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High-spin states in 125I have been investigated using the reaction 82Se(48Ca,p4n) at a beam energy
of 200 MeV and γ-ray coincidence events were detected using the Gammasphere spectrometer. A
deformed rotational band, extending up to Iπ = 95/2−, was observed for the first time in a heavier
odd-A iodine nucleus. The characteristics of the band are very similar to those of the highly deformed
bands observed recently in neighboring nuclei and it is ’identical’ to one of the previously known
bands in 126Xe. The experimental results are compared to Cranked Nilsson-Strutinsky calculations
and possible configurations for the band are discussed.
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I. INTRODUCTION

The generation of angular momentum in nuclei is a key

question in nuclear structure physics. Within the frame-

work of the single particle model, it is due to alignment of

the individual angular momenta of the nucleons available

in the valence space, whereas within the collective model

coherent motion of many nucleons is assumed. Nuclei

with a few nucleons outside a closed shell represent ideal

cases to explore the interplay between these competing

mechanisms and the transition from non-collective to col-

lective behavior or vice versa.

In the A = 125 mass region, non-collective maximally

aligned states have been observed in 121I [1], 125I [2],
124Xe [3], 123Cs [4], and tentatively in 124Ba [5], where

all particles outside the 114
50 Sn64 core align their angular

momenta along the same axis to generate terminating

states. Furthermore, non-collective states above these

terminating states have been observed. They are the

result of promoting neutrons from the N = 64 core to

higher-lying orbitals [4].

The occurrence of rotational bands in the Z = 49 − 54

nuclei in the mass 110 region has been attributed to two-

particle-two-hole (2p-2h) excitations from the up-sloping

proton g9/2 orbitals across the Z = 50 shell closure.

These collective structures are associated with a prolate

minimum in the potential energy surface at ǫ2 ≃ 0.25 [6–
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12]. Most of these bands represent examples of so-called

smooth band termination [13, 14], where the collectiv-

ity decreases gradually with increasing spin. One of the

bands in 113I has tentatively been assigned a configura-

tion involving the neutron i13/2 intruder orbital originat-

ing from the N = 6 subshell [10]. However, no such band

has been observed in the heavier I nuclei with A > 121.

Furthermore, in the mass-130 region, the superdeformed

(SD) bands observed in Ce nuclei [15–17] originate from

neutron excitations across the N = 82 shell gap into h9/2

and i13/2 orbitals, coupled to the proton 2p-2h excitation

mentioned above [18]. Deformation parameters ǫ2 ≃ 0.4

have been determined for these SD bands [19].

The nuclei of the mass-125 region lie between the near-

spherical nuclei with A ≃ 110 and the highly-deformed

and SD nuclei of the A = 130 region and, thus, have the

potential of providing further insight into the develop-

ment of collectivity.

Recent spectroscopic studies of nuclei with neutron num-

berN ≃ 70, 124Ba [5], 125Xe [20], and 126Xe [21], revealed

deformed bands with remarkable regularity extending

into the spin I = 50 − 60 region. They feed normal-

deformed states in the spin range I = 22−25 at excitation

energies around 10 MeV. Transition quadrupole moments

of Qt ≃ 5.5 b have been determined for several of these

bands using a centroid-shift method, which corresponds

to a deformation parameter of ǫ2 ≃ 0.30 [20, 21]. It was

suggested that these bands involve one or two neutrons in

deformation-driving neutron i13/2 intruder orbitals and,

possibly, even a neutron in an j15/2 orbital.

An interesting question, which requires further investiga-

tion, is whether the collectivity at high spin is only due

to N = 82 core excitations or whether Z = 50 core exci-

tations are important as well. It is, therefore, important

to extend such studies to other nuclei of the mass-125

region.

In the present work, a spectroscopic investigation to

search for deformed high-spin bands in 125I using the

Gammasphere spectrometer [22] is described. A regular

band which extends up to Iπ = 95/2− was discovered. It

is ’identical’ to one of the high-spin bands in 126Xe [21].

Several states with maximally aligned and anti-aligned

configurations have also been observed in this nucleus,

and a one-to-one correspondence with results of Cranked

Nilsson-Strutinsy (CNS) calculations was found for those

levels. These results were reported in a previous article

[2].

In section II the experimental procedure and the data

analysis are described. In the subsequent section the new

rotational band in 125I is presented and in the last section

the configuration assignment to this band, based on CNS

calculations, is discussed.

