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ABSTRACT 

Some remarks concerning the relation of the predictions of the Davydov 

and Filippov asymmetric rotor theory to the experimental data are pointed out. 

The different ratios of the energy of the excited states as a function 

of the gamma parameter are discussed, according to other authors. The reduced 

electric-quadrupole transition ratios as a function of the gamma parameter are 

also discussed, according to other authors. 

A brief summary of the nuclei to be studied which do not fall in the 

general picture predicted by the mentioned theory is given. 
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I. INTRODUCTION 

In the past year a .new collective theory of the behavior of nuc.lei 

has been developed by Davydov and Filippov
1 

(DF) taking into account possibie 
2 violations of the ~ial symmetry of the nucleus. Thts violation affects the 

rotational spectrum of the axial even nuc.lEius, and some new rotational states 

with total angular momenta.of 2, 3, 4, ••• appear. 

The operator corresponding to the. rotational energy of the nucleus 

has the form 

3 
H = L: 

A.=l 

. 2 
2 sin (y _ 2n A.) 

3 . 

·2 2 
where D = ~ j4B~ , and y varies from 0 to n/3 and determines the deviation 

from axial symmetry... Here K is no longer a good q_uantum number. For y = 0 

the energy spectrum of an even-even nucleus is the same as that of the 

axially-symmetric one. The transition from the second excited state (2+) is 

allowed as a result of the violation of the oscillator approximation. A 

recent paper of DeMille et al. shows that the D F treatment can account for 

a large number of nuclear energy ievels.3 

* This work was performed under the auspices of the U. S. Atomic Energy Commission.' 

t Fellow-from Consejo Nacional de Investigaciones Cientificas y Technicas and on 

leave of absence from Departamento de Fisica, Universidad de La Plata, Argentina. 
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II. ELECTRIC QUADRUPOLE MOMENTS. 

The ope~ator for the nuclear electric quadrupole moment is given by 

z· 

= L: 
i=l 

For r = 0 one obtains a prolate ellipsoid of resolution with three axes .of 

symmetry. For y ,; 1tj3 one obtains an oblate ellipsoid of revolution. 

For even-even. nuclei the mean v~lue of the quadrupole moment in the 

ground state is zero. ·In the first excited state of spin 2+, the mea.ri value 

of the quadrupole moment is 

Q = -Q 1 0 

6 cos (3r) 
7 9-8 sin

2 (3r) 

where Q
0 

= 3ZR2~ (5 :rc) -l/2 
0 In .the 2+ second excited state (2 1 ) the mean 

value of the quadrupole moment is 

III. RATIO OF REDUCF.D ~ANST~TON PROBABILITIES 

FOR ELECTRIC-QUADRUPOLE AND MAGNETIC-DIPOLE RADIATIONS 

We can write the ratio of the reduced transition probabilities for 

electirc -quadrupole and magnetic -dipole radiations· as 

B(E2;E I -7 2) 
B(M;L; 2 I -7 2) 

80 = o P, 
7 

whete P '= (e)?. 'R0:~f.~~~)
2 • We define lo 12 

= T(E2)/T(Ml), then acco~ding· to 

this theory, we get 

Ia 12 = (o.21 k
2 j8oP), 

where k = (E2-E1 )jhc, and 

101 2 = ~ E 2 z2 A4/3 x 10-10 
· 3 r 

where E is expressed in kev. r 
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IV. ENERGY-LEVEL RATIOS 
'.· .. , 

The ratio of the energy of the _2+ second _excited state £2 1 

energy of the first excited state 62 is' expressed by 

£2; 3 + [9 - 8 sin2 (3r) ]1/ 2 

R2 , .= .. £2, := 3- [9 ._. 8 sin2 (3r)]1/ 2 

to the 

For y < 21.·5° the 2·" ievet should lie above the· 4+, whereas :for .y. > 21.5° 

it should lie below this.level. If.we defihe R4 = £\/ E2 and R6·= &6;E 2, 

their values for y = 0° and 30° are given in Table I. 

Table I 

10/3 

8/3 

7 

5 

'4 
Table II d~als with values of Ri for different values of y. · 

Table II 

Values of R. fo~ different values of y a 
~ 

y R2' R4 R6 R8 
(0) 

0 (X) 3.3 7.00 12.00 

8 25.16 3.329 6.978 .11.93 

10 15.04 3.324 6.943 11.82 

13 9.254 3.301 6.829 11.48 

15 6.854 3.272 .6.695. . .. 11.10 

20 3.732 3.117 6.060 9.844 

25 2.408 2.836 5.372 8.602 

30 2.000 2.666 5.000 8.000 

Syalues obtained from reference 4. 



