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Using the recoil-distance Doppler-shift method, we have measured the 

half-lives of ' the 2+, 4+, 6+ and 8+ states in l86Hg following the reaction 

170 b(20 4 )186 Y Ne, n Hg. We find a strong enhancement of the 6+ ~ 4+ transition 

probability, B(E2, 6+ ~ 4+) = 1 0 9 ± 0 0 8 e 2b2 , over the 2+ ~ 0+ value, 

2 2 186 B(E2, 2+ ~ 0+) = 0.28 ± 0.05 e b. These results indicate that Hg makes 

an angular-momentum-induced transition from nearly spherical to strongly 

deformed shapes. 

. .' 

The. mercury nuclei, with 80 protons, lie within the transitional region 

between the well deformed rare-earth nuclei and the spherical lead nuclei·o 

Since they are so close to the magic proton number Z = 82, it would be 

interesting to know whether they show rotational behavior around N = 104 

(as do the Ptisotopes with Z = 78) or whether they remain vibrational like 

the heavier Hg isotopes. Three recent experiments bear on this question. 

The first consisted of the discovery [1] of a large and sudden increase of 

h d " " 183 185 l' 187 t e ground-state mean square ra 11 1U Hg and Hg re at1ve to Hgo 

This measurement was interpreted as the onset of stable quadrupole deformation 

* Work performed under the auspices of the U. S. Atomic Energy Commission and 
partially supported by the West German Bundesministerium f~ Forschung und 
Technologie and the Bavarian Kultusministerium. 
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in 185Hg , and values of Is (185Hg) I = 0.23 and IS(183Hg ) I = 0 0 25 were reported [1]. 

188 . 184 In the second experiment [2], the a decay of Pb ~to Hg has been studied, 
I 

but no 2+ state below 300 keV has been found, leaving doubts about a large 

deformation in 184Hg • Very recently [3], we reported on the results of .a study 

of gamma-ray spectroscopy following (HI~xn) reactions leading to 186.H9• From 

the spectrum of the yrast states of this nucleus, we proposed that both spherical 

and deformed shapes occur. The energy of the 2+ state at 405.3 keV is very 

similar to the energies of the 2+ states in the heavier, almost spherical or 

vibrational Hg nuclei, whil~ above the 4+ state we observed a rotation-like 

band very similar to the one of 184pto This nucleus, with a 2+ state at 162.1 

keV, can probably be considered as a rotational nucleus. Also, there exist 

a number of potential-energy-surface calculations [4-8] for the mercury isotopes 

which predict a transition around N = 104 from small oblate to rather large 

prolate deformation, as the neutron number decreases. . ... 

In order to confirm such a shape transition, we measured the lifetimes 

of the 2+, 4+, 6+ and 8+ states in 186Hgj from the reduced E2 transition' 

probabilities so obtained, values for the deformation can be extracted. The 

Doppler-shift recoil-distance method was used to measure these lifetimes. A 

stretched, self-supporting 170Yb foil, 0 0 8 mg/cm2 thick, was bombarded with 

20 
a Ne beam of 108 MeV from the 88" Cyclotron at the Lawrence Berkeley .Laboratory. 

h . 1 . 186 1 . t d' .. t d th ta t t T e reC01 1ng Hg nuc e1 were s oppe 1n a B1 s opper an e rge -s opper 

'distance was determined with a microIfleter screwo Gamma-ray' spectra at various 

target stopper distances are shown in Fig. 1. From the energy difference 

186
Hg between the shifted and stopped position of the various transitions in 

( 
.. 

! '" 
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we deduced, after correction for the solid angle of the Ge(Li) detector, a 

recoil velocity of vic = 1000%. This recoil velocity was enough to separate 

the stopped peak from the Doppler-shifted peak for the 6+ ~ 4+, 8+ ~ 6+ and 

10+ ~ 8+ transitions but led to a rather complex structure for the 2+ ~ 0+ 

and 4+ ~ 2+ doubleto The relative intensity of these two transitions was 

taken to be 100 and 95, respectively, according to data from a Pb-backed 

target 0 The intensity of the shifted 2+ ~ 0+ peak was obtained by fitting 

it to the line shape of the shifted 6+ ~ 4+ transition (from the run at d = 2.1 rom) 

which lies close in energyo For the 4+ ~ 2+ transition the stopped peak was 

fitted to the corresponding peak in the Pb-backed run. From these three pieces 

of information the ratios of the stopped intensity over the total intensity 

were determined for the two transitions~ The shifted and stopped peaks of the 

6+ ~ 4+, 8+ ~ 6+ and 10+ ~ 8+ transitions have been fit~ed with the shifted 

peaks of the run at d = 2.1 rom and with the stopped peaks of the run with the .. " 

