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The interaction of quasNrticles with phonons In odd-mass deformed 

nuclei was considered In ref. 
1
/. Secular equations were obtained the roots 

of which are the energies of the ground and excited states. It was shown 

that the interactions of quaslparticles with phonons lead to the appearance 

of admixtures In one-particle states and to the formation of collective non

rotational states and complex structure states. In ref.s~2• 3/ the energies of 

the nonrotational states of odd-mass deformed nuclei in the region 

153 ::; A :5 187 were calculated, the structure of these states was inves

tigated. The probabilities of electric E2 transitions and the decoupllng 

parameters a were computed. Similar calculations in the actinide region 

were made in ref./
4

/. The interaction of quaslparticles with gamma vibratio

nal phonons was studied In papej
5

/. In the cases where these interactions 

play a predominant role the results obtained in ref/
5

/ are close to these 

presented in ref./
2

/. 

The aim of papej
2

/ was to give a general picture of the excited 

states for many-odd-A nuclei. Many states with K 
0
-2 and K 

0
+ 2 (where 

K 0 is related to the ground state of an off-mass nucleus) and the values 

of B (E2) were given. The data on some complex structure states and 

states close to the one-particle states were presented. It was shown that 

the account of interactions of quasiparticles with phonons led to an im

provement of the description of states close to the one-quasiparticle states 

as compared with the independent quasiparticle model and to a rather cor

rect description of the collective states and the complex structure states. 

Ref./
2

/ contains only a small part of the results obtained. 

In the present paper the energies and the structure of the ground 

and excited states of a number of odd-mass deformed nuclei in the region 
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155 :::; A :3 181 are given. The characteristics of each nucleus are pre

sented for all the calculated states with excitation energies up to 1 MeV 

and for some states - higher than 1 MeV, In some cases the decoupllng 

parameters a and the spectroscopic f&.ctors are listed. 

The secular equation determining the energies ., 
1 

of the gro~ 

and excited states of odd-mass defomred nuclei is of the. form: 

dp)-.,J I 
4 lq.t 1 

a >.,.t 2 
~ f (pv) _ (1) 

1 X -0, 
y o.,.d dv)+w~'--., 

1 J 

where o denotes the average field level with a given K rr and v the 

remaining levels; dv)= y(E(v)-.>.) !I+ c 2 
( C is the correlation function,.>. 

is the chemical potential), Upv = up u 
11 

- v P v
11

, l~'-(pv)is the matrix element 

of the multipole moment operator (.>.p.). The summation over .>.p. i means 

that one takes into account the interaction of quasiparticles with quadru-

pole .>. .. 2, p. • 0,2 and octupole .>. .. 3, p. • 0, 1, 2 phonons and the 

i • 1,2 of the secular equation for the even-even nucleus 
.>.p. 1 

of the collective states w 1 and the quantities Y (.>.p.) 

are calculated in rer./
6

/. However, in the present paper, in contrast to ref~/ 

first two roots 

The energies 

the multipole-multipole interaction constant is chosen so that to obtain the 

energies of the vibrational states in even-even nuclei which are close to 

the experimental ones, This leads to a non essentiru change of the re

sults of this paper in comparison with the ref/
2

/, the .most striking differen-
lsg 171 

ce is observed for nuclei Yb , Yb since the energies of the gamma 

vibrational states for these nuclei were overestimated. The energies E ( y ) 

and the Nilsson potential wave functions are used in the calculations the 

one-particle level scheme being the same as in ref./
2

/. 

The wave function for the state with a given K rr is of the form 

1/I(Krr)eO(Krr)+t/1
0 

(2) 

O(Krr)+=-1-C Ita++ I o"~'- 1 a+ Q (.>. .. \+! (3) /2 p 11 pu Ap.
1 

pvu vu 1 ,.. • 

4 

)' 

:~ 
'~: ~ \' 

,;1.ll 
,,JI,I 

f:~ 

It 
:'.' 

0 

. ; -t 

" 

where Q 1 (.>.p.) is the phonon operator of multi polarity ( .>.p.), a+ is the 
vu 

quasiparticle absorption operator 1 u = ± 1; t/1 0 ls the wave function of the 

ground state of the even-even nucleus. From the normalization condition 

we have 

2 r"""<pv )2 
-2 1 V pv 

c •1+-I--- p. 2 

p 4~ty 1 (.>.p.) Cdvl+w
1 

-n
1

) 

.>.p.1 
D 

pvu 

1 
=-

2 

Vpv £"P. (pv) 

vY1 (.>.p.) dv) + w>.p._., 
I J 

(4) 

(5) 

The quantity C ~ defines the contribution of he onequasiparticle state 
1 I l.p.1 :2 • 

with a given p and the quantity - C I ( D ) defmes the contribu-
2 p u pvu 

tion of the component with quasiparticle in .the state v and of the pho-

non A.p.l to the state described by the 'Ill/eve function t/1 (K rr). 

Each K rr and p has its own equation of the type (1). Its so-

lutions 11 
1 

, 11 
2 

, • • • are the energies of these states. In each nucleus 

the least of all the values ., 
1 

( K 
0 

rr ) is the energy of the ground state 

and the energies of the excited states are determined by thk differences 

11
1 

(Krr)- 11
1 

(K
0

rr). If in studying the states with given Krr in the 

Nilsson level scheme there are several states pI ' p 2 Pn with 

identical K11 for which the quantities dp ) , f(p ) ... dp ) 
I 2 4 

are close to 

one another then instead of eq. ( 1) a more complicated secular equation 

should be solved. The general form of this equation is given in ref./
1

/ 

and a particular case n = 2 is Investigated in. ref./
2

/. It should be noted 

that the secular equation (1) has no free parameter. 

The results of calculations of the energies and the wave functions 

for some odd-N and odd-Z nuclei are given in Tables 1-18. In the first 

column the value of K rr is given, in the second and the third - the 

experimental and calculated values of the energies (in kev). The fourth 

column gives the contribution (in per cent) of the largest components of 
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the wave function obtained from the normalization corrlltion of the wave 
ISS.. x/ 

function. F'or example, In the K~r• ~- state of ud 52~ 42 per cent 

denotes the contribution of the one-quasiparticle state arrl 52l.t+Qt(22) 37% 

denotes the contribution of the component quasiparticle In the 521t state 

plus phonon Q
1 

(22), 
/7-10/ The experimental data are taken from the review papers arrl 

/11-28//31-35/ 
the original papers • Nuclei which are most perspective from 

the point of view of experimental Investigations are chosen for the l!rla.lysis. 
U7 1St /2/ 

The nuclei Tb arrl Tb which are analysed In ref, should be ad-

ded to nuclei of Tables 1-18, Note that the calculated spectra of lei Ho 
18! • us 

arrl Ho are very si·nilar to the spectrum of Ho
1 therefore the cor-

responding tables are not given In the present paper, 

A very Important characteristic of the K • 1/2 states is the value 

of the decoupling parameter a • F'or a in ref/
2

/ the following formula 

is obtained 

N 
where a..,..,' 
average field 

rameters a 

1 ., C21 8 N + I aN ,(02o1 0 201, _ 0 301 0 3ot ) I 
P PP vv' vv pv+ pv + pv+ pv'+ 

(6) 

is the one-particle decoupllng parameter calculated with the 

(Nilsson potential) wave functions. In rel.
2

/ the decoupllng pa

were analysed for states close to the neutron 521~ state. 

