
Role	of	octupole deformed	shell	
on	fission

Guillaume	Scamps
Tsukuba	University

(poster	on	mercury	region)

Cedric	Simenel
Australian	National	University

Nature	564,	382	(2018)



Neutrons

Pr
ot
on

s

Fission	data	(independent	 yields):	
Brown	et	al.,	Nucl.	Data	Sheets,	148,	1	(2018)

Nuclear	chart:	courtesy	of	Ed	Simpson
http://people.physics.anu.edu.au/~ecs103/chart/

31	actinides	(n,f)

Average	Z,N



Magic	numbers	for	
spherical	nuclei

Neutrons

Pr
ot
on

s

Z=50

N=82

Fission	data	(independent	 yields):	
Brown	et	al.,	Nucl.	Data	Sheets,	148,	1	(2018)

Nuclear	chart:	courtesy	of	Ed	Simpson
http://people.physics.anu.edu.au/~ecs103/chart/

31	actinides	(n,f)

Z≈54



b

Yi
el
d
(a
rb
itr
ar
y
un
its
)

230Th

234U

236U

240Pu

246Cm

250Cf

258FmSn

30 35 40 45 50 55 60
Proton number Z

b

Yi
el
d
(a
rb
itr
ar
y
un
its
)

230Th

234U

236U

240Pu

246Cm

250Cf

258FmSn

30 35 40 45 50 55 60
Proton number Z

Z=50 Z=54

Magic	numbers	for	
spherical	nuclei

Neutrons

Pr
ot
on

s

Z=50

N=82

Z≈54



b

Yi
el
d
(a
rb
itr
ar
y
un
its
)

230Th

234U

236U

240Pu

246Cm

250Cf

258FmSn

30 35 40 45 50 55 60
Proton number Z

b

Yi
el
d
(a
rb
itr
ar
y
un
its
)

230Th

234U

236U

240Pu

246Cm

250Cf

258FmSn

30 35 40 45 50 55 60
Proton number Z

Z≈54

Z=50 Z=54

( )K.-H. Schmidt et al.rNuclear Physics A 665 2000 221–267254

Ž .Fig. 22. Mean position of the heavy asymmetric component in charge number upper part and neutron number
Ž .lower part for those nuclei for which an asymmetric component was observed. The data refer to electromag-
netic-induced fission. In the upper part, an horizontal line is given for Zs 54 in order to illustrate the constant
mean proton number of the heavy component. While the charge number is measured, the neutron number is
estimated by the UCD assumption: N s Z N rZ , thus neglecting any polarisation effects.H H CN CN

fission process. It deserves a careful discussion on the basis of elaborate fission models.
It is not clear at this moment, whether shell effects in proton number play a decisive role
for the charge split of the systems or whether the constant position in proton number is a
fortuitous result of more complex relations.
The weights of the two fission components, the symmetric and the asymmetric one,

were quantitatively determined by fitting three Gaussian curves to the charge-yield
distributions, one for the symmetric component and two others for the light and the
heavy peak of the asymmetric component. In those cases where either the asymmetric or
the symmetric component was too weak, the position and the width of the asymmetric
components or the width of the symmetric component, respectively, were imposed to the
fit. In the case of a weak symmetric component, the width of this component was fixed

Ž .to 9.5 charge units FWHM , corresponding to a standard deviation of 4.04 charge units.
This value was deduced from the systematics shown in Fig. 24. Also guided by the
systematics of Fig. 24, the width of the asymmetric component was fixed to 4.7 charge

Ž .units FWHM , corresponding to a standard deviation of 2.13 charge units, for the more

Schmidt	et	al,	NPA	2000

Neutron	or	
proton	driver?
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Fig. 19. Density, energy repartition, and neutron occupation numbers in 258Fm symmetric fission with TDHF+BCS.
Source: Adapted from [171].
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Total	Kinetic	Energy244 U. Brosa et al., Nuclear scission
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Fig. 8.6. Upper part: measured yield’ [6.14] from the spontaneous Fig. 8.7. Yield Y(A), average total kinetic energy TKE(A) and
fission of “Cf as a Contour plot over the plane of fragment mass standard deviation o’5(A) of the total kinetic energy for the sponta-
numberA and total kinetic energy TKE. The dashed contours are for neous fission of californium. The figure is taken from [3.15]. The
3, 30, 300, 3000 and 30000 counts, from outside inwards, while the full measurements were done by Budtz-Jørgensen and Knitter [6.14].
ones indicate 10, 100, 1000 and 10000 counts, respectively. Lower
part: the errors of a fit with the representation (8.6). The contours are
defined by yield’ — yie!d’~/yield’ = 0.5. yield~is computed with the
parameters of table 8.9, except for the superasymmetric contribution,
which was cancelled.

emission [8.23]. This might also be the reason for the poor agreement between our fission channel
calculations and the experimental data, cf. table 7. l.
The superasymmetric events in the spontaneous fission of

252Cf were discovered by Barreau and
co-workers [8.24], but it seems that a similar phenomenon was observed earlier in the fission of 238U
with 2 MeV neutrons [8.25].Furthermore, superasymmetric events also occur in 248Cm(sf) [8.26].We
searched for the superasymmetric channel in all these nuclei. For 248Cm we found a channel with similar
characteristics as those given in table 7.1 for 252Cf. In particular, we noticed no significant change in the
superasymmetric barrier. We saw no indication of the superasymmetric channel in 238U.
Figure 8.7 is still useful for another purpose: the standard deviations UE(A) are the most straightfor-
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Pear	shapes	at	scission

