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Recent experimental studies 11 •21 of 162Tm have confirmed the 
existence of very strong enhancement of the f-forbidden Е1 
transition from the state with configuration 7/2 [523]р -5/2 [523]n 
to the ground state and the first excited state, respe~;ively. 
А fully analogous situation has been reported in 160Тm • Тhе 
Weisskopf hindrance factor of these transitions agrees with the 
ones of the allowed Е1 transitions in near odd-odd nuclei141, 
although systematics 741 of the Weisskopf hindrance factors of 
the other forbidden Е1 transitions yields the value ~ 10 5 times 
greater. 

In refs/3•5/the 1/2{41I]p - 3{2[52 I]n configuration has been 
assigned to the ground sta.te of 6~m and 16 2Tm ,and the first 
excited state has been suggested to Ье the first rotational mem
ber of the ground state band. Using the known information on 
energies of non-rotational states in 159 • 161 тm and 159,161Er 

and the semiempirical relation/б/ concerning energies of odd
odd and corresponding odd-A nuclei, one can imagi ne how the 
energy spectrum .of the non-rotational states in 1 60 • 162 Тm looks 
like. However, it seems from there that in case of the inter
pretation mentioned above, because of а consideraЬle energy 
dilut i ng, neither Coriolis (~К= 1) nor the n-p(~K= О) interac
tion are аЬlе to mix suff i ciently the configurations to reach 
the observed transition speed. 

The 5/2 [ 402]Р - 3/2 [521]n configuration violat ing the Cal
l agher-Moszkowski rule has been proposed for the ground state 
of 160Tm Ьу Ekstrom et al / 71 , having assumed а small deformation 
for 160Tm.The value of ~ 2 ~ 0.25 deduced in ref.f31 has attracted 
the authors to prefer the 1/2 [ 411]Р - 3/2 [ 521]n configutation 
for the ground state of 160Tm . However, the results of the expe
rimental and theoretical investigation of 161 Tm performed Ьу 
Honusek 181 show that the 5/2 [402] configuration can Ье assig
ned to the 18.9 keV 1evel in 161 Tm and the deformation parameter 
values are (2 = 0.22 and ( 4' = -0.027. Therefore it has been of 
great interest to obtain relevant qualitative conclusions Ьу mo
del calculations. 

Our calculations are based on the "two-quasiparticle + axi al 
rotor" model / 9-11 1. This model starts with the Hamiltonian 

h
2 

" 2 " 2 
H = H int+ 2J(I - Iз )+ Hj + Hcor• (la) 
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h2 .. " " " 
н . = -( j j + j j ) • 

J 2J + - - + 
(lb) 

h2 • ... ... " 
н - (1 . t . ) 

cor- - 2J +J- + __J+ • (lc) 

where the notation of ref. /I O/ is used. The intrinsic part in
volves the Woods-Saxon nuclear average field and the pairing 
resijual interaction, parameters of which have been taken from 
ref. 12/.тhе energies and the wave functions of the rotational 
states in 160 •162Tm have been determ~~ed Ьу diagonalization of 
the Hamiltonian (1) in 1 IМКа >"" ~кФl basis, where g)~K and 
ф~) denote the Wigner and intrinsic wave functions, respecti-

(g) (g) 
vely, H intФк = Ек Фк • () 

The intrinsic ~ave function Фк can Ье written as а product 
of th? od1 proton and neutron intrinsic wave functions (see 
refs. 9 •11 ). Therefore the intrinsic matrix elements of all 
operators needed can ое expressed via the proton or neutron 
quasiparticle matrix elements 1 10

•
111. 

The basis of all 14 non-rotational states up to Е ,."500 keV 
and К = 2 was mixed. The inertial parameter h 2/ 2J common for 
.all bands involved and intrinsic eigenvalues Е к were varied 
until а leas~-square fit to the experimental ene~gy levels was 
obtained. The mixed wave functions thus obtained were used fur
ther to calculate reduced El, Е2, and Ml transition probabili
ties 1 11/. 

The following values of the effective charges е<~1) were em
ployeQ: е~~[>= 0.99 and 0.003 for protons and neutrons, respec-

. 1 (Е1) N d z f d . t1ve у; е eff = А an -А or protons an neutrons, respect1ve-

ly; the values of gyromagnetic ratios g s , g f and g R were varied 
as follows: gP•nc;(0.6 gfree ,gfre'\gg~(0.7,1), g~ G-(0.0,0.2) 

s s s (. [. 
z z and gR <;(А - 0.2, А + 0.2). 

The mentioned above recipe of calculation was used to test 
all acceptaЬle interpretations of the experimental levels in 
both. stydied nuclei. In the figure we give interpretations 
which provide the best description of experimental data on the 
energies and El, Е2, and Иl transitions. The corresponding re
sults of the E2,EI, and Ml transition probability calculations 
are given in taЬles 1,2. 

