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A b s t r a c t :  The importance of the pairing correlation in rapidly rotating nuclei is reviewed by 
making use of the theoretical method which takes higher order correlations into account. 
The characteristic difference of the properties of the pairing correlation in the "static" and 
"dynamic" pairing regimes, which are distinguished by the dominance of the mean-field 
contributions, is emphasized. Through the investigation of the relative energy spectra the 
concept of the pairing phase transition is re-examined. Interesting phenomena related to 
the pair transfer reactions are also mentioned briefly. 

1. I n t r o d u c t i o n  

I must  confess that  the title of my talk given by the organizer is a subtle question 
which is beyond my  ability to give a definite answer. The difficulty lies in the fact 
that  the concept of the phase transition cannot be so easily extended to finite 
systems such as atomic nuclei. A s tandard point of view is to define the phase 
transit ion within the mean-field approximation: The problem is then of qualitative 
nature,  namely the different phases are clearly distinguished by the order parameter ,  
e.g. the (static) pairing gap in the case of the superconducting-to-normal transition. 
It  is, however, well known that  the many  body correlations induced by the residual 
nucleon-nucleon interactions always exist and are often non-negligible in nuclei. The 
problem is now of quanti tat ive nature: In order to correctly describe the physical 
phenomena,  the concept of the "phase transition" should be re-examined depending 
on how weak or strong the correlation is. 

The pairing correlation is known to be rather  weak compared to, e.g., the quadru- 
pole particle-hole correlation which leads to the spherical-to-deformed transition. 
This means that  the mean-field (referred to by "static") and the higher-order ("dy- 
namic")  contributions are comparat ive even in the ground state regions in the case 
of pairing correlations. However, the effects of the static and the dynamic corre- 
lations on physical observables are qualitatively different, and when the nucleus 
is rotated rapidly the importance of two effects interchanges. Here let me use the 
terms "static pairing regime" and "dynamic pairing regime" if the static and dy- 
namic correlations, respectively, play dominant roles. 

The main purpose of this talk is to clarify the basic features of two regimes and 
to discuss whether it is reasonable or not to say "the normal  phase" is realized 
at higher spin regions. I would like also to make some comments  on the similarity 
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and the difference of the two commonly used approaches to take dynamic correla- 
tions into account, i.e. the random phase approximation (RPA) and the variation 
after number projection (NP). The theoretical analysis in this talk is based on the 
investigations of energy spectra or routhians. It is, however, well known that the 
transition amplitudes, the pair transfer matrix elements, reflect more sensitively the 
effect of correlations, although it is much more difficult to extract their informa- 
tion from the experimental data. I also briefly mention the interesting phenomena 
related to the pair transfers in rapidly rotating nuclei. 

2. Basic  quant i t ies  

Here I would like to summarize basic ingredients for the theoretical analysis, see 
refs. l - s )  for details. As for the model of pairing correlations, only the monopole 
pairing interaction is considered for simplicity, although the quadrupole pairing is 
known to be important for realistic analysis of experimental data especially in the 
static pairing regime. Thus the model hamiltonian is 

H'  = hdet -- wJz -4- V, (2.1) 

with 
Y = - ~ G ( p t p  + pp t ) ,  (2.2) 

where hdet is the deformed mean-field potential, -wJz  the cranking term and p t  
is the monopole pair transfer operator. 

The static correlation is typically measured by the correlation energy evaluated 
within the (selfeonsistent) mean-field approximation, 

Estat = E~FB - E~F, (2.3) 

with 
EhpB -- (~HFBIH'lq'HFB), EhF ---- (q'HFIH'Iq'nF), (2.4) 

where [q)HFB) is the wave function determined by the Hartree-Fock-Bogoliubov 
(HFB) procedure (in the superconducting phase), i.e. the usual BCS treatment 
at w = O, and Iq~rir) by the Hartree-Fock (HF) procedure (in the normal phase), 
namely the simple product state (Slater determinant). The dynamic (higher order) 
correlation energy is obtained by going beyond the mean-field approximation 4), 
e.g. the NP or the RPA approach, 

E ( N P )  ~- b~,(Np) _ E s t a t ,  (2.5) dyn - - co r r  

with 
E~(o ~P) = E~p - E~IF, E~p = (~Np]Ht[qJNp), (2.6) 

