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Outline of this presentation

3. Comment few important nuclear physics papers

2. Waste 5 minutes with a stupid analogy

1. Convince everybody that nuclear physics is a
complex, diverse, and necessary field
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Bohr and Wheeler describe
fission with liquid-drop model

Less than a year after physicists reported thelr stunning
discovery of nuclear fission, Bohr and Wheeler use the
liquid-drop model of the nucleus fo calculate fission
parameters that agree well with experiments. The
results become essential for the development of the
atomic bomb and nuclear power.
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Shell-model predictions are found
to break down for light, unstable
nuclei

The nuclear shell model had predicted that the most
stable nuclel are those with certain “magic” numbers of
neutrons and protons. Researchers studying unstable
sodium nuclel at CERN find evidence that this picture
breaks down for very neutron-rich nuclel.
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Synthesis of element 118 is
reported

Sclentists working at the Joint Institute for Nuclear
Research In Dubna, Russia, had found hints in 2002 of
a new superheavy chemical element with 118 protons.
A 2006 paper from the team reports a serles of
experiments that confirm the new element, the heaviest
ever produced In the lab. Element 118 Is eventually
named Oganesson In honor of one of Its discoverers.
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The Mechanism of

PHYSICAL REVIEW

Nuclear Fission

NieLs BoHRr

AND

University of Copenhagen, Copenhagen, Denmark, and The Institute for Advanced Study, Princeton, New Jersey

JoHN ArcHIBALD WHEELER
Princeton University, Princeton, New Jersey

(Received June 28, 1939)

On the basis of the liquid drop model of atomic

nuclei, an account is given of the mechanism

of nuclear fission. In particular, conclusions are drawn regarding the variation from nucleus
to nucleus of the critical energy required for fission, and regarding the dependence of fission

cross section for a given nucleus on energy of the

exciting agency. A detailed discussion of the

observations is presented on the basis of the theoretical considerations. Theory and experiment
fit together in a reasonable way to give a satisfactory picture of nuclear fission.

INTRODUCTION

HE discovery by Fermi and his collaborators
that neutrons can be captured by heavy
nuclei to form new radioactive isotopes led
especially in the case of uranium to the inter-
esting finding of nuclei of higher mass and charge
number than hitherto known. The pursuit of
these investigations, particularly through the
work of Meitner, Hahn, and Strassmann as well
as Curie and Savitch, brought to light a number
of unsuspected and startling results and finally
led Hahn and Strassmann' to the discovery that
from uranium elements of much smaller atomic
weight and charge are also formed.

The new type of nuclear reaction thus dis-
covered was given the name “fission”” by Meitner
and Frisch,* who on the basis of the liquid drop
model of nuclei emphasized the analogy of the
process concerned with the division of a fluid
sphere into two smaller droplets as the resultof a
deformation caused by an external disturbance.
In this connection they also drew attention to the

Just the enormous energy release in the fission
process has, as is well known, made it possible to
observe these processes directly, partly by the
great ionizing power of the nuclear fragments,
first observed by Frisch® and shortly afterwards
independently by a number of others, partly by
the penetrating power of these fragments which
allows in the most efficient way the separation
from the uranium of the new nuclei formed by the
fission.* These products are above all character-
ized by their specific beta-ray activities which
allow their chemical and spectrographic identifi-
cation. In addition, however, it has been found
that the fission process is accompanied by an
emission of neutrons, some of which seem to be
directly associated with the fission, others associ-
ated with the subsequent beta-ray transforma-
tions of the nuclear fragments.

In accordance with the general picture of
nuclear reactions developed in the course of the
last few years, we must assume that any nuclear
transformation initiated by collisions or irradi-

VOLUME 56
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experiments that confirm the new element, the heaviest
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The nuclear liquid-drop model

Gamows’s idea
Protons and neutrons behave like molecules in a drop of liquid

Weizsacker's semi-empirical mass formula
Binding energy of spherical drops at constant density :
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Parameters fitted on experimentally measured masses
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Bohr and Wheeler describe
fission with liquid-drop model

Less than a year after physicists reported thelr stunning
discovery of nuclear fission, Bohr and Wheeler use the
liquid-drop model of the nucleus fo calculate fission
parameters that agree well with experiments. The
results become essential for the development of the
atomic bomb and nuclear power.
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"Ll Shell-model predictions are found
* to break down for light, unstable
nuclei

The nuclear shell model had predicted that the most
stable nuclel are those with certain “magic” numbers of
neutrons and protons. Researchers studying unstable
sodium nuclel at CERN find evidence that this picture
breaks down for very neutron-rich nuclel.

