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CRANKING IN ISOSPACE � TOWARDSA CONSISTENT MEAN-FIELD DESCRIPTIONOF N = Z NUCLEI�Woj
ie
h Satuªa and Ramon A. WyssInstitute of Theoreti
al Physi
s, Warsaw UniversityHo»a 69, 00-681 Warsaw, PolandandRoyal Institute of Te
hnology, Physi
s Department Fres
atiFres
ativägen 24, 10405 Sto
kholm, Sweden(Re
eived April 4, 2001)Ex
itation spe
tra �ET of T = 0; 1; 2 states in even�even (e�e) andodd�odd (o�o) N = Z nu
lei are analyzed within a mean-�eld based modelinvolving isove
tor and isos
alar pairing intera
tions and the iso-
rankingformalism applied to restore approximately isospin symmetry. It is shownthat T = 0 states in o�o and T = 1 states in e�e nu
lei 
orrespond totwo-quasiparti
le, time-reversal symmetry breaking ex
itations sin
e theirangular momenta are I 6= 0. On the other hand the lowest T = 2 states ine�e and T = 1 states in o�o nu
lei, whi
h both are similar in stru
ture totheir even�even isobari
 analogue states, are des
ribed as e�e type va
uaex
ited (iso-
ranked) in isospa
e. It appears that in all 
ases isos
alarpairing plays a 
ru
ial role in restoring the proper value of the inertiaparameter in isospa
e i.e. �ET .PACS numbers: 21.60.�n, 21.10.�k, 74.20.�z1. Introdu
tionThe theoreti
al treatment of the generalized pairing problem is inter-esting and 
learly nontrivial. Though its foundations in the form of gen-eralized BCS (or HFB) theory were laid down almost thirty years ago in anumber of papers by di�erent groups [1℄ there are still many open problems.� Invited talk presented at the High Spin Physi
s 2001 NATO Advan
ed Resear
hWorkshop, dedi
ated to the memory of Zdzisªaw Szyma«ski, Warsaw, Poland,February 6�10, 2001 (2441)
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over a broad range of questions starting from the form of e�e
tivepn-pairing intera
tion and stru
ture of e�e
tive pn-Cooper pairs, to prob-lems related to symmetries and symmetry restoration, problems of interplaybetween the quasiparti
le and isospin degrees of freedom to the role playedby higher-order e�e
ts like quartetting or �-type 
ondensation. It in
ludesalso the fundamental question 
on
erning the experimental �ngerprints ofpn-
olle
tivity.Thus far, the strongest indi
ations of pn(isos
alar)-
olle
tivity 
ome from:(i) shifts of 
rossing frequen
ies in ground-state bands of some e�e N = Znu
lei (the best studied 
ase is 72Kr) and (ii) the mass defe
t inN � Z nu
lei
ommonly known as the Wigner energy problem. The latter e�e
t 
an belo
ally restored by enfor
ing 
olle
tive isos
alar pn-pairing [2℄. Based on su
ha model we aim here to look into the impa
t of 
olle
tive pn 
orrelations uponthe stru
ture of T = 0; 1; 2 ex
itations in N = Z nu
lei. The goal is to revealthe interplay between quasiparti
le and isospin ex
itations in N = Z nu
leiand role played by isos
alar pn-
olle
tivity. The present paper supplementsour previous letters [3, 4℄.2. The paradigm of the Wigner energyTraditional mass models based on the mean-�eld approa
h strongly un-derbind N � Z nu
lei [5�7℄. This additional binding energy whi
h is knownas the Wigner energy, is usually parametrized as [8℄:EW =W (A)jN�Zj+d(A)ÆNZ�pn ; where �pn=� 1 for odd�odd nu
lei0 otherwise (1)and W (A) � 47=AMeV [7℄. A mi
ros
opi
 explanation of the Wignerenergy within the mean-�eld approa
h is still la
king. The �
ongruen
e�energy me
hanism proposed in [9℄ is in its nature a geometri
al 
on
ept(i.e. independent on a spe
i�
 form of nu
lear intera
tion). There one as-sumes an enhan
ed parti
le-hole (ph) intera
tion at the N � Z line whi
h,however, is not at all present in traditional spheri
al Skyrme-HFB 
al
u-lations, see Fig. 1. This is basi
ally due to the pairing intera
tion whi
hevenly distributes parti
les over spheri
al subshells thus strongly averagingover the properties of neighboring nu
lei. One would expe
t the e�e
t toshow up (and it indeed does) in deformed mi
ros
opi
 
