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The present paper is devoted to the study of the low
lying excitations in Hg heavy even isotopes. The calcu
lations have been performed within the model which is 
known as the "pairing + multipole-multipole forces" 
model. We use the quadrupole-quadrupole and octupole
octupole forces and take into account the interaction of 
two-quasiparticle and vibrational excitations. In ref. 121 

the structure of states in Hg even isotopes was calcula
ted within the phenomenological model of the interaction 
of two proton holes with the cor' vibrations. This model 
was further developed in refs. 3

•
41 . In our approach 

the strength of the interaction between quasiparticles and 
vibrations is not an additional parameter. It is calculated 
on the basis of the single-particle energies, single
particle matrix elements of multipole operators and the 
constants of residual forces. A detailed discussion of 
these problems can be found in ref. 151 , and some cal
culations for nuclei with 110 <A < 150 are given in 
ref. 161 . 

The mercury isotopes, even heavy, are not good 
objects for our calculations. The 2 T level energy in 
them is not large (400 keV) and these states are very 
collective. This fact results in a large value of anharmo
nic corrections. However, a small energy gap allows one 
to believe that at least for the states in the range of the 
two-phonon triplet we take into account the main com
ponents of the wave function (two-quasiparticle, one-· 
phonon and two-phonon). 
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The main attention was paid to the positive parity 
states as there is more experimental information con
cerning them. As the potential describing the average 
field we have chosen the Saxon-Woods one with the fol
lowing parameters 17 I: 
for protons 

A=195 

r 0 =1.24 fm 

K=0.374 jm 2 

for neutrons 

Z=77 

V0 =59.4 MeV 

a= 1.587 fm -I 

A= 195 r0 = 1.26 fm V 0 =45.0 MeV K =0.379 fm 2 

a= 1.587 fm-I. 

(1) 

The level energies of the last unfilled shell obtained with 
these parameter values are given in Table 1 (the proton 
scheme and neutron EI ( n e j ) ). The pairing constants 
were chosen according to the pairing energies IBI, and 
we haveobtainedthefollowing theirvalues: G :0.130 MeV, 
Gz= 0.194 MeV. N 

The results of the calculations for the levels with 
177 =2+,4 +are given in Table 2. The energies are in good 
agreement with experimental ones (the deviation does 
not exceed 100 keV). However, the relative location of 
the 2 i and 4 ( levels is reproduced only in 200 Hg . 
Though in the calculations of electromagnetic characte
ristics we have used rather a large effective charge 
(eeff=0.6) B(E2,o;.s:+2+)theols less by a factorof2-3 than the 
experimental value. One should note that earlier 191 

when calculating this value in the framework of the random 
phase approximation using a large number of levels of 
the single-particle spectrum (up to the energies - 10 MeV 
in its quasidiscrete part), we obtained B(E2) theor. too low. 
Even larger deviation from experiment was received by 
the authors of ref. IIOI who studied the properties of the 
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2+levels of Hg isotopes taking account of the interaction 
of vibration excitations only. The calculation results by 

the phenomenological model 13
'
41 agree with experiment 

better than ours but they are too low. The 2: -states 
have mainly the one-phonon structure. The impurity ofthe 
two-phonon component in its structure grows with in
creasin~ isotope atomic number A (4% in I96 Hg and 
17% in °2 Hg ). This fact indicates a gradual strengthen
ing of the quasiparticle-phonon interaction. Unfortunately, 
there are no experimental data on quadrupole moments of 
the 2: -levels, which are directly connected with the 
strength of anharmonic effects. Our results agree with 
the calculations of ref/31 both in the sign and value, 
but they are less than the theoretical ones I I O/ by a factor 
of 3-4. Note, that the latter have an extremely large 
value Q2 (2 t ) and too low probability B (E2, 0 + .... 21 ). 

g.s. 

Table 1 • 

Single-particle level schemes used ln calculations 

Proton Scheme Neutron scheme 

MeV 
11 e. j E~ Er. E~ 

n.. t j E MeV MeV MeV MeV 

I h ~/,_ -2.07 2 ~'/t. -2.29 -2.29 -2.29 

3 "''11. -6.43 3 Pra, -5.91 -5.91 -5.91 

2 J.!/z. -6.78 2 fr/a. -6.54 -6.10 -6.40 

l ku/L -8.37 3 P5Jo. -6.96 -6.30 -6.72 

2 d5ja. -9.03 I L Of.t -7.55 -7.90 -7.54 

I ~1/.t -10.52 2f.ta. -9.29 -8.60 -8.25 

I 83ft.. -14.87 I 1.. 'I.a. -9.52 -9.52 -9.31 

3 Stft. -14.37 -14.37 -14.37 
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In accordance with the strengthening of the quasipar
ticle-phonon interaction there changes the structures of 
the 2 ~ states. The data from Table 2 show that if on 
the whole we reproduce correctly the value of one
phonon components in the 2; state wave functions, the 
value of the two-phonon component is too low. Its decrease 
with increasing A leads to the fact that in 200,202 Hg the 
2 t levels cannot be called the "two-phonon" ones, thel 

are noncollective in their structure. In 200 Hg the 2 3 
states should be called the "two-phonon" ones. That the 
"two-phonon" admixture is small is seen from two facts: 
small values of B(E2, 2 t .... 2;) and Q2(2; ). The latter 
is not experimentally studied, but our result disagrees 
with the calculations of ref./ 21 , where I Q 2{2! ) I.Q" I Q2(2./'> I· 

