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Abstract The quadrupole moments of the excited levels
in neutron rich iodine isotopes, viz., 1317 (5/2?) and 1321
(31+), have been measured with LaBr3(Ce) detectors using
Time Differential Perturbed Angular Correlation (TDPAC)
spectroscopy. The excited levels were populated from 8~
decay of the radiochemically separated tellurium (Te) fis-
sion products produced in "% U(*He,f) reaction at E,(lab)
= 40 MeV from K-130 cyclotron at VECC, Kolkata. The
active tellurium fission products were radiochemically doped
in metallic tellurium matrix to provide the necessary Elec-
tric Field Gradient (EFG) required for TDPAC measurement.
The values of quadrupole moments for the 5/21+ level of 1311
and 3T level of 1321 were determined to be (—)0.30(1) eb
and (—)0.25(2) eb, respectively. The present measurement
provides the first experimental determination on the electric
quadrupole moment of S/ZT level of 1311,

1 Introduction

The measurement of electric quadrupole moment is impor-
tant to estimate the deviation of the nuclear charge distri-
bution from sphericity [1,2]. It is also a sensitive probe to
indicate the evolution of shell structure. Thus, such measure-
ments in neutron rich nuclei below doubly closed '32Sn are
of substantial importance to probe the prevalence of expected
spherical character as one approaches the N = 82 shell clo-
sure in this exotic domain [3-5]. However, the availabil-
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ity of experimental data on electric quadrupole moments
(EQM) in this mass region are inadequate. Apart from a few,
most of the existing results are from measurements done
during early 60s to late 80s [6]. So, it is important to per-
form more measurements on electric quadrupole moment to
enrich the understanding of the evolution of shell structure
around '32Sn.

In case of iodine nuclei, the systematic change of mea-
sured EQM for the 5/2;r and 7/2;r levels were studied in
1964 [7]. It was found by the authors of Ref. [7] that a linear
extrapolation of the measured values to the closed neutron
shell at N = 82 predicted a value of Q =0.11 b for the 7/21+
state. However, the extrapolated value of EQM for 5/2?r state,
obtained in a similar manner, is much larger. In contrast to
the data, both the theoretical calculations performed at that
time, (i) by Kisslinger and Sorensen [8] and (ii) the single-
particle estimates and the configuration mixing calculations
by Horie and Arima [9], predicted a larger absolute value of
EQM for 7/2?' level compared to that for 5/2?r level in N =
82 iodine nucleus.

It is worth mentioning that in Ref. [7], specifically for the
5/2] level, the linear extrapolation was based on only three
data points which are again significantly away from shell clo-
sure of N = 82. So, systematic experimental determination
of quadrupole moments up to N = 82 iodine is of importance
to understand the evolution of nuclear deformation of the
5/2;r and 7/2?r levels. Subsequent to the work of Ref. [7],
very few measurements of EQMs of iodine nuclei have been
performed [10-13]. Till date, no experimental measurement
exists on the EQM of 5/2;r levels in odd-A iodine with
N > 76.
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In the present work, the quadrupole moment for the 5/21+
level of N = 78 13'I has been measured with latest gen-
eration LaBr3(Ce) scintillator detectors using TDPAC spec-
troscopy [14]. The TDPAC measurement was performed with
iodine as PAC probe doped in metallic tellurium matrix. The
active iodine isotopes were produced from the B-decay of
respective tellurium parent isotopes. The neutron rich tel-
lurium isotopes were produced by the « induced fission of
natyJ followed by their radiochemical separation from the rest
of the fission products. The tellurium isotopes were doped
into the tellurium metal during the radiochemical separa-
tion process to provide the necessary Electric Field Gradi-
ent (EFG) to interact with the EQM of the nuclear states.
The quadrupole moment of 3]” level of 1321 produced from
decay of '32Te, which had sufficient activity in the prepared
sample, was also measured. This is, however, was measured
earlier [12,15] by Integral Perturbed Angular Correlation
(IPAC) technique that usually introduces larger uncertainties
compared to the TDPAC method. So, the present work pro-
vides the first experimental result on the quadrupole moment
of the S/ZT level in odd-A iodine above N = 76 and that of
the ST level of 1321 using a different technique.