It was shown that the account of the interactions of quasl-partldes with 

phonons essentially Improve agreement between theoretical arrl experimen

tal data, In the present oaper one gives the decoupllng parameters a 

for some other K • 1/2 states. The calculated arrl experi'Tlental values 

of the energies arrl the parameters are placed In Table 19, F'or the 
N ~~ 

510' states as the value of app one takes the value given In ref, 

calculated with the wave functions of the one-particle deformed Saxon

Wood potential. As Is known, for the 510t states the values of calculated 

with the Nilsson functions contradict the experimental data, However, the 

calculations with aN from ref/
29

/ In which one takes Into account both 

changes in the deformation (for A ::_ 177 one takes 8 • 0,2) ard the in-

··' 

~ 

II 

~: 

')yw• 

teractions of quasiparticles with phonons lead to a good agreement with ·.~ 
experiment. :;' 

/ N n. A f denotes the Nilsson potential state With K =A+ I arrl by ·1.;.·· ·.'.:" 

N n • At the state ··vith K = A - I . ; · 
.'~.' 

'·"'~ 

The cross sections for direct nuclear (dp), (dt) reactions when the 

targets are the even-even nuclei, are proportional to the spectroscopic 

factor equal to 

2 2 
C P uP for (dp) reaction (7) 

C; v; for (dt) reaction (7') 

The effect of the interaction of quasi-particle with phonons on the spectroscopic 

factors is shown by the example of the 52lt state ln table 20(similar quantltes for 

the 510f state are given in reff2~. It ls seen that as the level moves away from the 

Fermi surface its one-quasiparticle component and, consequently, the cross sec

tion for the (dt) reaction decrease, This fact is proved experimentally in 

ref/
23

/. Notice that the spectroscopic factors for other states arrl nuclei 

can be easily obtained using Tables 1-18, The quantity C; occ~pies the 

first place in the fourth column and the quantiti.es 2 
up and vp can 

be calculated using the starrlart formulas of the superfluid nuclear model. 

Now let us briefly discuss the results given in Tables 1-18, 

155 Cd 

The spectrum of this nucleus is very interesting/
11

/. The interaction 

of quasiparticles with beta as well as gamma vibrational pryonons are 

i'Tlportant. Two vibrational states are based on the grourrl state of the 

nucleus, In the first K rr "' 1/2- ·state the gamma-vibrational phonon is strong· 

ly mixed with one-particle 521t state. The secorrl one, the Krr = 3/2- state 

is a rather pure beta-vibrational state, The calculated energy of the 

beta-vibrational state is somewhat overestimated as compared to the ex

perimental one, The calculation:- predicted the existence of low-lying le

vels close to the 530f arrl 532. ones which are probably some of non

identified levels in the experimental spectrum of 155 Gd, The K rr = 1/2 + 
level close to the 660t one was not experimentally observed, This could 

be understood from two reasons: the theoretical values of the decoupllng 

parameter a for a given state reaches a- 6,15 what lead to a large 

distortion of the rotational band; in the Nilsson scheme calculations the 

. 1t.L 7 



matrix elements with ft. N ~ 2 are not taken into account, their account 

will lead in "the given region to the mixing of the 400 # and 660 f states 

(see ref/30/), The value of log ft obtained in ref.f
11

/ are in satisfactory 

agreement with theory, Note that the correction due to pairing correlations 

in log ft for the 400f and 402t states reached R {3"' 0,05, 

u, 
Er 

According to the Nilsson scheme the ground state of this nucleus 

with N - 97 should be the 642 "f state, From the experimental data it 
183 

Er is the 523• state and the 642t follows that the ground state of 

state is an excited one with energy 22 KeV. Our calculations give ap

proximately the same energies for these states, In 1 83Er there is observed 

a K 0 - 2 state with KIT~ 1/2- ( K 0 relates to the ground state). It has a 

complicated structure and contains a large-quasiparticle component an:l the 

admixtures of two different gamma-vibrational phonons. The calculated c1 ,_ 

coupling parameter a is close to the experi'llental value (see ref/
2

/). 

The observed in ref/
15

/ levels with KIT~ 3/2+ (1540 kev) and KIT = 1/2 +-
153 

(1804 kev) which well populated in the decay of Tm (log ft m 5,4 and 

5,2) are probably three-quasiparticle states with configuration p523f ±_P411J 

-n53~ 1361, However as in the case of 
165

Er the possibility of mixing of 

the three-quasiparticle KIT= 3/2+ state with the KIT = 3/2+ (1200 kev) state 

~ not be exiuded. 

163 Dy 

The all-round investigation of the spectrum of the nucleus was made 
/13 14/ . . in refs. ' • The results of calculations are Jn satisfactory agreement 

with experimental data. To explain the intensities of the electromagnetic 

transitions between the states of three lowest rotational bands with nega

tive parity it is necessary to take into account the Coriolis interactions 

including the second perturbation order, Similar problems arise also in 

analysing the 185 by spectrum. 

To explain the small values of log ft for the transitions to the 

KIT~ 1/2 +states (5,6 and 4,9) one should assume the admixture of the 

three-quasiparticle I p523t -p 41H-n 52~1 state which is the main 

8 
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component of the 523~ + Q 1 (32) state, This component noticeable contribute 

to the second KIT"" 1/2+ state (11 per cent) and gives the predominant 

contribution to the third KIT "' 1/2 + state which, however, was not so far 

observed. It is difficult to account for the decouplong parameter a for 

the first KIT = 1/2 + band ( ath "' 2,0, aezp .. 0,52) and the cross section 

for the (dp) reaction for the second KIT'"' 1/2 + state. It should be noted 

that the mixing of one-particle wave functions of the 660f am 400t states 

as well as the 651 f and 402. states not taken into account in the Nils

son scheme (an::l, correspondingly in our calculations) can noticeably influ

ence the KIT~ 1/2 + , 3/2 + states for nuclei in the given region, 

The KIT = 3/2- (821 kev) state is, according to the calculations, the 

one-quasiparticle 532• state and the state with large component 52:ij+Q
1
(22) 

lies essentially higher (about 1.4 MeV), 

I85Er 

In the spectrum of this nucleus three types of phonons Q 
1 
(22), 

Q 
1 
(20) an::l Q 

1 
(30) plays an essential role. In contrast to 

163
Dy there 

is no low-lying KIT ~ 1/2 + states with large admixtt:tre of the 523. + Q 
1 

(32) 

component. It would be interesting to find the experimental value of the de

coupling parameter for the KIT •1/2 + (508 keV) band, the theoretical value 

is a th "' 2.0, In the given nucleus there exists the known/
2
0/ three-quasi

particle KIT~ 3/2+ state with configuration (p523t - n523,; + p41U) an::l 

energy 1428 keV. We have predicted the existence of a KIT= 3/2+ state 

of some other nature with energy of about 1.4 MeV. It is quite possible 

that tne observed state is the mixture of these two states. 

