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In the study of the model for describing the structure
of intermediaste and highly excited statea/” a direct and re-
latively eimple method hes Dbeen suggested for the calculation
of the level density at different excitation energy and dif-
ferent epine.

This method has then been used in ref./Z/ to calculate
the 1/2* state density at the neutron binding energy ,B,, and
at 6.5 MeV erergy, as well as to investigute the A -dependence
of the level density. In ref./jl the level density has been
calculated for epherical nuclei at different spine and energies.

In rer,/4/ denmity for atates with fixed [ = K7 haa
bveen calculated near —B,. and the dependence of the density
on the excitation energy and the K angular momentum projec-—
tion has been studied. In paper“l the contribution of rota-
tional excitations to the level density has been disregsrded
and therefore for the levels with [ >/ the calculated va-
lue of the denmity im smaller than tho experimentel one. 4
rough acoount of the rotational motion makes the descriptlon
of the denmity of the states with I>1 vetter. Recently
much attentionls/ has been devoted to the effect of the rota-
tional motion on the excited state density, therefore we find
ugeful to pubsish the results of our calculations on the densi-
ty of states with ]31 in which the rotational motion is
roughly taken into mccount.

In the present paper we investigate the effect of the ro-
tetional motion on the excited state density and consider the
spin dependence of the density in deformed nuclei.



The average value of D between the levels with fixed
_Z'r= /(/T is calculated in the following manner: in a
given energy interval we calculate the number of the states

of the type

Wy + Wyt (1)
in doubly even nuclei and of the type

)+ Wy, v Wy - Zf(»{} (2)

in odd-A nuclei and find the average spacing ,D batween these
gtates. Here b\i’ ig the phonon energy, i:/lﬂj » /‘/" are the
multipolarity and its projeotion, J is the number of the root
of the secular squation for the phonon, Ef}’) the quasiparticle
energy, Zp,(b',) the ground-stats snargy of an odd-i nuoleua.

In the calculations the single-particle energies and the wave
functions of the Saxon-Woods potential are used. The pairing
constants and the multipole-multipocle fcrce constants and the
equilibrium defor.mation parametera are the same as in ref./4/.
All these quantities are fixed in the study ¢f the low-lying
states of deformed nuclei.

Satisfactory experimental data on ths level density are
obtained near .B,, « Therefore we give the results of calcula-
tions obtained at the neutron binding energy. If the target-
nucleus apin I. is different from zero then one measures the
total density of the . -wave neutron resonances with spins
I, t 43 . Therefore we calculate the uver:ge_D sccording

to the formulai



Dl Te)-fple I-8)» pZ, %))~ ©

Strictly spesaking, it is unknown how the rotation of a
nucleus in the highly excited state proceeds, However, we

make use of the usual formula for the rotational motion erergy

z
- 2
Eoe = g (201t} = K7 - @
In the calculationa of the level density by means of statisti-
cal methods (see refs./6’7/) one often uses the rigid rotaetion
2
moment of inertia jt9= Jénz/b? . If we take into account
the rotational motion, following (4), then the level density

7T
at en excitation energy with a fixed v is

I
PETT=] (48, Sprlplé-gles-#.4%), O
KK,

where /(., is zero or 1/2, In ref./5/ the fullowing approxiue-

te expression for the level density

PUE L2k) = plE T-KMI4) ©

ia giggested.

We have ltabulated the experimental data and the follow=
ing results of calculations of the average spacing _D bet-
wean tie levels at 6= B, :

1) without the account of the rotational motion at VEN S
11) with the account of the rotational motion by the formula
(5) with the rigid rotation moment of inertia, iii) with the