~(RPA) is defined in the same way by replacing the NP wave function ]@NP) o r  ""dy n 

by the RPA wave function ]qYRPA). Note that V is the two body operator so that 
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in eqs. (2.4) and (2.6) the expectation value of H '  contains the exchange (Fock) 
contributions even in the mean-field level*. They are not included in the definition 
of the correlation energies, eqs. (2.3) and (2.5), which are measured from 

E~I F = ~ 6~ Jr Eexch. 
i<F 

(2.7) 

This is because the exchange energy Eexch only weakly depends either on the rota- 
tional frequency or on the configurations. For the total routhian, 

E~o t = Edyn Jr Estat Jr E~I F, (2.8) 

however, it is not negligible and reflects the spreading of the pair transfer strength 
which is caused by the rapid rotation. 

Another quantity to measure the pairing correlation is the pairing gap parameter. 
Corresponding to the level of approximations defined above, various kinds of gap 
parameters are considered: 

(~HFBI½(PtP + PPt)[¢HF8) = (Astat/G) 2 + (exchange contribution), (2.9) 

(¢NPI½(PtP + P P t ) l f S p  > = (ANp/G) 2 + (exchange contribution), (2.10) 

etc. Note again the exchange contributions are not included in the definitions. 
Among them the static pairing gap, A = Astat = (¢HFBIPt162HFB) is the param- 
eter used for the cranked shell model quasiparticle routhian diagram and has the 
meaning of the order parameter because it vanishes when the normal phase is re- 
alized. In contrast, the NP pairing gap, ANp, and also the RPA gap, ARPA, never 
quenched up to highest spin regions 3,5) (this is true also for the exchange contribu- 
tions). This fact is in a sense a trivial matter: As long as the two-body interactions 
are acting, the many body correlations always remain and are non-negligible in the 
finite system though weakened considerably by the Coriolis and centrifugal force. 
The important is how the correlations affect the observable quantities and it will 
be discussed in sect. 4. 

Finally let me make comments on the RPA versus NP treatment of pairing cor- 
relation, for which rather detailed comparisons have been done in ref. 3). The RPA 
is the next order treatment in the (in principle) exact boson expansion theory 
(BET) 6) with the HB approximation regarded as the lowest. All the eigenmodes 
which take into account the two-body correlations up to infinity (the ring diagram 
summations) are included. Thus the results of the RPA seems to contain more corre- 
lations than the NP method. Actually the absolute value of the correlation energy 
calculated in the RPA is always larger than that in the NP. It should, however, 
be emphasized that the observables in the experimental data  are the rotational 
frequency dependences of physical quantities and for those both treatments often 
give quite similar results 3). Therefore, it may be fair to say the essential part of the 

* Note that E (RPA) % Eexch is called the RPA correlation energy in ref. 1). dyn 
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pairing correlation is well accounted for by both approaches. One clear drawback 
of the RPA is that it is basically the small amplitude approximation which breaks 
down near the transition points and results in singularities of the physical quantities 
at those points. Next higher order treatment (e.g. the fourth order BET) is usually 
enough to overcome the drawback r) but it still requires a considerable numeri- 
cal task. Therefore a simple interpolation procedure across the transition point is 
required in the RPA calculations in order to obtain physically meaningful smooth 
results, thus introducing undesired ambiguities which are usually not essential. In 
this respect the NP treatment is safer since it is free from the small amplitude 
approximation. Another notice I would like to address for the NP approach is that 
the full variation of trial wave function 3-5) is important for taking the higher order 
pairing correlations into account. A simplified treatment s), which is often used and 
called cranked FBCS, underestimates the correlation energy and overestimates the 
de-alignment effect 3). 

3. Effects on superdeformed bands  

In order to see the effect of pairing correlations on the observable quantities, 
the rotational frequency dependence of the routhians and the angular momenta 
are investigated systematically for normal deformed nuclei in ref. 1 ). There the role 
played by the pairing correlation in the dynamic pairing regime is emphasized: the 
angular momenta are reduced considerably by the dynamic pairing fluctuations, 
the de-alignment effect. It has been already noticed for some time that the if(2) 
moment of inertia, which corresponds to the second derivative of the routhian, may 
be a sensitive measure of the change of pairing correlations 9,10). However, ,j-(2) 
is sensitive to any changes of the internal structure of the rotational band, e.g. 
the deformation change and especially the quasiparticle alignments. It is, therefore, 
very difficult to extract independently the information on the pairing correlation. 

