
PHYSICAL REVIE%' C VOLUME 24, NUMBER 3 SEPTEMBER 1981.

Magnetic moments of the 2t+ states of even-even Te isotopes
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The magnetic moments of the 2~+ states of ' 0 '3 Te isotopes have been measured by the
thin-foil transient field technique. The resulting magnetic moments are discussed in the

light of predictions of the vibrational, the quasiparticle, and the interacting boson approxi-
mation models,

NUCLEAR REACTIONS ' Te ( S, S') ' Te(2t+ );

Es —80 MeV; enriched targets; measured W(8,B,co ) through polar-
ized iron; deduced g(2~ ).

INTRODUCTION

The even Te isotopes exhibit general collective-
nuclei properties. Theoretical calculations of the
magnetic moments of these nuclei have been based
on the vibrational model, the quasiparticle model, ,

and the interacting boson approximation (IBA}
model. The present experiment was undertaken to
accurately measure the g factors of the even Te iso-

topes in order to discriminate between different
theoretical predictions. The magnetjc moments of
the first excited 2+ states of the stable even-even

Te isotopes were measured here for the first
time by the thin-foil transient field technique.

It has been established in recent experiments' that
the transient field acting on fast ions traversing thin
iron foils is a smooth function of the ion velocity for
ions in the velocity range 0.014 & v/c & 0.027 and
atomic number 8 & Z & 78. The transient field has
been calibrated by measuring the effects of the field
on nuclear states with magnetic moments deter-
mined by unambiguous techniques. Various
parametrizations of the field have been proposed.
The parametrization adopted for this work has been
described in previous publications. '

There are two isotopes of Te, ' Te and ' Te,
whose magnetic moments have been measured by
precession in~the static hyperfine field of a host fer-
romagnet into which the parent radioactive nuclei,

Sb and ' Sb, respectively, have been implanted.
Many measurements have been carried out on these
isotopes but the experimental values exhibit a scatter
wider than warranted by the quoted errors. Thus, it

is not possible to use these measurements to cali-
brate the transient field and the determination of the
moments must rely on the average parametrization
discussed above.

The magnetic moments of the 2~ states in the Te
isotopes have also beeri measured previously by ion
implantation perturbed angular correlation (IM-
PAC} techniques; however, these experiments suffer
from serious systematic errors due to the depen-
dence of the data on the accurate knowledge of the
static hyperfine field, low velocity stopping powers,
the lifetimes of the states, and radiation damage ef-
fects. The thin-foil technique data are independent
of the above factors and henceforth expected to be
more reliable.

Recently, the thin foil transient field technique
has been applied to systematic measurements of the

g factors of the 2&+ states of Pd, Cd, and Ba nuclei.
The data have been used here to extract the parame-
ters of a semiempirical formula derived from the
first order IBA model.

EXPERIMENTAL TECHNIQUE AND RESULTS

The essential feature of the technique involves the
use of a triple layered target. The first layer con-
sists of thin enriched Te isotopes electroplated onto
an annealed natural iron foil which is backed by a
thick copper stopper. The composition of the tar-
gets is given in Table I, which also lists the energies
and meanlives of the 2&+ states of the Te isotopes.
The details of the technique have been extensively
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TABLE I. Summary of the energy levels and lifetimes of the 21+ states of the even Te iso-

topes and the composition of the targets.

Nucleus Isotope

I.
()Mg/cm )

Iron

I.
(mg/cm )

Copper

I.
(mg/cm')

E2+
1

(MeV) (psec)

'"Te
122Te

~ "Te
126Te

128Te

130Te

375
470
370
450
450
300

1.39
1.38
1.43
1.37
1.47
1.31

15
18
12
20
18
18

0.562
0.564
0.603
0.667
0.743
0.840

14.4(2.6)
11.5(1.1)
5.8(0.5)
5.8(0.7)
4.3(0.6)
2.7(0.3)

'Reference 4.

and frequently described in previous publica-
tions.