165Dy H7Er. l~VYb 

' Tables 5-7 give the data on three nuclei with N• 99, The spectra 
165 187 169 

of Dy and Er are alike but the spectrum of Yb differs from them. 

This is due to the energy increase and, correspondingly, to the decrease 

of "collectivity" of gamma-vibrational states in 
lee 

and Er. This fact is most clearly revealed 

188 Yb as compared to u
4 

Dy 

in the KIT = 3/2 + states. In 

the nuclei 
18 5 Dy and 1 67 Er the first K n: = 3/2 + state is mainly collective 

and the second one-single-quasiparticle state, In 
159

Yb on the contrary, 
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the first K rr = 3/2 + state is close to the .one-quasiparticle state and 

the second to the c;:ollective state. Note that a small difference in the 

energies and the structure of some states as compared with ref./
2

/ are 

due to the fact that in the present paper the values of (U~Il close to 

the experimental ones were inserted into eqs. (1), (4) (5). If we take for 

the 510• state the one-particle value of the decoupling parameter a 

·calculated in ref./
29

/ on the basis of the wave functions of the Saxon

Wood potential we obtain satisfactory agreement between the calculated 

decoupling parameters 

taining the one-particle 

state with energy 1317 

a and the experimental values for states con-
169 

510• component. In the Yb nucleus the Krr-1/2-

keV was observed in ref./
23

/. The Krrm 1/2 -states 

With energies 1300 and 1350 predi~ted by us may not be apparently iden

tified with the observed one. These states are excited with small cross 

sections in (dp) and (dt) reactions an:l have other .values of a • 

with a large one-particle 510f compound is considerably higher 

("' 1.7 Mev). 

111 Yb 173Yb 

A state 

The odd-mass isotopes of 'Ytterbium are experimentally investigated 

in ref/
23

/. The calculated energies and other characteristics of the level 

of these nuclei rather well agree with experiment. It would be interesting 

to find ex;perimentally the hole Krr-5/2-and 5/2+ levels. Note that for 171Yb 
1711 

and Yb the difference of the results of the present calculations as 

compared to the calculations in ret./
2

/ is maximum. This is due to the fact 

that in these nuclei the calculated in ret./
6

/ energies of the K rr = 2 + states 
172__ 

are most strongly different from the experimental one. In Yb the first 

state is close to the two-quasiparticle nn 521l - 512f state and the 
173 

second one is collective. Therefore in Yb the wave functions of some 

states contain large comoonents with Q1 (22) and Q 2 (22) phonons. 

17SYb 177Hf 

175 /23/ 177 /26/ 
The levels Yb are investigated in ref. and Hf in ref. 

by the (dp) and (dt) reactions. In ref./
25

/ the K rr .. 1/2 + (1454 ke\1) state was 
175 

observed in Yb for which log ft • 5.3 for the beta decay from 

10 

~ 

1/2+411f state of 175Tm-In Table 10 there is Krr ""1/2+ state with energy 

1.5 MeV which can not be, however, identified with the experimentally 

observed 1454 keV energy state. On the other hand, the three-quasiparticle 

Krr= 1/2+ state with configuration p411'i - p514t + n514l must lie, 
/37/ . 

according to ref. at an energy of about 1.6 'V!eV. For this state the 

obtained value of log f t • 5.3 is quite reasonable. 
/26/ 177 • 

In ref. in Hf a number of K rr • 1/2 - • .l/2-states of energy of 

abc>ut 1.5 MeV was found by the (dp) reaction. These states (due to the 

factor u ~ ) must be particle ones. As a result of calculations some 

K rr a1/2-,3/2 -states of energies close to the experimental ones were obtained. 

The structure of these states is given in Table 11. However, the corres

pondance of the calculated and experimental states is not unambiguot.:s. 

At sufficiently high excitation energies states from the N - 7 (77o•, 76H) 

should be observed, which are not included in our calculations. 

177Yb 179Hf 

In the calculation of all nuclei with . N < 107 one used the same 

average level scheme as in ref./
2

/ and the Nilsson wave functions with 

deformation 8 - 0.3. In the calculation of nuclei with N > 107 one 

used the level scheme and the wave functions with 8 • 0.2. This is 

the cause of some chango::ts in the calculated spectrum of thp excited 
177 175 ' 

states of Yb as compared to Yb. 

In these nuclei the interaction of quasiparticles with phonons is ra

ther weakly reveal~. This is due to the fact that in neighboring even

even nuclei the vibrational levels (especially with Krr = 2+ ) lie rather 

highly and are weakly "collectivized". Therefore in nuclei with N ~ 107 

states with a large contribution. of, phonons are revealed only at energies 

higher than 1 MeV. 

181 Hf 

The levels of this nucleus were investigated by the (dp) reaction in 

ref./26/. A number of particle excited states with energy up to 2 MeV was 

obtained. It is difficult to relate the observed arrl the calculated levels \vith 

11 



low spins since the experimental information is still little, In this nucleus 

the 501J state is apparently first revealed arrl among the observed ex

cited states there are possibly states from the N • 7 !!hell (which are 
Ill '• 

not included in our calculations). In Hf the K 11 z 13/2 + 606 t state is 

also first observed; its energy is in good agreement with the calculated 

value. 

155. 
Eu 

This nucleus lies near the bourrlary of deformed nuclei where the 
' lowest vibrational states are the beta arrl octupole K 11. 0- states. As 

155 157 
in the case of Gd arrl Tb a low-lying comparatively pure beta 

vibrational state may exist in this nucleus. The results of calculation of 
155 

the levels of Eu satisfactorily agree with the available experimental 

data/31/. 

165 Ho 

As was already mentioned, the calculated characteristics of the 
161 183 165 165 

states in Ho arrl Ho are very close to those for Ho. In Ho 

both gamma-vibrational states K 0 -2 arrl K ~+ 2 are known. The energi

es of these states calculated in the present paper arrl in ref/2/ are over

estimated a!3 compared to the experimental data. Interactions of quasi

oarticles with phonons in nuclei with an odd number of protons for states 

with negative parity are less effective as compared to states with posi

tive parity. Therefore the admixture to the collective states of the type 

quasiparticle in the grourrl state plus phonon. are small. 