In this respect the observation of the superdeformed (SD) rotational band 11,12) 
gives us an unique possibility to study the effects of pairing correlations, since 
the SD bands usually keep their identities over a wide range of spin or rotational 
frequency. Actually the systematic comparison of the calculations and the experi- 
mental data for the SD bands in the A ~ 150 region in refs. 2,13) show clearly the 
importance of pairing correlations, dominantly of dynamic nature in this region. The 
results are summarized as follows: The frO) moments of inertia are reduced typi- 
cally by about 15-5% in the observed rotational frequency range, 0.3 ~ hw <~ 0.7 
MeV, whereas the ,7 (2) are increased by about 10-5% compared to the results 
without pairing correlations. 

These basic trends can be naturally understood by the rotational frequency 
dependence of the correlation energy, and well explains the systematic discrepancies 
between the standard Strutinsky calculations (without pairing) and the experimen- 
tal data. As is shown in fig. 1, the correlation energy (the lowest panel) has generally 
an inflection point at a frequency w*, where d2Ecorr/dt~ 2 = 0, and thus its contri- 
bution to if(2) changes sign at this point while that to frO) is always negative. For 
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Fig. 1. Schematic figure depicting the influence of pairing correlations on the moments of inertia. 

the SD band in the A ~ 150 region the inflection point is usually lies in the lower 
frequency than observed, reflecting the minor role of the static pairing. 

Recently a new region of the SD bands in A ~ 190 nuclei (Hg isotopes) with 
a typical deformation 14) ¢2 ~ 0.45-0.50 and 7 ~ 0 is discovered 15-1~). The SD 
shell structure of the A ~ 190 region is not so pronounced, especially for neutrons, 
as that  of the A ~ 150 region where the shell gap based on the 2:1 deformation 
is so large that  the static pairing is generally quenched already at lowest spins. 
Examples of the calculations for 19°,191Hg are shown in fig. 2, which are obtained by 
using the cranked Nilsson-Strutinsky method as in the same way as ref. 2) but here 
followed by the full NP method. As is clearly seen from the figure the modifications 
caused by the static and dynamic pairing correlation is larger than those in the 
A ~ 150 region. In fact the static pairing remains up to considerably higher spins 
and affects both if(a) and if(2) significantly. Especially the rapid increase of 3 .(2) 
is understood by the fact that the inflection point in fig. 1 lies in the middle of the 
observed frequency range for the SD band in the A ~ 190 region. The amount of 
the correction coming from the pairing correlation is in between of those observed 
in the normal deformed nuclei (typically about factor two reduction) and in the 
A m 150 SD nuclei (typically about 10%) at lower spins. 

One of the interesting features in the A ~ 190 region is that the trends of all 
the observed 3.(2) moments of inertia are quite similar l~). This fact suggests the 
same internal structure of the observed SD bands, e.g. r64v74 [ref. 17)]. Since the 
static pairing correlation is generally very different for different configurations, e.g. 
between even and odd nuclei (blocking effects), we naturally expect considerable 
differences. Further investigations may reveal a new insight for the property of 
pairing correlations in strongly deformed and rapidly rotating nuclei. 
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Fig. 2. The static and the NP pairing gaps (the upper panel) and the resultant fl(a) and fl(2) 
moments of inertia as functions of the rotational frequency for the (+, 0) configuration in 19°Hg 
(left) and for the (- ,1/2)  configuration in 191Hg. The thick (thin) solid and dashed curves, 
respectively, are used for j(2) and ,:?'(D with (without) the pairing correlations, while the square 
and circle symbols are for the experimental ones. Here for ,.7(1) in 19°Hg the lowest spin of the 
observed spectra is assigned to be 14h which fits the calculation. In 191 Hg the ( - ,  4-1/2) signature 
pair configurations are almost degenerate, and I assigned the observed one to be c~ -- 1/2 according 

to the lowest spin 29/2 h which fits the theoretical prediction. 