II. EXPERIMENTAL PROCEDURE AND DATA

ANALYSIS

Details on the experimental procedure have been pre-

sented in previous articles [2, 21]. In short, high-spin

states in 125I were populated using the heavy-ion fusion-

evaporation reaction 82Se(48Ca,p4n)125I. The 48Ca beam

with an energy of 205 MeV and an intensity of 4 pnA

was provided by the ATLAS accelerator at Argonne Na-

tional Laboratory. The target consisted of a 0.5 mg/cm2,

98.8% enriched, 82Se layer evaporated on a 0.5 mg/cm2

Au backing. The Se was protected by a 0.08 mg/cm2

Au layer. The Au backing faced the beam and, hence,

the beam energy at mid-target was about 200 MeV.

Gamma-ray coincidence events were measured with the

Gammasphere spectrometer [22], which consisted of 100

Compton-suppressed Ge detectors at the time of the ex-

periment. In a beam time of seven days, a total of 2.8

× 109 events with a Ge-detector coincidence fold f ≥ 5

were collected and stored on magnetic tape.

For the off-line analysis, the calibrated and gain-matched

data were sorted into three- and four-dimensional arrays

using the software package RADWARE [23]. To deter-

mine the multipolarity of γ-ray transitions, two angular

correlation matrices were sorted. The first one contained

events detected at forward and backward angles, close to

average angles of 35◦ and 145◦, respectively, on one axis

and those registered in all detectors on the other axis.

Similarly, the second matrix contained events detected

around 90◦ on one axis and those of all detectors on the

other axis. Coincidence gates were set in these matrices

on the axis with events detected in all detectors. The in-

tensity ratios Rθ = I(γfb
2 , γall

1 )/I(γ90
2 , γall

1 ) were around

0.6 and 1.2 for stretched dipole and stretched quadrupole

transitions, respectively.
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FIG. 1: Partial level scheme of 125I, based on the present work and on previous results [2].
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III. NEW HIGH-SPIN BAND

A partial level scheme, based on our previous work [2]

and on the present results, is displayed in Fig. 1. The

new high-spin rotational-like sequence, band 6, consists

of eleven high-energy γ-ray transitions in cascade. In Fig.

2, a triple-gated γ-ray coincidence spectrum is presented

showing transitions of band 6 as well as γ rays from the

previously known band 5 in 125I [2].
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FIG. 2: Summed triple-gated γ-ray coincidence spectrum of
band 6 in 125I. The peaks marked with asterisks belong to
low-lying yrast states. Peaks marked with hash marks are
unresolved doublets.

Band 6 is linked via the 1054-keV transition to the 47/2−

level at 8042 keV of band 5. Fig. 3 demonstrates the

connection between the bands. This triple-coincidence

spectrum, gated on all transitions of band 5 up to the

39/2− state and, in addition, on the lines at 308 (band 5)

and 1119 (band 6) keV, clearly shows the 1054- and 1075-

keV peaks. The possibility of another linking transition

with an energy of 1157 keV from the 55/2− state of band

6 to the 51/2− level of band 5 could not be established

firmly due to the presence of the intense 1159-keV γ-ray

transition of band 5.

The angular distribution ratio of Rθ = 1.06(12) mea-

sured for the 1054-keV transition is consistent with a

stretched E2 character. Therefore, negative parity has

been assigned to band 6. The Rθ ratios measured for the

1119-, 1191-, 1271-, 1365-, and 1472-keV γ rays from the

lower part of the band are 1.05(10), 1.41(23), 1.24(18),
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FIG. 3: Summed triple-gated γ-ray coincidence spectrum
demonstrating the link between bands 5 and 6 in 125I. The
spectrum was obtained with a gate list of all transitions of
band 5 up to the 39/2− state and gates on the lines at 380
and 1119 keV. The peaks marked with asterisks belong to
low-lying yrast states.

1.44(28), and 1.18(20), respectively. These values are

consistent with quadrupole, most likely E2, multipolar-

ity. For the higher-spin transitions no angular distribu-

tion ratios could be determined and E2 multipolarity is

assumed since they form a smooth continuation of the

sequence. The new band extends the level scheme of 125I

up to an excitation energy of 27 MeV and a spin and

parity of Iπ = 95/2−.