#~ READ ARTICLE n | w ‘ < MORE

) Synthesis of element 118 is
reported

Sclentists working at the Joint Institute for Nuclear
Research In Dubna, Russia, had found hints in 2002 of
a new superheavy chemical element with 118 protons.
A 2006 paper from the team reports a serles of
experiments that confirm the new element, the heaviest
ever produced In the lab. Element 118 Is eventually
named Oganesson In honor of one of Its discoverers.
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Modern nuclear fission studies

Fission experiments

Fission fragment mass/charge/energy measurement (GANIL, GSI)
Neutron, gamma and charged particle multiplicities

Used to produce exotic nuclei beams (photo-fission sources)

240241py (E*=9 MeV

238 +12C (E*=45 MeV)

238Y+12C (Eqy=210-274 MeV)
vie i

Delaune, Ph.D. thesis
Ramos, PRL 123 (2019) 092503

Fission theory
Liquid-drop models + Langevin/Metropolis

Global coordinate methods (GCM)
Time-dependant stochastic mean field (SMF) 2m)

Scamps, Nature 564 (2018) 382

t=204zs

Recent highlights

Fission fragment internal properties
Impact of octupole shell closures

— Debyss talk
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The nuclear shell model

fission with liquid-drop model H — T + V — (T + U) + (V _ U) _ HO + H1
liquid-drop model of the nucleus fo calculate fission .
external central potential

Bohr and Wheeler describe
Less than a year after physicists reported thelr stunning
discovery of nuclear fission, Bohr and Wheeler use the . ]
parameters that agree well with experiments. The T kl netlc part . .
results become essentlal for the development of the V : nucleon_ nucleon Inte ractlon part
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The quest of super-heavy nuclei
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Bohr and Wheeler describe
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Less than a year after physicists reported thelr stunning

Heaviest element
ot e e oot oo Liquid drop model : Z~-104 (Wrong)

parameters that agree well with experiments. The

e e St o e devlopment e Super-heavy only possible with shell closure
Many microscopic models predict an island of stability (Corsica ?)
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A 2006 paper from the team reports a serles of 2
experiments that confirm the new element, the heaviest
ever produced In the lab. Element 118 Is eventually
named Oganesson In honor of one of Its discoverers. 1
~ READ ARTICLE I | ¥ | < MORE
0

0 20 40 60 80 100 120 140
neutron number

journals.aps.org/125years Oganessian, PRC 74 (2006) 044602



Nuclear physics in astro/particle physics

1939 @

3 Stellar fuel and nuclear abondances
Bethe predicts stellar nuclear

reactions Introduction of the C-N-O cycle by Bethe

encions coud power s h sl lyrgen and Prediction of nuclear abundances on cosmologic arguments by Gamow

the so-called carbon-oxygen-nitrogen cycle. Nine years

st B, A 10 o progoce Still a strong interplay between nuclear structure and astrophysics

explanation for the abundance of the chemical
elemenis using one of the first models of the posi-big-

— Yasmine's talk on p-process
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Parity violation is found in weak
interaction

Mirror symmetry or, as physicists call It, parity
symmeiry, holds the staius of a sacred principle uniil
theorists Lee and Yang show that they can explain
puzzling cosmic-ray data by assuming that the
symmetry Is violated In weak Interactions. A year later,
beta-decay experiments by Wu and her collaborators
prove thai parity Is, In fact, violated.
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LIGO reports observation of
gravitational waves

The collaborations behind the Laser Interferometer
Gravltational-Wave Observatory (LIGO) and the Virgo
experiment report that LIGO's sensitive Interferometers
have picked up a gravitational-wave signal from the
merger of two black holes—the first detection of the
waves that Einsteln had predicted in 1916. LIGO's
success sefs the stage for a new era of gravitational-
wave astronomy, and It Is soon followed by a Joint
detection with Virgo of a binary neutron star merger.
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m o e Stellar fuel and nuclear abondances
ethe predicts stellar nuclear .
reactions Introduction of the C-N-O cycle by Bethe

Bethe shows that two types of hellum-ylelding nuclear

sscons o powsr st 0 uskon o yarogen and Prediction of nuclear abundances on cosmologic arguments by Gamow

the so-called carbon-oxygen-nitrogen cycle. Nine years

st B, A 10 o progoce Still a strong interplay between nuclear structure and astrophysics

explanation for the abundance of the chemical

elemenis using one of the first models of the posi-big- . y
cang Lnvese. — Yasmines talk on p-process
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=t  Fundamental symmetries
Parlty violation s found in weak Lee and Yangs prescription : two experiment for parity violation test
Mirror symmetry or, as physicists call It, parity EVidence Of parity ViOlation in 6OCO beta decay by Madame Wu’s team

symmeiry, holds the staius of a sacred principle uniil
theorists Lee and Yang show that they can explain

Triggered a lot of experiment looking for CP violation in beta decay

symmetry Is violated In weak Interactions. A year later,

o e e 1 oo — Talks by Sacha and Mohamad in BSM session
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LIGO reports observation of
gravitational waves

The collaborations behind the Laser Interferometer
Gravltational-Wave Observatory (LIGO) and the Virgo
experiment report that LIGO's sensitive Interferometers
have picked up a gravitational-wave signal from the
merger of two black holes—the first detection of the
waves that Einsteln had predicted in 1916. LIGO's
success sefs the stage for a new era of gravitational-
wave astronomy, and It Is soon followed by a Joint
detection with Virgo of a binary neutron star merger.
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Bethe predicts stellar nuclear
reactions