al
ulations. However,as shown in Fig. 1 for a parti
ular set of SIII+BCS mass 
al
ulations ofRef. [10℄ it is seen only in light nu
lei and a

ounts for at most 20% ofthe empiri
al Wigner energy strength W (A). Even in the limit of single-parti
le (sp) Skyrme-HF 
al
ulations one 
an a

ount for at most 30% ofthe empiri
al value.
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Fig. 1. Empiri
al and theoreti
al values of Vpn � �2B�N�Z (for both spheri
al anddeformed HFB 
al
ulations). Solid symbols mark Vpn(A) for e�e N � Z = 2; 4.In these 
ases Vpn probes essentially the quadrati
 term in the nu
lear symmetryenergy Esym � (N � Z)2 and both empiri
al and theoreti
al 
urves do roughlyoverlay ea
h other. For e�e N = Z nu
lei a strong enhan
ement of Vpn is seen inthe empiri
al data (Æ). This apparent Wigner energy e�e
t is not at all seen in thespheri
al 
al
ulations (4) and only modestly visible in deformed 
al
ulations (�).It seems therefore, that a mi
ros
opi
 s
enario based on isos
alarpn-pairing [2℄ is the most promising so far. It requires (within the mean-�eld model) the isos
alar pairing to be on the average stronger than the iso-ve
tor. Although there are 
lear empiri
al [7℄ as well as theoreti
al [7,11,12℄arguments that the Wigner energy is indeed due to the isos
alar intera
tionit is not at all settled whether it is due to a stati
 pairing e�e
t. In spiteof that, in the following we will enfor
e the strength of the isos
alar pairingintera
tion so as to reprodu
e the Wigner energy and will look into the im-pa
t of these 
orrelations on the stru
ture of isobari
 ex
itations in N = Znu
lei. 3. The modelOur model Hamiltonian 
ontains the Woods�Saxon sp potential anda s
hemati
 pairing intera
tion in
luding isove
tor (t = 1) and isos
alar(t = 0) terms1 of the form:Hpair = �Gt=1P y1�P1� �Gt=0P y00P00 ; (2)where P yttz 
reate isove
tor and isos
alar pairs in time-reversed orbits:1 Throughout the text small letter t is reserved to label the type of pairing 
orrelationswhile 
apital T 
orresponds to the total nu
lear isospin.



2444 W. Satuªa, R.A. WyssP y1�1 = ay�� �ay�� ; P y10(00) = 1p2 (ay�n�ay�p � ay�p�ay�n) : (3)Note that our intera
tion does not as
ribe any spe
i�
 stru
ture (e.g.deuteron like) to the pn-pairs but only 
ounts their e�e
tive number. TheBogoliubov transformation whi
h is used (� runs over sp states, � denotesthird 
omponent of isospin, and k labels the quasiparti
les):�yk = X��>0(U��;k ay�� + V���;k a��� + U���;k ay��� + V��;k a�� ) (4)is the most general one, allowing for an un
onstrained mixing of neutron andproton holes and parti
les. The problem is solved using the Lipkin�Nogami(LN) approximate number proje
tion te
hnique. In this respe
t the presentmodel follows rather 
losely the des
ription of Ref. [13℄. The use of theLN model allows for mixing of both t = 1 and t = 0 phases at the 
ost ofspontaneous isospin symmetry breaking [2, 13℄. Generally, the me
hanismof spontaneous symmetry breaking is the only me
hanism whi
h allows totake into a

