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Shape coexistence in the Hg region...
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(a) 184Hg - (b) 186Hg

• Yrast lifetimes measured, but 
with poor precision

• Extraction of transitional 
matrix element useful to 
constrain Coulex analysis

... Kasia Wrzosek-Lipska
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Köln plunger
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Gammasphere @ ANL

150Sm(40Ar,4n)186Hg @ 195MeV

148Sm(40Ar,4n)184Hg @ 200MeV
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Gammasphere @ ANL

150Sm(40Ar,4n)186Hg @ 195MeV

148Sm(40Ar,4n)184Hg @ 200MeV
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Ring GS Angle Ring GS Angle
0 17.27465 x0 9 99.29040 x5
1 31.71747 x5 10 100.81232 x5
2 37.37737 x5 11 110.17967 x10
3 50.06504 x10 12 121.71747 x5
4 58.28253 x5 13 129.93496 x10
5 69.82033 x10 14 142.62263 x5
6 79.18768 x5 15 148.28253 x5
7 80.70960 x5 16 162.72535 x5
8 90.00000 x10

Ring Ave Angle
A 34.54742
B 52.80420
C 69.82033
D 110.17967
E 127.19580
F 145.45258
G 162.72535



Coincidence method - shifted

• Gate on shifted component of feeding 
transition, A

• Nucleus in flight and in state of interest, y

•  Time(distance) behaviour of depopulating 
transition, B, describes lifetime of state y.
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Coincidence Method - stopped

• Gate on stopped component of 
depopulating transition, B

• Nucleus stopped when y decays

•  Time(distance) behaviour of feeding 
transition, A, describes lifetime of state y 
but susceptible to side-feeding
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184Hg - Analysis
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• Simplest and cleanest way of determining 
the lifetime with coincidence method

• Feeding history not important
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184Hg - Analysis
• Simplest and cleanest way of determining 
the lifetime with coincidence method

• Feeding history not important

• Good statistics, clean gates

• τ possible up to 8+

• 12+ → 10+ not clean
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184Hg - Analysis
• Simplest and cleanest way of determining 
the lifetime with coincidence method

• Feeding history not important

• Good statistics, clean gates

• τ possible up to 8+

• 12+ → 10+ not clean

• 9- state also measured
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184Hg - Lifetimes

• Differential Decay Curve Method (DDCM) [1]

• Can be done for each ‘ring’ independently 

• 7 measurements for each state.
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[1] Dewald, A., Möller, O., & Petkov, P. (2012). 
Prog. Part. Nucl. Phys., 67(3), 786–839. 
doi:10.1016/j.ppnp.2012.03.003
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FIG. 4. (Colour online) Lifetime values, ⌧ , as a function of
distance for the 6+

1 ! 4+
1 , 340 keV transition in 184Hg shown

in (a). Normalised intensity curves for the shifted component,
Ish (b), and the stoppped component, Ius (c), are also shown.

eradicates the influence of de-orientation [22].
In the analysis of 184Hg, lifetimes were obtained using

the prescriptive DDCM coincidence method [23]. The de-
cay curves for this analysis were constructed using gates
on the shifted component of the yrast transition directly
feeding the state of interest. Typical fits extracted from
Napatau [24] are illustrated in Fig. 4.

Lifetimes of the yrast states of 186Hg up to the 10+1
state were similarly determined with the exception of the
4+1 state. In this case, the near doublet rendered it prob-
lematic to use the simple “gate from above” method. In-
stead, the method of “gating from below” [25] was used.
The corresponding ⌧ plot for the 4+1 state is shown in
Fig. 5. The intensities used for the 4+1 and 6+1 states
were corrected for a contamination of the 15�2 ! 13�2
state, using the 13�2 ! 11�2 transition.

III. RESULTS

Absolute transition quadrupole moments, Qt, are cal-
culated assuming a rotating quadrupole deformed nu-
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FIG. 5. (Color online) The normalized intensity of the
unshifted component of the depopulating transition of the
4+
1 ! 2+

1 transition in coincidence with the total intensity of
the 6+

1 ! 4+
1 transition (a). Lifetime values as a function of

distance (b).

FIG. 6. (color online) Lifetimes of yrast states in 184Hg as
a function of angle. Please note, the ⌧(4+) values are o↵set
by 5� on the x-axis to main clarity and that some individual
error bars may be smaller than the marker size.

cleus within the rotational model. The final weighted
average of the mean lifetimes are shown in Table I along
with the appropriate B(E2) and |Qt| values of all states
studied. In 184Hg, the seven independent measurements
of each of the lifetimes of the even-spin states are shown
in figure 6, as a function of the “ring” angle at which
they were determined in Gammasphere.



