
\ 'i 
06bED.Y1HEHHbiH 

Y1HCTY1TYT 
.HilEPHblX 

Y1CCflEilOBAH Y1 t/1 

ily6Ha 

::·:·::::·::·::·:·:;·:::··:········ 

i -• • ·• 
I :r 
i! ... a 
= I 
! 
~ • lA 

~ 

E-1703 

P,Vogel 

PROBABILITIES OF ELECTROMAGNETIC 
TRANSITIONS F R OM COLLECTIVE TO GROUND 

STATES OF EVEN-EVEN STRONGLY 
DEFORMED NUCLEI 

·•'" 

v 



~~,,~,t/, T 

c C. '1 I. cv 2525/3 pr. 
--:y_ 8'i Vogel,J?. 

Probabilities 
of Electromagnetic 
Transitions from Col
lective to Ground ••• 
E-1703. 
ry,bna., 1964. 
JY;€i'f.lf.~.,ry 

ii\1' 
.~~· 

, .. 

I 

' 

., 
" 

~ 
~ 

~ 

E-1703 

P.Vogel 

PROBABILI'l'JES OF ELECTROIVIAGNETIC 
TRANSITIONS FROM COLLECTIVE TO . GROUND 

STATES OF EVEN- EVEN STRONGLY 
DEFORMED NUCLEI 

'.. ····_:·'~~··~·.:7:-.··, 

... .:.: .. _._. __ ! 

f 



,/ r "' "' \ 

*' ~ \ 

1, Introduction 

The energies of quadrupole and octupole states of even- even defqrmed nu~ 

lei have recently been calculated/ 1•
2
/, It has been shown that the superfluid nu~ 

lear model, taking multipole-- multipole interactions into account by the approximate 

second quantization method, gives a good explanation of the energy behaviour of 

these states, The structure of quadrupole and octupole states was investigated and 

these were shown to be collective levels in some nuclei and near to two- quasi

particle ones in others, Further investigations/ 
3

•
4

/ proved that the blocking effect 

plays an important role in some cases and a method was develope~ taking this 

into account, All the parameters of the model have been fixed in the mentioned 

papers and thus a basis was created for further applications, 

In this paper the reduced probabilities of electromagnetic transitions between 

quadrupole and octupole states and the ground state of even- even deformed nu~ 

lei are calct.ilated using .the method of approcc:imate second quantization in the 

superfluid nuclear model, The probabilities of E 2 transitions for y -vibrations 

have been calculated by Marshalek and Rasmussen/ S/ and for {3 -vibration by 

Bes/ 6/ , In this paper we calculate E2 transitions from y -vibrational states and 

E31 E1 transitions from octupole states using a set of parameters determined 

rr/ 1•
2

/ and compare the results with the latest experimental data, An analogous 

calculation of E2 and EO transitions for {3 -vibrational states is in preparation, 

2, Transition Probabilities 
I' 

We obtain the following expression for the reduced probability of a A - mu1-

tipole electrical transition between the phonon vacuum and a one-- phonon state 

2 2 
B(EA, II .. I,)=< I, A K - K I II 0 > M 

where M is the matrix element of the transition 

M = e I 
p ' vv . ( 

+ e ~ 
n~ .. ' 
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£2, u2 , 
sa · as · here Y=~__LL 

n acu 
X = :t 

n sa'· f +t r ~ . . . 
€ + f , 

and f ••'. is the quadrupole or octupole" single- particle matrix element, P88 '.the 

single-particle matrix element for the EA transition, u •••. = u. v.'*:u.,v. 

energy of the quasiparticle in the state s 
1 

the index s .,s~ refers to the neutron 

system 1 v, v'· to the proton one. 

It !follows from ( 3) that the transition is enhanced for cu .. f) ( strongly col-

lectivized states ·) /and for cu .. • + • , ( two- quasi- particle state) we obtain the . . . 
single-particle quantity r •• •.U .. '.• For E2 and E3 transitions· from quadrupole and 

octupole states f :;; p , and only positive quantities are summed in ( 3). The 
118 • 811 

enhancement is maximal in this case and the accuracy of the probability determin-

ation corresponds to the accuracy with which the energy is calculated. The ac ,. 

curacy is worse for the other transitions ( E1, EO) since . a~ymptotically forbidde!'l 

matrix elements start to play an important role, 

We have neglected the interaction of vibrations and rotations in the deri

vation of formulae ( 2) and ( 3). The coupling parameters given in/ 7/ show that 

errors in the absolute transition probabilities 'due to this effect are of the order 

2~30% ·and are thus comparable with the accuracy of the method itself. 