2 Methods and materials

The determination of EQM of an excited nuclear state relies
on the direct or indirect measurement of its interaction with an
EFG. The EFG produced at the site of the nucleus due to the
presence of surrounding charges in an atomic or molecular
environment could be sufficient to yield a measurable effect
by interacting with the nuclear charge distribution. In case
of a solid, an EFG ~ 102! V/m? can be obtained from the
periodically arranged atomic or molecular charges present
around the nucleus. The interaction between the EQM of an
excited state of the nucleus and the EFG can be measured by
a hyperfine technique, viz., TDPAC Spectroscopy [14]. In a
TDPAC experiment, the time differential perturbation in the
y —y angular correlation, arising due to such kind of electric
quadrupole interaction, is measured to determine the electric
quadrupole moment of the nuclear excited state.

The following two subsections describe the production of
neutron rich iodine isotopes and the TDPAC technique used
for the measurement of EQM in the present work.

2.1 Production of 131:132] and sample preparation

The excited states of '31:132] have been populated from
the B~ decay of '31"Te (11, ~ 33 h) and '¥*Te (t;p ~
3 d), respectively. The parent nuclei were produced via
nat(J(*He, f) reaction followed by radiochemical separa-
tion. Stacks of ~1 mg/cm? thick " U targets, prepared by
electro-deposition on 25 pwm thick Aluminium backing foil,
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was irradiated with 40 MeV o beam for 36 h at K = 130
AVF cyclotron of VECC, Kolkata. Each stack was prepared
with four / five Uranium targets separated by 25 pm thick
Aluminium catcher foils. The recoiling fission products were
collected on the catcher foils which were subsequently used
for the radiochemical separation and doping into tellurium
metal matrix. In order to separate the tellurium isotopes from
rest of the fission products, the catcher foils were dissolved in
concentrated nitric acid followed by the addition of inactive
tellurium carrier. The radioactive tellurium along with the
tellurium carrier were reduced to metallic Te(0) by chemical
method. The metallic tellurium was then annealed at 573 K
for 3 h in argon atmosphere. The crystalline phase of the
metallic tellurium powder, prepared in this way, was of near
spherical shape with ~5 mm diameter and was character-
ized by powder X-ray Diffraction (XRD) measurement. All
the peaks obtained in XRD analysis could be assigned to the
trigonal crystal structure of tellurium metal powder.

2.2 TDPAC method

In the TDPAC technique [14], the perturbation in the angular
correlation of a y — y cascade, created by the interaction
of the electric quadrupole moment of the intermediate state
with the known EFG (V_;) around the probe atom, is utilized
for the measurement of nuclear quadrupole moment (Q). As
a result of the perturbation, the intermediate state is split into
different non-degenerate m-states with eigen values propor-
tional to the quadrupole frequency wo which is given by:

eQV,,

YC= 42— h M

where J is the spin of the intermediate level. The spin inde-
pendent quadrupole interaction frequency coupling constant
(vg) can be derived as

vo == )

Due to the above interaction, the angular correlation func-
tion is perturbed by a time dependent factor known as the
perturbation factor G(t).

The theoretical shape of G (¢) for static electric field gra-
dient (EFG) in a polycrystalline powder sample is given by
the following equation [16]:

1 .22
Go(t) =ap+ Zan e T 5 (T2 TR) ¢ cos(wpt) (3)
n

The summation index “n” can assume all positive integer val-
ues (including zero) and its maximum value depends on the
number of hyperfine split levels. The exponential damping
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terms in Eq. (3) attribute to (i) the finite resolving time (tg) of
the measurement setup, characterized by a Gaussian distri-
bution and (ii) the inhomogeneity introduced during sample
preparation, expressed with the Lorentzian frequency distri-
bution having relative width parameter §. The coefficients a,,
have dependence on the nuclear radiation parameters and the
electric field asymmetry parameter 1 = M As evident
from the above equation, the theoretical sh;fije of the pertur-
bation function is significantly affected by instrumentation,
asymmetry of EFG and quality of the sample along with the
population mode of the y — y cascade, as follows.