Table
F
The average spacing —D between the levels with given z
for 24 calculated with and without the account of the

rotational motion

Compound b, ev D ev Calculetion
miotons B TT T D e e s
I=K by eq.(5) eq.(6)
G e.s27 172" 1,9960.32 3.5 2.0 1.8
“ed  7.929 17,27 6.3f 0.6 8.7 4.8 4.4
“D s.20n 27,3 2.55:0,38 11.1 3.9 3.7
“Dy 1651 27,37 9,61 1.6 19,6  11.8 6.5
A 1110 3t,at 4.0¢ 0.4 26.6  T.2 6.7
Mye .40 20,37 7.8150,93 13.6 6.5 4.5
Mlu 6.890 13/27,15/27 2,37:0.27 14.5 2.1 1.9
"y q620 37,4 3.25 0.2 111 3.1 2.8
"t 70330 a5t 5.8+ 0,5 18 4.5 3.6
MR 7,680 1502%,17720 1.5 4.1 0.8 0.5
Y 6467 37,47 0.67:0,13 1.4 0.6 0.4
#ew 6,120  2*,37 - 2.2 0.9 0.7
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Fig. 1, The Z-dependence of/] for the states with

11

(dashed curve) in

= 57 (continuous ourve) and with I'= X

¥
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Fig. 2. The I—dape'ndence of ﬂ for the ststes with positive
parity in - Cd « The plot represented by the con-
tinuous line is obtained by 8Q.(5). The plot repre-
sented by the dashed line is obtained by eq.(7).
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Pig. 3. The T -dependence .of O for the states with
negative parity in'”ﬂ « The plot represented by
the oontinuous ourve is obtained by eq.{5).

The plot represented by the dashed curve is obtained
by #q.(7).



account of the rotational motioa by the formule (6). The ex-
perimental data are taken from the aame papers 8s in ref./4/.
It is seen from the table that accounting for the rotational
motion has resulted in & noticeably better egreement of the
results of celcuiations with experiment, especially for atates
with high spins. The difference between the semi~microscopic
celculations by eq.(5) and more qualitative calculations by
eq.(6) 15 nonessential, If the moment of inertia is taken to
be half the rigid rotation one then, aocording to the omlcu-
latione by eq.(5), the density at Z’:ﬁ,, decremses by less
than 10%. Por the Z=J5 atates at = # eV the decrease of
the level dennity by 20%, etc,

Thus, the acogunt of the vibrational and rotational mo-
tions leads to a good description of the nuclear level denaity
of deformed nuclei at the neutron binding energy .&, .

Let us ptudy how the excitation energy dependence of the
level density ohanges when the rotational motion ip tmken
into account by eq.(5) compured with the deneity at 7=k,
Fig.1 gives the behaviour of the denaity for the I7-5 Btates
in '"cl calaulated by eq.(5) and the density of the Imk"= 5"
states. These curvea are seen to be shifted with respect to
each other vy about & constiant value. They confirm the validi-
ty of eq.(6).

We inveatigate the spin dependence of the level density
at different excitation ensrgy. FPigs.2 and 3 give the spin de-
pendence for od ana '"C-‘J ut an energy 4,5 and 6 MeV cal-
culated by eq.(5). Comparing the spin I dependence given in



Figs.2 and 3 and the k dependence given in Figs,.6 and 7 in
ref./4/ we gee that f?(lj esgentielly differa from f)CZrk7,
Figs.2 and 3 give the spin dependence celeculated by the for-

mula

P& l)—i = f(U) exp ]~ Zi'f) )

with the values

- 3810~ (a ) A"
corresponding to the choice of the rigid rotation moment of
inertia, where Zf the excitation energy minue the pairing
energy., The parametyr @ was chosen such that the densities
calculated by eqs.(5) and (7) coincide at the maximum of the
curves calculated by eq.{(5). It is speen from these figures
that the semi-microscopic calculations taking into account
the vibrational and rotational motion give the Bpin dependence
close to ihat wbich is obtained by the statistical model.

It should be notsd that in the semi-microscopic descrip-
tion of the excited level density there is not a gingle free
parameter, since all the parameter were fixed earlier in study-
ing the low-lying stetes of deformed nuclei. h

The semi-microscopic celculations taking into sccount
the vibrational end rotational motions give a good description
of the denaity of states with different spins at the neutron
binding energy li in deformed nuclei. They lead practically
to the seme spin depeundence which follows from the statistical

model.
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