign of the A coefficient of the y-ray

4
angular distribution is positive. Thus the spin of this state
is 7/2 or 11/2. <¢) The value of A4/A0=d.06710.018 would give
the atenuation coefficient 38 * 10 % fbr the A4 coefficient,
if the spin were 7/2. Then using a Gaussian distribution of

the substate population,lg)

the attenuation coefficient azmﬁoﬁldf
get as large as 65 v 85 %, which is too large by referring to
both the empirical and calculated values (see sec.2~6 and

fig.17). d) The excitation function for the 957.3 keV y-rays

-19-



rises more rapidly than that for the 336.6 keV. This suggests
the spin of this state to be higher than 7/2. The parity of

this state .is probably positive, because the observed angular

distribution shows mixed multipolarities for the 957.3 keV

transition. Thus M1+E2 is most likely. The 11/2+ assignment
il j -

is consistent with the results of the’ B-decay of 95Ru.q This

95

state is not populated by the Ru decay, thus the log ft

value of the B-transition to this state‘is larger than ®710).

This may exclude a 7/2+ assignment.
The mixing ratio of M1 and E2 amplitude is estimated

using an attenuation coefficient o, = 0.45 + 0.1 (see fig.l1l7).

The attenuation coefficient for the?termy A4P4 was estimated

to be‘a4 = 0.13 £ 0.07 using a Gaussign distribution for the

19) +0.7

substates . The mixing ratio obtained is 6 = -2.6 -0.9

which is graphically shown in fig.19.  Recently the low-lying

95 14)

states in Tc were studied by the (p,ny) reaction « The

882 keV and 957 keV states were obser&ed in the (p,ny) ‘reac-
tion. The spin and parity assignments are consistent with
our present results.

The 1085.4 keV level. An excited state at about 1085

95 10)

keV has been reported in the Ru decay and in the (p,n)

reaction_studiesll). An excited state with spin (5/2+) at

around 1085 keV has also been reported from the particle

transfer reaction studies2~3), The results of the y-vy

coincidence measurements indicate that the 748.8 keV y-ray
is the transition from the 1085.4 keV state to the 336.6 keV

state.
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The 1179.0 keV level. This level is known from 95Ru

9-10) and the (p,n) reactionll). The 1179 keV Y—iay in

decay
the"preéent work seems to be the transition frbm_the 1179 kev
state to the ground state.

The 1214.7 keV level. The location of this level has
been reported by the (p,n) reaction studiesll). The results
of Y=y coincidence measurements indicate that- the transition
from this state feed the 667.9 keV 5/2 , 336.6 kev 7/2% ana
ground 9/2+ states. These y-branches restrict the spin of
this state t0'5/2+, 7/2;, and 9/2°. This state is not populated
in the 2°Ru decay, suggestirig the spin of this state to be

7/2° or 9/2" . The signs of the A coefficients:of the angular

2
distribution of the 547, 879 and 1215 keV y-rays show the

spin of this state to be 9/2° . Here we assumed that the El
transitions are pure.

The 1515;5 keV level. This state is proposed on the
basis of the following reasons.’ 1) The 633.1 keV y-ray is
in.coincidence with the 882.4 keV y-ray. 2) There is no more
intense y-ray than the 633 keV y-ray which is in coincidence
with the 882 keV y-ray abo§e 50 keV. The spin assignment of
l7/2+ (l3/2+) to this state is based 6n the following reasons.
a) The result of the delayed y-ray measurement indicates that
the @ultipolarity of the 633 keV transition is smaller than 3.
b) The sign of the A4 coefficientbis negative. This, fact,

tOgethef with the obtained value of the AZ/A0 restrictsg the

spin of this state to 17/2 or 13/2. <c) The excitation function
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for the 633 keV y-ray rises more rapidly than that for the
882 keV. d) The upper limits of the branchings to the 957
keV and the ground states are all less than 1 %. The parity
of this state is probably posiﬁive because of the following
reasons. The 15/2 assingnment gives an L=2 multiporaity for
the 633 keV transition. An M2 transition is improbable from
the upper limit of the half 1ifé (see sec.Z—S{- A 13/2>
assignment means the mixed‘transition of L=1 and 2, réferringf
to the A2/A0 éoefficient, in this case an M1l gnd E2 mixing

is most probable.

