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isotopic shift (IS) of the 2537 A spectral line for the nuclei
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Abstraqtg

By means pf.gaﬁma—ray spectréscopy followiné_(HI,xn) |
reactibns_a scheme for.the yrast states in 186Hg up to the o
lhf stéte has been_establiShed. vFrom the specfrum we conclude
186 | | |

-thaf Hg makes a rather sudden angular-momentum—induced change

. in deformation from small values at low spins to rather large
Values at higher spins: This is in qualitative agreement with .
several potential energy surface calculations and leads to an

interpretatiop of previously measured large isotopic shifts in

187 183,185

rms radii from Hg to Hg as a sudden onset of stable

quadrupole deformation.

Recentiy in an optical pumping experiment a strong deviation of ‘the. .

185 183H

Hg and g

from‘the'smoothly'Varying isotopic shifts in the heavier Hg nuclei with A = 187

to 204 has been reported.l The IS. is related to the change in nuclear charge

radius § (r2 ). and for the nuclei

183,l85Hg & charge volume has been determined
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196

which is as big as that of "~ Hg. The IS can also be written in terms of_a>

change of the deformﬁtidn'squared, § (82 ), and values'of_é (82 ) = 0.061 and

183 185

0.051 have been reported for the nuclei Hg and Hg, respectiyeiy. oL T3

This discovery has raised_the‘queétion as to whether-theSe anomalous
IS's are due to & sudden onset of static quadrupole deformstion in the light Hg

nuclei which, with Z = 80, are almost proton magic. Earlier mea.surem.enﬁs2 of

the o-decay of 188Pb into lBhHg did not show any rotatidnal fine structure and v

_in case this a-decay is not strongly hindered a lower limit of 300 keV for

184

: E2¥ in lShHg has been Set. If so the conclusion has been drawn that Hg can
hardly be a rotational nucleus with a deformation of B = 0.25 - 0.30, a value
suggested by the IS measurements'on the odd-mass nuclei. Therefore, with

3,4

reference to theoretical calculations the existence of "bubble" nuclei with

low density in the center has been considered as a possible explénation for
the anomalous IS measurements.

In the present letter we report on some results of in-beam and off-beam
Y—ray spectroscopy on 186Hg folloﬁing (HI ,xn) reactions performed at the HILAC
in Berkeley. Figure 1 shows part of the y-spectrum obtained from bombarding a

162 , ' 2 . . 28.. . - A

lead-backed Dy target of 1 mg/cm thickness with Si at 135 MeV incident
energy. In-beam and off-beam excitation function measurements as 'well as cross'

bombardments with hoA on 150Sm and 2ONe on 17

_ OYb show.fhat the lines marked as .-k

transitions in l86Hg,are associated with the mass chain A = 186. Particle-y
coincidence experiments verified that they do not originate from the evaporation
of charged particles, so we conclude that they really are transitions in 186Hg.

| Gamma-gamma coincidence measurements-shqw that they all are in cascade with

each other, and their angular distribuﬁions, measured at 90°, 45°, and .0°,
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indicate that they have stretched E2 multipélarity.' Table I lists the A2 terms
of their angular'distributions (neglecting Ah terms), The crucial point is the
ordering of the levels. This has been determined by measﬁring the relative

intensities of fhese de-excitation y-rays in three different modes: from in-beam

spectra (162Dy + 2881 at 135 MeV), from the decay of a 100 + 10 usec isomeric

186 186

state in Hg, and from B decay of T1 (which was produced in the reaction

l59Tb + 3% at 164.5 MeV, 178 MeV, and 191 MeV). The results are listed in
. _ , .

Table I as columns a), b), and c), respectively. They leave little doubt about
our assignment of the level ordering for the states'inflssﬂg. (It should bé
noted here, thqtvthe nature of the isomeric state in 186Hg and its mode of decay
are not clear at ﬁhis time). |
The pattern of these states in l86Hg is very peculiar. The L405.3 keV-
energy of‘the é+ stgte ig reduced.by only a few keV from the 2f energies of
the heavier even-even Hg nuélei‘whiéh scatter aroundvh26vi 10 keV in the Hg
isotopes with 188 < A < 198. But whereas the 4* » 2% and 6t > L* transition .
: enérgies_ipcreasé significantly and about'equally in the heavier'HgAisotgpes,
one observes a drop to h02.6 keV and’356.7 keV, respectively, in the cése_of
186Hg. For coﬁparison Table I shows ﬁhe ehergies of the éorresponding Fransi-
tions iﬁ lgng which might be considered as represehtative.for fhe heavier Hg
‘isotopes, _Abqye'the h+-leVel the transitions connecting the states QithA:,

186

higher angular momentum in. Hg then increase monotohiéally in energy (in

fact, linearly in a plot of 2(3/h2 versus h2w2).- This suggests that in the
' 186 .

ground state and the first excited 2% state, Hg is not much different from

the heavier Hg isotopes with a deformation of |8] ~0.1. At higher angular
momente it then makes a rather sudden change toward larger deformation which

l
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it keeps approximately constant up to the lh+ state. This assumption gets
support from the similarity of the 6V - L%, g+ » 6+, and 10% + 8% transition .