(1) Firstly, because of the intrinsic time resolution of the
coincidence circuit and with the approximation that the res-
olution function is a Gaussian distribution of width 7y, a
correction factor e~ 2978 is introduced into the expression
given in Eq. (3). The multiplication with this correction fac-
tor attenuates the amplitude of oscillations and shifts the zero
time from its true value. (2) The second effect arises from a
situation where the EFG has no axial symmetry (n # 0), i.e
from the asymmetry n of EFG. The eigen values of the m
states are approximated by power series of 1 and the tran-
sition frequencies become n-dependent with the loss of har-
monic nature of quadrupole frequency (with exception for
n =1). (3) The third effect originates from the inhomogene-
ity of polycrystalline solid and defects present in that sample.
This effect may resultin situations where the crystalline fields
experienced by the nucleus in its intermediate state vary con-
siderably from nucleus to nucleus. So, the experimental curve
is fitted with a distribution of frequencies.

Experimentally, the y — y coincidence histograms, given
by W©#,1) = Y Ar.Gi(t).Pi(cosH), are recorded as a
function of time elapsed between the emission of feeding
and decaying y-rays, at all possible 90° and 180° angles.
The experimental perturbation function G,(¢), obtained with
Eq. (4), is least-square fitted with the theoretical expression
to get the hyperfine parameters vy and 7.

W (180°, 1) — W(90°, 1)
Ar.Go(t) =2 4
2:G2(0) = 2 X e 0e 1) £ 2w (905, 1) @)

As the quadrupole coupling constant, vg, is proportional
to the EQM (Q) and EFG (V_;), EQM is directly obtained
knowing the EFG which is discussed in Sect. 3.1.

In the present experiment, performed at room tempera-
ture, the separated tellurium fission fragment activity doped
in tellurium metal was counted using BGO suppressed Clover
HPGe detectors prior to the TDPAC measurement in order to
identify the y lines of interest and their coincidence rela-
tionships with other observed y rays. The TDPAC spec-
trometer consisted of three 1 inch ¢ x 1 inch thick cylin-
drical LaBr3(Ce) crystals coupled to XP2020URQ Photo-
multiplier tubes and kept in a planar geometry. One of the
detectors was used as the ‘START’ detector and the other

1+

2 Tii6y 78
228 | 162
3+ 112}
— 50 — 50
4* 0

Fig. 1 The simplified decay scheme for 321, as populated from the
decay of 1328 Te. The y rays of interest in the measurement of EQM are
shown in red. The two other y rays are shown in blue. The conversion
coefficents have been used while showing the intensities of the y lines
(proportional to the width of the transitions) and the converted intensity
is indicated with the white portion in the width of the transition. The
data has been taken from ENSDF [18]

two as ‘STOP-90’ and ‘STOP-180" detectors based on their
angular position of 90° and 180°, respectively, with respect
to the ‘START’ detector. The tellurium powder sample was
kept at a distance of 5 cm from the detectors for counting.
The distance was chosen in such a way that the geometri-
cal correction due to cylindrical detectors is minimum and
coincidence count rate is maximum with the available source
strength [17]. The typical activity was 10-20 uCi depend-
ing on the number of Uranium targets used in the stack and
the beam current provided for irradiation. The data were col-
lected in LIST mode with the help of standard NIM and
CAMAC electronics. The energy spectra from the LaBr3(Ce)
detectors are displayed with a range of 600 keV and the time
spectra corresponding to two STOP detectors are displayed
in a total range of 500 ns, both in 8K channels. The typ-
ical energy resolution of the detectors used in the setup is
~3% at 662 keV y energy. The Full Width at Half Maxima
(FWHM) of the prompt coincidence time peak obtained with
the TDPAC setup at the relevant energies are discussed in
Sect. 3.2. The statistics was gathered by repeating the irradi-
ation, sample preparation and TDPAC counting several times
in sequence.

3 Experimental results

The simplified decay schemes of the two nuclei, viz. 321
and 13T [18,19], as obtained from the decay of respec-
tive tellurium parents are shown in Figs. 1 and 2. In
these figures, the cascade relevant to the TDPAC analy-
sis is shown in red, the y rays (< 600 keV) expected
in the energy spectrum are shown in blue and the higher
energy y rays are shown in black. The determination of
EFG and EQM are described in the following two subsec-
tions.