1e9Tm 

In this nucleus two levels of the type K
0

- 2 with KIT = 3/2 + are 

detected, for one of them the value of B(E2) being large for the other 

small. The structure of the secorrl KIT m 3/2+ state calculated in ref/2/ 

corresporrls to the first KIT"' 3/2+ state detected experimentally and vice 

versa. After the KIT "' 2 + state energy has been corrected in 161 Er the 

situation became somewhat better, For the remaining states satisfactory 

agreement between theory and experiment is obtained, 

12 
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"' Lu 

In this nucleus the interactions of quasiparticle with beta-vibrational 

phonons play an important role, The energy for the 514• state obtained 

in ref/
35

/ strongly rliffers both from the energies of this states in other 

isotopes arrl the calculated value. The identification of the K 11 .. 7/2 

state as the 5231 one is not sufficiently reliable, 

In conclusion it should be noted that the results of calculations 

given in Tables 1-20 allow to conclude that theory satisfactorily describes 

all the experimental data on the odd-mass r!eformed nuclear levels in the 

region 155 ~ A 5: 181, Besides, the position of many new levels in 

the studied nuclei is predicted, The CarioUs interaction was not taken 

into account which is some ·cases could play an important role especial

ly in the calculation of the electromagnetic transition probabilities, The 

largest uncertainties in the calculations are due to a rough description 

of the behaviour of the average field levels arrl the wave functions in 

the one-particle Nilsson model. 

The authors express their deep gratitude to L.A.Malov for usefull 

discussion, A.A.Korneichuk arrl K.M.Zhelesnova for the help in making 

numerical calculations. 
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#:' 

\C.v 

)/2 -
I/2 + 
5/2 + 
)/2 + 

II/2-
5/2 -
J/2 -
I/2 -
I/2 -
J/2 + 
I/2 + 
J/2 + 
J/2 -
J/2 -

--

Kv 

5/2 -
5/2 + 
J/2 -
J/2 + 

II/2-
I/2 -
1/2 + 

J/2-
7/2 + 
5/2 -
7/2 -
1/2 + 
1/2 -
9/2 + 
9/2 -
J/2 + 
I/2 -

llleru ( lteV ) 

ener. oaloul. 
0 0 

-50 
I05 85 
85 IJ5 

I90 
287 )00 

400 
400 
550 

267 590 
)68 740 

850 
592 980 

990 

------

BDeru ( lteV ) 

exper. oaloul. 
0 0 

22 -IO 
104 75 

260 
280 

345 480 
500 
500 
680 
9)0 
980 

1000 
1000 
1000 
1050 
I200 
1400 

---

TABLE. I. 

155 
Gd 

64 91 

S T R U C T U R I 

521l 9I.; 52I~ + 0\(22) 
6604 63*; 660+ + 0\(20) 
642+ a1•; 642+ + o,(2o) 
65I+ 91*; 65I+ + o,(2o) 
505+ 9D*; 505+ + o,(2o) 
52J~ a~; 521+ + o,t22) 
532+ 7I*; 5J2+ + o1 (2o) 
5)0t 60*; 5)01 + 0,(20) 
52I+ 42*; 521+ + 0,(22) 
402~ 5~; 4oo+ + o,(22) 
400+ 64•; 402+ + o,(22) 
6~Ht 3*; 65I+ + o,(20) 
52I+o,7•; 52I+ + o,(2o) 
5)2~ II*; 532+ + 01(20) 

TABLE 2. 
I6) 

Br 
68 95 

6* 
)CJ* 
I,_ 
3*; 660+ + 0,(22) 
7*; 
7.; 52)+ + 0,(20) 

I2•; 5)0~ + 0,(22) 
1,.1 5)21 + 0,(22) 
J7*; 52J• + o,(22) 
24.1 404+ + 0,(22) 
22•; 400+ + 0,(20) 
9,.; 
9~ 

a• 

STRUCTURE 

52)1 96* 
64H 97* I 

52U 9,_ 
. 651+ 7-; 651+ .+ 0 ,(20) 1a.; 52I+ + o,(JO) 

5051 9'*; 505+ + o1 (20) 4. 
52I+ 5'*; 52J+ + o1(22) 2~; 521+ + 0,(22) 
660+ 6,.; 6601 + 0,(20) 1J'I'; 651 + 0 (22) 
532+ 7~; 532+ + 0 (20) 6*; 5)04'+ Oi(22) 
6))+ 9'* 
5I2+ 4•; 642+ + o1(Jo) 411; 510+ + 01 (22) 
52)1 J•; 521+ + o,(22) 9. 
660+ 3*; 6401 1•; 642+ + 01 (22) 8,. 
52It + o, (22) 60*; 523+ + 0,(22) ,,. 
624+ x•; 642+ + o,(22) 98. 
52)+ + o, (22) N 10D* 
651+ 2*; 52I+ + o1 (Jo) 12•; 65I+ + o,(2o) 
52I+ 4D*; 52J+ + o1 (22) ,,., 521+ + o1 (22) 

14 
on December_2_,_1_9_6_6_. _________ _ji~J, "I " 

2. 
ICJ* 
Il* 
I6* -IO* 

l 

I 

4. 

16* 
~ ,. 
,. 

,. 
IJ* 



Energ;r ( keV ) 
~. 

exper. oaloul. 
5/2 - ·0 0 
5/2 + 251 90 
7/2 + 290 
J/2 - 422 )10 
I/2 - )51 )40 
J/2 + a 59 460 

II12 - 620 
5/2 - 660 
I/2 + na 6aO 
9/2 - 7aO 
9/2 + 900 
I/2 - 940 
)/2 - a2I 950 
I/2 + (aa4) I060 
I/2 - (1056) 1070 
I/2 + (aa4) IIOO 
)/2 - 1)00 

'b:r 
Energ;r ( keV ) 

exver. oalcul. 
5/2 - 0 0 
5/2 + 47 90 
7/2 + 290 
)/2 - 24) )00 
I/2 - 297 )20 

J/2 + a 55 460 
II/2 - 550 
I/2 + 50 a 640 
5/2 - 60a 670 
9/2 - aoo 
9/2 + 900 
I/2 - 910 
J/2 - 950 
7/2 - 9aO 
I/2 + 1020 
I/2 - 1050 
1/2 - IJOO 
J/2 + 1400 

TABLE ), 
16) 

D;r 
66 97 

S T R U C T U R B 

52)~ 961' 
642+ 94*; 642+ + o,(2o) 2•; 660+ + o,(22) I,,. 
6))+ 97* 
521+ 9~; 65I+ + o,(Jo) 2*; 521+ + 0,(22) 
521• 7).; 52).+ 0,(22) 2~; 52I+ + 0,(22) 
65I+ 7'*; 65I+ + o,(2o) I4*; 52I+ + 01 ()0) 
505. 94* 
5I2+ a~; 5IO+ + 0,(22) ~~ 642+ + o,(Jo) 
660+ JJ*; 642+ + 0, (22) 5~; 660+ + 0,(20) 
52Jt + Q1 (22) "'IO~ 
642+ + Q1 (22) .. IO~ 
521+ 9*; 52J+ + o,(22) 6~; 521+ + o,(22) 
532< 7J*; 5J2t + o1(2o) 
660+ 22.; 642+ + 0,(22) 
52Io I4*; 52I+ + o,(22) 
66ou,,.; 523+ ~ o,(J2) 
52H + 01 (20)"' IOO'I' 