The 1549.7 keV level. As already mentioned, -the two
casade lines of 592 keV - 957 keV and the 667 keV - BQZ'ieV
locate én excited state at 1549.7 keV. The spin and parity -
assiggmént'of 15/2% (11/2%) is based}On the réasons similar
‘to tﬁose for'the 1515.5 keV stqée. | .

The 2184.2 keV and thé 2547.5 keV levels. These states
are proposed on the basis of the cascade transitions of 363
keV - 669 keV - 633 kev and 1032 keV - 633 keV. The excita-
tion functions for the 363, 669 and 1032 keV_Y—rays show
that the spins of these states are high. The angularAdistri—
bution of 1032 keV y-ray has a shape of a stretched E2 transi-
tion type. Thus one may assigﬂ 21/2 for the 2547.5 keV state.

The 1264.5 keV level. We can expect the 9/2+ state by
the coupling of the 1g9/2 proton éd the E2 phonon at around
870 keV (the excitation energy of the first 2* state in 94Mo).

The 9/2+ state at 1.24 MeV or 1.27 MeV has been reported by
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)

the (3He,d)3 and the (d,n)z) reaction studies, respectively.
The present 1264.5 keV y-ray may be the transition from the
9/2+ state to the ground state.

1276.4 keV level. The 1273.5 keV y-rays seem to deexcite
from the 1278 keV state which has been reported by the (p,n)

11) and (p,y) reaction studies}3)

reaction
The 1702.4 keV and the 2213.3 keV levels. These excited
states are tentatively located on the basis of the y-y coinci-

dence measurements.
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3 Discussion

The excited states produced by the coupling of the 1g9/2
194

single proton to the E2 phonon of the core ~ Mo are expected

in the low excitation region of 95Tc. The high spin states in

the multiplet such as 11/2 and 13/2 are expected to be quite

pure on the basis of the following reasons. 1) The ground state

95 1-3)

of the ““Tc is the 1g9/2 single quasiparticle state . This

state is the only positive parity state in the major shell

between 2=20750, and the spin is the highest. 2) The energies

of the low-lying states in 94Mo are of vibrational character4'29)

(see fig.20). 3) The results from Coulomb excitation studies

94M05)

on indicate that the matrix elements between one and

two phonon states are close to the values expected from the

vibrational model. The matrix elements between one and two

phonon states are given3o)by

12 o 2022 + 1)

: |<21i] @ 00>|2,  (3.1)

| <a2lqQi21>

where the state |AN>indicatesithe N-phonon state with the spin
A, and Q is the mass quadrupole moment operator. The matrix

elements are obtained from the B(E2) values by the relation

1

koo 2 .
B(E2, Ii—-> If\) = Ti:—ri— l<If” Qil Ii>|- (3.2)

94

The matrix elements in ~ Mo obtained from Coulomb excitation

studies agree with the expected values from eq.(3.1) (Table 3).
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4) The structure of the neighboring odd nucleus 93Nb was studied -
by Coulomb excitation?1—32) The multiplet levels in 93Nb are |

located:in a small energy region and energies are close

to the first 2+ state in'the core 94Mo (see £ig.20). The
measured B(E2) values for the 11/2 and 13/2 states are close
to the values expected from the weak coupling model, although

the B(E2) values for the 5/2 and 7/2 states are larger than

the expected values (see the follows). In the framework of the
weak coupling model, the B(E2) values for the transitions from
the multiplet states to the ground state are expressed by

| 21, + 1
B(E2, I, ~> I.) = —— B(E2, 0— 2)_ (3.3)

5(21i + 1)

where Ii and I are spins of the ground state and.the multi-

plet states, and thé E(EZ)é is the B(E2f value for the one phonon
state in the core. The values obtained from“Couiomb excita-

tion and the values given by eq.(3.3) are listed in Table 3.

In the low excitation region of 95Tc, we found the

excited states (5/2%) (627 kev), 7/2* (337 kev), 11/2% (957

kev), 13/2% (882 kev) and possively 9/2% (1265 kev). These
states are‘probably céhdidatés of the muléiplet expected from

the coupling of the 1g9/2 single proton to the E2 phonon of

the core. The’energy levels of these multiplet states iny95

and 93Nb are shown in fig.20 together with the levels in

Tc

negiboring even nuclei.