4.  R e l a t i v e  e n e r g y  s p e c t r a  as  a n  i n d i c a t i o n  
o f  t h e  s u p e r - t o - n o r m a l  t r a n s i t i o n :  

A t h e o r e t i c a l  s i m u l a t i o n  

As is shown in the previous section and systemat ic  calculations bo th  for super- 
deformed 2,13) and normal  deformed rota t ional  bands  1), the pair ing correlat ions 
play impor t an t  roles up to highest spins observed. Especially the higher order  (dy- 
namic)  correlat ion is so large tha t  the signatures of the superconduct ing- to-normal  
phase t ransi t ion existing in the mean-field level (]~stat -4 0) axe mos t ly  washed out  
for physical  observables s). Actual ly  the fact tha t  the pair ing correlat ion remains  
at high spins is clearly indicated by the NP (or RPA)  pair ing gap which keeps un- 
quenched,  and it is sometimes said tha t  there exists no super - to -normal  t ransi t ion 
in a tomic  nuclei. I think this s ta tement  is fairly t rue as long as it is concerned 
with the p rope r ty  of an i n d i v i d u a l  rota t ional  sequence: For the energy spec t rum 
(the routh ian)  or the rota t ional  frequency dependence of j ( a )  and ,]-(2) moments  
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Fig. 3. The neutron static and NP pair ing  g a p  p a r a m e t e r s  as functions of the rotational frequency, 
which are defined by eqs. (2.9) and (2.10), for various configurations of a6SYb and 16eYb. The 
thick solid, one-point dash and long dash curves are used for (lr, a) = (+, 0), ( - ,  0) and ( - ,  1) 
configurations, and solid, dash, one-point dash and long dash for (+, +1/2),  (+, -1 /2 ) ,  ( - ,  +1/2) 
and ( - , - 1 / 2 ) ,  respectively. The results for signature partners, ( - ,  0) and ( - ,  1), and ( - ,  +1/2) 

and ( - ,  -1 /2 ) ,  are almost degenerate for both Astat and ANp. 

of inertia for each rotational band, there are no definite indications of the phase 
transition. 

It should, however, be remembered that one of the evidences that the super- 
conducting phase is realized in the ground state region come from the analysis of 
relative energy spectra in even nuclei and of those between even and odd nuclei. 
In the case of rotating nuclei, the energy gap present in the relative energy spectra 
at ~ = 0 decreases as hw increases, especially for highly alignable orbits (gapless 
superconductivity). Although it is not so definite as in the ground state region be- 
cause of this fact, there are still rather clear differences in the characteristic features 
of the relative energy spectra in the superconducting (i.e. the static pairing regime) 
and the normal (i.e. the dynamic pairing regime) phases. Actually the speculation 
that the normal phase is realized at higher spins (say, I >~ 30h) have been done 18,19) 
for some time by careful analysis of experimental routhians in comparison to those 
obtained by the simple cranked shell model (CSM) with A = 0. In the following, I 
would like to support this analysis by a theoretical simulation by taking the higher 
order pairing correlations into account, i.e. by making use of the NP approach with 
full variation. The results obtained by the RPA approach are more or less the same. 

I selected the nuclei 188,165yb as examples of the analysis without any special 
intentions. They are typical stable deformed nuclei and experimental data  are avail- 
able up to high spin states, I <~ 40h. Since I would like to focus an attention to the 
pairing correlation, the deformation parameters are kept constant, e2 = 0.25 and 
7 = 0° (appropriate for the ground state of 168yb), both for 185yb and 186yb. Thus 
the detailed comparison with experimental data  is not aimed here. The calculational 
procedure is the same as ref. 3) [see also refs. 1,2)], but the Strutinsky renormalized 
rotational frequency, Wre n = Wcrank (~ 'Strut / . J r ig) ,  is used 20) for showing results. 
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Fig. 4. T h e  n e u t r o n  s t a t i c  and  NP  correlation energies as func t ions  of t he  ro ta t iona l  f requency,  
which  are def ined in eqs. (2.3) and  (2.6). T h e  legends  are t he  s a m e  as in fig. 3, 