· Effective charges figur-e in ( -2 ) and ( 3) in order to compensate the depen

dence on the arbitrary aut off of the sums. The interaction constants K. n , K. P , 

K. np play the same role in the secular equation, Thus two " free" parameters 

are obtained for a given type of transition - the neutron and proton effective char-

ges• 'I'tlking into account 1<. 8 = K. P = K. np we consider '-P • e +e., , e
8
= e., 

and e off is determined from experimetlts ( if enough experimental data for a 

comparison exist), Note that B( E >.) are given throughout in single- particle units 

B(EA} ..,(2A+1) _1 (_3_R~ )2 e 2 cm 2>.. 
o.p. 4,. 3 + A 

3. Results and Discussion 

v -vibration; rare-earth region, , 

Most of the. existing experimental data/ 8
•
9/ refer to B ( E 2, 0

8 
.. 2y) in the 

rare- earth re_gion, The best correspondence between experimental data and the· 

theoretical values is obtained for e = 1e 
eft 

• The results are illustrated in Table 

1. and Fig. 1. The first curve on the figure is obtained by putting the experimen

tal values of the energy cu into ( 3). The very good agreement shows that ( 3) 

gives a correct connection between the energy of the level and the transition 

probability. The errors in this case are no larger than the changes of B( E2) due 

to the interaction with rotations. The second curve is obtained for cu calculated 

theoretically with 1<.<
2'!, ~ h cu0

, Since the agreement between the experimen-
A 4/3 o 

4 

I 
f. 

tal and theoretical values of cu is Sl;l.tisfactory we also o'f?tain a good agreement 

for B( E2) in this case, The probability of the E2 transition in Yb
1 72 

differs 

strongly from B( E2) in the neighbouring nuclei, According to our calculations the 
172 ' ' 

first state K ll'•2+in Yb is of the purely two- quasi- particle type with a forbidden E2 

transition to the ground state. The foUc;>wing K ,. • 2 + state with the energy 

• 2 MeV ·will be collectivized ami B (E2)• 2 • The possible inaccuracy of the 

method is naturally larger for this nucleus - the given values must be cof'\Sidered 

to be estimations of the order of magnitude, 

y -vibrations, actinide region 

Ol!lly two experimental values of B(E2) are known in this regionlf{ 
10

/ for 

232 -238 ( ) . . Th and V • The theoretical B E2 for e e 1 and e = 0 .7 are glven in 
eff eff 

Table 2, We have taken somewhat more levels in ( 3) into account in the actinide 

region, so that e off can 1;>e expected to be e ott < 1 e , Too few experimen.

tal data exist for a serious comparison of the results. We Jist two values of B( E2) 
238 240 242 . for U , Pu , Cm ,

1 
m Table 2, one small, the second larger. Two near K,.=2+ 

states with given B)( E2) are obtained for these nuclei, but the given model can

not predict their mutual position - a slight change of K tr• 2+ or of the pole energy 

interchange . these states, 

· Odupole vibrations 

< Ol!lly two experimental points exis/10/ for the reduced probabilities B( E3) 

) 
_238 232 . 

from octupole state.s i Iii~ EJ. ., 21 for IV and B( E3) •12 for Th 0 However the 

determination of the number K for the state I,. • 1- in Th 
232 

is not quite'" 

rigorous, Thus the comparison with experiment is somewhat doubtful. tiowever 

there is one important qtiantitative fact the enhancement of B( E3). 'Itl.is is definf.

tely 4 or 5 times larger for Th and. U than the enhancement of B( E2). 'I'able 2 

shows that this fact is explained quite well and without introducing new parameters. 

For 'l'tn232 two liT- 1- states are obtained in our model at the energy ~ 1 MeV, 

'l'tne first state lll'K-1-0 has B(E3)•14,5, the second lll'K - '1-1 has B(E3)•1,2 

It lis quite possible that the Coriolis interaction plays an important role in this 

case, leading to the mixing of states. If this is not so the theory cannot explain 

the value of B(E3) for the lll'K•1-1state in Th
232

• 

It 'has been sho:wn in/ 2 / that states with K ,f. 0 are similar to two- quasi-

particle ones, We have calculated B( E3), for these slates, and as expected, the 

values B(m) are near to unity, Since these calculatiorsare only qualitative, we 

shall not give the results in this paper. 