184Hg - Lifetimes
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186Hg - Analysis
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• “Gate from above” up to yrast 10+ 

• Weighted average of intensities in each ring used, 
leading to 1 decay curve for each state.

186Hg
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• “Gate from above” up to yrast 10+ 

• Weighted average of intensities in each ring used, 
leading to 1 decay curve for each state.

186Hg



186Hg - Doublet
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M. H. – Analysis Meeting Leuven 2012, 
Universität zu Köln 

4+/2+ doublet 

186Hg Matthias Hackstein, 
University of Cologne



Results and discussion
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• Transitional quadrupole 
moments, Qt, compared.

• Strikingly similar 2+ across      
mass range measured.

• Reduction of collectivity at 186Hg.

[1] Grahn, T., et al. (2009). Phys. Rev. C, 80(1), 
14324. doi:10.1103/PhysRevC.80.014324

[1] [1]
 3

 4

 5

 6

 7

 8

 9

 10

 180  182  184  186

|�
�| 

[e
b]

Mass number, A

2+ � 0+

4+ � 2+
6+ � 4+

 
8+ � 6+

10+ � 8+



Results and discussion
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• Mixing calculations from Robert 
Page... To be discussed.

[1] Mariscotti, M. A. J., Scharff-Goldhaber, G., & Buck, B. (1969). 
Phys. Rev., 178(4), 1864–1886.                                             
doi:10.1103/PhysRev.178.1864

[2] G.D. Dracoulis et al. (1988), Nucl. Phys. A 486(2), 414-428         
doi:10.1016/0375-9474(88)90244-8

Q02 = k √J02 [1]



k = (45 ± 2) × 10-24 cm2 keV1/2 [2]
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• Mixing calculations from Robert 
Page... To be discussed.

• VMI model; extract quadrupole 
moment from moment of inertia.

• Gives pure matrix elements.

• Some assumptions, i.e. inter-
band MEs equal to zero.

• Experimental B(E2)s
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Collaboration
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Lifetimes
4

TABLE I. Properties of the states investigated in this study. The uncertainties presented on ⌧ave represent 1� statistical error
and include an additional systematic uncertainty which accounts for the choice of the fitting function and relativistic e↵ects [23].
Gamma-ray energies, spin and parity values are taken from Refs. [17, 18] and previous ⌧ values from Refs. [26–28] are shown
for comparison.

E� (keV) I⇡ ⌧ave (ps) ⌧prev (ps) B(E2) (W.u) |Qt|
184Hg 366.7 2+

1 35.8(15) 30(7) 52(2) 4.03(8)

287.0 4+
1 30.2(10) 32.8(34) 191(6) 6.46(10)

340.1 6+
1 8.7(4) 8.1(31) 307(15) 7.81(19)

418.3 8+
1 3.19(14) 2.9+1.1

�1.6 309(13) 7.65(17)

329.1 9(�)
3 12.2(8) � 160(30) 5.5(5)

186Hg 405.3 2+
1 24(3) 26(4) 47(6) 3.9(2)

402.6 4+
1 5.6(20) 13(4) 200(70) 6.6(12)

356.7 6+
1 9.1(4) 7(3) 231(10) 6.82(15)

424.2 8+
1 4.5(3) ⇡ 4 202(14) 6.2(2)

488.9 10+
1 1.9(2) � 238(25) 6.7(4)

IV. DISCUSSION

A. Yrast states in 184Hg and 186Hg

Experimental |Qt| values for the lowest even-spin yrast
states are shown in Fig. 7 for the mercury isotopes where
180  A  186. The collectivity of the 4+ states reduces
with increasing neutron number, which can be compared
to the energy level systematics in Fig. 1 where the energy
of the intruder states reaches a minimum at A = 182.

The low and mass-independent B(E2; 2+1 ! 0+1 ) value
across the range of isotopes is interpreted as being due
to a transition between the weakly-deformed oblate 0+

ground state, and a more strongly-deformed prolate 2+

FIG. 7. (Color online) Experimental |Qt| values, extracted
from measured lifetimes, for yrast transitions in mercury nu-
clei as a function of mass number. A = 180, 182 data taken
from [16]. Some markers are slightly o↵set from integer A
values to maintain clarity.

state [16]. However, the admixture of the oblate and pro-
late configurations for the 0+ and 2+ states is unique in
each isotope and a similar B(E2) value is not necessarily
indicative of similar structures of the states across the
mass range.