IV. DISCUSSION

The new band 6 in 125I exhibits characteristics similar to

those of the regular high-spin bands discovered recently

in 124Ba [5], 125Xe [20], and 126Xe [21]. In particular,

band 6 is almost ’identical’ to band a in 126Xe. The dif-

ference between the average energies of two consecutive

γ-ray transitions of band 6 and those of band a at ap-

proximately the same spin decreases from 14 keV at lower

spin to 2 keV at high spin. The dynamic moments of in-

ertia of these two bands are compared in Fig. 4. They

decrease with increasing rotational frequency up to ≈ 0.8

MeV and then remain approximately constant. The ir-

regularity observed at low frequency in band a of 126Xe

results from mixing of close-lying levels, and the irregular
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FIG. 4: (Color online) Dynamic moments of inertia J(2) as a
function of rotational frequency for band 6 in 125I and band
a of 126Xe [21].
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FIG. 5: (Color online) Aligned angular momenta as a function
of rotational frequency for band 6 in 125I and band a in 126Xe
relative to a reference with Harris parameters J0 = 30~2/MeV
and J1 = 1~4/MeV3.

pattern around ~ω = 1.2 MeV is due to a sudden gain in

alignment. The new band in 125I could not be extended

into this frequency range. The aligned angular momenta

for the two bands are compared in Fig. 5. The alignment

of band 6 in 125I is, on average, 0.6 ~ higher than that

of band a in 126Xe. This difference presumably results

from the unpaired proton in 125I. The close similarity of

the two bands suggests that they are associated with the

same intrinsic structure, where the additional proton in
126Xe contributes with a negative alignment.

In order to understand the intrinsic structure of band

6, theoretical calculations were carried out within the

framework of the configuration-dependent CNS formal-

ism [14, 24–26]. These calculations allow to distinguish

between single-particle orbitals with the main amplitude

in different groups of j-shells (i.e., either in a high-j in-

truder shell or distributed over the other j-shells within

an N -shell). Fixed configurations can be traced as a

function of spin all the way up to their termination in

fully aligned states. The calculations are carried out on

a mesh in the deformation space, (ε2, ε4, γ). Then, for

each fixed configuration and each spin separately, the to-

tal energy of the nucleus is determined by a minimization

in the shape degrees of freedom. Pairing correlations are

neglected which implies that the results are mainly rel-

evant for high spins; i.e., for I > 20 − 30 in this mass

region. For the κ and µ parameters defining the l · s

and l2 strengths of the modified oscillator potential, the

so-called A = 110 parameters [27] were used. These are

known to give a good description of the smooth termi-

nating bands in the neutron-deficient Z = 49− 54 nuclei

[14]. The Lublin-Strasbourg Drop model [28] is used for

the macroscopic energy, with the rigid-body moment of

inertia calculated with a radius parameter r0 = 1.16 fm

and a diffuseness parameter a = 0.6 fm [26].

Potential energy surfaces were calculated as a function

of angular momentum for parity and signature (π, α) =

(−, 1) for 125I. They are displayed for the Iπ = 39/2− −

75/2− range in Fig. 6. The lowest minima correspond

to oblate states (γ = 60◦), and they are competitive in

energy up to very high spin. These states have been

observed in 125I at spin 39/2, 51/2, and 63/2 and are

discussed in our previous publication [2]. In addition,

several local minima occur. The minimum at ε2 ≃ 0.32,

γ ≃ 5◦ was previously associated with the configuration

of band a in 126Xe and with other high-spin bands on

the basis of the measured transition quadrupole moments

[20, 21]. It is very likely also relevant for the new band 6

in 125I.

Calculations have then been carried out to search for

configurations that correspond to this minimum. The

configurations are labeled relative to the 100Sn core by

the shorthand notation [p1p2, n1(n2n3)], which stands for

π[(g9/2)
−p1(h11/2)

p2 ]⊗ν[(h11/2)
n1(f7/2, h9/2)

n2(i13/2)
n3 ],

with the remaining particles (protons and neutrons) out-

side the core located in the mixed d5/2, g7/2, s1/2, and

d3/2 orbitals.
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FIG. 6: (Color online) Calculated potential energy surfaces
for 125I with parity and signature (π, α) = (−,1) in the spin
range Iπ = 39/2− − 75/2−. The contour-line separation is
0.25 MeV.