It is interesting to note following facts.. 1) The level
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93.,,.31)

95 Nb31) |

Tc is the same as in
95

sequence of the multiplet in

2) The core multiplet levels in Tc are spread in energy

although those in I3

Nb are concentrated in a small energy
region. 3) The energies of the high-spin levels.such as 11/2
and 13/2 states in 93Nb are very close to the energy of the
first 2% state in neighboring doubly even nucleus 92Zr, and
those in 95Tc are véry close to the first 2t state energy in
94y, (see £ig.20). 4) The energies of (15/2%) (1550 kev) and
(l7/2+)(1516 keV) states are close to the energy of the first
gt state in 94Mb. |

Now let'svcompare the present results with various model
calculations. The Hamiltonian for the core multiplet is

given as follows in terms of a conventional weak coupling

model

H = Hc + HP + Hint ' (3.4)

where H_ and H_are the Hamiltonians for the core and the odd
particle, respectively. Now we take only a gquadrupole interac-

" tion as

Hye = -x2i2 « of?) (3.5)

int p
where'Qéz) and;Qéz) are the mass gquadrupole moment operators
of the core and the particle, respectively, and x is the

strength parameter of the interaction. The matrix element

of the Hamiltonian is given by 33
<Jén'jé I M |H| INI, I M> = GJéJc Gjéip Syt (Mho +iEjp)
+ e(IN', TN, I) , (3.6)
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- . . ' (2) .
e(I.N', I N, I) = -xW (23p J, I; ijé)<JéN'{\Qc 1 J N>

x <3 Qr(,z)l\ 3> (3.7)

wheréJc is the phonon spin, N is the phonon number, and jp

is the odd particle spin. The I and M are the total spin and

its z-component. We take into account zero, one and two phonon

states in the even core, and the 1g9/2 state as the odd
particle. Here the 1g9/2 is the only single particle state
with positive parity state in the major shell, and we are
presently concerned only with positive parity étates. Then
the energies of the ground state and the multiplet are

expressed as follows.

R | 1 '
1)|2) = [5]e(22,00

TY| 2
‘hw =i

98 =g, - 135- [le(21,00, ,
+ 5%{5(42,42,1) + €(22,22,1) +,2s(21,21.113317%"~ (3.8)
for the ground state and
el = 4 . LI) | 2+ 2
P
+ |e(02,21,1) |26 - |e(21,00,1) 26 ] + [e(21,21,1)
I.jp I.jp

- —gp— (£(42,42,1) + €(22,22,1) = 2e(21,21,1)}%], (3.9)

for the multiplet. Here we rieglected the term (c/fw)2, since
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the observed energy difference between the 11/2 and 13/2
states is much smaller than the phonon energy.

As an extreme case, we firstly take a simple vibrational
motion of a spherical even core, where the quadrupole matrix
element <JéN' "Q HJCN> has non vanishing value only when AN=
N'-N=%t1. fThen both the last terms in eq.(3.8) and the last
term in eq.(3.9) vanish. The values fiw and <"Qézqf> for the
even core are taken from the phonon energy in 94Mo’and Coulomb
excitation data (see Table 3). We used the value |<02”Qc(:2)“21>|2
=872 fm> expected from the eq.(3.1) since the Coulomb excita-
tion value is not available. The matrix element for the

single particle state is given by34)

<ny 8,3, I E£(r) Y, | nyf%,3;>

(Gt Ly JieA-d (201) (2541) /2

an

cL s L yos e
(337 20 [3,3 V<3,l215,>
(3.10)

<lef|jl>= fangzjz £(r) Rnlll,lj1 rzdr

The values of <j2|r2Ij1> are evaluated by use of the harmonic
Oscillator'wavefunctions?S) We get <g9/2|| rzYzollg9/2> = 24.9

1/3 MeV. Using

fm® for the potential parameter hw, = 41 A~
these values, the energies for the muitiplet can be given as

functions of the strength parameter x. The results are shown
in fig.zl. We note there that the level order of the 11/2 and