3.1 Determination of EFG
In the present case, the EFG at the iodine site in tellurium

matrix has been obtained from the experimental data avail-
able in literature. The EFG for this system can be esti-
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Fig. 2 The simplified decay scheme for '3'I, as populated from the
decay of 13" Te and relevant in the present measurement. The y rays
of interest in the measurement of EQM are shown in red. The y rays
with energy below 600 keV are shown in blue and the higher energy
y rays are shown in black. The conversion coefficents have been used

Table 1 The EFG values obtained for iodine in tellurium(Te) with
known values of quadrupole frequencies and quadrupole moments (Row
1-3). (a): The EFG value is quoted as given in Ref. [12]. (b): Represents

while showing the intensities of the y lines (proportional to the width
of the transitions) and the converted intensity, if any, is indicated with
the white portion in the width of the transition. The data has been taken
from ENSDF [19]. The J” of the levels are adopted from Ref. [20]. The
levels marked with * have uncertain J* which are not shown

the V_, obtained with scaling the EFG of Row 4 with the latest value
of quadrupole moment [23]. See text for details

Nucleus and Host Nuclear spin (J7) vo(MHz) T(K) Q(eb) [23] VZZ(V/cmZ)

1271 in Te 72f 693(200) [21] 293 —0.617(2) 4.65(134) x 10'8
1291 in Te 72 396(3) [21] 42 —0.483(10) 3.39(7) x 108
1297in Te 72f 406(6) [22] 80 —0.483(10) 3.48(9) x 10'8
1291 in Te 712F 406(6) [22] 300 —0.553(10) 3.38(4)x 10'8 @
1297 in Te 712f 406(6) [22] 300 —0.483(10) 3.87(12)x 1018 ®
mated using the known quadrupole frequencies [21,22] and o Ay > 25k
quadrupole moments [23] for the 7/2?r states of '2°T and é : ;: X = - §
1271 that are shown in Row 1-3 of Table 1. In addition, 5”30k-'|g:f_- §V‘:—‘ §=§_ i;;-? 'ZOKg
the EFG value for iodine site in tellurium matrix has also i Ié’%— §% g § = ) A‘S‘_:( 8 -‘;..
been taken from Ref. [12] that was obtained from the data of £ ! / ;° 42 A NE: g _ X E' - m\f 5&:2—1“2"‘
712} state of 121 considering Q = —0.553(10) eb (Row 4 of & 2°] 5”‘ it ',-'-b,-’ MTS L Baxslfeel 3
Table 1). Further, this value of EFG (3.38(4)x 10! V/em?) % Y SN 3R SgTs /"’§‘1°"%
has been scaled with the latest quadrupole moment for this g 10k ~ ;(.\ { | § T | $ l, Yol o
level reported in Ref. [23]. The scaled EFG comes out to be E “ l""p"“‘-\‘_,,"“""' ' ‘J oK ﬁ
3.87(12)x 10'® V/cm? (Row 5 of Table 1). = ] '0 =

From the values shown in Table 1, it is observed that there
is no considerable change in the EFG value as a function
of temperature. Out of the obtained values, the value shown
in Row 1 suffers from a large (~ 30%) error and was not
considered for subsequent extraction of quadrupole moments
in the present work. The value shown in Row 5 is also not
considered as this goes against the expected trend of EFG as
a function of temperature. The values shown at Row 2 and 3
are found to be similar within their errors. Subsequently, the
EFG value of Row 2 (3.39(7) x 10'8 V/ecm?), consequent
to its lower error value, was used for the determination of
quadrupole moments for 1311321,
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Fig. 3 The representative total projection obtained with the BGO sup-
pressed Clover HPGe and the LaBr3(Ce) detectors are plotted. The
comparison clearly identified the photopeaks required for the subse-
quent TDPAC analysis and other y peaks that are generated from the
decay of radio-chemically separated tellurium activity

