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Abstract: 

The recrossing of the ground state band with the super band 

as an explanation for the second anomaly in 1 5 8 E r is examined in 

terms of the moment of inertia. A two band mixing calculation does 

not reproduce the experimental moment of inertia curve. 

NUCLEAR STRUCTURE 1 5 8 E r second anomaly, moment of inertia 

in two band mixing calculation. 



The yrast band in 1 5 8Er, which backbends severely at spin 14, has 

recently been observed to spin 28 with a tentative assignment for the spin 

c 
1,?,3 

30 and 32 states . The results show a second anomaly it about spin 28 which 

may be due to the decoupling of additional ij,/, neutrons or h.. ._ protons 

A novel alternative, that the second anomaly is due to a recrossing of the 

.ground state band (gsb) and the super band (SB), has been proposed by Peker 
4 • 

and Hamilton . That case is examined here in more detail, but it is suggested 

that the recrossing of the g*b using the extrapolation of Peker and Hamilton 

will only conditionally lead to the experimental curve of the moment of inertia 

(2J/h2) against the square of the rotational frequency (ti 2
u
2). 

It is accepted that the first backbcnding anomaly is due to a crossing 

(in energy) between the gsb, and the SB, and the subsequent observation of 

yrast states in a (Heavy Ion,xn) experiment. 

At low spins (J <_ 12) the gsb states are yrast. The SB has a higher 

excitation energy than the gsb at these low spins but its moment of inercia 

(as deduced from the spacing between states in the band) is higher because 

of rotation alignment of the intrinsic spin. The excitation energies of 

the SB states fall below those of the gsb above about spin 14. Therefore 

the moments of inertia of the yrast states correspond at high spins to the 

SB, and at low spins to the gsb. In the region of the hand crossing, , 

the apparent moment of inertia will depend in detail on the relative energy 

and mixing between the SB and gsb states for each spin value. 

As is evident from the experimental yrast curve for 1 5 8 E r (figure 1), 

the moment of inertia of the gsb is rising as a function of spin, in contrast 

to that of the SB. If the gsb were extrapolated to high spins assuming that 

the states up to spin 10 were unperturbed by mixing with the SB, the moment 

of inertia of the gsb would be greater than that of the SB, for spins above 

about 22. The gsb extrapolation of Peker and Hamilton is illustrated in 

figure 1, Remembering that the unperturbed gsb and the SB have the same 

excitation energy at about spin 14 (the first band crossing), between spins 



14 and 22, when the SB moment of inertia is higher, it gains »ore in 

excitation energy. That is, its excitation energy is progressively lower 

relative to the gsb. But above spin 22 the gsb will begin to regain the 

energy difference since then its moment of inertia is higher. By spin 

28, the gsb states, as pointed out by Peker and Hamilton may again be 

lower in energy than the SB states, leading to a second bandcrossing. 

This is evident from figure 2 which shows the excitation energy against 

1(1+1) for the extrapolated gsb, and the observed yrast states. 

Although a second bandcrossing would produce an anomaly in the 

yrast curve, in qualitative agreement with experiment, the question 

arises whether the moment of inertia curve would be in quantitative 

agreement. 

To examine thi ; in detail a two band mixing calculation was carried 

out in the following way. The unperturbed gsb states were taken from the 

extrapolation of Pcker and Hamilton as shown in table 1. In the limit of 

no mixing, the unperturbed SB states would have the same excitation energy 

as the observed yrast states in the region between the two band crossings. 

That is, the observed states at spins 18, 20 and 22 would correspond to 

the unperturbed SB states. Obviously, the moments of inertiü would also 

correspond. HOT small mixing then, the excitation energy of the SB, 

E__, was'taken as F- S BU) = E ^ t(I), the observed yrast energies, at 

I • 18 and 20. The energies of the higher spin states weTe estimated by 

extrapolating from these values with a slowly falling moment of inertia, 

as shown in figure 1. The energies for zero mixing are given in table 1. 

As the mixing is increased the yrast states will be depressed in 

energ» compared to tjie unperturbed SB states depending on the energy 

separation between the SB and the gsb states, and on the strength of 

the mixing (which is assumed to be constant as a function of spin). 

