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Abstract 

High spin states hi the isotope 122Xe were populated using the reaction ^ Z n (30Si, 
2n) 122Xe at a beam aiergy of 135 MeV. The subsequent 7-ray deexcitation was 
studied using 7-ray spectroscopic methods. The analysis of 7-7 coincidences has 
revealed two new structures of competing dipole and quadrupole transitions. The 
highest states of a positive parity band provide characteristics consistent with an 
approach to band termination. 

1 In troduct ion 

There exist two basic mechanisms by which the angular momentum of de
formed nuclei can be generated. According to the first mechanism, angular 
momentum can be gained from the collective rotation of all nucléons of the 
deformed nucleus about an axis perpendicular to its symmetry axis. According 
to the second mechanism the angular momentum increases from the summed 
spin contributions of individual nucléons which are aligned all in the same 
direction. In the former case the pairs of valence nucléons in a prolate nucleus 
outside the closed shell are obliged by the Coriolis and centrifugal forces to 
break and to follow equatorial orbits around the rotation axis. This leads to 
the allignement of their spin with the rotation axis. In this case, if the number 
of nucléons participating in this allignement of spins is large enough, the nucle
us can eventually take on an oblate shape. This shape change from collective 
prolate to non-collective oblate can be associated with the band termination 
concept [2]. The neutron deficient A ~ 120 nuclei are good candidates for this 
band termination phenomenon, due to the limited number of valence nucléons 



which can be aligned at high spin. Indeed, band termination changing effects 

from collective rotation to single particle motion have recently been observed 

in 1 2 2 Xe [13], 1 1 8 Xe [5] and a series of Iodine isotopes 1 1 7 - 1 1 9 > 1 2 1 I [8], [9], [11]. 

Considerable interest in this A ~ 120 region also centers on the new Δ Ι = 1 

structures which have recently been reported in 1 2 6 Ba [16], 1 2 8 B a [10], 1 3 2 B a 

[6] and 1 2 6 Xe [7]. These structures are characterized by strong dipole Δ Ι = 1 

transitions compared to weak Δ Ι = 2 crossover ones and in most cases they 

have not been connected to the lower lying states. Large B(M1) transitions 

can be associated to high - Κ proton configurations for the interpretation of 

these structures coupled to neutron configurations to reproduce the angular 

momentum of the structures, where available. Another common feature of 

these structures is the kinematic moment of inertia with nearly the same 

dependence and same characteristics for all nuclei. 

hi this work preliminary results in 1 2 2 Xe will be presented which exhi- bit 

characteristic properties expected for terminating bands, as well as new struc

tures of competing dipole and quadrupole transtions. 

2 E x p e r i m e n t a l M e t h o d 

Excited states of 1 2 2 Xe were populated through the compound nuclear reaction 
9 6 Z r ( 3 0 S i , 4 n ) 1 2 2 X e at a beam energy of 135 MeV. The beam was provided 

by the tandem Van de Graaf accelerator at the Nuclear Structure Fasility 

at Daresbury Laboratory. The target was a 500 μg/cm 2 ^ Z r on 10 mg/cm 2 

1 9 7 Au backing. The γ-rays were detected with the EUROGAM detector array, 

consisted of 45 BGO escape-suppressed Ge detectors.The Ge detectors were of 

high- efficiency (65 ~ 80 % relative to a 3" χ 3" Nal(Tl) crystal at 1.33 MeV) 

and located at an average 21.5 cm from the target position. Suppressed Ge data 

were recorded when 6 or more unsuppressed Ge detectors were in coincidence 

within a time coincidence window of 50 ns. Events with a γ-ray fold greater 

than or equal to 3 were unfolded into double γ-γ events and incremented 

into a symmetrized γ-γ matrix. This matrix contained approximately 2 χ 109 

events. Gamma-gamma matrices gated by known transitions of 1 2 2 Xe were 

also constructed to produce clean spectra. 