3.2 Determination of EQM using TDPAC method

The y energy spectra obtained with the tellurium metal sam-
ple doped with active '31:132Te, using Clover HPGe and
LaBr3(Ce) detectors, are shown in Fig. 3. The comparison
of these two spectra has helped in identifying the required
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Fig. 4 The representative gated projections are shown for (a) 50 keV
and (b) 150 keV, obtained from the data taken with Clover HPGe and the
LaBr3(Ce) detectors, respectively, corresponding to the 228-50 keV and
452-150 keV cascades of '32T and '3'T, respectively. These projections
were used for the generation of coincidence time spectra with y — y
energy (‘START-STOP’) gating in two LaBr3(Ce) detectors. The close
lying contamination peaks from the daughter products, that might arise
from the coincidence with underlying Compton background, are also
marked

y transitions and cascades for subsequent analysis. The rel-
evant cascades connecting the levels of interest and other
expected y rays are visible in this spectrum which corrobo-
rate with the simplified decay schemes displayed in Figs. 1
and 2. The difference in the Clover and LaBr3(Ce) spec-
tra may be attributed to the difference in coincidence time
window used for generation of the spectra, the difference in
attenuation in the entrance windows of the detectors and the
applied CFD (Constant Fraction Discriminator) thresholds.
The quadrupole moment measurements were performed for
the 50 keV, 3] level of 1321 (#1,, = 1.120(15) ns [24]) and
150 keV, 5/2] level of 13T (12 = 0.95(5) ns [19]), respec-
tively, using TDPAC technique described under Sect. 2.2.
The energy projections from LaBr3(Ce)-LaBr3(Ce) coinci-
dences, corresponding to the two cascades of interest, are
shown in Fig. 4 and compared with that obtained from
Clover-Clover coincidences.

The time spectra were generated from double coincidence
datain two LaBr3 (‘START’ and ‘STOP’) detectors by selec-
tion of narrow energy gates corresponding to the 228-50 keV
and 452-150 keV cascades, respectively. The feeding transi-
tion was selected with the ‘START’ and the decaying transi-
tion was selected with the ‘STOP’ detector while generating
the time spectra. The chance coincidences present in the time
spectra, if any, was found by gating on the Compton back-
ground just near the photo-peak and subtracted appropriately.
A set of representative time spectra for the two relevant cas-

-
o
o

t,, - 1.005 (6) ns

Number of Events
-
o

(b) @2)——
452 keV
100 52" —¥
. 1150 kev
712" ——
131)
10
t _-0.76 (10) ns |-|j]
112
0 T o s
188 190 192 194 196 198

Time (ns)

Fig. 5 The representative background subtracted time projections are
shown for (a) 228-50 keV and (b) 452-150 keV, respectively, obtained
from the data taken with the TDPAC setup. The time values in the X-
axis is the time difference measured with the TAC module having a total
range of 500ns. The feeding transitions were selected from the ‘START’
detector and the decaying transition from the ‘STOP’ detectors of the
setup

cades of '3%I and '3'I are shown in Fig. 5 along with the
measured halflives that were obtained by fitting the observed
slope. The correctness of the time spectra was ensured by
comparing the measured halflives with the known values
available in literature. In the present work, the halflives for
the 31" level of 132 and the 5/2?L level of 3'T come out to
be 1.005(6) ns and 0.76(10) ns, respectively. During anal-
ysis, the FWHM of the prompt concidence peak at relevant
energies were also obtained from the prompt time curves gen-
erated using '°°Ru source and selecting the energies from the
Compton profile of the spectra from ‘START’ and ‘STOP’
detectors. These values were found to be 567(6) ps and 386(8)
ps, for the 228-50 keV cascade of 1321 and 452-150 ke V cas-
cade of 311, respectively. The time spectra generated with
the complete data set was used for the subsequent TDPAC
analysis.

The TDPAC spectra (A;Gz(¢) vs Time), obtained for the
50 keV level of %I and 150 keV level of 31, have been
shown in Fig. 6 using the 228-50 keV and 452-150 keV cas-
cades, respectively, along with their corresponding Fourier
transforms (FT). The fitting of the experimental data points
was performed for a time interval of 7 ns. A Kaiser-Bessel
window function [25] was used to generate the Fourier trans-
form. This window function was used to reduce the side lobes
around the central peak. The fitted parameters were obtained
based on the condition to obtain a minimum x? value for
least square fitting.
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Fig. 6 TDPAC spectra (left) and their Fourier transforms (right) for the
50 keV, 37 level of 12T and 150 keV, 5/2] level of 1311, respectively.
The blue circles correspond to the experimental data and the red solid
lines represent the fitting