,. 
-o-

2 If we make sin· (3r) ·= y, the R
2

, ratio becomes 

9 - 4y + 3 (9 - 8y)
1

/
2 

R2' = · 4y 
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V. RATIOS FOR REDUCED ElECTRIC -QUAnlmPOLE _TRANSITION·. PROBABILITIES 

The asymmetric-rotor theory. gives the following. expressions::'for the 

ratios of the electric-quadrupole transition probabilities: 

R(F.?.j ?. 1 """'2) 
RI = B(E2; 2' -7 0) 

= 
B(E2; 2 1 -72 
B E2; 2 -7 0 

2Q,. 
= 7 -9-----8"--'y """"-==-( 3 ...... _. -2y_) ___ ( 9---8-y )-=-172 

= (9 - 8;1)
1

/
2 

.;, 3 + 2y 

(9 - ay)112 +.3 - 2y 

20 
=-· 

9. - 8y + ( 3 - 2y) ( 9 - 8y) l/2 • 

VI. RELATION BETWEEN THEORETICAL PREDICTIONS· AND ExPERiMENTAL DATA 

The Bohr-Mottelson · (BM) mod~l· gives the followin·g e:lcpressioh .for the 

energy levels, taking i~~o account vibratio~l!i_l-.L;~ Ga:~iona:l interactions: 

'2 
EI = a I ( I + 1 ) - 1J . [I ( I + 1 ) ] , 

where-~ and~ are .~onstants. · 

This theory predicts the following behavior · fo·r R8 and R6 as a function of 

. 312 594 
R8 = - 7 + 35 R4 

R6 = - 11 + ~ R4 
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Mallmann plotted the experimental ratios R
6 

and R8 as a function of 

R4 (see Fig. 1) and found the following behavior: 4 

(1) ~ as a function of R4: 

(a) For 3.27 < R4 < 3.33 the experimental values agree with BM 

predictions, with the exceptions of Hf178 , u232 , u236, and 
Pu240 •. 

(b) For R4 < 3.27 the experimental values depart more and more 

from BM model predictions. When DF theory with vibration­

rotation interaction is introduced, the experimental ratios 

fall in the theoretical curve down to n4 = 8/3, which is the 

least value of R4 accounted for by the ·theory. Values for 
48 120 . Ti and Sn fall outside the emp~rical curve. 

(~) If one plots an empirical curve of R6, for R
4 

values from 

one up to 10/3, one can see that there is not any disconti­

nuity in going from "vibrational" to "rotational" nuclei 1 · 

This is an indication that the behavior of R6 with respect 

to R
4 

is independent of the "type" of the nucleus. The DF 

cannot predict the 'behavior ot' R6 in this wide range, be., 

cause it does not hold for values of R4 < 8/3. 

The behavior of R
4

, R6, R
8

, and R
4

r as a function of R
2 

has recently 

been studied by Mallmann and Kerman.5 Figure 2 shows the·mentioned ratios 

as a function of R2• The following results are shown: 

( 2) ~' ~' ~' ru1d R2 , as a function of R2: 

(a) Points (a) and (b) pointed out in case (1) also hold in 
-~82 184 232 this case. The exceptions are w- and W and U • 

(b) For nuclei with 8/3 < R4 < 3.27, all ratios are in fairly 

good agreement with DF predictions (plus vibrational-

· rotational interactions). Tge following exceptions are 
152 154 186 . pointed out: Sm ~ Gd , and Os • 

(c) Again, for values of R4 less than 8/3, the DF theory can­

not explain the mentioned ratios as a function of R
2

• 
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We conclude that the DF=m~del predict;tons agree in a larg_er scale than 

those .of the BM model, but cannot account for the behavior of ~ll.typ~s of· 
I' ,• 

nuclei because of the limited range of variations ~f R4 .. Also t}\e empirical 

curve.s shown in Fig. 1 demonstrate. tha_t there. are no discontinuities indicat­

ing a change of "type 11 of nuclei. 

The mixing ratios measured in transitions 2' --+ 2 --+ 0 in even-even 

nuclei from A = 56 to A = 198 were also compared with DF predictions. Malik, . . 

Potnis, and Mandeville made this study, plotting the E2IM1 ratios 
2 413 . 6 . . ·lqR 

of Z A ? and found a fairly good agreement. Values for Hg ' , 

Fe56 fall far from the theoretical curve !see Fig. 3). 
\ 

as a function 

~r~12 , and · 

A survey of the _available data for the gamma branching of the second 

2+ lPvP.l (?.')was recently made by Van Patter.7 Together with .Coulomb exci­

tation data, three ratios Rp RII' and RIII.of reduced E2 transition probabi­

lities have been calculated and compared with the predictions of various 

theories. 

As was shown before, DF theory gives expressions for ~2 ,1 £
2 

and 

RI' RII' and RIII' as a function of r. It is equivalent, in comparing with 

the experiment, to study the variation of the mentione~ ratios as a function 

of £2 1 I £2 , instead of y. The extreme val.ue s of £2 vI£ 2, RI, RII, and RIII 

for y = ·0° andy= 30° are shown·iri Table III. 