Phenomenological two-band mixing calculations have
been carried out to deduce the composition of the states
studied using the assumption of a spin-independent in-
teraction between oblate and prolate structures. In
the calculations, the variable moment of inertia (VMI)
model [29] is used to fit the known level energies of the
rotational bands built upon the first two 0+ states, up
to and including I⇡ = 10+. A good fit (r.m.s deviation
 1.6 keV) was found for all isotopes other than 186Hg,
where a third structure is present at higher spins (⇡ 8h̄),
close in energy to the yrast band which causes a devia-
tion from the simple two-band picture. The problem can
be negated somewhat by assuming a di↵erent interaction
strength for the I⇡ = 0+ states, although this introduces
an additional parameter to the fit.

It is possible to determine the transitional quadrupole
moment of the unperturbed 0+ ! 2+ transition, Q02,
using an average of the moment of inertia of the two
states, J02, such that

Q02 = k
p
J02 = k

p
(J0 + J2) /2. (1)

where J0 and J2 are the moments of inertia for the I = 0
and I = 2 states, respectively.

The original value of the parameter k, given by
Marscotti [29] is 39.4(26) using a global fit to measured
Q02 and Q22 values. We have chosen to use a more re-
cently evaluated value of k = 45(2), taken from Ref. [30],
fitted to the A = 170 region. Employing the method of
Lane et al. [31] and assuming that the pure inter-band
matrix elements are zero, one can extract the B(E2) val-
ues connecting the mixed states from.

The results are shown in Table II and the extracted
B(E2) values are compared to those from the newly mea-
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Mixing results
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B(E2) ↓ values 
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AA AB AC AD AE AF AG

BB BC BD BE BF BG

CC CD CE CF CG

DD DE DF DG

EE EF EG

FF FG

xy GG

A matrix of matrices

• Unpacked events into γ-γ-matrices

• Each ring against every other = 28

• Gate lists for each ring (θ) and each 
transition 
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AA AB AC AD AE AF AG

BB BC BD BE BF BG

CC CD CE CF CG

DD DE DF DG

EE EF EG

FF FG

xy GG

A matrix of matrices
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AA AB AC AD AE AF AG

BB BC BD BE BF BG

CC CD CE CF CG

DD DE DF DG

EE EF EG

FF FG

xy GG

A matrix of matrices

gate on y-, project to x-axis

sum 7 spectra —> Ring A
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AA AB AC AD AE AF AG

BB BC BD BE BF BG

CC CD CE CF CG

DD DE DF DG

EE EF EG

FF FG

xy GG

A matrix of matrices

gate on y-, project to x-axis

sum 7 spectra —> Ring A

gate on y-, project to x-axis

only 4 spectra for Ring D
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AA AB AC AD AE AF AG

BB BC BD BE BF BG

CC CD CE CF CG

DD DE DF DG

EE EF EG

FF FG

xy GG

A matrix of matrices

gate on y-, project to x-axis

sum 7 spectra —> Ring A

gate on y-, project to x-axis

only 4 spectra for Ring D

gate on x-, project to y-axis

sum 7 spectra —> Ring D
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Level scheme from:
Deng et al. Phys. Rev. C 52 (1995) 595

24



25

Level scheme from:
Ma et al. Phys. Rev. C 47 (1993) R5
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Fig. 8. Level scheme of “‘Hp. The excitation energies and the transition energies are labelled in keV. 

The thickness of the arrows corresponds to the total intensities of the transitions. 

do not reveal any strong alignment effects, cf. fig. 10. It should be emphasized that 

the bands similar to those illustrated in fig. 9 have not been observed in the A > 188 

mercury isotopes, this fact stressing the transitional character of the ‘87~‘*8Hg nuclei. 

To gain some understanding of the global underlying microscopic intrinsic 

mechanisms the total energy surfaces have been calculated 19) in the (pZ, y)-plane 

for a number of isotopes around “*Hg. The results of these Strutinsky type calcula- 

tions are illustrated for I” = lo+, in fig. 11. The main features of the shape coexistence 

can be summarized as follows: 

(i) The common property of all the isotopes considered is the presence of three 

minima: (1) the yrast minimum at & = 0.15 and y = -60” (this corresponds to a 

collective rotation of an oblate-deformed axially-symmetric nucleus about an axis 

perpendicular to the symmetry axis); (2) An excited state at /I2 = (0.4-0.45) and 

y = 0” (a collective rotation in the minimum which corresponds to a strongly- 

elongated axially-symmetric nucleus rotating about an axis perpendicular to the 

symmetry axis); (3) Another minimum characterized by p2 = 0.15 and y = 60” which 

corresponds to the non-collective rotation of an oblate deformed nucleus whose 

total angular momentum is nearly parallel to the symmetry axis. 

(ii) A specific feature of the discussed potential energy surfaces is the existence 

of yet another collective configuration at p2 = 0.25 and y = lo”-30”, which appears 

Level scheme from:
F. Hannaci et al. Nucl. Phys. A 481 (1988) 135
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