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A precise energy and intensity of the y -rays and the conver
sion electrons measurements together with the determination of 
the anguJar correlation coefficients for a cascade y-ray tran
sitions give a new opportunity for the determination of a mul
tipole mixture and a branching of unresolved y-rays.As an exam
ple we can use the 165Tm decay. 

A great number of papers deal with the excited state proper
ties of strongly deformed nucleus 165Er.\.Je shall mention only 
those, the results of which are important for the analysis of 
quantum characteristics of 242.9, 589.8, 589.9, 746.9, 930.7, 
i 103.5 keV states and multipolarity of ganuna-transitions between 
these states 11-13/ 

Recenrl 131thorough measurements of internal conversion coef
ficients for the most of ganuna-transitions occurring during 165

Tm decay and angular correlations of the 347-243 keV cas
cade, which we studied earlier 18 1, allow more definite conclusi
ons on quantum characteristics of a double* uppei state at 
590 keV, as well as to substantiate other doublet transitions 
with the energy 156.2, 330.8, 513.7 keV, energy difference being 
150 eV and less (Fig. 1), and to determine multipolarities and 
intensities of these doublet transitions components. 

In Fig. I the brackets include values suggested by us. Ener
gies of doublet transitions are calculated through difference of 
the known level energies/131. 

The doublet structure of the state at 590 keV has been pro-
ved in papers /1,4,6, 6,10, 131 , and it follows from the 
results of nuclear reaction studies 13•9·1 21 that the lower 
state of a doublet is a rotational level with the characteris
tics 3/2 + I I 2 [660]. At the same time Marguier 161 showed that 
the interaction between the subshells with N =2 allowed to con
sider the structure of the state as mixture of 1/2+ [660] and 
1/2 + [4ooJ. 

At the initial stage of the investigation 1/2- or 3/2- spins 
were assigned to the upper state of the doublet because of 
ambiguity in determining multipolarities of transitions binding 
this level. 

* In thi;;-··pape:rwe used the term "doublet" for levels or gamma
transitions which dif~~.ey=-F~;~ less. 

l 
·{. 

-



112: :¥2' 

VT(V2[!510] 
5/2 [?12]!+o22] 

1/2'1/2[400] 
;:;:; 

