
Vol. 33 (2002) ACTA PHYSICA POLONICA B No 1
NEW REGION OF SIGNATURE INVERSIONIN THE A � 100 Rh AND Ag ISOTOPES�J. Timára, J. Gizonb, A. Gizonb, D. Sohlera, B.M. NyakóaL. Zolnaia, D. Bu
ures
u
, Gh. C ta-Danil
, A.J. BostondD.T. Jossd;e, E.S. Pauld, A.T. Sempled, and C.M. ParryfaInstitute of Nu
lear Resear
h, Pf. 51, 4001 Debre
en, HungarybInstitut des S
ien
es Nu
léaires, IN2P3-CNRS/UJF, 38026 Grenoble, Fran
e
Horia Hulubei National Institute of Physi
s, 76900 Bu
harest, RomaniadOliver Lodge Laboratory, University of Liverpool, Liverpool, L69 7ZE, UKeS
hool of S
ien
es, Sta�ordshire University, Stoke-on-Trent, ST4 2DE, UKfDepartment of Physi
s, University of York, Heslington, York, Y01 5DD, UK(Re
eived January 14, 2002)Study of high-spin bands in the A � 100 mass region revealed that sig-nature inversion systemati
ally o

urs in the �g9=2�h11=2 bands and in thethree-quasiparti
le bands 
ontaining this 
on�guration, establishing here anew region of signature inversion. The behaviour of the inversion spin inthe �g9=2�h11=2 bands 
an qualitatively be understood as a 
ompetition be-tween the Coriolis and the proton�neutron intera
tion, as it was proposedearlier for the analogous A � 160 region, if we take the variation of themoment of inertia into a

ount.PACS numbers: 21.10.Re, 23.20.Lv, 21.60.Ev, 27.60.+j1. Introdu
tionIn �I = 1 rotational bands, the two signature bran
hes are usually notequivalent energeti
ally. Due to the Coriolis for
e a
ting on the valen
eparti
les, one of them, 
alled favoured, is lower in energy than the otherbran
h. The favoured signature is determined by the 
on�guration and 
anbe obtained in terms of a simple rule. Some two- and three-quasiparti
lebands, however 
ontradi
t this simple rule at low spin: the expe
ted favouredsignature bran
h be
omes energeti
ally unfavoured. This so-
alled signatureinversion has re
ently attra
ted a lot of attention both in experimental andtheoreti
al aspe
ts.� Presented at the XXVII Mazurian Lakes S
hool of Physi
s, Krzy»e, Poland,September 2�9, 2001. (493)



494 J. Timár et al.After the �rst observations of signature inversion in 76Br and in therare-earth nu
lei [1℄ Bengtsson et al. interpreted the phenomenon by CSMas a 
onsequen
e of triaxial deformation with positive 
-deformation param-eter [2℄. They have pointed out that signature inversion 
an be expe
ted intwo- and three-quasiparti
le bands of 
-soft nu
lei when one of the valen
enu
leons lies in a low-
 orbital of a high-j shell and an other valen
e nu
leonlies on a high- or medium-
 orbital of a high-j shell. Following this predi
-tion a large amount of experimental information has been 
olle
ted showingthat the �g9=2�g9=2 bands in the A � 80, as well as, the �h11=2�h11=2 bandsin the A � 130 and the �h11=2�i13=2 bands in the A � 160 mass regionssystemati
ally show signature inversion. Reviews of the experimental fa
tsare given in Ref. [3℄.However, the 
-values ne
essary to a

ount for the experimental datain many 
ases were mu
h larger than the 
-values obtained from poten-tial energy surfa
e 
al
ulations indi
ating that triaxiality is not su�
ient tointerpret the phenomenon. Other me
hanisms have also been suggested toexplain it pointing out the role of the proton�neutron residual intera
tion [4℄and re
ently the role of the mean-�eld 
ontribution of the quadrupole pairingintera
tion [5℄. These 
al
ulations des
ribe reasonably well the behaviour ofsignature inversions within one or two regions. Zheng et al. suggested thatthe 
ompetition between the proton�neutron residual intera
tion and theCoriolis intera
tion 
ould be a universal me
hanism of signature inversionin doubly odd nu
lei for di�erent mass regions [6℄.At present it is still not 
ompletely 
lear what me
hanisms 
ause signa-ture inversion in the di�erent mass regions and if there exists a universalme
hanism or not. Colle
ting more experimental data in new mass regions
ould help in answering these questions.2. Signature inversion in the A � 100 mass regionIn the A � 100 mass region the valen
e proton building the �g9=2�h11=2
on�guration lies in the middle of the g9=2 subshell while the neutron lies inthe bottom at the h11=2 subshell implying that signature inversion 
an beexpe
ted in these bands. However, experimentally these bands were not wellknown up to high spins until now. It has been pointed out by several au-thors that in this region the �g9=2�h11=2 bands and the three-quasiparti
lebands 
ontaining this 
on�guration have mu
h smaller signature splittingthan the one-quasiparti
le �g9=2 bands. This phenomenon was attributedto 
on�guration dependent triaxiality [7℄ or to a drasti
 