Angular-correlation information was obtained from the EUROGAM data which 

helped to determine the multipolarity of the transitions by using the coinci

dence spectra from detectors at 158° and ~ 90° relative to the beam direction. 

The DCO ratios of the intensities SgQ0 i58o\ were determined with Ι(θ}, Θ2 ) be

ing the intensity of γ-rays in a detector at angle Q\ when gated on a detector 

at angle θ 2 . This ratio is expected to be close to 1 for stretched-quadrupole 
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122 

Figi. Partial level scheme of 122Xe deduced in the present work. Transition 
energies, together with level excitation energies are given in keV. 

and close to 0.5 for stretched-dipole transitions. 
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Fig 2. Transitions in coincidence with the 560 keV γ-ray. 

3 Level Sche ine 

The level scheme of 1 2 2 Xe has previously been studied by Hattula et al. [4] as 

well as by Simpson et al. [13] and Timmers et al. [14]. In the present work 

the decay scheme of 1 2 2 Xe has been enriched and new structures have been 

observed, as it is shown in fig. 1. The observed bands have been labelled in 

order to facilitate the discussion. 

The γ band has been established by Hattula et al. [4] up to spin 1 1 + and in 

the present work it has been extended up to spin 14 + . The 9 + to 7 + transition 

detected by Hattula et al. to be at an energy of 755 keV, was observed in this 

work as a double peak with energies 757.1 keV and 753.5 keV deexciting the 

9 + to 7 + and 13 + to 1 1 + levels, respectively. All the transitions placed in this 

band can be seen in the coincidence spectrum, gated on the 559.8 and 560.4 

keV transitions and is presented in fig. 2. 

The GS, S, S a , S6 bands have been observed by Timmers et al. [14] up to spin 

24+ for the Sb and 25+ for the Sa band. In the present study the GS, S and S6 

bands have been confirmed, while above the Sa band, a new structure has been 

established, which extends up to spin 29 + and carries an intensity of about 

12 % of that of the lowest 331.3 keV transition. The DCO ratios extracted for 

the 566.1, 460.5, 452.8 keV transitions suggest that these γ-rays are stretched 

dipole transitions, while the 1069.0 keV is a stretched quadrupole transition. 

The multipolarity of the γ-rays helped to determine the spin and parity of the 
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Fig 3. Transitions in coincidence with the 532 keV (23 + —> 22 + ) γ-ray. 

levels of this structure. The γ-rays in Sa band are seen in fig. 3 which shows 

the spectrum gated on the 532 keV transition. 

The P i band has previously been observed by Timmers et al. [14] up to spin 

32 + with the 304.6 keV transitions on the top, built on the 30 + state. In this 

study the data allowed the rearrangement of the transitions so that the 1342 

keV transition deexcites the 32 + level while the 304.6 and 882.7 keV γ-rays 

feed the 28 + state. As shown in fig. 4 the 1187.3 keV transition is not seen in 

the coincidence spectrum gated on the 304 keV transition. 

Another new stucture, labelled P2, of twelve transitions built below the 9172.8 

keV level has been established, with an intensity of about 15 % of that of the 

331.3 keV transition. The P2 structure decays to the 5236.8 level of the Nl 

band through the 269.5 and 619.1 as well as 274.2 and 614.5 keV transition-

s. This decay out to the Nl band carries about half of the intensity of P2 

structure. The rest of the intensity of this structure could be fragmented into 

several paths feeding the GS and S band sinse the levels of the S band up to 

spin 14+ can be seen in γ-ray spectra gated on transitions of the P2 structure. 

The DC Ο ratios which have been measured for the 852.2, 868.3 and 834.1 keV 

suggest that these γ-rays are stretched quadrupole transitions, and the 410.9, 

426.6, 425.6, 450.4, 545.2 keV decays are stretched dipole transitions. So the 

spin and parity of this structure could be defined. 

Useful information about the form of this structure can be extracted from the 

spectra gated on the 269 and 916 keV transitions. In the coincidence spectrum 

of 269 keV in fig. 5 we observe that the 269 keV transition coincides with all 
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Fig 4. Transitions in coincidence with the 304 keV (30+ —> 29 + ) γ-ray. 