ount 
orrelations whi
h are seemingly beyond the mean-�eld.Obviously, the best example is the spontaneous breaking of spheri
al sym-metry. Without it the mean-�eld would be 
apable to des
ribe only a fewnu
lei. In our opinion the spontaneous breaking of isospin symmetry bringsour solution 
loser to reality and allows for simulation of higher order e�e
tslike quartetting or �-
lustering. These e�e
ts are present in exa
t-modelsolutions [14℄ whi
h always do mix t = 0 and t = 1 phases in 
ontrast tothe generalized BCS approximation [15�17℄. Moreover, in the following wewill approximately restore this symmetry by applying the isospin 
rankingme
hanism to generate isospin T = 0; 1; 2 states in N = Z nu
lei.In the following 
al
ulations we will freeze the deformation degree offreedom of our Woods�Saxon potential at �2 = 0:05. We 
ompute Gt=1(A)using the average gap method of Ref. [18℄ and taking a symmetri
 
ut-o� in
luding the lowest [A=2℄ neutron and [A=2℄ proton sp states. Thestrength of isos
alar Gt=0(A) pairing is 
omputed by means of a dire
t �tto the Wigner energy strength W (A) � 47=AMeV, see [3℄ for details. Thismethod assumes that W (A) is entirely due to the isos
alar pairing �eld.Sin
e we use here an almost spheri
al mean-�eld this assumption seems tobe 
onsistent with the 
on
lusions of the pre
eding se
tion. Deformatione�e
ts are expe
ted to result in a rather modest redu
tion of Gt=0. Let usmention that the same pro
edures and parameters are used systemati
allyin all presented 
al
ulations and that they exa
tly follow Refs. [3, 4℄.
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 ex
itations in N = Z nu
leiThe isos
alar pairing �eld naturally takes into a

ount the mass-ex
essin N = Z nu
lei. The aim of this se
tion is to show that it is also of vi-tal importan
e to understand the ex
itation energy pattern, �ET , of theelementary isospin T = 0; 1; 2 ex
itations in even�even (e�e) and odd�odd (o�o) N = Z nu
lei. To 
ompute these ex
itations, whi
h follow a�ET � T (T + 1) pattern, we invoke the te
hnique of 
ranking in isospa
ein analogy to spatial rotations. The dis
ussion is organized as follows:(i) the pure single-parti
le model will be su

eeded by (ii) the standard,isove
tor nn- and pp-paired model, and eventually (iii) by the isove
tor andisos
alar paired model.4.1. The extreme single-parti
le modelLet us 
onsider the isospin-
ranked sp model: Ĥ!� = Ĥsp � ~!� t̂x.Let us further assume for simpli
ity that Ĥsp generates a �xed, equidistantspe
trum of 4-fold degenerate levels (in
luding isospin and Kramers degen-era
y) ei = Æei. The isospin-
ranking removes the isospin degenera
y. Thequartets of sp-states split into two pairs of Kramers degenerate routhiansj�i = 1=p2 (jni � jpi). The slope of the pair of j+i (j�i) routhians is de-termined by their sp alignment in iso-spa
e h�jt̂xj�i = �1=2, respe
tively.Fig. 2 shows the sp routhians for the lowest sp 
on�gurations in even�even (upper part) and odd�odd (lower part) N = Z nu
lei. For the 
aseof the even�even va
uum Fig. 2(a) one obtains 
on�guration 
hanges atiso-frequen
ies: !(
)� = Æe; 3Æe; :::; (2n � 1)Æe. At ea
h 
rossing a pair of up-sloping routhians be
ome empty and a pair of downsloping routhians be
omeo