hange in the de-formation [8℄. The relative position and the 
rossing of the favoured andunfavoured signature partners, however, have not been dis
ussed. Signatureinversion in the A � 100 region has been reported earlier only in one 
ase,98Rh [9℄.



New Region of Signature Inversion in the A � 100 Rh and Ag Isotopes 495Our re
ent study on the 100�103Rh isotopes [10�12℄ and a 
lose inspe
tionat the known �g9=2�h11=2 bands of the Rh and Ag isotopes revealed thatthe signature splitting e�e
ts, earlier 
onsidered as quen
hings of signaturesplitting, are not only quen
hings but signature inversions. Moreover, theseresults show that signature inversion systemati
ally o

urs in this region inthe �g9=2�h11=2 bands and in the three-quasiparti
le bands 
ontaining this
on�guration. The obtained energy di�eren
e plots, showing the signatureinversion, are presented in Fig. 1 for the �g9=2�h11=2 bands (left panel) andfor the three-quasiparti
le bands (right panel). The favoured�unfavouredorder is inverted at low spin for all the �g9=2�h11=2 bands in the �gure.The low-spin part of the 100;102Rh bands and the 104;106Ag bands are verysimilar to ea
h other: the inverted signature splitting is small 
ompared tothe one in the neighbouring �g9=2 bands, and it de
reases gradually up tothe inversion spin I = 15~. This inversion spin is 
onsiderably larger thanjn + jp=10~. This behaviour is very similar to the behaviour of signatureinversion in the A � 130 region. The best example among these four iso-topes above mentioned is 102Rh whi
h shows the 
hara
teristi
s of signature
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Fig. 1. Energy di�eren
e plots of �g9=2�h11=2 bands (left panel) and for three-quasiparti
le bands (right panel) in the A � 100 mass region.



496 J. Timár et al.inversion well established in the other mass regions also above the inversionspin. As the bands in the Ag isotopes in the known spin region behavesimilarly to the 102Rh band, one 
an expe
t similar behaviour also for thespin region above the inversion spin whi
h is not known experimentally. Inthe 
ase of 100Rh the normal signature order does not restore in the knownspin region be
ause from about spin 15~ this band is disturbed by another,probably four-quasiparti
le band [10℄. However, on the basis of its low-spinbehaviour, one 
an expe
t I�15~ inversion spin for this band, too. The98Rh band behaves di�erently from the others. It has a larger signaturesplitting, the inversion is mu
h more abrupt than in the other 
ases andthe inversion takes pla
e at spin I = 11~, very 
lose to jn + jp=10~. Thethree-quasiparti
le bands 
ontaining the �g9=2�h11=2 
on�guration also showsignature inversion (see the right panel of Fig. 1). Contrary to the doublyodd 
ases the inversion spin in the �g9=2�(h11=2)2 bands seems to show apronoun
ed neutron number dependen
e when moving from 101Rh to 103Rh.3. Competition between the Coriolis andthe proton�neutron intera
tionsThe observed systemati
 o