600 

Energy (keV) 

Fig 5. Transitions in coincidence with the 269 keV γ-ray. 

the others except the 274 and 614 keV γ-rays. In the coincidence spectrum of 

916 keV in fig. 6 we observe that the 916 keV transition is in coincidence with 

all the rest y's with the exception of the 532 and 834 keV transitions. 

The Nl band has been reported by Hattula et al. [4] to be built on a level 

4046 keV with spin of 10~ or 11 ~ and deexcites to the 10+ state of the GS 

band through the 1007.2 keV El transition. In the present study the 1007.2 

keV transition was built on the 12+ level of the GS band, so the energy, spin 
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Fig 6. Transitions in (.«incidence with the 916 keV (23+ —+ 21+ ) γ-ray. 
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Fig 7. Transitions in coincidence with the 294 keV (15 —• 14 ) γ-ray. 

and parity of the band head level was defined to be 4827.9 keV with F=12~. 
The DCO ratios of the 177.3, 231.6, 294.8, 353.3. 405.5 and 453.2 keV transi

tions indicate L=l multipolarity, which helps to deduce the spin and parity of 
the other levels of this band. Most of the transitions placed in Nl band can be 
seen in the coincidence spectrum, gated on the 294.8 keV transition which is 
presend in fig. 7. In this spectrum the peaks marked with an rubic correspod 
to the transitions of the γ-band up to the 12+ state. The linking transitions 
to this band, however, could not be defined. The 12+ state of the Pi band is 
also seen by the Nl band through the 675.6 keV transition which is marked 
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Figure 8: Aligned angular momenta for the GS, S", S6, P I , Ni and γ bands in 
1 2 2 Xe. A reference based on the moment of inertia parameters Jo = §MeV~lh 

and J\ = 33MeV~3h4 lias been used. 

in the spectrum with a triangle together with the 1111.8 keV γ-ray. 

4 D i s c u s s i o n 

In order to discuss the structure and properties of the bands the exper

imental aligned angular momenta ϊ(ω) have been extracted as a function 

of frequency ω and aie presented in fig. 8. The yrast Δ Ι = 2 GS band is 

built on a positive parity 0+ state with a possible ground state configura

tion n[(db_)2, (gL)2)]v[{*L)2, (/iy.)2] as proposed by Timmers et al. [14]. The 

first crossing between the GS and S bands occurs at h ω = 0.38 MeV and the 

nucleus gains an aligned angular momentum iexp = 6h. This crossing has been 

assosiated by Hat tu la et al. [4] with the v(hu_)2 alignment. 

The γ-vibrational band is built on a positive parity 2"1" state for the a = 0 

signature and 3 + state for the a = l one. γ-vibrational bands have also been 

observed in the neighbouring 118,Ye and 1 2 0A'e nuclei [15]. All these γ-bands 

exhibit similar characteristics. They aie all built at low excitation energy and 

the a = 0 branch is crossed by an aligned configuration connected to a positive 
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parity band, the P i band in the case of 1 2 2 X e , which feeds both the yrast 

and the γ-band. In addition, the a = l sequence of the γ-bands in the three 

isotopes exhibit a shift of the v(/in ) 2 crossing to lower frequencies than the 

yrast band. In the alignment plots of 1 2 2 Xe in fig. 8 γ-band is seen to fol

low the behavior of the ground state band, but the v(/in) backbend in the 

ot=l sequence occurs at ho) = 0.36 MeV, while the oc=0 one experiences the 

bandcrossing at ~ 0.38 MeV like the yrast band. This shift could be at t r ibuted 

to the fact that the γ-band is effectively more triaxial than the yrast band [15]. 