TABLE 4, 
165 

Br 
6a 97 

1~1 651• + o,(Jo) 
43*; 52)~ + o,(J2) 
7~; 52J+ + o1 (22) 
7~; 642+ + o,(22) 

S T R U C T U R B 

52)t 9~ 
642+ 94*; 642+ + o1(2o) 2.; 6b0+ + 0,(22) 
6)J+ 97'*' 
521+ 9)*; 651+ + O,(JO) J*; 52H + 0 ,(22) 
521> 7I*; 52J+ + o1 (22) 24.,; 521+ + 0,(22) 
651+ 72*; 651+ + 0,(20) IJ*; 521+ + O, (JO) 
505+ a~; 505+ + Q1 (20) 14* 
660+ JI'*'; 642+ + 01 (22) 5,.; 660+ + 0,(20) 
512+ a6•; 510+ + 0,(22) 7*; 642+ + o,(JO) 
52J > + 0, (22) " 10~ 
642+ + 0, (22) ~ IO~ 
52H 9*; 52)~ + 0,(22) 52'*'; 521+ + 0,(22) 
5J2• 71*; 651+ + o1 (Jo) 1~; 5J2< + o1 (2o) 
52It + o1 (22) ~1o<>!' 
660+ 2~; 642+ + Ql(22) 44.,; 651+ + Ql(22) 
521+ 17'*'; 521+ + o1(22) 6~; 52Jt + o,(22) 
5101 J2*; 512+ + 0,(22) 62* 
65P J*; 521+ + o 1(Jo) 9~; 651+ + o1 (2o) 

16 

2* 
J* 
~ 

2. 
~ 

2~ 

1* 
II* 
I'* 
'* 

2* 

I* 
J* 

1* 
~ ,., 

J~ 

9-J 

2~ 

19* 

4* 

~I' 

~" 

7/2+ 
I/2 -
5/2 -
5/2 -
5/2 + 
I/2 -
J/2 + 
J/2 -

II/2 + 
I/2 + 
1/2 -
5/2 -
J/2 -
9/2 + 

7/2 -
J/2 + 
I/2 + 

~ .. 
7/2 + 
I/2 -
5/2 -
5/2 -
5/2 + 
J/2 + 

I/2 -
J/2 -

II/2 + 
I/2 + 

5/2 -
1/2 -
J/2-
J/2 + 

7/2 -

Enerv ( keV ) 

exuer. oaloul. 
0 0 

lOa 150 
Ia4 250 
5J) 550 

590 
570 700 
5)9 750 
574 a20 

a 50 
950 

1020 
IO)O 

IIOJ I050 
1060 
IIOO 

II67 II 50 
1250 

Energ;r ( keV ) 

exuer. caloul. 
0 0 

20a 150 
J4a 2aO 
5a5 550 

590 
5)2 800 

a10 
745 a20 

a)o 
95,0 

IOOO 
1020 
I050 
II 50 
II 50 
-

TABLE 5. 
I65 

D;r 
66 99 

STRUCTURE 

6))+ 9~ 
5214 9~ 
512+ 9~; 5IO+ + o,(22) 
52)+ 9~ 
642+ a91; 52Jt + Q1 (JO) 
5IO+ )I•; 5I2+ + Q1 (22) 
6511 61'; 6JJ+ + o1 (22) 
52I+ ail; 52It + Q1 (22) 
6))+ + Q,(22) "'10~ 
660+ II.; 642+ + 01 (22) 
52J~ + 01(22) .. 10~ 
52)+ 2•; 521+ + 01 (22) 
52!+ 91; 52I+ + o,(22) 
624+ I*; 642+ + o1(22) 
5I4+ a21; 5I2~ + o 1(22) 
65It 671; 521+ + 01 (30) 
523+ + o1(J2) 

TABLE 6. 
167 

Br 
6a 99 

IO~ 

al 

4•; 642+ + Q,(20) 
64•; 5I2t + Q1 (22) 
9). 
n•; 651+ + o, (JO) 

a'* 

98J 
a9* 
9~ 

~ 

IJJ; 6J)+ + 01(22) 

S T R U C T U R E 

6JJ+ 9~ 
521+ 9K 
512+ 9~; 5IO+ + Q,(22) '"' 52)+ 9~ 
642+ a~; 642+ + 0,(20) 4'*'; 523+ + o,(Jo) 
651+ ~~ 6))1 + Q,(22) 9~ 

5IO+ J~; 512+ + o1(22) 6'*; 5I2+ + Q,(22) 
52If ail; 521. + Q1 (22) I2.; 651+ + Q1 ()0) 

6)J+ + o, (22) 91M' 
660+ II*; 642+ + 01(22) aiM' 

52Jt 2*; 521+ + Q,(22) 91M' 
52.:3+ + Q

1 
(22) .. xo~ 

52I+ II*i 521+ + 01 (22) a2* 
651+ 69*; 521+ + Q1 (J0) eJ; 6Jl+ + Q,(22) 

514+ a'*; 512+ + Q1 (22) ~~ 6JJ+ + Q1 (JO) 

17 

2. 

'" 
4. 

7* 

J* 

J* 
4. 

7* 
61 

I 



Energy ( keV ) 
1,[1 

exper. caloul. 
7/2 + 0 0 
1/2 - 24 150 
5;2 - 192 240 
5/2 + 584 420 
5/2 - 570 560 
J/2 + 740 
J/2 - 657 850 
1/2 - 805 900 
I/2 + 9JO 

II/2 + IIOO 
J/2 + IIOO 
7!2 - IIOO 
J/2 - 1200 
1/2 - IJOO 
1/2 - IJ50 
5/2 - IJ50 

~. 
Energy ( keV ) 

1--· exoer. caloul. 

1/2 - 0 0 
5/2 - 122 20 
7/2 + roo 200 
I/2 - 945 BOO 
5/2 + 850 
5/2 - a7o 
J/2 - 902 9JO 
J/2 + IOOO 
7/2 - ~sJa 1050 
J/2 - IIOO 

II/2 + II 50 
9/2 + r .. oo 

TABLE 7. 