The results of the calculations for six low-energy configu-

rations with (π, α) = (−,1) are presented in Fig. 7. The

excitation energies are plotted relative to the rotating liq-

uid drop energy [26] as a function of spin. For compari-

son, the [21,6(00)] configuration is included. It is less col-

lective and terminates in an oblate state at Iπ = 99/2−

(encircled in Fig. 7).

To understand the single-particle occupancy for the con-

figurations with large deformation, the relevant Routhi-

ans are plotted for protons and neutrons for ε2 ≃ 0.32,

γ ≃ 5◦ in Fig 8. The favored proton configuration above

~ω ≃ 0.5 MeV, see Fig.8(a), are the positive-parity con-

figurations:

π(g9/2)
−1(d5/2g7/2)

2(h11/2)
2 (or [12])

and π(g9/2)
−2(d5/2g7/2)

3(h11/2)
2 (or [22])

where the latter, with two g9/2 proton excitations for the

same neutron configuration, is calculated to be lower in

energy. Therefore, only this proton configuration is of

interest for the interpretation of band 6 in 125I and band

a in 126Xe.

For neutrons, see Fig 8(b), starting from the N = 71 gap

at ~ω ≃ 0.8 MeV, the lowest configurations are built with

particles in all orbitals below this gap plus one h11/2 or

i13/2 particle or with excitations from h9/2f7/2 into these

higher-j subshells. Two possible negative-parity neutron
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FIG. 7: (Color online) Calculated excitation energies E rela-
tive to those of a rotating liquid drop ERLD as a function of
spin of six low-energy configurations with (π, α) = (−,1) cor-
responding to ε2 ≈ 0.32 and γ ≈ 5◦ and for the less collective
[21,6(00)] configuration which terminates in a non-collective
state (γ = 60◦) at Iπ = 99/2− (encircled).

configurations at this deformation with properties resem-

bling the experimental bands are:

ν[(h11/2)
7(h9/2f7/2)

2(i13/2)
1] (or [7(21)])

and ν(h11/2)
8[(h9/2f7/2)

1(i13/2)
1] (or [8(11)]).

These two configurations, combined with the favored pro-

ton structure mentioned above, are candidates for the

structure of band 6. The other two low-energy configu-

rations, [22,5(21)] and [22,6(11)], are ruled out since their

calculated minima appear at too high spins.

In Fig. 9 the calculated energies for the [22,7(21)] and

[22,8(11)] configurations are compared with those of the

experimentally observed bands. The top panel shows the

experimental energies of band 6 in 125I and band a in
126Xe relative to the rotating liquid drop energy. The

two bands deviate in energy by about 1 MeV over the

entire spin range. This is surprising for collective bands

which otherwise have almost identical properties. Fur-

thermore, the 126Xe band reaches relative excitation en-

ergies close to 5 MeV at the highest spins, which exceeds

typically observed energies by about a factor of two [26].

This might raise doubts about the experimental excita-

tion energy and spin assignments. In fact, Ronn Hansen

et al. [21] suggest that the 126Xe band could be lifted

by two units in spin and by 1178 keV in energy. This
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area marked with a circle refers to the crossing discussed in
the text.

alternative is included in Fig. 9 as ’band a+2’. However,

a large energy difference remains between the bands in

the two nuclei, in particular at lower spin.

The calculated energies of the two low-energy config-

urations which come close to the experimental bands,

[22,7(21)] and [22,8(11)], are displayed in the middle

panel of Fig. 9. They lie close in energy at lower spins,

but start to deviate considerably from each other above

I ≃ 35. Since the [22,7(21)] configuration appears some-

what lower in energy, it could be considered for the struc-

ture of the bands. On the other hand, the general behav-

ior of the experimental curves resembles more closely that
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FIG. 9: (Color online) Comparison between the experimen-
tally observed rotational bands in 125I and 126Xe (top panel)
and the CNS predictions (middle panel) for the [22,8(11)] and
[22,7(21)] configurations with (π, α) = (−, 1). The bottom
panel shows the energy difference between theory and obser-
vation. For 126Xe, the energies of band a, lifted by two units
in spin and 1178 keV in energy, are included as ’band a+2’.

of the [22,8(11)] configuration and, therefore, we favor it

for the structure of the bands.