The unperturbed angular correlation coefficient (A,) for
the 228-50 keV cascade of '32I comes out to be -0.05(1)
in the present work and it is in reasonable agreement with
the earlier measured value of -0.042(10) [26]. For the 452—
150 keV cascade of 131, the experimental value of +0.08(2)
is slightly higher than the previously observed value of +
0.058(8) [27]. The deviation from the theoretical unperturbed
angular correlation coefficients, viz. — 0.0714 for 1-E2-3-
M1-4 cascade of 3% and 0.05 for 3/2-M1-5/2-M1-7/2 cas-
cade of 131, could be due to even very small mixing of higher
multipoles in the associated y transitions. For 1321, both the
50keV (M1) and 228 keV (E2) transitions are known as pure
multipoles [18]. An E2 mixing of ~ 0.09% in the 50 keV
transition (6,, = —0.03, §,, is mixing ratio) and a pure E2
nature of 228 keV transition explains the observed anisotropy
in the present work. In case of 311, both the 150 keV and
452 keV transitions are known as mixed as per the conver-
sion electron measurement [28]. In this measurement, the
150 keV transition was shown to have a multipole mixing
of M1 (90%) + E2 (10%) and the 452 keV as mixed M1 +
E2 transition. It is found that a mixing of ~ 1.4% of E2 in
452 keV (5, = +0.12), in addition to the 10% E2 mixing
(6m = 40.33) in 150 keV, explains the observed anistropy
for this cascade.

During the data analysis, the asymmetry parameter n was
kept as 0.73(2) [22] for both 1311 and 1321, following the good
precision obtained in the Mossbauer spectroscopy data with
iodine nucleus in tellurium matrix. In the analysis, the wg is
found from the combination of all the transition frequencies
among the different hyperfine states. Hence, the difference in
wg values for 311 (3 = 5/2) and 1321 (J = 3) is due to the spin
of the intermediate state as well as the non-zero n value. The
uncertainty in the frequency determination has been obtained
while least-square fitting of the experimental data with the-
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oretical function (Eq. 3) through x? optimization that has to
take into account the correlations among different parame-
ters including the inhomogeneity parameter 6. The inhomo-
geneity parameter § was varied and finally fixed at 10% that
was found to give the best x 2 value and lowest error for the
quadrupole frequency. The values of quadrupole coupling
constant (vg) were derived from wg values obtained from
the fitting and are tabulated in Table 2 along with the other
relevant parameters like excitation energy (E), spin-parity
(J™), level halflife (1 2) and the EFG (V_;).

Taking the values of V_; (EFGs) as 3.39(7) x 10'8 V/em?
(as shown in Row 2 of Table 1), the quadrupole moment of
50 keV state of 1321 (J™ = 37) and that of 150 keV state of
131y Jr = 5/2]”) are extracted and shown in Table 2. The
quadrupole moment of the 3?’ level of 131 was found to be
(—)0.25(2) eb which is in close agreement with the earlier
works [6,12,15]. The extracted quadrupole moment for the
5/2] level in 13'T comes out to be (—)0.30(1) eb that gives
the first experimental data for this level. The errors quoted
for the EQM are calculated from the error in quadrupole
frequency and the error in the experimental EFG values. As
the TDPAC method is not capable of determining the sign
of the quadrupole moment, negative sign has been adopted
following the systematics and the same have been quoted in
Table 2 as well as in all the subsequent discussions.

4 Discussion

The electric quadrupole moments of the 150 keV, 5/2;r level
of 31T and 50 keV, 3fL level of 1321, measured in the present
work, have been compared with the data in the neighboring
nuclei and are used to study the evolution of collectivity in the
o0dd-Z, odd-A nuclei around 32Sn. In addition, a large basis
shell model calculations have been performed to interpret the
present experimental data. The evolution of collectivity and
the shell model interpretations are discussed in the following
two subsections.