Table 1 shows the values of B(E3) for lll'K=1-0 states inf,lthe rare earth 

region( e - 1 
off 

) , According to our calculations, no such enhancement of 

5 



• 
the E3 transitions exists for the rare- earth elements as it does for Th, u, Pu, we' 

have also calculated the reduced probabilities of E1 transitions for I II' K = 1 .;. 0. . ... 
states, The values of B{ E1) change slowly from one nucleus to the other for all 

z ·2 ·2 deformed nuclei and for e =.1Le , e
0
=--ewe obtain B(E1)•4.10 -8.10 

p A A I I single- particle units, This value is somewhat larger than that shown by Elbek 10 

to be the limit of the experimental resolution of B{E1). Although the error in the 

calculation of B{ E1) is probably s.Qgnificant, the obtained result sho~s that it is 

important to perform the corresponding experiments, 

The results of this paper show thnt the l!:onsidered model gives a good des

cription of the reduced probabilities of E2 and E3 electromagnetic transitions, 

This confirms the assumption, that the quantities which can be calculated using 

the approximate second quantization method are obtained in principle correctly, 

I am deeply indebted to V,G,Soloviev for suggesting the problem investi

gated in this paper and for many fruitful discussions and also to A.A.Korneichuk, 

K,M,Shelesnova and G.Jungk!aussen for their assistence in performing the numeri
cal calculations, 
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Quantities ~(E2l~<Bl£l,0~->2rl. J'>l£?., o,~ 3-o) 
~ j All J'>lt>-) 1R stRgle-partiole units 

:B<nl.t" "B<n,o,~ 21); B(E!>). "BtB,o,.~ :s-o) 
J!tn>r ]\(Ell,\" 1!1E.2)~ J,l£7) J,Ui3) Oaaat1t1ee 

Nucleus 
X• ~r,\t..l.o., ~~ ~,. \.tZ .. k. O,OOOS'!t"'-..:.0,. 

(all 'JHH) 1a slagle particle unite) 

"'" !~•"'" •s~~•0,1 .... , ..~-~ 
Th228 10.0 6.5 29.5 

J>(El)J Jl(Ellt ~Hlr :f,(t"!>) J Th23o 7.8 4.8 15.4 lluc1eus 
IL·~.\,.:._ .al• .. ., )(,. o, ootG2. W.. 

""' 4..ou_•_ '\. .... l ..... •\ Th232 .3 6,0 4.0 12 14.5 
Th234 5.0 3.2 14.0 

114150 3.6 1.8 3.9 4.0 u2Jo 6.5 • 4.1 16,0 s.152 5.0 2.0 4.5 3.2 u232 5.0 3.4 15.0 sal54 2.) 2.9 5.8 u2J4 4.0 2.5 11.5 Gd154 7.0 2.9 4.8 ).4 2.36 
3.0 2.0 11.5 I u Gd156 J.J 4.1 5.1 I 

u2J8 0.4(4,o) 0.4(2.5) 21 lJ 
2.8 

2 Gdl58 3.6 4.J 6.5 u240 4.5 2.9 12.5 Gdl60 J.4 3.9 4.6 6.0 Pu2J6 J.O 1.9 s.o n;.58 4.8 J.9 4.5 
Pu238 2,0 1.4 8,0 

DT160 3.2 5.2 4.3 5.0 Pu240 0.4(3.5) 0.4(2.2) 9.5 DT162 3.4 6.1 4.8 4.5 
Pu242 4.0 2.5 9.5 D~64 4.1 6.1 5.8 5.0 
Pu244 5.0 2.8 8.5 I' •. Br164 6.8 5.7 4.9 4.0 
Cm242 0.4(3.5) 0.4(2.2) 10.0 Br166 7.3 4.8 4.9 4.0 
cm244 ),5 2.2 8.0 Br168 5.5 4.8 4.5 4.0 
Cm246 5.0 3.0 8.5 Br170 4.9 2.7 4.2 4.J 
Cm248 6.5 4.4 8.5 Ib168 2.5 4.4 4.0 
Cf248 5.0 5.0 J.2 n170 2.2 J.4 3.8 

lb 172 0.02 J.9 
Cf25o 7.5 4.8 5.5 

n174 1.8 J.7 
Cf252 7.0 6.4 6,0 

n176 2,2 1.7 
Fm250 5.5 3.6 l.J 

ul76 2.) 3.5 
Fm252 10.0 5.3 1.5 

url78 2,6 4.0 
Fm254 14.0 8.3 2,2 

r8o J.5 3,8 
w180 4.2 3.6 
w182 6.6 3.J ),0 
w184 5.5 4.0 2.8 
wl86 5.5 6.1 5.2 2.2 
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