upied. This re-o

upation pro
ess gives rise to stepwise 
hanges in iso-alignment in units of�Tx=2. Sin
e simultaneously Ty = Tz = 0, one obtainsa sequen
e of even-isospin states T = 0; 2; 4; :::; 2n. The odd-T sequen
e ofstates in even�even N = Z nu
lei 
an therefore be rea
hed only for ex
itedstates. The lowest parti
le-hole ex
itation leading to odd-T states is shownin Fig. 2(b). Indeed, the initial iso-alignment of this state is Tx = 1 and,as in the 
ase of the e�e va
uum dis
ussed above, it is 
hanged in steps of�Tx=2 but at iso-frequen
ies !(
)� = 2Æe; 4Æe; :::; 2nÆe. Simple 
al
ulationsgive the following expression for the total energyE � E! + !�Tx = 14Æe[1 � (�1)Tx ℄ + 12ÆeT 2x : (5)Both odd- and even-T bands have therefore the same inertia parameter(re
ipro
al of the moment of inertia a = =�1) a = Æe whi
h is proportionalto the average level spa
ing at the Fermi energy. The bands are shifted by�E = ET=1 �ET=0 = Æe i.e. by a ph ex
itation energy.
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Fig. 2. Single-parti
le routhians representative for the following 
ases: (a) e�enu
leus even-T , (b) e�e nu
leus odd-T 
ase, (
) o�o nu
leus even-T 
ase, and(d) o�o nu
leus odd-T 
ase. Filled 
ir
les mark o

upied states. Arrows indi
ate
on�guration 
hanges versus iso-frequen
y.For the 
ase of o�o nu
lei the last quartet is only half-�lled. Hen
e,two di�erent sp-
on�gurations 
an be obtained: (i) an aligned one of Tx=1Fig. 2(d) and (ii) a non-aligned one of Tx=0 Fig. 2(
). Sin
e the reo

upa-tion taking pla
e at high iso-frequen
y always gives rise to a stepwise 
hangein total isospin in units of �Tx=2 the aligned 
on�guration gives rise to anodd-T sequen
e of states while the non-aligned one builds up the even-T se-quen
e of states. Observing further that 
rossings take pla
e at ~!(
)� = 2nÆe(
ase (i)) and ~!(
)� = (2n� 1)Æe (
ase(ii)) it is straightforward to 
omputethe total energy: E = �14Æe �1� (�1)Tx�+ 12ÆeT 2x : (6)Two very interesting 
on
lusions arise from this dis
ussion. First of all, thedo
oupling e�e
t is so strong in this 
ase that it gives rise to a 
ompletedegenera
y of T=0 and T=1 states. This is in ni
e qualitative agreementwith the data sin
e T=0 and T=1 states are indeed nearly degenerate ino�o but not in e�e nu
lei [19, 20℄. Se
ondly, let us observe that the aligned
on�guration does not break time-reversal invarian
e while the non-aligned
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on�guration does break it . Again this is in agreement with empiri
al datasin
e all T = 0 states have non-zero angular momentum I 6= 0 while T = 1states have I = 0. In other words the theoreti
al treatment of T = 0 statesrequires the expli
it breaking of time-reversal invarian
e. In the presen
eof pairing 
orrelations it means that T = 0 states should be treated astwo-quasiparti
le (2qp) ex
itations. Treating them on the same footing asthe neighboring e�e va
ua would 
orrespond to what is usually known in theliterature as the �lling approximation. Within the �lling approximation pairsof �� type are always a

ompanied (with the same o

upation probability)by pairs of ���� type forming a time-reversal invariant many-body state.Note also, that the same situation applies for the T = 1 states in e�enu
lei. These states, within the sp-model are ph ex
itations. Therefore, theydo break time-reversal invarian
e and, in the presen
e of pairing 
orrelations,
orrespond to 2qp 
on�gurations.4.2. In�uen
e of T=1 pairingLet us investigate next the in�uen
e of standard nn and pp isove
torpairing 
orrelations on the sp iso-alignment pro
esses and iso-inertias dis-
ussed in the pre
eding subse
tion. Let us still 
onsider the equidistant levelmodel and assume that the pairing gaps �pp = �nn = � are 
onstant asa fun
tion of ~!� . In the gap-non-self-
onsistent regime the BCS equations
an be solved analyti
ally. The eigenenergies (positive) are (~e� � e� � �):E�;�[� E��;�℄ =q�~e� � 12~!� �2 +�2; (7)and the asso
iated eigenve
tors:26666666664
U�;nU�;pU��;nU��;pV�;nV�;pV��;nV��;p