4.1 Evolution of collectivity

In order to understand the evolution of collectivity from the
measured quadrupole moments of the first 5/27 and the 7/2+
levels of iodine nuclei up to N = 82, the known quadrupole
moments for these levels, including the one measured in the
present work, are plotted as a function of neutron number
(N) in Fig. 7. In this plot, the maximum and minimum val-
ues of quadrupole moments, known for a particular level,
have been taken from the IAEA compilation [15] along with
the adopted values from Ref. [6]. This shows that, although
the quadrupole moments of the 7/2?r levels in odd-A iodine
nuclei show a linear dependence on neutron number from N =
74-80 (dotted black line of Fig. 7a), the quadrupole moments
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Table 2 The values for V,,

2

o and Q-mom, obtained in the present work for the first excited levels of I3L1321 The sign of the EQM could not

be determined in the present experiment and the negative signs are adopted following the systematics

Nucleus Ex 7 Cascade )2 V., Vo Q-mom.
(keV) (keV) (ns) (V/em?) (MHz) (eb)
Pres. work Ref. [12] Refs. [6,15]
1321 50 37 228-50 1.005(6) 3.39(7) x 1018 204(16) (—)0.25(2) (—)0.23(7) (—)0.20(6)
1317 150 512 452-150 0.76(10) 3.39(7) x 108 247(6) (—)0.30(1) - -
. | (@) 10 provides a lower value of quadrupole moment at N = 82 for
0.8+ - . 0.8 the 5/2;r level compared to that for the 7/2;r level. The sin-
0.6 I B . Lo gle particle estimates [9] for N = 82 iodine comes out to be
] . ! —0.217 eb for 7/2 level and -0.185 eb for the 5/2 level.
0.4 T. 0.4 : : 1 _

] O Adopted B- .. . [ For the calculation, the configurations of 7 g, 2 (J=7/2) and
= 0.2+ [ IAEA_max @ -._ o2 ndé P (J = 5/2), respectively, have been considered for the
< 001 § :E:e—r:: ork 00  7/2] and 5/2 levels.

g ] (b) In order to understand the global scenario on the evolution

T T T .
72 74 76 78 80 82

Number of Neutrons

Fig. 7 Experimental quadrupole moments (magnitude) for the (a)
7/2;r and (b) 5/2;r levels of odd-A I are shown as function of neu-
tron number. The adopted values of quadrupole moments have been
taken from Ref. [6], the maximum and minimum values, known for a
particular isotope, have been taken from the IAEA compilation [15].
Errors have been considered but not visible in some cases as the corre-
sponding error bars are smaller than the size of the symbol used. The
value at N = 78 for the 5/2?’ level of 3T is measured in the present
work and is shown. Linear extrapolations up to N = 82 are shown for
7/27% level (black dotted line) and 5/27F level (red dashed and blue solid
lines) with different data sets. See text for details

of the 5/2?‘ levels depict a different scenario. Grossly, the
quadrupole moments of the S/ZT levels of odd-A iodine
nuclei display not so linear dependence on the neutron num-
ber. However, it might be noticed that two different linear
extrapolations are quite possible with different sets of data
available for this level.

The adopted values for the 5/2;r levels from N = 72 to
76 follow a particular linear dependence on neutron number
(dashed red line in Fig. 7b) that was considered in Ref. [7].
The corresponding linear extrapolation up to N = 82 pre-
dicted a higher value of quadrupole moment for the S/ZT
level than that for the 7/2?‘ level (~ 0.1 eb). However, a
different slope for the linear extrapolation is obtained con-
sidering the adopted value at N = 72, the lowest value at N
=76 and the value at N = 78 that is measured in the present
work (solid blue line in Fig. 7b). This latter exrapolation also

of deformation for the first 5/27 levels in the odd-Z, odd-A
nuclei around '328n, the deformation parameter (f82) has been
extracted from the measured quadrupole moments (Q;) using
Egs. (5) and (6) given below.

(2/+3U 4D

Q=03 7770 ®)
V5m
B2 = 327Q0 (6)

where Qq is the intrinsic quadrupole moment, K is the
component of spin (J) along the intrinsic symmetry axis,
R = Rg.A'3 and Ry = 1.2 fm. Considering strong cou-
pling limit, K = J was considered in the present calculation
by following Ref. [29].