13/2 states disagree with the observed values, and the '7/2+

v
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and 5/2+ levels-are not as low as observed. Coupling with
the g7/2 single particle level in the upper‘major shell
miéht contribute to the 11/2+ level. However it‘pushes down
to bpposit direction. Therefore one may ¢onclude that the
simple vibrationalmmodel fails to reproduce the experimént.
In oxrder to reproducé the level order of the 11/2+ and
13/2+ levels, which are quite pure, in a framework of the
vibrational model we have to introduce the noﬁ zero Qalues
for diagonal quadrupole moment’<JéN\\Qé2lH JcN> # 0. The
valués of the diagonal elements for the two phonon states

were assumed to be given by

20108 32> = 2(-) C2g sny <2l ofB N 21w ( 2 3, 2 T 22
(3.11)

The phonon energy and diagonal element of the one phonon

state of the core are adjusted so as to reproduce.the‘energies

of the 11/2 and 13/2 states for given yx value. The results

are shown in fig.22 and fig.23.- 1t is interesting to note

that the phonon energy and the diagonal element d? not change

with the strength x very much but the energies . of multiplet

36)

change remarkably. .?heuintéyaction_Strengthmx is given by

240
‘ mw 2
x == ( __‘ﬁ—’_-) 573 MeV (3.12)

This gives x o~ 5.5 keV fm-4. This strength agrees with the

value shown by Kisslinger et a137) ana Matsuyanagi et al?s).
The single particle matrix element should be replaced by
<j||Qéz)H j>(U§ - Vg) for the quasiparticle state. We can
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use the U.V. factors obtained from particle transfer reaction

1-3,39) 2 2

studies. We get Uj - Vj = 0.3 v 0,5. Since we can

include the factor (U2 - V2) into the strength ), we take the

strength parameter to be x ﬁt(Ug - Vg) x 5,5 keV em 4 = (1.7

N 2.7) kev fm"4 in fig.22 and fig.23. Thus we get the values

fiv = 950 kev and <21 ||@!¥ |} 21> = =17 £n® for the.strength
2.7 kev fm-4. The energies of the multiplet states are shown
in fig.24(A) for these values. A general trend of the level
sequence is qualitatively in agreemént with the experiment
except for the 7/2+ levels. In other wards the effect of

the interaction which is not included in the pure vibrationai}
model might be representéd by.the non-zero values for the
diagonal Q-matrix element. The same calculations for the

, i '
93 give the values Hiw=t 1 MeV and <21!!Qé2)J!21>=u -12 fm2

(see fig.25, 26). If the even core 92, consists mostly of

the (d5/2)2 configuration, the sign of the diagonal element

should be the positive.
Recently Marumori et al. have shown that the three

quasi-particle correlation is very important in the collec-
tive excitation of odd nucleus. f The calculation including
this correlation was carried out by Matsuyanagi et al. The

38) . The result

results are shown by (B) and (C) in fig.24.
(B) is obtained by adjusting the strength of the Q-Q inter-
action so as to reproduce the excitation energy of the 7/2:
state. The result (C)! is obtained by including the'lg7/2

and 265/2 odd proton states (the upper major shell) in



addition to the 1g9/2 proton state. The agreement is
satisfactory. Interesting is to note that the change of two

93Nb to 95

units in proton number from Tc yields the large
spreading of the core multiﬁlet, suggesting an importance of
the three quési particle correlation. The systematic investi-
gation of the structure in the low excitation region of the
odd mass nuclei in this region is very important to make

clear the effect of the coupling of the particle to the core.
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Appendix I Statistical calculations for Evaporated Neutrons
and Gamma Rays.

A neutron evaporationfprobability is proportional to the
penetration coefficient of the neutron and the level density
of the nucleus after evaporatioﬂ;of the neutron. Thus the

probability is written as

Y, (En) = (22+1) T, (En)exp(ZE/T), (A1.1)
n n
where Tz (En) is the penetration coefficient for the neutron
n
with an energy En and an orbital angular momentum Qn. This

3)

value can be calculated easily? The values of calculated

T2 (En) are shown in fig.28 for £n=‘0"l' 2 and 3. The
n
44)

nuclear temperature T is given by

T = VE/a = vY7.2E/A (A1.2)

where A is the mass number. The mean value of the neutron

energy En is estimated to be 0.8 MeV for the present

93Nb(oc,2n)95Tc reaction. The mean wvalue of the orbital

angular momentum zn is given by
(22 + 1) Tgn(En)

(22 + 1) Tzn(En)

The values of % (E ) is shown in fig.27. From fig.27, we
get Rn 2~ 1, Thus the mean value jn is estimated to be jn 2 1.2
summing up the spin of the neutron.