Therefore to obtain agreemci.t between the calculated, and experimental 

yrast energies (and moments of inertia) at spins 18 and 20, the energy 

J 



of the unperturbed SB was shifted upwards by the energy required to 

compensate the depression. Therefore for each value of the mixing 

strength AE, the unperturbed SB states were chosen by fixing tue excitation 

energy at I = 18 so that 

E^(18) = E^P fl8) • AE 2/(E e X*(18) - E C X p „(18)) SB V ' yrastv ' v gsb v yrastv 

and extrapolating the moment of inertia as stated earlier. This corre-

»ponds for example, to an 80 keV shift for AE = 200 kcV. T.»e E ^ ( 1 ) 

are the extrapolated gsb energies. 

The diagonalizations for different values of AE give the moments 

of inert in cf the calculated yrast states in the region of the second 

bandcrossing shown in figure 3. For small mixing the moment of inertia 

curve will show severe backbending, similar to that observed at the first 

band crossing. The curve essentially follows the moment of inertia 

c" the unperturbed SB until the band crossing and then jumps to the 

extrapolated gsb value. As the mixing is increased the curve can be 

smoothed, jnd for AE = 250 keV is close to the experimental curve up to 

spin 28. Inevitably however, the curve must go to the extrapolated gsb 

values at spins corresponding to the region above the second bandcrossing. 

This would be in disagreement with the tentatively assigned spin 30 and 

32 states. 

The value of the mixing in the first bandcrossing is believed to 

be small (s 50 kcV) but it may be larger at th.'se higher spins. 

If a different extrapolation of the gsb were used, such as one 

which asymptotcd to the rigid body moment of inertia, or simply one with 

a Mini 1er gradient on the 2J/R2 vs K 2Ü> 2 curve than that used by Peker 

and Hamilton, the gsb states would Tecross the SB states at a higher 

spin than is seen experimentally. Similarly if the SB was extrapolated 

with a moment of inertia which rose more rapidly with spin than that in 

figure 1 (i fairly constant curve would be expected for a rotation aligned 



band and because of blocking effects), again the band crossing would not 

occur until Mich higher spins. 

In conclusion, if the second anomaly were dnç *o a recrossing of 

the gsb, as extrapolated by Peker and Hamilton, and the SB, a severe 

rackbend should occur at spins above 28, and the mixing matrix elements 

must be lcrge. If the tentatively assigned spin 30, and spin 32 states 

were confirmed, it would not be possible to describe both the experimental 

moment of inertia, and to simultaneously predict a band crossing near the 

observed spin values in this two band picture. As stated by Peker and 

Hamilton, experimental observation of the gsb extension is require) to 

properly understand the second anomaly, (and to test the validity of the 

gsb extrapolation), and in the light of this discussion, experimental 

confirmation of the spin 30, and 32 states would also be a critical test. 
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TABLE 1: Excitation Energy of states in 1 5 8 E r . 

A: Experimental yrast states 

B: gsb extrapolation of Peker and Hamilton 

C: High spin extrapolated states of SB for 

zero nixing; E__. 

Spin Excitation Energies (MeV) 
I A B C 

2 0.193 0.193 

4 0.528 0.529 

6 9.970 0.972 

8 1.493 1.497 

10 2.072 2.076 

12 2.682 2.694 

14 3.190 3.339 

16 3.663 4.006 

18 4.229 4.691 4.229 

20 4.887 5.391 4.887 

22 5.625 6.105 5.625 

24 6.428 6.830 6.443 

26 7.271 7.562 7.341 

28 8.126 8.302 8.319 

30 8.997 9.050 9.377 

32 9,899 9.810 10.515 



FIGURE CAPTIONS 

1. The moments of inertia against the square of the rotational frequency 

in 1 5 8 E r , including experiment (open circles) and the extrapolations 

discussed in the text. 

2. Excitation energies against 1(1*1) for the experimental yrast band 

in 1 5 8 E r , and the extrapolation of the gsb as discussed in the 

text. 

3. Detail of the 2J/« 2 vs 'ft2«2 curve in the region of tl^ second anomaly, 

. comparing experiment with the results of a two-band mixing calculation, 

as a function of the mixing matrix elements. The curve labelled "E" 
4 is the gsb extrapolation of Pekcr and Hamilton . 
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