First, in fig. 3 measures of the pairing correlations, the static and the NP pairing 
gaps, for neutron configurations with the parity and signature (Tr, a) = (+, 0), ( - ,  0) 
and ( - ,  1) in 16SYb and (+,-1-1/2) and ( - ,  -t-1/2) in 16SYb are shown as functions 
of the rotational frequency. As is clear from the figure the NP gaps never quench 
while the static gaps do. The more important is, however, that ANp's for various 
configurations take quite different values, similarly to A s t a t ' s  , in the static pairing 
regime (say, hw <~ 0.3 MeV) while in the dynamic pairing regime (say, hw >~ 0.4 
MeV) their values converge to, so to say, a "unified" value. This feature of the pair- 
ing correlation is general: It is sensitive to the change of configurations, known as 
the strong blocking effects seen in the mean-field approximation, in the static pair- 
ing regime and becomes almost configuration-independent in the dynamic pairing 
regime. The reason why the dynamic correlations are insensitive to the differences of 
configurations is understood, in terms of the RPA: They come from the accumula- 
tion of many, but small in each, contributions of excited (non-collective) eigenmodes 
for which the rearrangement of the vacuum configuration play a minor role. This 
important characteristic difference in the static and dynamic pairing regime can be 
seen also in the correlation energies in fig. 4, where again the static and the NP 
ones are shown for each neutron configuration as functions of hw. Comparing the 
NP with the static correlation energies in the static regime, the dynamic correlation 
energies, which are the differences of the two, eq. (2.5), are rather constant (~ 1 
MeV) and almost configuration-independent, i.e. their properties are mainly gov- 
erned by the static contributions. On the other hand, in the dynamic regime, they 
are also independent of configurations but decrease as ~ ,  resulting considerable 
de-alignment effects. These basic features of correlation energies have been already 
discussed in ref. 1 ). 

Now let me discuss on the "single-particle" routhians in 165Yb relative to the 
yrast state of a66Yb calculated by making use of the NP results above. They are 
obtained, as in the same way as done experimentally, by taking the differences 
between the total routhians of various configurations in 165yb and that of (+, 0) 
yrast configuration in le6Yb with constant shift corresponding to the chemical 
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Fig. 5. The correlated neutron single-particle routhians of 16SYb in (a), which are obtained by 
E~ot(16SYb) - E~ot(166yb; (+, 0)) + const, where the total routhians are calculated by the NP 
approach. For comparison, in (b), (c) and (d) are shown the corresponding cranked shell model 
quasiparticle routhians with A = 0.9, 0.5 and 0.0 MeV. Since the details of the rotational fre- 
quency dependence of the reference band, (+,0) band of le°Yb, cannot be described by the 
simple CSM approximation (constant A), the frequency dependence of each routhian in (b), (c) 
and (d) does not precisely correspond to that of the correlated routhian in (a), rather the relative 

spectrum is meaningful. 

potential .  Note tha t  the total  routhians ,  taking the higher order  pair ing correlat ion 
into account ,  is calculated by adding the correlat ion energies shown in fig. 4 to 
the normal  phase HF routhians.  Since the exchange energies are almost  the same 
for all the configurations,  the deviations between the correlated and uncorre la ted 
(CSM with A = 0) single-particle spectra  are es t imated by  the differences of  the 
correlat ion energies in fig. 4. The  result of the correlated routh ians  is shown in 
fig. 5 (a), in addi t ion to the simple CSM routhians  with A = 0.9 MeV (b) which 
corresponds roughly  to the value of the static pairing gap at hw = 0, those with 
A = 0.5 MeV (c) which corresponds to the "unified" value of  the NP gap at ~ ~ 0.6 
MeV, and finally the normal  phase routhians,  i.e. those with A = 0 (d). As it is 
expected,  in the static pairing regime where the static gaps take sizable values, 
hw <~ 0.2 MeV for ( - ,  4-1/2) and hw <~ 0.3 MeV for (+ ,  4-1/2), the quasipart icle 
routhians  with A = 0.9 MeV are ra ther  good. On  the other  hand,  the normal  
phase routh ians  are much  be t te r  in the dynamic  regime, hw >~ 0.4 MeV: In fact 
they are a lmost  "exact" because the correlat ion energies of various configurations 
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converge to an "unified" value as it is shown in fig. 4. In between the two regimes, 
0.2 <~ hw ~ 0.4 MeV, where the static gaps change dramatically, all the simple 
CSM spectra fail to reproduce the basic trends of the correlated spectra. Thus, 
from these results, I think it is fair to say that the normal phase is realized in the 
dynamic pairing regime in the sense that relative energy spectra are well described 
by the simple CSM routhians with A = 0, although the pairing correlations are 
never negligible in order to account for the properties of each rotational band. 