In the structure of 4 r ·levels the value of the two
phonon component is more considerable than for 2; . The 
energies of the 3t ,6: levels coincide satisfactorily with 
the experimental ones, but we do not present the data 
on them. We have found that these states have a two
quasiparticle structure, that is very doubtful as we did 
not take into account the admixture of the three-phonon 
component, which must be very important at the excitation 
energies -1,5 MeV. 

Now, consider the negative parity states. The absence 
of experimental information on 3- levels makes the 
situation more complicated. Especially the value of the 
octupole-octupole interaction constant is unknown. But 
this is not the main complication, since at any "reasonable 
value of K 3 in the structure of negative parity states 
(I " .... 5-,7-,9 -) the main part is played just by the non
collective, two-quasiparticle components. The main dif
ficulty is in unsatisfactory character of the single
particle scheme. The states with I" ,s-, 7-,9- calculated 

• ITT +4 +6 + + by the same scheme as the levels w1th "'2 , , ,3 are 
too low. Thus we have calculated the n~gative parity 
with levels on other neutron ilc~emes. F~~ l96Hg we have 
used the scheme from ref. 12 

, for 8
- 202 Hg from 

ref. Ill/. they are given in Table 1 ( E 11 and Em res
pectively). For these schemes we have specially calcula
ted new values of the pairing constant ( GNII = 0.150 MeV, 

7 



8 

~ 
·r< 

"' ., 
+-' 

"' +-' 

"' 
"' >-, +-' 

·r< 
cu F-t 
r4 "' ,t:l Po 

"' E-< ., 
> 
·r< 
+-' 

"' bD ., 
10: ., 

..<::1 
+-' 

<.-< 
0 

"' ., 
·r< 
bD • 
F-t Wl 
., ;r: 
~ (\J 
., 0 

"' r4 I 

"' '-i) 

" "' ..... ~ 
+-' ., 
F-t 
0 ., 

..<::1 
+-' 

'CI 

~ 
...... 
'<!' 
~ ...... 

r4 

"' +-' 
10: ., 
s ..... 
F-t ., 
Po 
>< r.q 

~ 
~ 

% 
"-../ 

w 

> ., 
:::E 

'& ,..:: , 
"-../ 

w 

~ 
:::E 

.---.. 
1) .... 

~ 
w 

> ., 
::E 

i' ... 
N') ..__, 
uJ 

"' :s 
QJ 

OJ 
<.,) 
.:::s 

::z 

. 
F-t 
0 ., 

..<::1 
E-< 

Po 
>< 
~ 

F-t 
0 
<1> 

..<::1 
E't 

Po 
>< r.q 

F-t 
0 
<1> 

..<::1 
E't 

Po 
K 
r.:l 

F-t 
0 
<1> 

..<::1 
E't 

. 
Po 
>< r.q 

NO'\NU"'\ 
r- t"'\ - 0 
0'\ 0'\ (J'\ -. . . . 
..- - ..- N 

"' 0 "' '-i) ~ .q-
0 "' ~ . . . 
(\J ~ (\J 

~ ~ 
r-- "' . . 
~ ~ 

"' .q-0 <#' 
"' 0 
~ (\J 

~ "' "' .q- <l) '-i) 

<l) "' "' I . . . 
~ ~ ~ 

r-- 0 
"' .q-
<1) "' . . 
~ ~ 

0 ~ 

~ "' 0 ~ 

(\J (\J 

r-- "' ~ 

"' "' "' r-- "' <l) 

~ ~ 

r-- "' 
"' (\J 
"' r--. . 
~ ~ 

(\J 0 
~ "' '0 r--. . 
~ ~ 

bO t>l) bD bD 
'-i);r: rffo c:?1 (\J;r: 

"' "' 0 0 ..- or- N N 

t 

~ 

;, 

GNm= 0.135 MeV). We have obtained a good description 
of level energies, however their relative position is not 
reproduced. The following rule is systematically observed 
experimentall¥: E(5-)<E(7 )<E(9), at the same time we 
have systematically E(5) >E(7 -),and in the 198- 202Hg iso
topes E(5 -)>E(9 -).However, with new schemes the des
cription of positive parity levels becomes noticeably 
worse. Mainly, it is their structure that becomes worse, 
in particular, the value of the two-phonon component in 
the wave function of 2 + states decreases. Note, that the 

· authors of ref./ 31 also encountered the difficulties in 
describing the levels 1"=5 -,7-. But in their approach, 
these states are purely the proton ones (with vibration 
impurities). Our data point out that the neutron two
quasiparticle states are also important and this is 
confirmed in the experiment /l4/. 

The authors are grateful to Dr. Dambasuren for 
having performed some calculations . 
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