Taul~ III 

y 

0 0 00 0 0 0 

30 1 2 00 0 1017· 

Van Patter plotted the experimental ratios RI' RII' and RIII_as a function of 

R2 and found the following behavior: 
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(1) ~I as a function of R2 
About 50 values of RI have. been calculated and plotted by Van Patter 

as a .function of R2 (see Fig. 4).7 The following comments can be · 

made: 

(a) Qualitatively, DF theory gives the general trend of.the 

variation of experimental B(E2) ratios. The agreement. seems 

(b) 

to be better in the region of strong deformation. 
. . . . .. ' .56· .· 92 

Nuclei near a closed shell such as 26Fe
30

, 4ozr
52

, 
14o . . 

58
ce82 fall below the DF theoretical curve 

and 

(c) Definite departures from DF predictions exist, particularly 

in the ~edium-weight nuclem with R2 < 3. 

(2) ~I as a function of R2 

In this case also, DF predicts a goo.d qualitative agreement with the 
... 

experimental data. Again, nuclei close to closed shells fall out~ 

side the DF theoretical curve (see Fig. 5). 

(3) ~III as a function of Rz 

Here we can repeat what was said .in case (2). The only theory that 

provides quantitative predictions :for this ratio is DF. For values 

of R2 comprised between 2.and 2.5, the theoretical results are some­

what model-independ~nt and all of them agree with experiment within 

a factor of 4 (see Fi~. 6). 

As a general conclusion, we can say that the agreement with predictions 

of the DF theory is fairly good (as shown in Figs. 1 through 6), especially in 

the so-called rotat·ional region and in a wider range than that· of the BM theory. 

Defin'ite departures from theoretical DF predictions exist in the·vibrational 

region. 
8 



-10- UCRL-9031 

VII. CONCLUSIONS _,. 

The descriptions in Section VI reveal that some experimental review 

of the excited levels and _B(E2)-transition probabilities in even-even nuclei 

i~ _needed •. More information is also needed to verify that DF predictions 

are better for strongly deformed nuclei •.. 

From the results discussed in Section VI we propose to review the ex­

perimental work in the following nuclei: 

. (a) Zirconium-92 _,.. . . . 92 ' 
The nucleus Zr should be studied more carefully. One does not 

know with certainty that the ~econd excited. level is 2+··· Also in 
I 

both .E2/Ml ·ratios and B(E2) ratios_, it falls far from theoretical 

rotational or vi'Qrational predictions. It seems to .conform to 

single -particle estimations. The study of this nuclide is partie­

ularly interesting be~ause its excited l~vels are fed f~om Nb92 

9~ -~ . 
and Nb (by electron capture) and from Y (by~- decay). 

(b) Osmium-186 

The systematics on the energy ratios for excited states indicate 
186 ' . . . 

that the energy of the 6+ level in Os is not well assigned so 

fur. This nucleus is also interesting because·the feeding of its 

e;xr.it.ecl Rt.~.t.es from two different parents. 11~ely, Re186 (by ~-
186 -t>· • • 

decay) and Ir (by electron capure% and~+ decay).· 

(c) Samarium-152 and Gadolinium,.,l54 . 
152 ' 154 . . 

Figure 2 shows that Sm . and Gd fall outside the theoretical 

curve predicted by DF •. This indicates that a.more careful study . . 
of these nuclei is neede~. In addition, in both nuclides a 2+ 

level will very likely be found near the 4+ second excited·state. 
i 

(d) Titanium-48 and Tin-120 

These two nuclei fall outside the experimental curv~' as is shown 

.in Fig. 1. This is probably because both the 6+ and 4+ levels are 

not well assigned, or because t~ese nuclei have some intrinsic 

property that makes their behavior different frqm the general trend. 

A careful study of their excited levels is clearly indicated. 
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FOOTNOTES 

1. A. S. Davydov and G. F. Filippoy, Nucl. Phys. ~ 237 (1958). 

2. Further similar work has recently ·been done by D. A. Daikin,.J. E}Cptl. 

Theoret. Phys. ~ 365 (1959) and B. T. Geilikman, J. Exptl. Theoret. 

Phys. ~' 690 (1959). 

3. :J?eMille, Kavanagh, Moo::r;-e 1 Weaver, and White, Can. J. Ph.ys. ;rr_, 1036 

!..:1959). 

4. c. A. Mallmann, Phys. Rev. Lett .• ~' 507 (1959). 

5. C. A. Mallmann and A. K. Kerman; Argonne National Laboratory, Lemont, 

Illinois, private .. communication •. 

6. Malik, Potni.s, and Mandeville, Bull: Am. Phys • Soc • · ~ 233 ( 1959) • 

7. D.:.M. Van Patter; Bull • .Am. Phys. Soc.·~ 233 (1959) ~d Nucl. Phys. 

14, 42 (1960). 

8. The experimental curve of R6 and R8 as a function of R4 and the R111 
ratio as a function of R2 indicate that there are no sharp breaks .in 

going from vibrational to rotational nuclei. This implies that the 

mentioned behavior can be considered as model-independent. 
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Fig. 1. Relative energy ratios of excited states in even-even 

n11:clei as a function of R4 (simplified version from . C. A. 

Mallmann, reference 4). 
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