The Nl band is characterized by strong Δ Ι = 1 transitions and comparative

ly weak Δ Ι = 2 crossover transitions. Experimental values of β(Ε2! ratios are 

currently been extracted and are found to be of the order of 6 — 8-ίφ-. These 

properties suggest high - Κ proton configuration for the assignment of this 

band. Similar structures have also been observed in the neighbouring nuclei 
132Ba [6] and 122Ba, l2QBa, n&Ba, l26Xe [3], which however have not always 

been connected to the GS band so their spin and excitation energy are not 

defined. In this reference [3], an effort was tried to interpret these bands with

in the framework of the tilted cranking model, but the calculated branching 

ratios were too large compared to the experimental ones. Another interesting 

feature of these structures is the behaviour of the kinematic moment of inertia 

Jt 1 ) with respect to the rotational frequency ω. A plot of J^ as a function 

of ω is presented in fig. 9 for 122Xe as well as for l26Ba and 132Ba where the 

spin of the Δ Ι = 1 structures is known. The moment of inertia in these three 

isotopes exhibit a striking similarity suggesting that these Δ Ι = 1 structures are 

characterized by similar configurations. If we compare the values J^ with the 

moment of inertia of a classical rigid rotor, which for an expected deformation 

ε ~ 0.2 - 0.3 is J rigid — 44 — 4 6 ( ^ p · ) , we see that J^ is larger than J rigid 

for small values of ω and becomes JTigtd for higher values of ω. This can be 

at tr ibuted to the presence of a relatively constant quasiparticle alignment, see 

fig. 8 and ref. [1] 

The P i band experiences a crossing with GS band at ^ ω =0.46 MeV and the 

nucleus gains an aligned angular momentum iexp — 7%, see fig. 8. This crossing 

has been assosiated by Timmers et al. [14] with the n(h u ) alignment, while 

the up-bend at Ϊϊω =0.51 MeV has been interpreted as the starting of the 

alignment of the first two v(An) 2 quasi neutrons. 

At higher spin the rotational character gives plase to a rather irregular be

haviour, which could be interpreted as an approach to band termination. In 

order to analyze this behaviour a plot of excitation energies for the P i band 

in 1 2 2A'e with respect to a rigid rotor term is presented in fig. 10. For the 

highest states of this band a down - sloping in γ-ray energies appears in the 

figure.This behaviour can be understood in terms of an approach to band ter

mination or a change in shape from well deformed prolate to weakly deformed 
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Figure 9: Kinematic moment of inertia J^ of the Nl band in 1 2 2 Xe compared 

with similar bands in heavier even Ba nuclei. 
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Figure 10: The excitation energies E relative to a rigid rotor reference for the 

positive parity states in band P i , as a function of angular momentum. 

oblate [12]. This is due to the fact that when approaching termination, the 

spin is expected to be gained by requiring a relatively small amount of en

ergy. Therefore if one plots the excitation energy E(I) as a function of spin, 

relative to a rigid - rotor reference, the levels associated with a terminating 

band sequence should be down - sloping [12]. The possible terminating config

uration could be π[(/ίη )2(<?LCÌ5)2]16+ V[(/ÌU ) 4 ] 1 6+ which results to 32+ spin [14]. 
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The S band is found to split above spin 20+ into two decay paths, which shows 

behaviour of single particle states. The Sa path, however, has been extented 

in the present work up to spin 29+ and exhibits features of weak collectiv

ity with competing dipole and quadrupole transitions. In addition, the P2 

structure observed in this work shows similar properties of dipole transition-

s competing favourably with quadrupole crossover ones, gftgöf experimental 

ratios for bands Sa,P2 and Ni aie currently under in vesicat ion. There is an 

indication, however, that these values are high, varying between 4 — 1 0 -ίφ-, 

which indicates that the configurations of these structures are built on high -

Κ proton orpitals. 

In summary, the level scheme of 1 2 2 Xe has been extended and enriched com

pared to previous works. The behaviour and configuration of the bands have 

been discussed, hi addition, two new structures of competing dipole and 

quadrupole transitions have been observed and their properties have been 

compared with similar structures in neighbouring nuclei. 
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