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The complete nuclear physics lab
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Fission is a slow, dynamic process which can be viewed as nuclear shape evolution.

Fission comprises many aspects of
nuclear physics, e.g. structure of very
deformed nuclei far from stability.

Fission is also used as a means to
create and study exotic nuclei.
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Nuclear shape evolution with Langevin equations
courtesy S. Chiba

A.V. Karpov et al., J. Phys. G: Nucl.
Part. Phys. 35 (2008) 035104
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Open questions:

Linked to that:

Challenges in fission

Sharing of excitation energy?

When does the freeze-out of fragment properties occur?

Do scission neutrons exist?

Origin of (large) angular momenta
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Prompt neutrons and gamma
Fission yields ...

A. Andreyev et al., Rep. Prog. Phys. 81 (2018) 016301
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 Nuclear energy applications - GenlV LT
— Cross sections
o

— Neutron multiplicity : | MIHH' ..
— Fission yields I H * ﬁ
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* r-process Lg% + o
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* Neutrino oscillations ..:

0.6

Vogel, P, et al., Nat Commun 6, 6935 (2015).
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«  Mass number yields - is the sum of all Independent and Isomeric yields

independent yields of a particular isobaric h tvoicallv b d :
chain. ave typically been measured using

. Total chain yields - the cumulative yield of ~9aMmMa spectroscopy after chemical
the last, either stable or long-lived member (Z) or physical (A) separation.
of an isobaric chain.

«  Cumulative fission yields - number of
atoms of a specific nuclide produced Often limited by half-life and

directly in fission and after the decay of all knowledge of the decay scheme
of its precursors. |

* Independent fission yields - number of
atoms of a specific nuclide produced
directly in fission, before beta-decay.

* Isomeric yield — relative yield of an isomer.
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Independent isotopic yields
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proton and deutron induced fission of thorium and uranium
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o Results for Cd and In
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Yy
IYR = 15
Y;fotal
| 238U(p,f) @ 25 MeV
S .
A Decreasing trend for In,
0.9¢ ; . . ¢ + less clear for Cd.
~ |
Z oal . Earlier data (y-spectroscopy):
) A In (Z=49) - this work 119
5 o Gl (7-49) - this vk Very gooq agreement for 1°Cd but
B Cd - Tanikawa et al. Iarge deVIathn for 121Cd.
0.7+ A In - GEF
O Cd - GEF
19 I 123 — 15 17 GEF: reasonable for In but large

discrepancies in Cd case.
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Figure from PhD thesis
of V. Rakopoulos

B = (1 - —H \TXE ¥
im0 i3

pair ir
l_’pmr . PH + EL
Srnolle Gilkoicl  Input parameters: .
in TALYS P(J), Ex,c ° e Primary FF
A

VH
Secondary FF
v/

) @ ° Fission Products

i VL

change
ofc |

i
i
'
i
'
H

Rayleigh distribution for total
angular momentum of the fragments
(from level densities):

1.2
2J +1 72

(& ™ms

P(Ja ers) —




UNIVERSITET

0.8

Fragment angular momentum
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0.6 A IYR-CXP.

O Timar et al.

g 0 ° Root-mean-square angular
0 momentum can be derived.

If level scheme is known!
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Fragment angular momentum
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[1] D. T. Yordanov, et al., Physical Review Letters, 110:192501, 2013.
[2] N. J. Stone, INDC (NDS)-0658. Technical report, IAEA, 2014.

Angular momentum vs quadrupole moment

Jms correlation with the
electric quadrupole
moment of the high spin
state as reported in [1]
and [2].

V. Rakopoulos et al., PhysRevC 99 (2019)
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Preliminar result - Indium
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OUTLOOK




Isomers produced in fission

Isomers measured
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Neutrons for IGISOL
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- t Competitive with other facilities by being very
Fissionable farget close to the neutron source.
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Relative independent yields.
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