A gamma emission probability is obtained by

._33_



Y(Ey) = kEgexp(2E/T). (L
Here we assumed jy¢! l. Using eq.(Al.4), we get NY N3
(EY v 1.3 MeV)., It is knoWn that statistical gamma rays are
mostly of dipole character, but they contain 10 v 20 % of
quadrupole transition. Therefore we used_jyﬁﬁrf.2'for'the

present analysis.
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Figure captions

Fig.1l

Fig.2

Fig.3

Fig.3

Fig.6

Fig.7

Fig.8

Fig.9-11

Fig.12

Experimental arrangement.

Scattering chambers used in the y-ray measurements.
(a) The beam goes to a Faraday cup through the target
chamber. (b) The beam is stopped at the lead sheet
in the chamber.

93Nb(d,2ny)95Tc

Gamma-ray spectrum obtained from the
re;ction at 22.5 MeV. Gamma-rays indicated by arrows
come from the 93Nb(a,ny) reaction.

Corrections for the y-ray energies. The deviations
from the linear function of channel number are shown

for the Y-xays from the decay of 60Co, 88Y, 133B

137CS

’

and h.
Relative efficiency curve for the 30 cc Ge(Li) detector.
133 152
The y-rays from the B-decay of Ba and Eu were

measured.

9

Excitation functions of y-rays from the 3Nb(oc,2ny)

reaction. Errors shown are only statistical ones.

93Nb(u,2ny)95Tc.

Excitation function of y-rays from the
Block diagram of electronics used in the y-y coinci-
dence measurements. The number for each circuit is
for ORTEC system.

Coincidence spectra. Contributions which come from
the continuous background in the gate spectra are not

subtracted. The y-rays indicated by an asterisk have

large coincidence rate (>60 %), and these y—-rays were

used to constract the level scheme.

Block digarams for delayed y-ray measurements.
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Fig.13

Fig.1l4

Fig.15

Fig.l6

Fig.1l7

Fig.18

Fig.19

(a) Gamma ray spectra were accmulated at different
time intervals‘ from the beam burst in this system.
(b) Decay curves for some transition were measured by
this system.

(a) Circuit diagram-to pick up the cyclotron R-F

signal. (b) Filter tuned to cyclotron R-F signal.

Angular distributions of y-rays from the 93Nb(oi,2ny)95'1‘c

reaction. Gamma .spectra were measured twice at each
angle (three times at 90°).

Angular distributions of y-rays from the 93Nb(0i,2ny)95Tc

. reaction.

Attenuation of alignment of the compound nuclei with
spin Jc produced by cépture of the oa-particle,
Attenuation coefficients a, oﬁtained from angular
distributions of y-rays following the (0,2n) reaction.
The values for the targét spin 5/2 and 7/2 are obtained
from the.results in ref.22-26. Values for the target
spin 9/2 are obtained from the present work. The éolid
curve is the attenuation coefficients calculated from
eq.2.6 for the target spin 9/2. The dashed curve
represent the calculations for the target spin zero.

Proposed level scheme for 95Tc.

Parametric representation of Agax/Ao and ATax/A0 for
the 337 kev, 882 keV and the 957 keV transitions.
Attenuation coefficients a, for the 337, 882 and 957

keV transitions are estimated to be 0.29+t0.1, 0.51:0.1
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and 0.45#0.1 from fig.17, respectively. The attenua-
tion coefficients o, were obtained undexr the assump-

19)

tion of a Gaussian distribution of substates.

93 95

Fig;ZO The core multiplets in Nb and Tc caused by the

coupling of lg 9/2 proton to the 1lst 2+.state of the
core. The results for 922r, 93Nb, 94Mo and 96Ru are
give in ref.40, 31-32, 5 and 29. and 41, respedtively.

Fig.21l Energies of the multiplet states expecféd from the
simple vibration where the diagonal eleménts for the
QéZ) operater vanish.

Fig.22 Diagonal element and phonon energy of the core obtained
so as to reproduce the 11/2 and 13/2 states in the

multiplet in 95Tc.