A beam of 80 MeV sulfur ions from the
Rutgers-B'ell tandem accelerator was used to
Coulomb excite the nuclei, which then recoil

through the thin iron foil into the copper backing,
where they stop and subsequently decay. A smail

external polarizing magnetic field of 300 G was ap-

plied perpendicular to the beam direction to mag-

netize the iron foil to saturation. The direction of
the field was reversed approximately every 3 to 5

min. The decay gamma radiation was detected in

four 12.7 cm X 12.7 cm matched NaI (Tl) detec-

tors, in coincidence with the backscattered sulfur

beam particles, which werq detected in an annular

surface barrier detector. The NaI(T1) detectors were

located at a distance of 16.7 cm from the target and

were placed at the angles 0& ——67.5 and 112.5,
where normalized slopes S of the gamma-ray angu-

lar correlations W(8) were a maximum,

S = —(1/W)(dW/d0)s = —3.0. A typical

particle-gamma-ray angular correlation is shown in

Fig. 1 for the hm = 0,2~+ —+ 0~+ transition in the
nucleus of ' Te. The effect of the 300 6 external

magnetic field on the precession of the angular
correlation was reduced to negligible proportions by
effective shielding of the incoming beam with a soft
iron cone. The net precession 68 of the gamma ray
angular correlation is related to the magnetic mo-

ment and the'hyperfine field by the following ex-

pression, which takes into account the nuclear de-

cays within the moving ion as these traverse the iron
foils:

1.5

I.O

l24T (p+ ()+)
where ~ is the mean life of the state and T is the
time spent by the ion in the iron foil. The
parametrization chosen to represent the transient
field in the iron was

0.45

B(v,Z) = 97 — Z "p~N&,
Vp

0.5-

e(e) = ~+O.64ap~(e)-t. eet8)
45 90 I35

ANGLE (8)
180

FIG. 1. Typical particle-y angular correlation for
Te. The four NaI(Tl) detectors are placed at angles

8 = + 67.5' and + 112.5' for the precession experiments.

where v, = e /fi is the Bohr velocity, v is the ion
velocity, Z is the atomic number of the ion, pz is
the Bohr magneton, Xz is the volume density of po-
larized electrons, and p~N&

——1752 G is the satura-
tion magnetization of the iron foil.

The initial and final energies of the Te ions

traversing the iron foils of thickness L, the time

spent by the ion in the ferromagnet, the precession
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TABLE II. Summary of the measured net precession angles b, 8 for the Te isotopes and the deduced g factors. E;„,
E,„„(U/U0);„, and (U/U0), „,are, respectively, the energies and velocities of the moving ions as they enter and leave the
iron foil. L is the thickness of the foil and T is the time spent by the ion in the ferromagnet. The g factors for ' Te and
"Te determined by radioactivity methods are shown in the last column.

E;„

Nucleus (MeV) (Me V)

U

U
ln

U

U0
out

{mg/cm ) (psec) (mrad)
This
work

g factor

Radioactivity

120Te

122Te

124T

48.55
47.08

47.69

21.65
21.08

20.98

4.04
3.94

3.94

2.70
2.65

2.62

1.391
1.380

1.425

0.244
0.248

—7.9(9)
—9.0(8)

0.258 —7.4(8)

0.29(3) .

0.33{3)

0.26(3)

0.31(3)'
0 39(3)
0.46(5)'
0.34(7)
0.21(5)'
0.35{5)'
0.27(13)f

126T

128T

130T

46.36
45.90
46.95

21.16
16.20
22.85

3.85
3.80
3.82

2.61
2.27
2.67

1.371
1.44
1.305

0.251
0.344
0.238

—5.1(8)
—8.9(12)
—7.3(15)

0.19(3)
0.31(4)
0.29(6)

' Reference 9.
" Reference 10.
' Reference 11.

Reference 12.
' Reference 13.

