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E. transition probabilities in even nuclei
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£, transition probabilities for 2+ — 0+ ground state tranmtions of ovon-even deformod
nueler have beon ecaleuldod using Daveydov and Rostovsky (DR) ostunates. The
predictions ol this model have been compmod with the exporimential datu. From
thir eomparion, 1t has been found that tho DR estnnaloes are closer to the experi-
B(fiy)oxp B(K,)exp
BE)DR ™ Bus)sP
paramoter “yy’ of Davydov und Filippov theory which 1s a measure of the degre of

mental rates. The variations of the rafios with nonaxiality

dopatture from the axinl symmotry, havo beon studied.

INTRODUCTTON

Systematies of I, transition probabilities for 2*— 0! ground state transitions
in even-even deformed nuclei in the mass region 150 < A < 200 and A > 230
have been studied by several authors. No definite correlation has been found
between the experimental and theoretical transition probabilities Several
aticmpts by Alder ef al (1956), Coleman (1957), McGowan & Stelson (1961),
Curio (1962), Rajput & Sehgal (1967). Schwarzchild (1966) and Rajput. (1970)
have been made to explain the fastness of these transitions. The various models
proposed o explain the fastness of these transitions have confirmed their colleetive
behaviour. The most generally used single patticle model predictions have
shown that the experimental transition probabilities are larger by a factor
ranging from 30 to 300 in the above mass region  Tn this work we have studied
the variations of the ratios of experimental transition probabilitics to those
theoretically calculated on the hasis of the single particle. (Blatl, & Weiskopf
1952) as well as the nonaxwal collective models (Davydov & Rostovsky 1964),
with the nonaxiality paramecter Yo of Davydov and Filippov theory (1958).
Davydov and Fillippov lave siuggested a model for deformed nuclei in which
they assume that tho rotation of the nucleus takes place without change of the
intrinsic state. The equilibrum shape of the nucleus is liko a triaxial cllipsoid
and is determined hy the two parameters f, and y,, whero f, is the deforma-
tion parameter and y, is the nonnxiulity parameter.  When there is a devia-
tin from axial symmetry, it lowers one of the principal moments of inertia and

increases the othor  The nucleus rotatos about the axis with the largest maoment
of iunertia.

198



L, transition probabilities in even nucles 199

Davydov and Rostovsky (1964) have treated the problem of collective
excitations by taking into account the interactions of rotations with /8 and y vibra-
tions. The excited states genorated in rotation due to the quadrapole vibrations
of the nuclear surface are callod y vibrations. When the nucleus passes into the
excited states, the shape of the nucleus changes, This increase in deformation
merensos the moment of incriia and hence causes the centrifugal stretching.
Such vibrations are called A-vibrations.

CALCULATION OF TRANSITION PROBABILITIES

Davydov and Rostovsky (1964) have derived the expressions for the F,
transitton probabilitics from ono collective state 1o the other in terms of the
usual parametors of DI theory (Davydov & TFillippov 1958)). The reduced
transition probability for K, transitions from the ground state to the first 2+
state of ground state rotational band is given by,

5e%Q,? 29\t
B(E,, 0+— 2+) = ‘igr" (1-~‘13,)(1—-3q12) o )
where Qg = 3?# - ® §=m )
20
q= :;M ve (1) and By —=12x10-BxAY¥cem ... (5)
20

Here €, is the energy of 2+ stute of ground state rotational band, ¢y, the enorgy
ol 2+ state of the y-vibrational band and ¢, is the energy of 0+ state of the -
vibrational hand. g, is the deformation parameter The cffective values of
these parameters havo boon caleulatod from the expetimentally measured energy
lovels. The equilibrium deformations @, used in the calculations were taken
from the work of Bes & Szymanski (1961) corrected by Marshack & Rasmussen
(1963).  Their values wore obtained using Nilson levels and including pairing
vorrelations and are m good agreement with experimental ones Using these
relations the {ransition probabilities have been caleulated in 26 cases  The single
particle roduced transition probabilities B(H,, 0F— 21)gp have been calculated
using the rolation

B(H,, 0= 2F) = 0.31A% %10~ cm?* v (6)

The experimental transition probabilities have been compiled from Nuclear
Duta (1965). |n some cases, the transition probabilities have been caleulated
lrom 1y measurements whero direct measurements aro not available.
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RESULTS AND DISOUSSION

Tablo 1 gives the values of the parameters used in the calculations. The
column 7 gives the valucs of transiion probabilities calculated using equation 1.
We define the factors I'pp, and Fgsp as follows :

P, B&) oxp
DE®  B(E,)DR

Fsp =

Alder ¢f al (1956) studied the systematics of K, transition probabilities and
pointed out that the interactions of the rotational and vibrational bands are
responsible  for  the enhancement of these  probabilities.  Nathan &
Nilson (1965) further emphasized the occurrence of collective vibrations and their
relation with shell structure. The ratio %‘ being always greater than 1,
confirms the fact that the first 21 states are largely collective  Several attempts
(Alder et al 1956, Coleman 1957, McGowan & Stelson 1961 and Curie 1962) have
been made to explain the collective behaviour of these transitions No definite
correlation was found between the oxperimental data and the propoged
systematics. Rajput & Sehgal (1967) found that the enhancement factors of the
F, transitions for 2+ to 0+ state decreases gradually with the mncrease in the value
of non-axiality parameter y, of Davydov & Filhppov (1958) theory. Davydov
& Rostovsky (1964) have roviewod the DF theory and calculated the transition
probabilities taking into account fully the collective cxcitations of all types.

Experimental values of {ransition probabilities are compared with Davydov
& Rostovsky (1964) and single particle estimates (Blatt & Weisskopf 19562). The
theoretical values caleulated using DR theory are closer to tho experimental
values than the single particle values Tius indicates the superiority of DR
estimatos over the single particle estimates.

Fuarther interesting information is obtained when the factors Fpp and Fg
plotted against the nonaxiality parameter y, of DF theory. It was reported
carlier by Rajput & Sehgal (1967) that the factor Fgp decrenses gradually with
incrense in value of the nonaxiality parameter. But in this work we havo ob-
served that the factor Fpp, increasos slowly with the increase in the value of the
nonaxiality parameter. The variations of I, and Fgp with nonaxiality para-
meter y, are shown in figure 1. TFrom this figure it is clear that the DR estimates
are better approximations than the SP estimates; the two factors follow completely
difforent trends.  The variation of the factor Fpp with neutron number is shown
in figuro 2. The factor increases as the magic number is approached and again
docreases as we go away from the magic number.
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Vanation of Fpi and #gp with nonuxiahty paramoter y,
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Tiguro 2. Variation of Fpp with noutron number N.
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