Fig.23 Energies of the core multiplet states in 95Tc. The
| 11/2 and 13/2 states are adjusted to the experiment.
Fig.24 (A); Energies of the core multiplet states for the
value of x=2.7 keV £m ™4 (see Text).
(B) ; The level structure c%lculated by using the
-pairing + QQ —‘force. The strength of the QQ-
force was adjusted so as to reproduce the exci-A
tation energy of the 7/2 state..38)
(C); The level structure obtained by taking into
account ﬁhe lg 7/2 and 24 5/2 single proton
orbits in the upper major shéll too.
Fig.25 Diagonal element and phonon energy of thevcore obtained

to reproduce the 11/2 and 13/2 states in the multiplet
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in 93Nb.

Fig.26 Energies of the core multiplet states in 93Nb. The
energies of 11/2 and 13/2 states are adjusted to the
experiment.

Fig.27 Average heutron momentum carried away by neutron

evaporation.

Fig.28 Transmission coefficients for various neutron energy.
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Table 1.

T T T L S T o o e o S e T T

H

0.6
0.8

0-6

l'l‘

20.8
1.3
14.1

2.0

67.1
19.7
16.5
17.8

3.2

3.1

7.4

2.2

I+ 23 (3 4 + i+ H i+ I+ i+ I+ H + + I+ I+ I+ 24 I+

I+

I+

H

0.10
0.1
0.2
0.2
1.2
0.2
0.8
0.5
0.4

Coefficients of Angular Distribution

A,/A

~0.10 + 0.16

-0.09 + 0.13
+0.21 + 0.12
-0.147+0.026

-0.48 % 0.16

+

~0.20 + 0.03
~0.01 # 0.10
+0.32 + 0.04
+0.18 & 0.03

+0.176+0.021

-0.09 ¢+ 0.08
-0.20 + 0.15

+0.12 + 0.03

+0.236+0.022

-0.11 * 0.03
+0.30 + 0.02

+0.35 + 0.08
-0.06 * 0.05
«0.21 % 0.05

-0.05 + 0.10

- =-43-

Gamma-Ray Energies, Relative Intensities and

A4/A0

-0.16 + 0.19
+0.02 1‘0.15
+0.03 + 0.14
~-0.027+0.028
+0.21 + 0.18
-0.03 + 0.05
=-0.17 + 0.13
-0.08 + 0.05

4+

-0.04 + 0.04
~0.042+0.025
~0.01 ¢ 0.10
+0.13 + 0.17

~0.03 + 0.03
-0.055+0.024

+0.01 + 0.03
+0.03 + 0.02

(33
(=]
L ]

B
Q

“0.14

I+
o
2

o
-

~0.03 + 0.06

H
(=]
KJ
[
N

?0._14



Table 1. (continued)

E I

Y Y
797.9 £ 0.2 6.4 + 0.5
811.0 + 0.3 12.2 + 0.8
878.6 * 0.2 6.1 %+ 0.9
882.4 + 0,2 100.0 * 5.1
957.3 + 0.2 36.4 + 1.8
969.1 + 0.2 10.8 + 0.7

1031.9 + 0.2 9.3 % 0.6

1179.0 + 0.3 1.2 ¢+ 0.3

1214.7 * 0.3 2.6-% 0.6

1237.5 + 0.3 3.0 £ 0.5

1264.5 * 1.0 1.3 = 0.5

1307.5 % 0.2 4.7 £ 0.5

1407.7 £ 0.6 2.0 £ 0.4

1524.5 + 0.6 2.2 + 0.4

1646.8 * 0.6 2.2 % 0,5

1695.8 + 1.0 2.0 £ 0.7

1846.6 % 0.6 4.1 £ 0.9

A,/A,
+0.20 £ 0.05
+0.41 + 0.05
-0.08 + 0.03
+0.217£0.018
-0.339:0.016
+0.30 + 0.04
+0.24 = 0.06
-0.19 + 0.24
+0.19 £ 0.08
-0.34 + 0.05
-0.11 £ 0.20
-0.25 + 0.06
+0.09 * 0.07
~0.03 + 0.09
-0.22 * 0.10
-0.02 * 0.10

The relative intensities were obtained

at 55° to the beam direction.