‘energies inv186Hg.with'thOSe of the isotone lshPt (see.TéBle”I); which is a

reasonably good rotational nucleus. An estimate of the magnitude df'the defor-

mafion based on the energy of the 6t - L+ ﬁransitidn in l§6Hg yiélds ISI ~ 0;25;
This behavior of the yrast states in l86Hg'can Beiunderétbod_in terms - |

of a pétential energy as a fupcfion of déformatibn‘whicﬁ-has é_minimum'near

8] = o and a sécondiminimuﬁ (or shoulder) at a larger deférmation'andvhigher : f f

energy. The energy of the lowest 2% » 0+vtrénsition (in the first well) wbﬁld |

then be relatively high. At.larger spins the centrifﬁgal'enefgy term,’pfoportional :

to g% I(T + l)} will concentrate the wave functién éﬁ larger deformation,

so that there will be a rapid change to transition energies characteristic of

the more deformed well. The fact that we do not see a tfansition from the L%

state to a secbnd ot state‘suggests that there is no deép second minimﬁm at

IBI 2 0.3. This interpretation is very conéistentvwith recent potentiai enérgy'

surface Caléulations for even-even Hg isotopes.s_"-7

The ground-state potential
energy surfaces show a minimum at small oblate deformatioh and a widening at
larger prolate deformation for the heavy Hg isotopes.' This widening déveiops

into a shallow'secohd minimum which is dropping with decreasing mass number and it

186

becomes the absolute minimum at A = 182, In Hg the oblate minimum is onlyvrv

0.5 MeV lower than the prolate one, which could explain the experimentally

observed energy spacings. Negative deformation for the gfound states of these

light Hg isotopes is not unreasonable because oblate deformation has been

measured in nearby Pt—“isotopes8 and oblate deformation for the heavy Hg isotopes

9 195,197,199, mye

is implied by thé observation ° of decoupled bands in
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potential calculationé describe the nuclei only in their groﬁnd-states and do
not include zero point vibrational energies, but their qUalitativé agreement

186Hg makes it desirable to. undertake an

with the.experimental spectrum 6f
" investigation of the'd&namics in order ﬁo make a mére quantitative comparison.
In a conclusion, we believe that evidence has been' found for a large
angular—momentgm—induced change in the deformation of the ;86Hg yrast states.
To our knbwledge;.such large chahges have not been obSerVéd previously. .Such
a picture can provide d Basis for understanding the lérge rms radii observed
by Otten et al. for 183Hg and 185Hg. A spin of 1/2 has been determined for
thes.elnucleil and it seems likely that the 1/2 t521] Nilsson orbit, ﬁhich
decreases apprécigbiy in energy as B ihcreases,'becbmeébthe ground stateuié
thése nuclei. 'The gain in energy of this orbit Qith ihcreasing dgformation

(specialization energy) is no. doubt partly responsible for the sudden onset

of ground state'deformation,at Just this point in the odd—A Hg nuclei.
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Table I. Properties of Transitioﬂs in 186Hg.
. , . 52
Transition Energy A2 Relative Intensities 7 Energies in
) b) o) _ 18hPt l9ng
ot » ot 405.3 0.17 100 100 100. 67.5 162.1 L16. 4
ut - ot 402.6 0.18 . 8L 79 50 28.8 272.7 625.1
v » W . 356.7 0.22 76 48 30 16.2 362.5 730.2
gt » 6t lLok.o 0.23 63 o1 20 14.1 431.6
1ot > 8t L88.9 0.26 L1 | 12,9 L75.8
127 -+ 10t sk2.0  0.17 . 27 -~ 11.8
BTAE S Y 581.6 0.38 16 - 10.8
a) In beam (*%%py + %%si, 135 Mev).
b)_ Decay of an isomeric state with tl/2 = 100 t 10 usec.
186 |

¢) BR-decay of T1.
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Figure Captions

Fig. 1. Part of the y-spectrum obtained by bombarding a 1 mg/cm? thick ‘lead

16

backed targef of 2Dy with 28Si ions of 135 MeV.. The arguments which

led to the assignments of:the lines are given in the text.
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