In Fig. 8, the deformation parameters 8, have been plotted
as a function of N, for few odd-Z and odd-A nuclei around
1328n. It is observed that the deformation decreases mono-
tonically as one approaches N = 82, establishing the spherical
character at shell closure. The deformation for 5/2?‘ level of
1311 measured in the present work, also fits closely with the
systematics.

4.2 Shell model calculation

The large basis shell model (LBSM) calculations were
already performed earlier [20] for '3'T nucleus using the code
NUSHELLX [30] that considered '°°Sn as core. In this cal-
culation, the particles were distributed over the 50-82 sub-
shell valence space comprised of (1g7,2, 2ds,2, 2d3,2, 3s1/2,
1hyy/2) single particle orbitals with the single particle ener-
gies and interaction matrix elements as given in Ref. [20].
The said calculation was quite successful in interpreting the
level energies and transition probabilities in '3'T and 13?Xe.
In the present work, the calculation was extended for the
estimation of quadrupole moment of 5/2] level in '3'T using

@ Springer
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Fig. 8 Deformation (magnitude), as deduced from the experimental
quadrupole moments, are plotted with neutron numbers. The experi-
mental quadrupole moments for the 5/2?L levels of odd-A iodine (I),
Cesium (Cs), Lanthanum (La) and Presodymium (Pr) nuclei have been
taken from Ref. [6], except that of 1317 that is measured in the present
work. Errors have been considered but not visible in some cases as the
corresponding error bars are smaller than the size of the symbol used.
The error is not shown in case of La as it is very high (100%)

the standard effective charges ( e/ = 1.35,¢" = 0.35), as
was also used for the estimation of transition probabilities in
Ref. [20].

The calculation estimates a value of —0.34 eb for the 5/21+
level of 13! that explains quite well the EQM measured in the
present work ((—)0.30(1) eb). For 1321, the first excited level
was calculated at 75 keV and the spin parities of both the
ground state and first excited level could be reproduced from
the present calculation. The calculated value for the EQM of
3fr level of 1321, using standard effective charges, comes out
to be —0.18 eb which is also close to the experimental data.

The increase in quadrupole moment for the 5/21+ levels, to
a value of —0.761 (17) eb for N = 72 iodine, is observed with
the increase in number of neutron hole pairs compared to N =
82 shell closure. This can be understood as due to the admix-
ures of different configurations to the wavefunction of the
5/2;r levels and the corresponding increase in collectivity.
Such configuration mixing has been studied through mea-
surement of spectroscopic factors for the 5/2?r levels in odd-
A I nuclei through proton transfer reactions [31,32]. How-
ever, these data show almost constant spectroscopic factors
for the 5/21+ levels with 1 = 2 (J = 5/2) and, therefore, simi-
lar contribution from the 7 ds, orbital in the 5/2?r levels of
125—-1311 This concludes that the sum of admixtures of all
other possible particle configurations amounts to be similar
for all the 5/2T level in these iodine nuclei. So, to understand
the experimental observation, it would be interesting to study
the admixtures in all these 5/2;r levels of odd-A iodine iso-
topes from shell model calculation, as a future perspective to
the present work.

@ Springer

5 Summary

The EQMs for the 5/2]F level in 13T and 3T level in 13%I have
been measured using TDPAC method. The present measure-
ment provides the first experimental data for the EQM of the
5/2] level in 13'T (N = 78) which amonuts to be (—)0.30(1)
eb. The quadrupole moment of 3]L level of 1321 has also been
measured to be (—)0.25(2) eb with a different technique. It
is found that a linear interpolation, using the present experi-
mental data and few selected datasets, viz. at N = 72 and 76,
predicts the quadrupole moment for the 5/2]+ level as lower
than that for 7/2?‘ level at N = 82 iodine. The experimental
data on nuclear deformation for the 5/2T levels in the odd-Z,
odd-A nuclei close to '32Sn show a monotonic decrease of
deformation up to N = 82, corroborating with the double shell
closure of 132Sn. The quadrupole moment for the first excited
levels of 131:132] have also been calculated using large basis
shell model and are found to closely reproduce the experi-
mental data. It is realized that the experimental measurement
at N = 82 and more involved large basis shell model calcu-
lations for the N = 72-82 iodine nuclei might be useful to
understand the real scenario on the evolution of EQMs up to
N=282.
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