169 
Yb 

70 99 

S T R U C T U R E 

6JJt 97'1> 
521! 96'1> 
512t 88'1>; 510' + 0 .(22) 
642t 76'1>; 6421 + 0,(20) 

8'1>; 512t + 0,(20) 2'1> 

52J> 95'1> 
651+ 59'1>; 651+ + 0,(20) 
5211 87"; 521t + 01 (20) 
5IOt J7'1>; 5I2t + 0,(22) 
660+ J5*; 642+ + Ql (22) 
6JJ+ + 01 (22)~1001' 
65H 6"; 6JJ+ + o1 (22) 
514} 85'*'; 512> + o, (22) 
52H J'~>; 521+ + 01 (22) 
52J+ + o,(22)~ro~ 

52Itl,5'*'; 52It + 0
1
(20) 

52J ~ J~; 52JI + 0,(20) 

TABLE a. 
171 

Yb 
70 101 

18"; 660t + Q 1(22) 

21~; 6JJt + 0,(22) 
4*; 521< + 0,(22) 

58'1> 
42'*'; 660t + 0,(20) 

85'*'; 65It + 01 (20) 
~~ 6JJ+ + o,(Jo) 
9~ 

90'1>; 521? + 0,(22) 
95'*' 

STRUCTURE 

521· 9~; 521+ + 0,(22) 2~; 52J• + 0,(22) 
5I2t 91~; 510t + 0

1
(22) 7*; 

6JJ+ 98"; 
5IOt 42'1>; 5I2t + 0

1
(22) 51~; !HH + Q 1(22) 

642+ 74*; 642+ + 0;(20) 1a• 
52H 59*; 52H + 01 (22) J~ 

52 It J4*; !52h + o. (22) 62* 
6!51 + 22*; 6JJ+ + 0,(22) 6a* 
!5IH a4*; !512+ + 0 1(22) l~; !514+ + 0,(20) 
!512t 5J*; 514+ + o,(22) J2*; !5IOt + 01 (22) 
6JJ+ + 0,(22) "'10~ 
62H 97* 

18 

2'1> 

II~ 

4'1> 

IDI' 

J~ 

4~ 

~ 

2'1> 

"*' 

4* 
IJ* 

,, 
'-'+'- --. ···----

Kv 
Energy ( keV ) 

exPer, oaloul. 
5/2 - 0 0 
I/2 - J9a 270 
7/2 - 450 
7/2 + )50 620 
I/2 - 10J1 a !50 
9/2 + IOOO 
J/2 - 1)40 IIOO 
5/2 - 1200 
5/2 - 1JOO 
J/2 - 1224 1J20 
1/2 - 1J40 

~T 
Energy ( keV ) 

eXJ)er, oaloul. 
7/2 - 0 0 
5/2 - 6JJ 2)0 
9/2 + 260 420 
1/2 - 5II 660 
J/2 - ao9 7ao 
I/2 - 9IJ aoo 
7/2 + 995 IIOO 
7/2 - 1200 
I/2 + 1500 
5/2 - 1650 
J/2 - 1616 1700 
1/2 - 1750 
1/2 - Iaoo 
J/2 - Iaoo 

'-···--- .. ··-<>·--------~-----.... ----... ......... ..- -~-

TABLE 9. 

17J 
Yb 

70 IOJ 

S T R U C T U R E 

512+ 9~ 
521• 94*; 521+ + o1 (22) 
514+ 9~ 
6JJ+ 97* 
510+ 62'1>; 512+ + 02(22) 
624 + 99* 
512 t 66'1>; 514+ + 0 2(22) 
52Jt Ja'l>; 521+ + 02 (22) 
52Jt II'I>; 512+ + 01 (20) 
52It 28'1>; 521+ + 02(22) 
52 It + 01 (20) ~ 10~ 

TABLE 10. 

175 
Yb 

70 105 

2*; 52J+ + 0!(22) 

22'1>; 5I2+ + o
1
(22) 

17'1>; 510+ + 02(22) 
24*; 512+ + 01(20) 
aQ'1>; 521t + OJ(22) 
J5*; 52H + 0

1 
(22) 

S T R U C T U R E 

514+ 97* 
512+ 98'1> 
624+ 99* 
5IO+.a9*; 512t + 0,(22) 1* 
512+ 7~; 514+ + o1 (22) r~; 5Io+ + o1 (22) 
52H 9J*; 52J~ + 0,(22) 2*; 521+ + 0,(22) 
6JJ+ 94*; 6JJ+ + 01(20) J* 
50J+ a7~; 50J+ + 01(20) ~; 501+ + 01(22) 
65H a~; 65U + 01(20) I6* 
52J+ J4*; 52It + o,(22) 64* 
52H 20J•; 521+ + 0, (22) a~ 

510+ ~~ 5I2+ + o1 (22) 98'1> 
52!+ 2*; 5IO+ + 01 (20) 96* 
5I2+ II*; 5I4t + 01(22) a~ 

19 

a 

a• 

~ 

2~ 

~ 

J4* 

~ 

2'*' 

6'1> 



~11' 
Energ;r ( keV ) 

e~er. oaloul. 

7/2 - 0 0 
5/2 - 504 2)0 
9/2 + )24 440 
I/2 - 7)9 600 
I/2 - 560 720 
J/2 - 919 750 
7/2 + 750 IIOO 
7/2 - 1058 IIOO 
I/2 + !)50 
5/2 - 1450 
)/2 - 1500 
I/2 - 16)4 1550 
I/2 - 1650 
)/2 - 1660 
)/2 - 14)4 I700 
)/2 - 1502 1750 

Energ;r ( ~teV ) 
b exper. caloul. 

9/2 + 0 0 
I/2 - ))5 220 
7/2 - III )00 
)/2 - 708 510 
5/2 - (6I9) 600 
I/2 - (998) 700 
9/2 - 750 
7/2 + 850 
7/2 - I222 1000 
)/2 - I)65 IIOO 
5/2 + IIOO 
)/2 - 1)50 
I/2 + 1700 

TABLE II. 

177 
Ht 

72 105 

S T R U C T 0 R E 

514~ 9~ 

5I2+ 97* 
624+99,'* 
5Io+ a~; 5I2+ + o1(22) 
521+ 9~; 52)i + 01(22) 
512+ 68t; 5I4t + o, (22) 
6JJ+ 9It; 6))+ + 01(20) 
50)+ 82*; 501+ + 0,(22) 
651 + 7~; 651 + + Q!(20) 
523+ 2~; 52H + QJ (22) 
521+ I9*; 521+ + 0,(22) 
510 + 4*; 512+ + 0,(22) 
52H It; 52I• + o1 (2o) 
5I2+ lit; 5I4~ + Q~(22) 

50it 2~; 50J+ + o,(22) 
50H )~; 5031' + Ql(22) 

TABLE 12. 
177 

Yb ( s • 0,2) 
70 107 

~~ 5I21 + o1 (22) 
4*; 521+ + 01(22) 
2~; 5Io' + o,(22) 

'* 
~;50)++ 01(20) 

14*; 651~ + Q~(20) 
68t 
8~ 

9'* 
9~ 

7,.; 510+ + 0,(22) 
4~; 501+ + QJ(22) 
)5*; 501+ + 0,(22) 

S T R 0 C T 0 R E 

6211.+ 98t 

510+ 9It; 5I2t + Qi(22) 7t 
514+ 9~ 
512+ Bit; 510 + + Q 1 (22) 
5I2+ 94* 

I4t; 5I4 + + 01 (22) 

521+ 8~; 521+ + 0,(22) Jt; 52)+ + 0,(22) 
50'+ 9I*; 50)t + 0,(22) Jt; 5o'~+ o1 (2o) 
6JH 92t; 651+ + Q 1(22) 2t; 5I2+ + o1(JI) 
50)1' 9~; 50 It + Q ,(22) 6t 
50It 8~; 501+ + Q j (22) 4t; 501+,+ 0,(20) 
642+ 74t; 624-t + o1(22) I4t; 642+ + o1 (2o) 
52 I+ 47t; 52I + + c. (22) 4It; 6J)t + o,(J2) 
65I + )It; 5IO t + Q