In the empirical non-rotational spectrum the configuration 
7/2 [404]р - 3/2 [521]n (the first excited level in interpreta
tion III) lies near the ground state in both the studied nuclei. 
If we take the configuration 5/2 [402]р - 3/2 [521]n as the 
ground state, the strong Coriolis mixing between both mentioned 
configurations appears and consequently the В(Е2) probability 
of transition from the first excited state to the ground state 

2 

p1§2Зit - n!521!t 5 pfЯЗ!tni521Jt pi§2Зit - n1521JI 

100· 

Pf'Qof.Jt · IICШ!t 3 
rol. 

О Pl911t · n!S2!1t 1 .,.. 

110· 

, .. 
О Plio1111 -ntS2Ш 1 

!f523H · n(52Эit 

!ЦО;!f- n§Юit 

rol. 

0!\02!!-n!S2JI! 

162тm 

11 

160тm 

~ 

P'523lt-nl521!t 

Pl+ll] t-nliql t 

rot . 

pЦ02!1 -F'IIS2 11t 

§311 · '152 Зlt 

PSI:11It•nl5j21)t 
Pllo01olt -nl521 11 

pWp!t -nlpЩ 

111 

pi52ЗII -t\(52311 

PIS2Эit-nf521Jt 

p(t.!Щ-n(6,c.21t 

P(l,()l.]t-nt521Jt 

plt.0211-n!5211t 

The best interpretations of 
the low lying levels in 160 • 162 тm. 

has almost the same numerical 
value in both interpretations 
II and III, in spite of the first 
excited state in interpretation 
II is the second member of ground 
rotational band. From the point 
of view of the comparison of ex
pP.rimental and theoretical В(Е2) 
and B(MI) transition probabilities 
all three interpretations given 
in the figure are almost equiva
lent. Question arises in compar
ing B(EI) probabilities of tran
sitions between levels: 4 -+ 1, 
4 -+ 1 and 5 -+ 2, 5 -+ 1 for 162 Tm 
and f60Tm,respectively (assign-
ment of levels as in the figure). 

Interpretations II and IП violating the Gallagher-Moszkowski 
rule improve the agreement with experiment as compared with the 
Adam~s paper/3/ (interpretation I) nevertheless, the calculated 
values remain 100 times as small as experimental ones. Calcula
ted values of B(EI) cannot Ье increased Ьу including two-quasi
particles + octupole-phonon admixtures in the intrinsic wave 
function as has been proposed Ьу Andrejtschef l 131on the base of 
Soloviev~s model1 141.rn the framework of this model the selection 
ruie for matrix elements of dipole El operator make impossiЬle 
expressive increasing of these elements Ьу including octupole
phonon admixtures. Only the inclusion of dipole-phonon admixtu
res into intrinsic wave function can influence the calculated 
B(EI) values, but these admixtures are very small for low-lying 
nuclear states (because the dipole states are several HeV higher 
in nuclear spectrum) and are neglected in Soloviev~s model.Тhere
fore we pressume that а better agreement of the theory with ех-

periment in B(EI, :~~~ = ~) can Ье reached only Ьу including 

interaction of an odd neutron with an odd proton into the calcu
lation. Тhere are only two configurations, 7/2 [523]р- 5/2 [ 642]n 
and 7/2 [4О4]р - 5/3 [52~n ,which can Ье mixed to the states 1 
and 2 (see the figure) Ьу n-p interaction. When the disagreement 

of calculated and experimental B(EI, :~~~:~) values is really 
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• 
ТаЬlе 1 

The experimenta1 and theoretica1 Е1, Е2 and ~11 transition 
ь ь • 1 . . . 162т pro а ~ ~t~es ~n m 

а) 8< q-- r.>**) 8( о- r.>**) 

traneition •) II"L tbeor. 
ехр. I II III 

4 1 :11 4.7 - 5 а) з.о - 11 1.0 - 8 ,.1- 9 

4 2 :11 8.7 - 5 4.4 - 11 1.4 - 8 6.7 - 9 

5 1 :11 
).2•••> 

1.0 - 9 1.0 - 5 1.0 - 5 

5 ~ :11 4.7 - 9 4.7 - 6 4.2 - 6 

4 2 :11 
27•••> 4.4 - 11 1.4 - 8 6.7 - 9 

4 3 :11 9.6 - 10 ).7 - 9 1.6 - 1( 

2 1 :12 1.2 + 4 1.2 + 4 7.7 + з 6.2 + з 

2 1 111 2.2 - 2 5.9 - 2 2.1 - 1 s.o - 1 

*4 -+ 1 means thc transition between 4 and 1 1eve1s· (see the 
figure). 

**units used for trans.probabilities: e2 .fm2 , e 2.rm4 and/.L~ 
for Е1, Е2 and М1 mu1tipo1arities, respective1y. 

***the va1ues obtained from branching ratio. 

а) 4.7-5 means 4.7x10-S 
Ь) . . /5/ 

the ~nterpretat~on proposed Ьу de Boer et а1. · 

caused Ьу neg1ecting the n-p interaction, the increasing of the 
energy distance between the mixed states has to diminish this · 
disagreement. Such а situation*/ just occurs in our case when 
the mentioned above mixing configurations 1ie in 1eve1 spect
rum of 160Tm higher than in 162Tm (see taЬles 1 and 2). 