-4 4~

A, /A,
-0.11 + 0.06
-0.12 + 0.03
+0.02 + 0.04
-0.051%0.021
+0.067+0.018
-0.13 + 0.04
~0.06 + 0.07
+0.37 £ 0.37
-0.02 £+ 0.10
~0.01 * 0.06
+0.26 + 0.24
-~0.06 + 0.06
+0.15 + 0.09
~0.06 + 0.11
;—0,11 + 0.11
«0.02 £ 0.12

from the y-ray spectrum
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Tewad 2.

1337 363

Resacive ainteusatics and selavive Cuincicence xate*

593 629

in Gamma-Gamma Coincidence Spectra

882 957

19+7

4546

38£27

291 15z2 é
b (l48x43) U S .
; 301 14+2 ; —
| (326x219) R L
339 52+20 | | | 10+ 3 20412
g - (27:11) L : o {29%9)  "(25%14;
§ 363 3718  25+4 32¢5 1043
i i (29+14)  (158:22) (142£33)  (42%14)
%, 109 17+7 7+4 . 6t4
P (199+80) (110£69) B (74£51)
L 547 100435
;  (100%36) * B
Do e : ——— I
3

593 .
(67+25)

T T tooens

P (100+£13) *

. 664

- 667 59+14

' +669 (125£29)
745 '

36%15
(108%62)

749

_ (15£9)

m_,(96136) [ AR

) A “”;m(7§t29)
26+15

51%19

(122+18)

. 4136

100+£20
(100£21)
49120
(1416)
35+21
(33+20)

(75£53)
92+32
_(52x18)

1006 i
(100%6) *
19+6
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34+4
(72+9)

10014
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18110
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(47£26)
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 (115248)



Table 2. (continued)

] | | | | 0 | |
Gate - .| ; | | e |
o 337 - 363 | 593 | 629 . . 633 664 ! g 882 957
N R S -
811 S 4128 o . 5827 18:11 33414
L - (_151+“111) . (227$110)  (128%77)  (65%29)
879 100+18 5 g - :' i i :
(100£20)* : S o . Lo | | o
— e e e e et = e e o e . — L —— - . o — - Sh e - - S— e e b . .
882 | 7810 . 136:30 |, 100%6 96£31 . 90%12 ., . g 39116
:  (55%7) (17:4)  (100%6)* (38+12)  (63%9) - ; (8+3)
057 . 27¢8  100:16 . 126 ..100£19 s :
& . (48x14)  (100:16)* . (29#14) - (100%19)* 0
- f ' o ; . + i ' : b
969 - 36%8 ; : ) 11+6 g |
 (24860) ‘ ~ (106%56) ! ;
m—— et e e e - P T . -‘ - -+ { ‘
1031 13+9 168 | |
(105+70) , . = (176%95) S o ”imwﬂw'w
X '

Parentheses show'the'relative coincidence rate.
The‘relative coincidénce rates were obtained under the a;sumption that the y-ray
indicated by an asterisk in each column was in coincidence with the Y¢ray, on
whose photo peak the c01nc1dence gate were set, of 1QQ % c01n0ldence rate.

The errors do not 1nclude the effect of the angular correlation of Y—rays.
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Table 3
Matrix Elements and B(E2) Values

b
[<aN N QlfA'N'>]2 (fm") Coulomb excitation eg.3.1.

9 4yo) l<21 @it 00>’ 2180 + 110 2180°)
Kazli Qi 21> 6000 + 900 7848
K221 QI 21> 1* 5800 + 130 4362
ko214 @ it 21>} | 872
K221 Q00> ? 32 £ 7 0
B(E2) (e?fm") Coulomb excitation eg.3.3
9 3ypC) B(E2 9/2 + 13/2) 230 * 12 221
B(E2 9/2 + 11/2) 172 ¢+ 9 190
B{E2 9/2 + 9/2) 26 * 2 158
B(E2 9/2 + 9/2') 39 + 3
B(E2 9/2 ~ 7/2) 168 + 8 126
B(E2 9/2 + 5/2) 157 + 7 95
?ZZrd) B(E2 0 + 2)e?fm" 790 %10

a) ref. 5) b) Expected values of the phonon model (eq.3.1),
where use was made of the value |<21jf Qi 00>|? obtained

from the Coulomb excitation. c¢) ref. 42) d) ref.32)

-47=
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