1 
()I) 57t 

20 

• 
Kw Bnera;r ( keV ) 

eroer. oaloul. 
9/2 + 0 0 
1/2 - )76 290 
7/2 - 215 )00 
)/2 - 522 600 

'* 5/2 - 620 

4t I/2 - 720 

lit 9/2- 860 
7/2 + 900 

'* 7/2- 1000 

7* )/2 - 1200 
5/2 + I200 
)/2- 1500 

I2t 
15* 
I~ 

Energ;r ( keV ) 

ex11er. oaloul. 
I/2 - 0 0 
)/2- 255 290 
9/2 + 68 )70 
9/2 - 460 
7/2 - 670 6IO 
)/2 - I06J 800 
7/2 - 820 
5/2 - 1050 

2t Il/2 + IIOO 
I/2 - 1200 

)t 7/2 + I)50 
2t I/2 + !)50 
It 5/2 - 1600 

5/2 - 16)7 1650 
Jt J/2 - 1700 
Jt )/2 - 1800 
4t I/2 - 1850 

IJ/2 + I729 1900 

f 

TABLE I), 
I79 

Ht ( 'ii • 0,2) 
72 I07 

-S T R U C T U R E 

6241' 9~ 
5IO+ 94t; 5I2t + o.(22) ,. 
5IH9~ 

5I2+ 87t; 5I0t + Q1 (22) ~~ 5I4+ + o,(22) 
5121' 9~ 
52H 93*; 52)t + Q 1 (22) )t; 521+ + 0,(22) 
505+ 95* 
6))+ 94t 
50)+ 94*; 50H + Q 1(22) ,. 
501+ 94*; 501+' + 0,(22) Jt 
642t eJt; 624+ + o1(22) ~~ 5I2t + o,(Jo) 
52I+ ''*; 52If + o,(22) )~ 

TABLE 14. 
I8I <" 

Ht ( ~ • 0,2) 
72 I09 

S T R 0 C T U R E 

5I01 94*; 512> + o,(22) Jt 
5I2< 9It; 5IOt + 01 (22) ~ 

624+ 97t 
505 + 9Jt; 50H + Q 1 (22) 2t; 505·~ + o, (20) 
50)t 92t; 50It + 01(22) Jt; 50) t + o, (20) 
5011' 9~; 50Jt + Qi (22) 7t; 50H + o 1(22) 
514 ~ 97f> 
5!2t 86f>; 5IOt + 01 (22) ,., 
6I5'1' 94t; 6I51' + c. (20) 2* 
52U 90'*'; 52)~ + Q 1(22) Jt; 52 It + c, (22) 
6)) '~ 89f>; 6))1 + Q 1 (20) 4* 
65H 81.,; 65It + 0 1(20) 7'1> 
5121' 4t; 5IOt + 01(22) 9~ 
50)" J6t; 505~ + c,(22) 62., 
512+ 6f>; 5101 + Ql(22) 92* 
5211 4~; 521 ~ + Q ,(22) )7f>; 5IH + Q I (22) 
50H J2f>; 50U + 01 (22) 58t 
606 t 88f>; 62H + 0, (22) Sf> 

21 

2t 

3* 

)t 

2* 
)t 
2t 

)t 

4., 



Energy ( keV ) 
·~ .. 

exner. oaloul. 
5/2 + 0 0 
J/2 + 246 60 
5/2 - 104 160 
7/2 - 540 
I/2 + 765 600 
9/2 + 700 
.3/2 - IlOO IOOO 
5/2 + IIOO 
5/2 - Il50 
5/2 + 1200 
J/2 + 1275 I250 
I/2 + I500 
I/2 + 1650 

Energy ( keV ) 
\;, exper. oalcul. 

7/2 - 0 0 
J/2 + J62 !60 
I/2 + 42J 220 
5/2 + 995) 590 
7/2 + 7I6 670 
J/2 - 514 840 
7/? + 850 
5/2 - 850 

II/2 - 687 900 
I/2 + IOOO 
9/2 - IIOO 
5/2 + II 50 
9/2 + II 50 
J/2 - 1500 
5/2 + 1500 

TABLE 15. 

I" Eu 
6) 92 

S T R U C T U R E 

4Dt 9~ 
4II+ 92~; 4II+ + 0,(22) 
5.3H 98~ 
,2)1 9~ 
4II+ 67~; 4IH + 0 1(22) 
40IIt 84~; 404 • + 01 (20) 
54It 7I~; 54H + 01(W) 
41)\ + 0 1(20) vJO<>* 
5)2+ + 0,(20) 99* 
5J2t + o,()o) 99* 
1122+ 74~; 420t + 0 1(22) 
420<1' 651-; 422t + Ol.(22) 
4IU If; 4I.3t + 0 1(22) 

TABLE 

J65 
Ho 

67 98 

I6. 

7~ 

19*; 41)~ + Q,(22) 
14~ 

19*; 4IIt + 0 1(.30) 

I<>*; 54If + 0~(.30) 

151>; 420+ + o,(20) 
731>; 4IH + 01 (22) 

STRUCTURE 

52)t 99* 
4IH 951-
4II 4 951> 
4Dt 98'1> 
404t 94*; 402t + 0;(22) 4'1> 
52!+ J*; 523+ + o,(22) 921> 
4IJ1' Jf; 4IIt + 01(22) 951> 
532~ 951-; 4I3t + 01(30) 21> 
523+ + 0,(22) 991> 
4IH 3~; 4IIt + 0,(22) 95'.1'> 
5I4t 99'£ 
402-f' 2'1>; 4IH + 01(22) 97~ 

404<1' I~; 41.3+ + 0,(22) 98'1> 
54It 14'.1'>; 4!1~ + 01 (JO) 85'1> 
4021 BJ'.I'>; 400t + 01(22) 6'.1'>; 5I4t + Ot(J2) 

:.:!2 

' 

., 

14~ 

4~ 

71> 
6~ 

251-

'' 

l 

EnergT ( keV ) 
~~ exper. oaloul. 

1/2 + 0 0 

7/2 + .)16 270 

7/2 - J79 .)60 

.3/2 + 570 580 

9/2 - 650 
,/2 + 8,0 

,/2 + II89 900 
)/2 + 9,0 

1/2 - IOOO 

J/2 - 1050 
J/2 + IIOO 

7/2 + 1200 

,/2 + I250 

,/2 - 1)00 

-

Energy ( keV ) 
\(,11' exper. oaloul. 

7/2+ 0 0 

1/2 - 71 I60 

I/2 + )82 200 

9/2 - (662) 270 
5/2 + 296 )10 

J/2 + 84.) 750 

7/2 - (470) 850 
,/2 + IOOO 

J/2 + IO'O 
.3/2 - 1200 

I/2 + 1.3'0 
1/2 + 1.370 

II/2 + 1400 

7/2 + I500 

TABLE I7. 