"' N 

~ i 

~~[§]§ 
----'-· ... _!$L~ 

- f~!] 
~~~~ 

~ ~ "' ;Q 

co. 

~m~2521]1·512i523]l·o22 ~ ~r ~ , '=t=L*= 
•3/2~2~f·o22] : 1 

. -

~2tt2!liGo]•"V2F.ooJ] 

;vnn Is2u I 

!!12" !¥2[523). 

::>: 
Lf) 

M 

~ 
~ 

1ssEr: 
68 95 

'[ \ 

V2 407-·--- T=26'5h 165 . 
59 Trng5 

1103. l,g:; (291 

[920. 64511 9l J 

745. 968 (291 

(5!9. 86BIUi] 
589.760 (131 

242.935181 

0 

Fig. I. A part of 165 Tm decay scheme. 

Soloviev' s calculations 121 made more definite the nature 
of the negative parity level at 590 keV assuming it to be a 
collective state with K=l/2- (1/2- 1/2 [521] ; 5/2 [523] + 

+ ~2 ; 3/2 [521] + Q22 ). This assumption can be confirmed only 
through <rccurate determinat-ion of 330.8 keV transition multipo
larity taking account of the fact that 920.74 keV level, ac
cording to papers /2,3,6/, is a collective state with the cha-
r.acteristics 1/2-(1/2 [510] + {5/2 [521] + Q

22
D. -

Table I shows the data on determining the multipolarity cf 
the 330.B keV transition. Noteworthy is the most accurate de
termination of ak 

1131 of this transition. The author~ make a 
conclusion that this is E2 transition. Although ·the ak value 
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Table 2 
Results of measurements of gamma-gamma angular correla

tions in 165 Er 

;Level 
energy. 
(keV) 

589.9 

242.9 

o.o 

Cascade 

(keV) 

346.9-242.9 

A22 'A44 

+0.057±0.011 -p.OJ4±0.0J8 

somewhat exceeds the table value for the E2 transition, i.e., 

Ml admixture is possible, this conclusion leaqs us to deter

mination of the doublet upper state spin as J" =3/2-. 

One can check how it agrees with the data of the correlation 

experiment 181• During the experiment measurements were done on 

the gamma-gamma angular correlation set up using a Ge(Li) -

d~tector, ~olume 50 cm 3 , and a mobile scintillation detector 

with NaJ(Tl) crystal, f/J 40mm x 40mm. The obtained experimental 

data are given in Table 2. 
From the initial an~lysis /8/ we have drawn a conclusion that 

the spin of the 589.9 keV upper state is J"=l/2, but we have 

neglected the contribution eo the coincidence number made by 

the second doublet member of El type from the state 3/2 + 

1/2 [600]. According to the estimations /6/ the El gamma-transi

tion intensity is 6 times weaker than. the Ml transition inten

sity. 
Now it is pdssible to do more accurate calculation based on 

the data of paper 1131 dealing with ak coefficient dete1tnina

tion of the 346.9 keV transition (Table 1). In our calculations 

we proceeded from the fact that spins of the states 589.760, 

242.935, 0 keV were already determined, being 3/2+, 3/2-

and 5/2-;respectively, multipolarity of the 242.935 transition 

is Ml and that of the 346.825 transition is El. These are para

meters to be determined: 
I. The spin of the 589.968 keV state- either 1/2-· or 3/2~ 

2. Possible E2 admixture to the Ml transition (8 2) 'with 

E=346.933 keV. 
3. Inte~qity ratio of Ml (+2) and El com~onents of the 

346.9 keV doublet transition. 
A self-consist~nt solution must be achieved in case of 

proper correspondence between the relative intensity of gamma

rays, which discharge doublet states, and the value 8 2 = 

I Y (E2) I (I Y (M1) , which characterizes E2 admixture in 
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doublet transition, providing all these values are determined 

both through the internal conversion coefficient a k and through 

the correlation coefficient A22.Thus we get a two-equation sys

stem 

a theor (M1) 2 

a exp (346.9) = f[ k + _8_,atheor{E2)] + (1-f)a theor(El) • 

k . 1 + 8 2 1 + 82 k k c 1) 

\ 

exp 
A22 (346.9- 242.9~ = A2 (346.9) · A2 (242.9) 

F-2 (LLJ 1 J) + (-1l-L' 28 F 2 (LL'J 
1 

J) + 8 8 F 2(L'L'J 
1 
J) 

= [f + 

1 + 8 
2 

(2) 

+ (1-f)F2(LLJ 1J)]. F2 (LLJrJ), 

where 

8 
2 

= J yCE2)/Jy (M1); J 1 ... J ... J r ; 

f is a relative intensity of gamma-rays of Ml (+E2) component, 

(1-f) is the El component intensity in an unresolved gamma

transition. 
On analysing equation (2), we assign to the upper doublet 

state the spin value 3/2-'then 1/2-. In the latter case the 

coefficient F2 , which follows (1-·f), has J.=3/2, while in the 

first term of the equation F2 has J
1 

=I /2.
1 

On solving the system we find that: 

I. The spin of the 589.914 keV state is J"=l/2; it is seen 

in Fig.2, which presents the results of the graphical analysis. 

2. Amplitude of E2 admixture to Ml in the 346.933. keV transi

tibn is 8 =+0.086 (82 =0.007). 
3. Intensity ratio of Ml and E1 gamma-rays in the 346.9 keV 

doublet is ly (M1)/ly(E1) "' 13(f = 0.93). 
Factor f for doublet transition with Ey =346.926 keV being 

d!;!t:'ermined, we can specify energy difference of doublet states 

in the 590 keV reg :Lon, i.e., llE. For this purpose we take, the 

energy value E eq.'=S89. 760 keV (lower doublet state with 

J" =3/ 2+) as more reliable due to a greater riumber of cascades 

of accurately meas~red gamma-transitions. After calculating the 

en'ergy of a doublet transition E 0 =346.825' keV (transition 

589.760- 242.935 keV) and using the absolute energy value of 

the unresolved double.t transition Ey=346. 926 keV, we find llE 