urren
e of signature inversion in the A � 100region 
an qualitatively be understood assuming large positive-
 triaxialityas it was dis
ussed in Ref. [11℄. However, Total Routhian Surfa
e 
al
u-lations based on Woods�Saxon potential [13℄ and 
on�guration dependentNilsson�Strutinsky 
ranking 
al
ulations [14℄ both predi
t 
 � 6Æ for the�g9=2�h11=2 band in 102Rh. This small 
 value is not su�
ient to explainthe observed signature inversion [12℄. Other 
auses e.g. proton�neutron in-tera
tion probably also play important role.Information on the nature of signature inversion 
ould be inferred inother mass regions from the systemati
 behaviour of the inversion spin infun
tion of the neutron and proton numbers. Considering that the j-
stru
ture of the �g9=2�h11=2 bands in the A � 100 region is very similar tothat of the �h11=2�i13=2 bands in the A � 160 mass region, we 
an expe
t asimilar behaviour of the inversion spin. In the A � 160 region the inversionspin in
reases with in
reasing proton number and de
reases with in
reasingneutron number in agreement with the 
al
ulations of Zheng et al. [6℄.In their model this behaviour is attributed to a 
ompetition between theCoriolis and the proton�neutron intera
tions. Stronger Coriolis intera
tionde
reases while stronger proton�neutron intera
tion in
reases the inversionspin. The observed variation of the inversion spin in the A � 160 region ismainly due to the variation of the proton�neutron intera
tion strength as theFermi level moves. In
reasing proton Fermi level in
reases while in
reasingneutron Fermi level de
reases the intera
tion strength and 
onsequently theinversion spin. Similar behaviour 
an be expe
ted in the A � 100 region, too.



New Region of Signature Inversion in the A � 100 Rh and Ag Isotopes 497In the A � 100 Rh nu
lei, however, the observed inversion spins of the�g9=2�h11=2 bands behave di�erently. In 98Rh it is 10~ while in 100Rh and102Rh the inversion spin is 15~. Although this behaviour seems to 
ontradi
tthe above model, it 
an be understood qualitatively by this model if we takealso the variation of the moment of inertia into a

ount. The Coriolis inter-a
tion is inversely proportional to the moment of inertia at a 
ertain spin,thus an in
reasing moment of inertia de
reases the Coriolis intera
tion and,in this way, in
reases the inversion spin. Indeed, the experimental kineti
moment of inertia is 20~2/MeV, 29~2/MeV and 30~2/MeV for 98Rh,100Rhand 102Rh, respe
tively, at spin 12~. The obtained big in
rease in the kineti
moment of inertia from 98Rh to 100Rh is very probably due to a big in
reasein the � deformation parameter. Then the deformation does not 
hange toomu
h from 100Rh to 102Rh. This s
enario is supported also by the �=0.13and �=0.19 deformation parameters proposed for 98Rh [9℄ and 102Rh [12℄,respe
tively. The experimental kineti
 moment of inertia is in
reased by 45%from the 98Rh band to the 100Rh band. The e�e
t of this large de
rease ofthe Coriolis intera
tion 
ould over
ome the e�e
t of the smaller de
reaseof proton�neutron intera
tion and rises the inversion spin from 10~ to 15~.The large de
rease of the signature splitting is also in agreement with thelarge de
rease of Coriolis intera
tion. In the next step from the 100Rh bandto the 102Rh band, the in
rease of the experimental moment of inertia ismu
h smaller, i.e. only 4%. This might be just enough to 
ompensate thee�e
t of the small de
rease of the proton�neutron intera
tion and to leavethe inversion spin at 15~. The bands in the Ag isotopes have similar momentof inertia and the same inversion spin: 15~.The observed large in
rease of the inversion spin in the �g9=2�(h11=2)2bands when moving from 101Rh to 103Rh, however, does not �t to this s
e-nario as the experimental moment of inertia in
reases only by 5%. It mightbe 
aused by a sudden 
hange in the 
 shape parameter of these nu
lei.4. Con
lusion�g9=2�h11=2 and �g9=2�(h11=2)2 bands were studied in the A � 100 re-gion. It has been revealed that signature inversion systemati
ally o

urs inthese bands. Two types of signature inversion have been observed in thisregion. The �rst one is found only in the �g9=2�h11=2 band of 98Rh. It hasa large signature splitting and the inversion spin is 
lose to the jn+ jp=10~value. All the other 
ases belong to the se
ond type whi
h has a small sig-nature splitting and an inversion spin 
onsiderably higher than jn+ jp=10~.The �g9=2�h11=2 bands belonging to this type are very similar to ea
h other,they all have the same inversion spin of I = 15~. The behaviour of theinversion spin 
an be qualitatively understood as a 
ompetition between the



498 J. Timár et al.Coriolis and the proton�neutron intera
tion, as it was proposed by Zhenget al. for the A � 160 region, if we take the variation of the moment ofinertia into a

ount. A

ording to this s
enario the big di�eren
e betweenthe signature inversions in 98Rh and in the other doubly odd nu
lei is 
ausedby a big 
hange in the deformation.This work was supported in part by the Hungarian S
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 Resear
hFund, OTKA (
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