~/ The on1y configuration 7/2 [ 404]р - 5/2 [ 642] n, which can i j 
Ье mixed to the state 4(5) (see the figure), conserves its ener-
gy distance to this state in both nuc1ei. The other admixtures, 

which can contribute to the В(Е1,:~;~ =~) probaЬi1ities and 

which are mixed to the 1,2,4,5 state wave function Ьу means of 
n-p and Corio1is interaction acting step Ьу step (second order 
interaction), are neg1igiЬle. 
4 

ТаЬlе 2 

Тhе experimenta1 and theoretica1 E1f Е2 and М1 transition 
ь ь .1. . . бот pro а ~ ~t~es ~n m 

а) •> tL В( q- L)**) В( 1/" r,)**) tranaition 
tbeor 

ехр. :r Ь} п .J.J.J. 

4 2 :11 2.2 - 6 ).5 - 8 1.8 - 5 8.9 - 6 

4 1 :11 8.8 - 7 1•1 - 7 4.4 - 5 4о4 - 5 

5 2 :11 6.5 - 5 2.1 - 10 2.5 - 8 1.1 - 8 

5 1 :11 1.6 - 5 1. 7 - 10 2.0 - 8 1.7 - 8 

5 4 :12 8.5 + з ).5 + з ).5 + 2 ).1 + 2 

5 4 1 111 2.4 - 3 . 1.0 - 1 ).1 - 2 ).О - 2 

2 1 :12 1.) + 4 1.) + 4 1.1 + 4 6.2 + з 

2 1 111 1.6 - 2 з.о - 2 ).1 - 1 1.7 - 1 

3 1 :11 
2.7•••> 

).7 - 7 2.4 - 9 2.0 - 9 

3 2 11 1.6 - 6 4.8 - 9 2.4 - 9 

* *****а) 
' ' ' see description for taЬle 1, 

b)the interpretation proposed Ьу Adam et а1!31 • 

The same configurations can Ье certainly mixed with the sta
tes 1 and 2 in the interpretation I. However, а greater disagree-

ment of the experimenta1 and ca1cu1ated В(Е1 .-: ~;~: ~) va1ues in 

the interpretation I requires а more significant effect of the 
n-p interaction. 

. 1 . ь h 160 162 т 1 1 . 1 1 . F~na1 conc us~ons а out t е ' m ow- y~ng eve ~nter-

pretation can on1y Ье made upon performing ca1cu1ations with the 
exact inc1usion of the n-p interaction. 
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Гоне 3., Квасил Я. Е4-8З-103 
Возможное наруwение правила Галлагер-Моwковского в изотопах 
16О,162тm 

Анализ экспериментальных данных об энергетических уровнях и Е2-,t1-
и Мl-переходах в низколежащем спектре в нечетно-нечетных изотопах 160• 62Тm 
проводится в рамках модели "две квазичастицы + ротор". Приписание конфигу
рации 5/2 [ 402]р - 3/2 [521Jn /наруwащей правила Галлагер-Моwковского/ 
к основному состояниQ обоих ядер существенно улучwает согласие теоретиче

ских значений вероятностей r-запрещенных переходов с экспериментальными. 
Расхождение, которое осталось, можно, по-видимому, об~яснить взаИМQАейст

вием нечетного протона с нейтроном. В результате предлагается интерпретация 

низколежащих состояний в обоих изотопах, которая по сравненнQ с пред~ими 

интерпретациями лучwе описывает экспериментальные данные. Предлагаемый спо

соб обработки экспериментальных данных позволяет извлечь из эксперимента 

информациQ о чисто внутренних модах движения ядра, что является важным при 

проверке разных яде~ых моделей нечетно-нечетных ядер. 

Работа выполнена в Лаборатории теоретической физики ОИЯИ. 

С~ение Об~единенного института "А~РНЫХ исследо•аний. Дубна 1983 

Hons Z., Kvasil J. E4-83-l03 
PossiЬle Violation of the Gallagher-Нoszkowski Rule in the 1бО, 162тm 
Isotopes 

Analysis of the experimental data on the energy levels and Е2, El 
aJЪd ~1 transition probaЬilities in the low-lying spectrum on odd-odd 
1 

•
16 

Tm isotopes has been performed in the framework of the "two-quasi
particle + rotor" model. The assignment of the 5/2 [ 402]р-З/2 [521Jn 
configuration (violating the Gallagher-Мoszkowski rule) to the ground state 
of both nuclei appears to improve significantly agreement of the theore
tical r-forЫdden El transition probaЫlities with the experimental ones. 
The left disagreement indicates inevitaЬleness of taking the residual 
interaction into account to get the more realistic description of experi
mental data. Interpretation of low-lying levels in both studied nuclei, 
which improve the dcscription of experimental data in comparison with 
previous papers, is proposed. The proposed way of theoretical interpretation 
makes possiЫe extracting the information from experiment aЬout the intrin
sic modes of nuclear motion and provides in such а way the data for tes
ting the nuclear models of odd-odd nuclei. 

The investigation has been performed at the Laboratory of Theoretical 
Physics, JI~R. 

Communication of the Joint lnstltute for Nuclear ~esearch. Dubna 1983 