from the expression 

Ey = f(E 0 +l1E) + (1-·f)E 0 • 

5 



Taking in,to account the accuracy of Ey and E 0 determination 
and the allowable, values for r, we get 

.1E=( l08.:!:_21) eV (Fig. 3). 

s'r ! 6~ 0.,,, I f 

m' 
6~{J=l/2) 

10 1 

,~, 

~ . 
- - -

Fig.2. Parametrical diagram of 
82 and f dependence for the 
346.979 keV transition. 

I 

60 

as Q& Q7 ()1 Q9 1.0 t 

Fig.3. Energy difference betwe
en doublet states in 166Er in 
the 590 keV region. (Dash-line 
show the region of parameter
alloya~}e values). 

This value is somewhat less than the earlier determined 
one 1101 , it makes more precise the energy value of the upper 
doublet. state 

E =589. 868 keV. 

Having found the spin of this state, we may affirm that the 
330.8 keV transition cannot have E2 multipolarity, it can be Ml 
only. Thus, in order to account for the ak value of this tran
sition,. which is half as much as th~ theoretical a k for MT multi
polarity, we must admit the existence of E-1 doublet transition 
with the energy lOS eV higher than that of 330.8 keV Ml transi
tion. 

Ift this· case through the equation 

a :xp (330.8) = (a ~heot(Ml). -t- (1-·f)a ~eor (El) 
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Table 3 1 

Intensity ratio of gamma-rays and multipolarities df doublet 
transiti~ns with ~E of 150 eV or less 

--------------··-------
, IJ(M1)/IJ(E1) Multipolarity 

EJ 

(keV) /6/ /13/ Our paper /6/ /11,13/ Our 'paper 

.. - ....... - ' 

156.160 0.66 E1 

156.208 

-----------------------------------· 
))0.777 

3)0.885 

)46.825 

346.933 

513.627 

513.735 

5.7 2.2 

o.n M1 

13 

J.O Ml 

E2 

E2 

(E1) 

M1 

M1 

we may find intensity ra::io-•of doublet components 

I y (M1)/I y(E1) = 0. 77. 

E1 

M1 

M1 

E1 

E1 

M1+0.7% E2 

:E1 

M1 

An intensive E 1 transition with E =330. 985 keV from the 
state 1/2-{510]t +I [512]t + Q22 l to the state 589.760 keV 
proves that there is a considerable admixture of the [ !+00] .,. com-
ponent in this rotational state /3,6/. " 

We can determine more precisely the energy value E* of the 
1/2- _state in the 920 keV region by means of just obtained 
(180 eV), the 3/2+ state energy E 0 (5S9.760) and t~e unresolved 
transition energy Ey (330. 824 keV) 

E*= E0 + Ey+ (1-f)~E. 

E * = (920.645 ± 0.019) keV . 

In the same way as with the transition with Ey=330.824 keV 
we draw a conclusion on the doublet structure of the 156 and 
514 k-eV transitions (Table 1). A similar structure can be 
attributed to 822 and 838 keV tran-sitions', taking into account 
errors in measurements of a k. 
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Table 3 shows the data ~haracterizing doublet transitions in 
165Er. The finding of doublets with gamma-transitions of opposi
te parity and energy difference of ISO eV or less can present 
a certain/interest. Therefore, it is necessary to continue in-

'vestigations of gamma-gamma angular correlations of 165 Tm decay 
and improve accuracy in determining internal conversion coef
ficients i~ transitions connected with doublet states. 

It should be noted that the experiments on studing the cir
cular polarization asymmetry in doublet transitions occurring 
in 166 Tm -> 165 Er decay may become a reference source for the 
investigation of proposses showing non-conservation of CP-in
variance in electromagnetic interactions. 

The authors express their indebtedness to Prof. K.Yu.Gromov 
for continuous attention to this work. They are grateful to 
V.N.Pokrovskij and V.M.Gorozhankin for useful discussi~ns. 
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Moposon B.A., By,n;sbiHCKH H. E6-82-625 
AHaJIH3 CBOHCTB B030yJK,n;eHHbiX COCTOHJ-UU{ lil 5 Er 

Ha npHMepe pacna,n;a 165 Tm noKasauo, <ITO ananHs npeu;HSHOHHbiX 
H3MepeHHH y -ny<JeH H K03lPlPHll;HeHTOB BHyTpeHHeH KOHBepCHH BMeCTe 
C K03lPlPHI~HeHTaMH yrnOBbiX I<Oppenl'Ill;HH ll03BOnJieT Oripe,n;enHTh HHTeH
CHBHOCTb H NYilhTHllOIThHOCTh y-nepexop;OB, Mano OTilH<JaiOIIIHXCJI 
no sneprHH. Onpe,n;eneH cnHH cocTOHHHH 589, 868 I<sB I<aK 1 I 2- • 
06HapyJKeHbi p;yoneTHbJe nepeXO,!J;bl paSHOH <reTHOCTH C ypOBHeH: " 
1103,495; 929,645 H 745,968 I<SB Ha ypOBHH B paHOHe 590 K3B~ 
OTnH<IaiOIIIHeCJI no sueprHH E=/108:::._22/ sB. 

PaooTa Bb!IIOJIHeHa B naoopaTOpHH JI,n;epHb!X npooneH Ol15UI. 

npenpHHT 06DeAHHeHHOro HHCTHTYTa RAePH~X HCCneAOBaHHH, ~y6Ha 1982 

Morozov V.A. Budzynski M. E6-82-625 
Analysis of lasEr Excited State Properties 

It is shown by the analysis of 165 Tm decay that the pre
cision measurements of y-ray and internal conversion electron 
intensities together with the measurements of angular correla
tion coefficients provide more data for the determination of 
y -ray multipole composition and intensities of ,y-transitions 
with small energy difference. The spin of the 589.868 keV sta
te is found to be 1=1/2-·. Doublet transitions of different pa
rity from the states 1103.495, 920.645 and 745.968 keV to the 
levels of the 590 keV regign with ,energy difference ~E, = 
=( 108:::._22) eV are identffied. . ·· 

" 
The investigation has been perf~rmed at the Laboratory of 

NucleaJ; Pro,~lems, JINR. 
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