Pb-backed target. with this procedure, we avoided possible errors due to 

long-lived isomeric population of these states 0+ to stopping of recoiling 

nuclei in the target" The zero point was determined by moving the plunger 

towards the target until a good electrical contact between target and stopper 

was made o 

Figure 2 shows, on a semi-logarithmic plot, the ratios of the stopped 

intensity over the total intensity for the decay of all the states from 2+ to 

10+. It is apparent from these decay curves, especially for the short-lived 
, 

+ + 8 and 10 states, that we are dealing with two components; the longer one has a 

half-life of approximately 37 psec and corresponds to about 30% of the intensity. 
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To extract the lifetimes of the 2+, 4+, 6+ and 8+ states, we assumed that 

these states are fed to the same extent by the 37 psec state(s). These 

contributions are shown as dashed lines for the 2+ and 6+ decay curves and 

were subtracted from the data prior to further analysis. The corrected 

decay curves were then fitted simultaneously as the decay of a three-step cascade. 

The computer program, which fitted the slopes of the decay curves as well as 

their displacements, also allowed for feeding of the whole cascade through 

three arbitrary states which simulated all the preceeding short-lived transitions. 

This fitting procedure was applied to the 10+ ~ 8+ ~ 6+ ~ 4+, 8+ ~ 6+ ~ 4+ ~ 2+, 

and 6+ ~ 4~ ~ 2+ ~ 0+ sets of data o In the fitting routine, the zero point was 

a free parameter and the value obtained was 10 ~m - 20 ~m further out than the 

measured one. This can be explained by a small misalignment of target and 

plunger and/or irregularities in the target o 

The results of our measurement are surranarized in Table 1, whic~" shows 

the transitions, their energies, and ha1f-1ives o The errors in the half-lives 

+ + of the 2 and 4 states are mainly due to th~ evaluation of the stopped and 

shifted intensities in the 2+ ~ 0+ and 4+ ~ 2+ doublet, whereas the error in 

the 6+ ~ 4+ transition probability comes largely from uncertainties in the 

amount and lifetime of the dea1yed feeding. These uncertainties do not cause 

such a large error since they do not affect the displacements of the decay 

curves very much o (The fit for the uncorrected data yields t1/2 = 16, 11, 

. + + + t" 1 ) and 7 psec for the 2 , 4 and 6 states, respec ~ve y. For the half-life of 

the 8+ state, only an approximate value has been given since the subtraction 

of the tail leaves only three significant data points o Although the 

energy of the 6+ ~ 4+ transition is only 356 0 7 keV compared to 405 0 3 keV for 

r-. 

\1 
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+ 0+ .. dr' h . f thd t f the 2 + trans1t10n, a amat1c en ancement 1S apparent or e ecay ra e 0 

the 6+ state,1 (t
l

/ 2 = 5 psec) compared to that for the 2+ state (t
l
/ 2 = 18 psec) 0 

+ The lower decay energy disfavors the lifetime of the 6 state by a factor of 

+ + 
~ 2; so the B(E2, 6 + 4 ) is approximately seven times larger than the 

+ + B(E2, 2 + 0 ) and reaches a value close to those found in rotational nuclei o 

The last column in Table 1 lists the values for the deformations lal calculated 

on the basis of the rotor model [9]0 We get lal = + 0 0 13 ± 0 001 for the 2 state 

I I + 186 
and a = 0.27 ± 0 005 for the 6 state; thus Hg increases its deformation 

by a factor of two between these states o 

186 
These results show that Hg is weakly deformed in its first excited 

state, but changes to a strongly deformed shape by the 6+ state. This 

process could have several causes. The simplest one would be centrifugal 

stretching. This could occur if the potential energy as a function of defor-

rnation has a minimum at small deformation and a shoulder or second min~um 

. at larger deformation and somewhat higher energyo The lower yrast states are 

then confined in the first 

potential, proportional to 

well at small deformation o But the centrifugal 

h2 
~I(I+l), has to be added to the ground-state 

(I = 0) potential, and this eventually produces a lower relative energy in the 

second well for higher spin values. 

Preliminary data on the energies of the yrast states in the neighboring 

188
Hg 

184 
nuclei, and Hg, show a similar discontinuity. 188 This occurs in Hg 

at higher spin values, and in 184Hg at lower ones o Also, a similar enhancement 

of the transition probabilities between the rotational states above the dis

continuity over the 2+ + 0+ decay rate has been found recently in 184Hg [10]0 

Thus, all these mercury isotopes show both spherical and deformed shapes in 

their yrast band. The various potential-energy-surface calculations [4-8] are 

also in good agreement with such an angular-momentum-induced shape transition. 