37777777775 : �! 2666666666664
U (+)��U (+)�0000�V (+)�V (+)�

3777777777775 ;
2666666666664

00U (+)��U (+)�V (+)��V (+)�00
3777777777775 ;
2666666666664

U (�)�U (�)�0000�V (�)��V (�)�
3777777777775 ;
2666666666664

00U (�)�U (�)�V (�)�V (�)�00
3777777777775 ; (8)

where:U (�)� = 12s1 + ~e� � 12~!�E�;� ; and V (�)� = 12s1� ~e� � 12~!�E�;� : (9)



2448 W. Satuªa, R.A. WyssIt is interesting to observe that the solutions of the sp model j�;�i form,in this 
ase, the 
anoni
al basis. Indeed, see (8), the quasiparti
le operatorstake the following stru
ture:�y�;� = p2U (�)ay�;� �p2V (�)�a�;� ; where ay�;� = 1p2(ay�;n � ay�;p) :(10)Let us further observe that this solution does also preserve iso-signature(R� = exp�i�tx) as a self-
onsistent symmetry.It is relatively simple to derive an analyti
al expression for the kinemat-i
al iso-moment of inertia = = Tx=!� . In 
ase of the symmetri
 basis 
ut-o�it reads:= = 12!� A=4Xi=18<: (2i� 1)Æe + ~!�q14 [(2i�1)Æe+~!� ℄2+�2 � (2i � 1)Æe � ~!�q14 [(2i�1)Æe� ~!� ℄2+�29=; :(11)In the low-frequen
y limit one obtains:= � A=4Xi=1 �2h14 [(2i� 1)Æe℄2 +�2i3=2 � 1Æe 8<: 0:80 for � = 12Æe0:96 for � = Æe0:90 for � = 2Æe (12)i.e. = � =sp almost independently, within reasonable range, on the magni-tude of pairing 
orrelations, see also Fig. 3 showing the numeri
al results ofthe exa
t formula (11). Taking into a

ount the self-
onsisten
y of the pairgap does not 
hange this 
on
lusion as it was demonstrated within the LNapproximation in [3℄.The isove
tor nn- and pp-pairing introdu
es a kind of 
olle
tivity ontop of the dis
rete sp solutions. In order to take into a

ount quantum�u
tuations in a similar way as for spatial rotations, the 
ranking 
onstraintin our 
al
ulations 
orresponds to Tx = ht̂xi =pT (T + 1).Following the results of the sp model we have 
al
ulated T = 2 states ine�e nu
lei by means of iso-
ranking the quasiparti
le va
uum to Tx = p6.The results of the 
al
ulations are shown in Fig. 4. In these 
al
ulationswe used the stati
 sp spe
trum of the weakly (�2 = 0:05) deformed Woods�Saxon potential plus standard isove
tor pp- and nn-pairing intera
tion. Theresults of the 
al
ulations are far below the empiri
al data. It is rather obvi-ous that this level of disagreement must be related to a physi
s me
hanismswhi
h is beyond our model. First of all the ph isove
tor terms are missing.
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Fig. 4. Empiri
al (stars) and 
al
ulated (squares) ex
itation energies of T = 2states in e�e N = Z. These 
al
ulations do in
lude only t = 1 pairing 
orrelationswhi
h give rise to large dis
repan
ies between theory and experiment.