It is worthwhile to notice that the quasiparticle routhians with A = 0.5 MeV 
do not correspond to the correlated routhians in the whole range of rotational 
frequency, especially they do not correctly describe the level ordering at higher 
frequencies, Nz >~ 0.4, where the ( - ,  -t-1/2) routhians axe lower than the (+,  +1/2)  
one in the correlated spectra. This result clearly indicates quite different roles played 
by the static and the NP pairing gap: ANp, which never quenches but converges to 
an "unified" value (..~ 0.5 MeV) at highest frequency, cannot be used as an input 
of the quasiparticle energy, while Astat can as a lowest order approximation. 

5. P a i r  t r a n s f e r  a m p l i t u d e  

It is certainly true that more direct information on the pairing correlation can 
be obtained by the measurement of the transition rates of nucleon transfer reac- 
tions. Actually it is well known that the one nucleon pick-up or stripping reaction 
in the ground states of deformed nuclei clearly revealed the pair condensate 21) 
through the BCS-type spectroscopic factor in the DWBA analysis. For rotating 
nuclei, however, the analysis of experimental data  is much more involved because of 
the complexity of various reaction mechanisms, and the Coulomb excitation followed 
by nucleon transfers 22,23) is considered to be best suited in order to minimize the 
complexity. See refs. 1,24) for the basic picture expected in such experiments 25,26). 

In contrast to the energy spectra the non-diagonal matrix elements should be 
considered in the case of the transition rate, i.e., 

7J(i ---, f )  = ( f iBr i l ) ,  (5.1) 

where the initial and final states, Ii) and If), are evaluated in the consistent approx- 
imation scheme to the energy spectra, and this makes the analyses more difficult 
both experimentally and theoretically. In the static pairing regime the yrast-to- 
yrast transition dominates and the transition amplitude can be well approximated 
by 

I•(y --' Y)IHFB ~ I(¢HFBIPiI@HFB)I ~ Astat/G. (5.2) 

In the dynamic pairing regime, however, the yrast-to-excited states transitions can 
equally well occur 1,27), and then the identification of the initial and final states is 
very important in order to extract the precise information on the pairing correlation. 
Another complication to analyze the experimental data  is that we should distinguish 
the one step pair transfer from the sequential two step single nucleon transfer 
processes which are known to be non-negligible. The detailed understanding of 
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Fig. 6. The neutron pair transfer s t rength for the SD yrast band of 152Dy. the solid (dashed) 
curve represents the one for the pair addition (removal) reaction. 

the reaction mechanism is, then, also crucial for extracting the information on the 
pair transfer amplitudes. 

In spite of the difficulties mentioned above, experimental data of good quality 
are eagerly hoped to study the pair transfer in rotating nuclei. Recently it was the- 
oretically pointed out 2s) that the pair transfer amplitude between the yrast states 
changes the sign at the band crossing point ("diabolic" pair transfer) irrespective 
of the approximation scheme used, e.g. the HFB, NP [ref. 29)] or "exact" 30,31) 
treatments. This phase-change of the amplitude can be naturally interpreted as 
a manifestation of the Berry's phase (Nuclear SQUID) 2s,29). If the sign-change 
exists it is predicted that the probabilities of the pair transfer above the crossing 
frequency are considerably reduced 32,33). Note that this reduction of the proba- 
bility is caused by the interference between transfers below and above the crossing 
frequency and it occurs even if the absolute value of the transfer amplitude is 
assumed to be constant 34). In realistic situation both the decrease of the absolute 
value and the sign-change are expected so that it is important to precisely estimate 
the effects of both of them. 