-6- LBL-2309 

References 

10 J o Bonn, Go Huber, Ho-J. Kluge, L. Kugler, and E. W. Otten, Physo Letters 

38B (1972) 308. 

20 P. Hornsh¢j, P. G. Hansen, B. Jonson, Ao Lindahl, and 0 0 B. Nielsen, Phys. 

Letters 43B (1973) 3770 

3. Do Proete1, Ro Mo Diamond, Po Kienle, J o Ro Leigh, Ko Ho. Maier, and 

F. S. Stephens, Phys. Rev. Letters 31 (1973) 896 0 

40 C. Fo Tsang andS. G. Nilsson, Nuc1. Physo A140 (1970) 275 0 

-50 Uo Gotz, H. C. Pauli, K. Alder, and K. Junker, Nuc10 Phys. A192 (1972) 10 

.. 
6 0 Ao Faess1er, Uo Gotz, Bo Slavov, and T. Ledergerber, Physo Letters 39B 

(1972) 579. 

70 Fo Dickmann and K. Dietrich, Contribution to the International Conference 

on Nuclear Physics, Munich (1973), ed. J. de Boer and Ho J o Mang 

(North-Holland, Amsterdam, 1973). >'0-

8 0 M~ Cai11iau, J. Letessier, H. F10card and P. Quentin, Phys. Letters, 46B 

(1973) 110 

9 0 Ko Alder, Ao Bohr, To HUus, B. Motte1son, and Ao Winther, Rev o Mod. Phys. 

28 (1956) 432. 

10 0 No Rud, Do Ward, H. R. Andrews, R. Lo Graham, and J. So Geiger, Preprint 

(1973)0 



-7- LBL-2309 

Table 1. Half-lives and Deformations of States in 186Hg• 

. Transition Energy tl/2 B(E2) Deformation 

keV psec e
2

b
2 

13 

; ~, 
2+ -+ 0+ 405 0 3 18 ± 3 0.28 ± 0.05 0.13 ± 0 .. 01 

4+ -+ 2+ 402 0 6 9 ± 3 0.6 ± 0.2 0.16 ± 0.03 

6+ -+ 4+ 356 07 5 ± 2 1.9 ± 0,.8 0,27 ± 0.05 

8+ -+ 6+ 42402 ::::::;a :::::: 1.4 :::::: 0.22 

, " 
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Figure Captions 

Fig. 1. 170 20 186 
Partial y-ray spectra from Yb( Ne,4n) Hg at 108 MeV incident 

energy for various target-stopper distances o 

Fig. 2. Recoil-distance decay curves for the 2+, 4+, 6+, 8+, and 10+ states 

,186 b' d' h t' l70Yb (20 4) 1n Hg, as a ta1ne 1n t e reac 10n Ne, n • The solid lines 

are the computer fits to the corrected data points (for details see text) 

with the long-lived tails, shown as dashed lines, added back in. 

. ... 

.. ,r-

l ,,,, ,r, 
, 

il/ 
~ 



-9- LBL-2309 

6+-4-
I Unshifted 

Pb - backed 
. f.~~ 

" 

" 0 d = 20.6 fLm 

)( 

'" -C 
::J 
0 
U 

d = 56.8 fLm 

...• 

d = 206 fLm 

5 Doppler shifted 
d = 2.10 mm 

t It f 
6+-4+ ,2+-0+ e+-6+ lo+-e+ 4+-2+ ;., 

r 
0 

350 400 450 500 

( Energy ( keV) 

XBL7310-4144 

Fig. 1 



-10- LBL-2309 

Time of flight (psec) 

200 100 o 
I. 0 r-r ........ .--rr-r-TlIT-.-Tl-r,--rT-,--~~?"1 

0.5 

'U 
OJ 
a. 
a. c 0.2 
o -_ 0 

(/) -
H H 

II 0.1 u.. 

0.05 

0.02 

o 2+----0+ 

C 4+---- 2+ 

• 6+---- 4+ 
A a+- 6+ 

& ,o~a+ 

186Hg 

500 400 300 200 100 o 
Flight path (micrometers) 

XBL7310-4249 

Fig. 2 

r' , 

f 



f 

P-----------------LEGALNOTICE------------------~ 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights. 



~ -
TECHNICAL INFORMATION DIVISION 

LAWRENCE BERKELEY LABORATORY 

UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA 94720 

.... 