Reference 14.

angles, and the deduced g factors are listed in Table
II with the g factors derived from other (radioactivi-

ty) methods. ' The radioactivity measurements of
Bhattacherjee et at. on the 2~+ levels of ' Te and

Te agree best with the present results. The g fac-
tors are plotted in Fig. 2.

DISCUSSION

A plot of the g factors obtained for the different
isotopes is shown in Fig. 2. The striking feature of
the data is the minimum at ' Te. This result sug-

gests the presence of a mixture of collective and
shell effects. The crude collective model prediction
of Z/A overestimates the g factors. The Greiner
formula, '5

———Z/A

GREIHER

p 5 — ——- LOHBARO

p4

g
Q.3—

52 TeA

o

TABLE III. Comparison of the experimental g factors
of the first 2+ excited states of Te isotopes with theoreti-
cal estimates.

P.2— Greiner Lombard

P. l— Isotope +
g2expt

Z
A

(Ref. 15) (Ref. 16)
1 I

I20 122
I I

l24 l26
A

I 1

128 I30

FIG. 2. g factors of the 21+ states of Te isotopes. The
dashed line represents the collective model estimate of
g = Z/A. The solid line reflects the Greiner estimate.
The dotted line corresponds to the Lombard quasiparticle
calculation.

120Te

122Te

124Te

126T

128T

130T

0.29(3)
0.33(3)
0.26(3)
0.19(3)
0.31(4)
0.29(6)

0.433
0.426
0.419
0.413
0.406
0;400

0.356
0.350
0.346
0.340
0.334
0.328

0.41
0.32
0.28
0.26
0.26
0.31
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TABLE IV. Comparison of the measured g factors of the 21+ excited states of Pd and Cd
isotopes with the predictions of the quasiparticle model and the fitted g factors to the first or-
der IBA model. N„and N are the numbers of neutron and proton bosons, respectively.

Nucleus Nv + a
g2expt

g factor
b

g2qp g IBA

102pd

104pd

106pd

108pd

110pd

3
4
5

6
7

0.41(4)
0.46(4)
0.398(21)
0.36(3)
0.31(3)

0.48
0.50
0.53
0.57
0.58

0.453
0.422
0.391
0.360
0.329

106Cd

108Cd

110Cd

114Cd

116Cd

1

1

1

1

1

4
5
6
7
8

7

0.40(10)
0.34(9}
0.285(55)
0.32(8)
0.29(7)
0.30(7)

0.41
0.44
0.47
0.48
0.47
0.45

0.389
0.358
0.327
0.296
0.265
0.296

' Using B(U,Z}= 97 Z "(U/U0) 'p~N~. See Reference 2.
Reference 16.

'
g = 0.48 —0.031N„+ 0.033N

Z 4
g = —(l —,f), —

where

iy pp(n)

A pp(p)

pp(n) and pp(p) are the deformation parameters for

neutrons and protons, respectively, and

pp(n)

p(
is represented by the solid line in Fig. 2.

Quasiparticle calculations have been carried out
on the vibrational states of doubly even spherical
nuclei within the framework of the BCS theory.

TABLE V. Comparison of the measured g factors of the 2+~ excited states of Te and Ba
isotopes with the fitted g factors to the first order IBA model. N„and N are the numbers of
neutron and proton bosons, respectively.

Nucleus N„ + a
g2 expt

g factor
b

g IBA Ref.

120Te

122Te

124T

126T

128T

130Te

130B

132B

134Ba

136B

1

1

1

1

1

I

7
6
5

4
3
2

0.29(3)
0.33(3)
0.26(3)
0.19(3)
0.31(4)
0.29(6)

0.35(3)
0.34(3)
0.43(5)
0.35(5)

0.213
0.244
0.275
0.306
0.337
0.368

0;326
0.357
0.388
0.419

This
work

' Using B(v,Z) = 97Z "(U/U0) '
pg&&."g = 0.42 —0.031N„+ 0.01N
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