2450 W. Satuªa, R.A. WyssAt present we do not have any 
ontrol over these e�e
ts. However, it isvery unlikely that they 
an fully 
ure the problem sin
e the self-
onsistentmean-�eld models whi
h do in
lude the isove
tor ph 
hannel yield:Esym(A; T ) � 12 asymT 2A � 12 � T 2T (T + 1) asym� T (T + 1)A ; (13)i.e. provide only T 2=(T (T + 1)) fra
tion of the empiri
al symmetry energy2.4.3. The in�uen
e of t = 0 pairingThe 
ondensate of pn Cooper pairs with isospins 
oupled antiparallel isexpe
ted to lower 
onsiderably the iso-Moment-of-Inertia (iso-MoI) in a sim-ilar fashion as nu
lear super�uidity in�uen
es the spatial MoI. Furthermore,in response to iso-rotations, the isos
alar paired nu
leus is expe
ted to un-dergo a phase transition due to the iso-Coriolis Anti-Pairing e�e
t (CAP)similar to the standard CAP e�e
t whi
h is so well do
umented in high-spinphysi
s. The situation here is probably even simpler as 
ompared to the 
aseof spatial rotations. There, the phase transition is always heavily modi�eddue to the strong dependen
e of CAP on the orbital angular momentum(Stephens�Simon e�e
t [21℄). In isospa
e one would expe
t a phase transi-tion to be of bulk type resembling mu
h 
loser the Meissner e�e
t known inma
ros
opi
 super
ondu
tors [22℄.4.3.1. The T = 2 states in even�even nu
leiTo verify these ideas we have performed a set of mi
ros
opi
 
al
ula-tions for T = 2 states in 8 < N = Z < 30 e�e nu
lei using the LN modelwhi
h in
ludes both isove
tor and isos
alar pairing 
orrelations. The T = 2states were 
omputed by iso-
ranking the e�e va
uum to iso-spin Tx = p6,see Fig. 5(a). These 
al
ulations ni
ely reveal all features of t = 0 pairingexpe
ted from our intuitive 
onsiderations. The iso-MoI are indeed 
onsid-erably lowered by t = 0 pairing. At large iso-frequen
ies, but systemati
allybelow Tx = p6, we observe a phase transition from the t = 1 and t = 0paired system to the t = 1 paired system. The transition is indeed sharp,indi
ating its bulk 
hara
ter although one 
an always argue that �u
tuations
an smear it out, as it is usually the 
ase in �nite many-body system. Inspite of that one 
an rather safely state that T = 2 states in e�e N = Znu
lei are t = 0 unpaired, or at most vibrational. This 
on
lusion is inni
e agreement with dire
t 
al
ulations of the ground-states in N � Z = 4nu
lei. These isobari
 analogue states are predi
ted systemati
ally to bepn-unpaired by various types of models [12,15,16℄. The results of the �ET=22 In fa
t, the empiri
al data in N � Z nu
lei are 
onsistent with T (T +�) dependen
efor the symmetry energy where � � 1:25 [19℄.
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F�Fig. 5. S
hemati
 illustration of the 
al
ulation s
heme applied to 
ompute T = 1; 2states in e�e N = Z nu
lei (a) and T = 0; 1 states in o�oN = Z nu
lei (b). Part (
)shows the 
al
ulated and experimental ex
itation energies of these states.ex
itation energy 
al
ulations are summarized in Fig. 5(
). Provided thesimpli
ity of the model the agreement is rather amazing. Let us also bringthe reader's attention to 
ertain details. For example the shell-stru
ture,re�e
ting proportionality of the sp iso-inertia to the sp energy splitting atthe Fermi surfa
e, is quite 
learly seen. Simultaneously, let us also note thatthese shell-stru
ture e�e
ts are smeared out quite substantially by t = 0
orrelations as 
ompared to 
al
ulations whi
h in
lude only t = 1 pairing,see Fig 4. For more details showing the basi
 features of these 
al
ulationswe refer the reader to [3℄.4.3.2. The T = 1 states in even�even nu
leiLet us now turn our attention to T = 1 states in e�e nu
lei. Guidedby the sp-model we will treat these states as the lowest 2qp 
on�gurations.We blo
k the two lowest quasiparti
les in the original Woods�Saxon basisby ex
hanging: � UKVK � �! � V�KU�K � (14)