Bethe shows that two types of hellum-ylelding nuclear
reactions could power stars: the fusion of hydrogen and
the so-called carbon-oxygen-nitrogen cycle. Nine years
later, Bethe, Alpher, and Gamow propose an
explanation for the abundance of the chemical
elemenis using one of the first models of the posi-big-
bang Universe.
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1956

Parity violation is found in weak
interaction

Mirror symmetry or, as physicists call It, parity
symmeiry, holds the staius of a sacred principle uniil
theorists Lee and Yang show that they can explain
puzzling cosmic-ray data by assuming that the
symmetry Is violated In weak Interactions. A year later,
beta-decay experiments by Wu and her collaborators
prove thai parity Is, In fact, violated.
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2016

LIGO reports observation of
gravitational waves

The collaborations behind the Laser Interferometer
Gravltational-Wave Observatory (LIGO) and the Virgo
experiment report that LIGO's sensitive Interferometers
have picked up a gravitational-wave signal from the
merger of two black holes—the first detection of the
waves that Einsteln had predicted in 1916. LIGO's
success sefs the stage for a new era of gravitational-
wave astronomy, and It Is soon followed by a Joint
detection with Virgo of a binary neutron star merger.
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Nuclear physics in astro/particle physics

Stellar fuel and nuclear abondances

Introduction of the C-N-O cycle by Bethe

Prediction of nuclear abundances on cosmologic arguments by Gamow
Still a strong interplay between nuclear structure and astrophysics

— Yasmines talk on p-process

Fundamental symmetries

Lee and Yangs prescription : two experiment for parity violation test
Evidence of parity violation in ¢©°Co beta decay by Madame Wu's team
Triggered a lot of experiment looking for CP violation in beta decay

— Talks by Sacha and Mohamad in BSM session

Nuclear equation of state

First BH-BH and NS-NS gravitational wave signal by LIGO/VIRGO
NS-NS merger electro-magnetic counterpart detected

New window on dense matter equation of state

Low density part only accessible in violent heavy-ion collisions

— Neutron star calculation by Hoa



Quick overview of GANIL in Caen

DESIR
Low energy radioactive beams
Traps and lasers

MORA

S3 PIPERADE
Superheavy element
Production and spectroscopy

Applications
ACTAR

;' MUGAST
; INDRA-FAZIA

SIRIUS

FALSTAFF

NFS
Neutrons from 0.1 to 40MeV
High flux ~10" n/s/cm?

SPIRAL1
Radioactive beams
From ~1to 10MeV/A

SPIRAL2
p-Ni from 0.75 to14MeV/u
High beam intensity ~10™pps

C-U from 1to 95MeV/u
Beam intensity ~10™ pps



Quick overview of GANIL in Caen

Future of GANIL
No phase 2 for Spiral2
Electron-ion collider

Phase 2 like with photo-fission DESIR
Storage ring Low energy radioactive beams
Traps and lasers

MORA

S3 PIPERADE
Superheavy element
Production and spectroscopy

Applications

ACTAR

;’ | MUGAST

SIRIUS
FALSTAFF

INDRA-FAZIA

NFS
Neutrons from 0.1 to 40MeV
High flux ~10" n/s/cm?

SPIRAL1
Radioactive beams
From ~1to 10MeV/A

SPIRAL2
p-Ni from 0.75 to14MeV/u
High beam intensity ~10™pps

C-U from 1to 95MeV/u
Beam intensity ~10™ pps



La suite des hostilites

Florian MERCIER
Description microscopique relativiste des systéemes nucléaires et application a la radioactivité

Deby Treasa KATTIKAT MELCOM
Fission studies of neutron deficient N = 100 isotones ( 7¢Os* and 7°Au™)

Arthur BELOEUVRE
First-forbidden B-decay study in the pnQRPA approach

n
O
7
>~
£
o
p
©
9
9
>
Z

Yasmine DEMANE
Measurement of 72Ge(p,y)’*As cross section for the astrophysical p-process

Hoa DINH THI
The nuclear matter density functional under the nucleonic hypothesis

Leo LAVY
Impact of an impurity in the thermalization of water nanodroplets

Astrophysics

Denis COMTE
Interstellar methanol: the challenge of reactivity in astrophysical conditions

KKeerthana KAMALAKANNAN
Development of laser ionization technique coupled with mass separation for environmental and medical
applications: A case study of Copper

Yizheng WANG
Développement et optimisation dune cible de gadolinium enrichi pour la mesure de sections efficaces de
production de terbium radioactif a visée médicale

Applications




REVIEW
JOURNALS

YEARS

® 1893
The Physical Review begins publication at Cornell University's
Franklin Hall in Ithaca, New York

1899 @
The American Physical Soclety Is founded

1910s

® 1913
The American Physical Society takes over The Physical Review

1913 @

Millikan determines the electron’s
charge

Millikan's oll-drop experiment proves that electric
charge comes only In discrete, integer multiples of a
fundamental constant, rather than in a continuum of
values. Milllkan determines this constant—the charge
of the electron—to within half of a percent of today's
accepted value.
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