In the lower panel of Fig. 9, the difference between calcu-

lated and experimental energies is plotted. These differ-

ences are large. For the 125I band, the calculated energies

for both configurations come reasonably close to experi-

ment only at the highest spins. For the 126Xe band, the

energy of the [22,8(11)] configuration is in fair agreement

with experiment in this spin range, whereas the [22,7(21)]

configuration deviates significantly. Thus, it is concluded

that the present CNS calculations are unable to describe

the data in a satisfactory way. Similar discrepancies be-

tween experiment and calculation have been observed for
124Ba [5], 125Xe [20], and for the other high-spin bands

in 126Xe [21]. This is difficult to understand consider-

ing the successful description of high-spin data within

the CNS approach in various regions of the nuclear chart

[14, 26, 29–32] and should be further explored.

Potential energy surfaces for the [22,8(11)] configuration

for 125I are displayed in Fig. 10. A deep, stable minimum

is observed at ε2 ≈ 0.32 and γ ≈ 8◦ in the spin range

relevant for band 6 .

In the upper panel of Fig. 11 the observed spins as a

function of transition energy are compared. In 126Xe, at

Eγ ≃ 2.4 MeV, a gain in alignment is observed which
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is also evident as a discontinuity in the J (2) values at

this frequency, see Fig. 4. This can be explained by

the crossing of an h11/2 with an h9/2f7/2 neutron at this

frequency, see Fig. 8(b). The lower panel shows the cal-

culated spins for the [22,8(11)] configuration for the two

nuclei. Although there exists a spin difference between

experiment and theory, the general behavior of the curves

is similar. In particular, the alignment gain for band a

in 126Xe is clearly reproduced. No such discontinuity is

predicted for the [22,7(21)] configuration by the calcula-

tion.

ε 2si
n(

γ+
30

°) 60
o

γ =  0
o

 I=55/2 −
0

0.1

0.2

0.3 60
o

γ =  0
o

 I=71/2 −

ε
2
cos(γ+30°)

ε 2si
n(

γ+
30

°) 60
o

γ =  0
o

 I=83/2 −

0 0.2 0.4
0

0.1

0.2

0.3

ε
2
cos(γ+30°)

60
o

γ =  0
o

 I=95/2 −

0 0.2 0.4

FIG. 10: (Color online) Calculated potential energy surfaces
for 125I for the [22,8(11)] configuration in the spin range Iπ =
55/2− − 95/2−. The contour line separation is 0.25 MeV.

V. SUMMARY

A new rotational band was discovered in 125I in a study

with the Gammasphere spectrometer. It consists of

eleven E2 transitions and forms a regular sequence up

to high spin. The band decays into a previously known

negative-parity band at Iπ = 47/2−. The properties

of the band are similar to those of the highly deformed

bands recently discovered in neighboring nuclei [5, 20, 21]

and it is ’identical‘ to band a in 126Xe. This suggests

that the two bands are associated with similar configura-

tions. However, their excitation energies, relative to the

rotating liquid drop energies, differ by ≃ 1 MeV, which

is surprisingly large for collective bands in neighboring

nuclei.

CNS calculations were carried out for both, 125I

0 0.5 1 1.5 2 2.5 3
Transition energy Eγ [MeV]

20

30

40

50S
p
in

, 
I 

[h-
]

125
I [22, 8(11)]

126
Xe[22, 8(11)]

20

30

40

50

60

125
I band 6

126
Xe band a

FIG. 11: (Color online) Spins of states plotted as a function
of γ-ray energy depopulating these states for 125I and 126Xe.
The top panel shows experimental data and the lower panel
the results of CNS calculations.

and 126Xe. The properties of none of the configu-

rations expected theoretically at low energy are in

satisfactory agreement with those of the new band 6

in 125I and its ’identical’ partner, band a in 126Xe,

and it remains a puzzle, why the theoretically ex-

pected lowest-energy configurations are not observed

experimentally. However, comparisons of various

features of the bands with the results of the calcula-

tions suggest that the π[(g9/2)
−2(d5/2g7/2)

n(h11/2)
2] ⊗

ν[(d5/2g7/2)
−4(h11/2)

8(s1/2d3/2)
2(h9/2f7/2)

1(i13/2)
1]

configuration with n = 3 for band 6 in 125I and n = 4

for band a in 126Xe (or [22,8(11)] in the shorthand

notation) provides the most straightforward description

of the experimental data. The high-j (h11/2 and i13/2)

components in these configurations are in agreement

with those previously suggested for band a in 126Xe on

the basis of cranked shell model calculations [21].
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