2452 W. Satuªa, R.A. Wyssfor K = 1; 2 while solving the HFB(LN) equations. Sin
e at iso-frequen
y!� = 0 the lowest 2qp state 
arries zero iso-alignment we impose the iso-
ranking 
ondition Tx = 1, as shown in Fig. 5(a).At !� = 0 the 2qp state mixes both t = 0 and t = 1 pairing phases (bothin BCS as well as BCSLN approximations). However, di�erent to the e�eiso-ground-state-band, subsequent iso-
ranking of the 2qp state does nota�e
t strongly isos
alar but quen
hes isove
tor pairing 
orrelations. Thepp- and nn-pairing 
orrelations disappear 
ompletely, exa
tly when the iso-alignment rea
hes unity. At this point the system be
omes trapped and thestate of the nu
leus does not 
hange till the very high frequen
y � highenough to destroy isos
alar 
orrelations. Note that, Fig. 5(
), the ex
itationenergies of these states �ET=1 again agree surprisingly well with empiri
aldata.Certain 
lues explaining this seemingly 
ounterintuitive pi
ture 
an beobtained by going to the 
anoni
al basis in whi
h the density matrix isdiagonal. One observes that:� For mixed-phases solution (below Tx = 1) the blo
king of the originalWoods�Saxon states is not equivalent to the blo
king of the 
anoni
alstates i.e. all 
anoni
al quasiparti
les have fra
tional o

upation num-bers.� With in
reasing frequen
y the o

upation probability of the two lowest
anoni
al quasiparti
les in
reases gradually and, at Tx = 1, rea
hesexa
tly unity. In this state one pair de
ouples from the purely t = 0pn-paired 
ore and the isospins are aligned along 
ranking axis.� At high frequen
y these 
anoni
al quasiparti
les are built either onsymmetri
 j+i � jni+ jpi or asymmetri
 j�i � jni� jpi 
ombinationsof the initial Woods�Saxon sp states.These observations are illustrated in Fig. 6. The upper panel of the �gure
learly shows that the e�e 
ore is inert. Indeed, the entire iso-alignment 
anbe tra
ed ba
k to four 
anoni
al quasiparti
les emerging from the degener-ate (at !� = 0) quartet of sp states. At low frequen
ies all quasiparti
lesforming this quartet 
ontribute to the iso-alignment i.e. they all have fra
-tional o

upations, see open and bla
k dots in the lower part of Fig. 6. Within
reasing !� , the o