Direct	evidence	of	octupole
deformation	in	144,146Ba
Bucher	et	al,	PRL	2016,	2017

0.0

0.1

0.2

0.3

0.4

0.5

t=0

t=15.9 zs

t=19.8 zs

t=20.4 zs

240Pu

C
n

240Pu



50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

80 82 84 86 88 90 92 94 96 98 10
0

10
2

10
4

10
6

10
8

11
0

11
2

11
4

11
6

11
8

12
0

12
2

12
4

12
6

Cigar

Pe
ar

a
144Ba

E [MeV]

Q20 [b]

Q
3
0
 [
b

3
/2

]

0 1 2 3 4 5 6
0

1

2

3

4

-1193

-1190

-1187

-1184

-1181

-1178

-1175

-1172

Constrained	HF+BCS

b
132Sn 134Te 138Xe

140Xe 144Ba

148Ce

0

5

10

15

20

25

30

E
[M

eV
]

0 1 2 3 4 5 6 7
Q30 [b 3/2]

Octupole potential	energy



50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

80 82 84 86 88 90 92 94 96 98 10
0

10
2

10
4

10
6

10
8

11
0

11
2

11
4

11
6

11
8

12
0

12
2

12
4

12
6

Octupole shell	gaps
b

a

50 52

56

82 84

88

Q20 [b]

Q20 [b]

Q30 [b3/2]

Q30 [b3/2]

-10

-9

-8

-7

-6

-5

-4

-3

-2

ϵ n
[M

eV
]

0.0 0.5 1.0 1.5 2.0 2.5

0 0

3 4 5 6

0 2 3 4 5

-17
-16
-15
-14
-13
-12
-11
-10
-9
-8
-7

ϵ p
[M

eV
]

0.0 0.5 1.0 1.5 2.0 2.5

0 0

3 4 5 6

0 2 3 4 5

Cigar

Pe
ar

a
144Ba

E [MeV]

Q20 [b]

Q
3
0
 [
b

3
/2

]

0 1 2 3 4 5 6
0

1

2

3

4

-1193

-1190

-1187

-1184

-1181

-1178

-1175

-1172

Constrained	HF+BCS



Hg	region

Fission	in	the	mercury	region
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TABLE I. Number of protons and neutrons in the asymmet-
ric fission fragments of AHg. NH , ZH , NL and ZL are the
numbers of neutrons and protons in the heavy and light frag-
ments, respectively. The main deformation of the fragments,
which is referred to as compact (Comp.) for �2 ' 0.2 � 0.4
or elongated (Elong.) for larger �2 is indicated for the heavy
(def. H.) and light (def. L.) fragments. The numbers in blue
(red) bold are associated with compact (elongated) deformed
shell gaps 52-56 (36). The numbers in green italic are asso-
ciated with the elongated shell gap at 46. See Figs. 2 and 3
where these shell gaps are identified.

A NH ZH def. H. NL ZL def. L.

198 63.1 43.4 Elong. 54.9 36.6 Comp.

196 62 43.4 Elong. 54 36.6 Comp.

194 61.7 43.5 Elong. 52.3 36.5 Comp.

65 45.5 Elong. 49 34.5 Elong.

192 60.9 43.5 Elong. 51.1 36.5 Comp.

64.5 45.6 Elong. 47.5 34.4 Elong.

190 58.7 42.7 Elong. 51.3 37.3 Comp.

64 46 Elong. 46 34 Elong.

188 62 45.4 Elong. 46 34.6 Elong.

186 57.3 43.2 Comp. 48.7 36.8 Elong.

184 56.9 43.5 Comp. 47.1 36.5 Elong.

182 56.1 44 Comp. 45.9 36 Elong.

180 55.8 44.5 Comp. 44.2 35.5 Elong.

178 56.1 46.1 Comp. 41.9 33.9 Elong.

176 55.6 46.4 Comp. 40.4 33.6 Elong.

TABLE II. Same as Tab. I for A ' 178 isobars. N and Z are
the numbers of neutrons and protons of the fissioning nucleus.

N Z NH ZH def. H. NL ZL def. L.

96 82 56 47.5 Comp. 40 34.5 Elong.

98 80 56.1 46.1 Comp. 41.9 33.9 Elong.

100 78 55.7 43.5 Comp. 44.3 34.5 Elong.

102 76 56.5 42 Comp. 45.5 34 Elong.

104 74 58 40.8 Comp. 46 33.2 Elong.

106 72 58 39 Comp. 48 33 Elong.

108 70 54 35 Comp. 54 35 Comp.

112 68 56 34 Comp. 56 34 Comp.

neutrons (NH ' 58), which could be interpreted as an
e↵ect of a repulsion at N = 50 in the light fragment due
to the di�culty for these magic fragments to acquire the
octupole deformation required at scission. Although only
the most neutron deficient of these A = 178 isobars could
potentially be studied experimentally without requiring
to much excitation energy (which may wash out shell ef-
fects), these theoretical calculations confirm the influence
of N = 56 deformed shell gaps in the formation of the
fragments.

294Og superasymmetric fission

Preliminary time-dependent Hartree-Fock calculations
with BCS dynamical correlations (see Ref. [45] for details
of the method) have been performed to study 294Og su-
perasymmetric fission. An isodensity just before scission
is shown in Fig. 7. The heavy fragment (left) corresponds
to a 208Pb doubly magic nucleus with an octupole defor-
mation favoured by its low-lying 3� state at en excitation
energy of 2.6 MeV.

Asymmetric	modes
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