Another interesting prediction is the enhancements of the pair transfer probabil- 
ity associated with the collective pair vibrations in the superdeformed rotational 
bands 35). As it is well known in the region of 2°8pb the ground states of neighbour- 
ing nuclei with neutron or proton numbers differing by two unit can be interpreted 
as the states which are built by exciting the collective pair vibrational modes on 
the "vacuum" of 2°spb [ref. 36)]. The pair transfer rates to such states are greatly 
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enhanced because of the collectivity. The large shell gap associated with the 2:1 de- 
formation shell closure makes the situation in the SD rotational band quite similar 
to the case of 2°Spb, although at higher spins the diffusion of the pairing matrix 
elements reduces the collectivity. In fig. 6 is shown the result of theoretical calcu- 
lations for lS2Dy by making use of the RPA [ref. as)], which predicts considerable 
enhancements of pair transfer for hw ~ 0.5 MeV. Since the intensity to produce the 
SD states is small it is certainly difficult to study the pair transfer in the SD band 
experimentally. I hope the new generation crystal ball, e.g. the GAMMASPHERE, 
will open the possibility to perform such experiments. 

Finally let me mention the new data coming from the NORDBALL collaboration 
at NBI [ref. 37)]. Recently the Japanese group have done a test experiment of the 
Coulomb excitations with full use of the post accelerator and the small silicon ball 
inside the NORDBALL which is arranged for particle detections. Though the data 
analysis is not yet enough to draw a definite conclusion, the preliminary analysis 
seems to indicate surprisingly strong intensity of the pair transfer at high spins, 
which is promising to study the detailed properties of the pairing correlation. 

6. Summary 

In the this talk I have tried to review the present status of our understanding on 
the pairing correlation in rapidly rotating nuclei. Especially I focused an attention 
to the characteristic difference of the properties of pairing correlations in the static 
and dynamic pairing regimes. Namely, the correlation energies are sensitive to the 
change of internal structures of the individual rotational bands in the static regime, 
which results from the dominance of the mean-field contributions, while in the 
dynamic regime they are rather insensitive and take an "unified" value but leads 
to the important de-alignment effect at higher spin region. In the course of the 
discussion the concept of the pairing phase transition is re-examined, and it is 
pointed out that the statement that the normal phase is realized at observed highest 
spin regions may be meaningful in a sense that the corresponding single-particle 
(CSM) routhians can be used for describing the relative energy spectra. 

Moreover, the important roles played by the pairing correlations in the supe.r- 
deformed bands both in the A ~ 150 and the A ~ 190 regions are also discussed. In 
the former region the dynamic correlations are dominant because the pronounced 
shell gap associated with the 2:1 deformation prevents the static pairing to be 
effective. Thus the relative spectra and/or relative j(1) and j(2) moments of inertia 
can be well understood by the simple normal phase routhians. Actually this fact 
is used to identify the SD configurations. In the latter region, however, the static 
correlations seem to be also important because of the less pronounced shell gap, 
although further investigations both theoretically and experimentally are needed to 
draw a definite conclusion. 

The transition rates associated with the pairing correlation, the pair transfer 
in rotating nuclei, which would give more direct information, are also very briefly 
mentioned. Again, a qualitative difference in the static and dynamic pairing regime 
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is expected: In the static regime the transfer  of  the yras t - to -yras t  occurs  domi- 
nantly,  while a considerable amoun t  of  the yrast - to-exci ted states are expected in 
the dynamic  regime. An  interesting phenomenon  which manifests  the effect of  the 
Berry ' s  phase suggested in refs. 28,29) and the enhancement  of  the pair  t ransfer  in 
the superdeformed b a n d  predicted in ref. as) are discussed as exarhples. T h o u g h  
the exper iments  to see such p h e a o m e n a  are certainly very  difficult, I am sure tha t  
they  will be done in near  futures because experimental is ts  have been and  will be 
clever enough to overcome m a n y  kinds of  difficulties. 

I would like to  express sincere thanks  to Dr. N. K a t o  for informing me the new 
exper imentai  da t a  of  the N O R D B A L L  collaborat ion and  for discussions related to 
them. A par t  of  this work is financially suppor ted  by  the Grant - in-Aid  for Scientific 
Research of  J a p a n  Minis t ry of  Educat ion ,  Science and  Cnl ture  under  the Gran t  
number  01740160. 
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