upation probability of the energeti
ally favored pair of
anoni
al quasiparti
les in
rease until they rea
h unity while the energeti-
ally unfavored pair be
omes empty. Simultaneously, the iso-alignments ofthe sp 
anoni
al states building these quasiparti
les approa
h exa
tly �1=2i.e. they are built on � jni � jpi 
ombinations of the original basis, see thedis
ussion in Se
. 4.1. Clearly, the pro
ess of iso-
ranking restores the isospin
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Fig. 6. Contributions of the 
ore and the quartet of 
anoni
al quasiparti
les to thetotal iso-alignment Tx for the 
ase of an e�e nu
leus with isospin T = 1. The lowerpart illustrates the 
ontributions of the individual 
anoni
al sp and qp states tothe total iso-alignment as a fun
tion of !� . See text for details.symmetry, Tx = 1 of the blo
ked 2qp state and, in fa
t, the symmetry of thewhole system whi
h is 
omposed by a t = 0 paired o�o 
ore and a single,properly 
oupled pair of quasiparti
les.Let us further note that the t = 1 and t = 0 pairing 
orrespond to an en-tirely di�erent s
attering pro
esses. This be
omes evident after transformingthe pair operators to j�i basis:P yn�n + P yp�p �! ay+�ay+ + ay��ay� and P yt=0 �! ay+�ay� � ay��ay+ : (15)
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e with in
reasing !� the 
anoni
al basis approa
h j�i states, the 
ontri-bution to the t = 1 pair �eld from the lowest qp states is / U+V �+ ! 0. Inother words, with in
reasing !� blo
king is more and more e�e
tive in thet = 1 
hannel. Simultaneously, 
ontributions of the blo
ked qp state to thet = 0 pair �eld are: / U�V �+ + U+V �� ! 1. It means that t = 0 pairing israther stable with in
reasing !� . Only at very high !� , when the 
rankingenergy will over
ome the 
oheren
e of t = 0 pairing, the phase transition tothe t = 1 paired system will take pla
e (see dis
ussion in Se
. 4.3.1).4.3.3. The T = 0 and T = 1 states in odd�odd nu
leiLet us �nally dis
uss brie�y N = Z o�o nu
lei. The lowest T = 0 state(T = 0 ground state) in o�o nu
lei 
annot be treated on the same footingas the ground state of the neighboring N = Z e�e nu
lei, see also [23℄.The major argument stems from the simple empiri
al fa
t that all T = 0ground-states in o�o nu
lei have I 6= 0. Therefore, their treatment requiresthe expli
it breaking of time-reversal symmetry as it was already dis
ussedwithin the sp-model. This 
an be a
hieved only by treating this state as a2qp 
on�guration. In 
ontrast, the lowest T = 1 states in o�o nu
lei areexpe
ted to be seniority-zero states. The basi
 argument 
omes from theisobari
 symmetry. These I = 0 states form a triplet of isobari
 analoguestates together with the ground states of e�e N�Z = �2 nu
lei. Hen
e, theyall should have similar stru
ture. A simple 
al
ulation s
heme (see Fig. 5(b))emerges from these 
onsiderations: (i) The T = 0 states should be treated as2qp 
on�gurations i.e. seniority-two states typi
al for all o�o nu
lei. (ii) TheT = 1 states are HFB(LN) e�e like va
ua, false va
ua, ex
ited in isospa
eby means of iso-
ranking. Therefore they are seniority-zero states similar toe�e nu
lei.The relative ex
itation energy �E = ET=1 � ET=0 resulting from our
al
ulations is shown in Fig. 5(
). Sin
e 2qp ex
itations are almost as 
ostlyin energy as iso-
ranking to T = 1, therefore, it is not surprising that bothstates stay nearly degenerate. What surprises is that the model predi
ts notonly the near-degenera
y but also 
ertain details like the inversion of T = 1and T = 0 ex
itations taking pla
e around f7=2 (A � 40) sub-shell nu
lei.Let us mention that in our approa
h the isos
alar and isove
tor phases arepresent both in T = 1 and T = 0 states. It is therefore evident that thenear-degenera
y of T = 1 and T = 0 states 
annot be used as an argumentto rule out isos
alar pairing as it was done by the Berkeley group [24℄. Thekey lays in the understanding of the underlying stru
ture, whi
h 
an bea
hieved by means of a mi
ros
opi
 model only.
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e � Towards a Consistent Mean-Field : : : 24555. SummaryWe have shown that mean-�eld based models whi
h in
orporate both t =0 and t = 1 pairing 
orrelations and, at least in approximate manner, numberand isospin proje
tion are in prin
iple 
apable to treat 
onsistently N � Znu
lei. The number proje
tion is treated here at the level of the Lipkin�Nogami approximation [13, 25℄ while isospin is restored using the isospin
ranking formalism [3, 26℄. Within the model the e�e va
uum is a mixedt = 0 and t = 1 phase state due to the spontaneous symmetry breakingintrodu
ed by number proje
tion [2, 13℄. The T = 2 state in e�e nu
lei isan e�e va
uum 
al
ulated at the iso-
ranking frequen
y !� 
orrespondingto Tx = p6 while T = 1 state in e�e nu
lei is des
ribed as a 2qp state atwhi
h Tx = 1. The T = 0 states in o�o nu
lei are 2qp ex
itations whileT = 1 states in o�o nu
lei are e�e-like va
ua (false va
ua) 
omputed at !�
orresponding to Tx = p2. In all 
ases t = 0 super�uidity plays a 
ru
ialrole in restoring the 
orre
t iso-MoI and in turn, the ex
itation energies�ET . In fa
t, thanks to the simpli
ity of the iso-
ranking approximation,both the role and response of the t = 0 phase against iso-rotations 
an bevery simply and intuitively understood by a number of beautiful analogiesto well studied phenomena of high-spin physi
s.This work was supported in part by the Polish State Committee forS
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 Resear
h (KBN), and by the Göran Gustafsson Foundation.REFERENCES[1℄ A. Goswami, Nu
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