169 
Tm 

69 IOO 

S T R U C T U R E 

41H 96'.1'> 
404+ 92'.1'>; 404+ + o,(2o) 
52)+ 981> 
411+ 8)1>; 411~ + 01 (22) 
514-1' 981> 
402+ 87'1>; 4oot + o1 (22) 
u.3+ .361>; .uH + o1 (22) 
402t JI1>; 404+ + o1(22) 
'4H 8<>*; 54H + 01 (20) 
52)+ + 01 (22) v IOO '.1'> 
4IIt IJJ; 4Ilt + 01 (22) 
4IJi &J; 4IIt + o,(22) 
4IJ+ 62'.1'>; 411* + o,(22) 
5.32+ 871>; 5.32+ + 01(20) 

TABLE 18, 
IZI 

Lu 
71 IOO 

41>; 402+ + 0,(22) 

121>; 41.3t + 01 (22) 

51>; 402i + 0,(20) 
601> 
64'1> 
121>; 411~ + 01 (.30) 

851-
9<>* 
.351-

91>; 412t + 0 1(.30) 

S T R U C T U R E 

404< 9.3'.1'>; 404> + o,(2o) JJ; 402t + 0,(22) 

54I+ 81'1>; 541< + 0,(20) 141> 
4I1t 8~1 411+ + 01 (22) 6'.1'>; 41)~ + 0,(22) 

'I4t 97~ 
402+ 88f; 402+ + o,(2o) &J; 4oot + o,(22) 

4II+ 5~; 4II~ + 01 (22) J9J; 

52Jt 98f 
41.3~ .371>; 4IIt + o,(22) 5If 
402t 251-; 404+ + 0,(22) 72'1> 

5.32+ 811> 
400t 28'.1'>; 402t + 0;(22) 41'.1'>;4Ilt + 01 (20) 

400+ 51>; 411+ + 01 (20) 651-; 402 t + OJ (22) 

40H + 0,(22) .v IO<>* 
404{- JJ; 404~ + o,(2o) 97f 

23 

)J 

2'1> 

41> 

51> 

21> 

,..... 

4'.1'> 

51> 

251-
I 51> 



TABLE 19. 

Decoupling para11eter a.. for aoae It• 1/2 states. 

llluclei Bnerg;r ( keV ) Par .. eter a. 

caloulat1on experia. oaloul. ~ experia. 

155 
(556) (O,U) Gd 550 0,)6 52H 

)68 740 0,24 0 0)0 400f 
165 

D;r 570 700 0,05 0,05 510 + 
167 

Er 810 o,o, 510+ 
169 

Yb 805 790 o,o8 o,o6 510+, 
171 

Yb 945 6)0 0,0)2 0,08 510+ 
17) 

Yb 10)! 850 0,20 0,12 510 + 
175 

Yb 260 420 0,20 0,18 510 + 
177 

Hf 7)9 600 0 1 18 o,16 510+ 
177 

Yb )J2 220 0,22 0,2) 510+ 
179 

Hf )76 290 0,165 0,2) 510+ 
181 

Hf 0 0 0,12 0,20 510+ 
171 

Lu 71 165 ),8 2,8 54H 

)92 190 -<>,71 -<>,70 4Ilt 

~ ------- £ 

TABLE 20. 

Spectroscopic factors in reaction ( d, t ) for )/2 - [521] states. 

Bnerg;r ( keV ) 

I s- cl. .,_ llluolei 
experiment calculation - - <: u.~ 

169 
Yb 657 850 0,82 

171 
Yb 902 9)0 0,)) 

17) 
Yb 1224 1)20 0,27 

175 
Yb 1616 1700 0,20 

24 

- ·~-~ .. 

!I 

l. 

c'i' c.~;.) 

42 

64 

)I 

)0 

)7 

42 

62 

89 

80 

91 

911 

94 

81 

88 

J 

6aAopeK· A., s:IKy6 B., s:IHHK s:I.M., s:IHHK E.A., 
napnHHbCKH K., Cy .OHHK-XpbiHKeBH'I M. 

E3 - 3056 

Vfccne.OOB8HHe MOneKynRpHOit .OHH8MHKH MeTO.OOM Heynpyro ro 

pacceaHHSI aeltTpoHoB. 1. KoMnneKcHhle coe.aHHeHHR 

[Co ( NH 8 ) 6 1 J 3 , [Co ( NH 3 ) 6 1 Cl 8 , [Co ( NH 3 ) 6 1 J:a 

Vfccne.ayeTCSI MOneKynRpHo-peweTO'IH8SI .0HH8MHK8 XOMnn&ltCHhiX 

coe.aHHeHHI. nony'leHHhle cnexTphl HHTepnpeTHPYIOTC~ xax .o6ycnoaneH

Hhle BHyTpeHHHMH XO.Tie68HHSIMH OKT89.0pa Co(NIIa\, THfi8 ltOne6aHHI wo

neltynhl XYa • CpaaHeHHe c_neKTpoa, nonyqeHHbiX .anSI [Co (NHa la 1 Ja 
H [Co(NH 3 la1J:a , npHBO.OHT K BbiBO.Oy, 'ITO nepaoe C09.0HH8HHe o6na• 

.089T 6onee BhiCOKOft .09680BCKOlt TeMnepaTypoA, '19M BTOpoe. 3TO 03-

H8'18QT H8nK'IHe 3H8'1HTenbHOA CB060.0hl Tp8HCniiUHOHHhiX H ltpyTHnb

HhiX .OBH>KQHHI B [Co(NH 3 ) 8 ]J:a 

npenpRBT 0~~eaRH8HBOrO BBCTRTYTA gaepBWX HCCneaOBARBie 
Lly~aa, 1966. 

Bajorek A., Jakob W., Janik J. M., 
E3- 3056 

Janik J. A., Parlinski K., Sudnik - Hrynk:iewicz M. 

Molecular Dynani.cs Study by the Neutron InelAstic 
Scattering Method. Complexes 
[Co(NH

8 
)

8 
]1 8 , lCo (NH

1
)6 ] I :a , [Co (NH 8 )8 ] Cl8 

'l'he molecular - lattice dynamics of the complex compounds 
[Co(NH a l 1 l I a ; [Co (NH a le ]Cla • and [Co(NHa >e 1 I' were studied by 
the inelastic neutron scattering method J INS • 'l"he spectra obtained 
for [Co(NHa lela and [Co(NH 8 le1cla were interpreted as being caused 
by internal vibrations of the [Co ( NH 8 l 8 1 a octaheder simUar to those I 
of a XY 6 molecule. A comparison of the spectra obtained for 
[Co<NHal 8 ]~ and [Co(NHal 1 ]I~ led to the assumption that 
the Debye temperature of the first substance is higher than that 
of the second. This demonstrates that there a considerable free
dom of translational and rotational motions in [Co ( NH 1 l ell a · 

Preprim. .Joint lnsUtttte for Nuclear ResearCh. 
Dubna, 1966. 
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