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La giornata di studio è promossa da Alma Mater Research
Institute on Global Challenges and Climate Change (Alma
Climate) e intende mettere in evidenza le sfide cruciali che i
cambiamenti climatici impongono per la realizzazione di una
transizione energetica sostenibile per l'ambiente e compatibile
con le esigenze di migliorare la qualità della vita della popolazione
mondiale.

L’evento ha carattere strettamente scientifico e ha l’obiettivo di
promuovere la consapevolezza e la comprensione delle
dinamiche ambientali e dei futuri scenari energetici, stimolando
riflessioni critiche e coinvolgimento attivo.

Le relatrici e i relatori presenteranno l'evoluzione prevista e
l'impatto dei cambiamenti climatici sugli oceani e sugli eventi
atmosferici in relazione al ciclo della CO2. Inoltre daranno una
panoramica sui possibili futuri scenari per sostituire i combustibili
fossili mettendo in evidenza le ricadute a livello ambientale e la
sostenibilità di ciascuna soluzione. Particolare attenzione si porrà
all'utilizzo dell'energia nucleare, alle prospettive e alle sfide della
sua integrazione con altre forme di energia per la costruzione di
un futuro resiliente.

https://centri.unibo.it/climate/it

EVENTO IN PRESENZA E ONLINE
NECESSARIA LA PRENOTAZIONE
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THE 2nd 
INTERNATIONAL 
CONFERENCE ON 
PEACEFUL USES OF 
ATOMIC ENERGY
“Monster Conference”, 
Time Magazine, 15 
September 1958 

"The main achievement of this conference is going to be the occasion of the 
complete elimination of secrecy in this last outpost. The communications on 

this subject will be by far the most striking revelations of our 
meetings …...“ Dr. F. Perrin 

50 YEARS OF MAGNETIC FUSION RESEARCH 50 YEARS OF MAGNETIC FUSION RESEARCH

however, this time in the guise of ‘L-mode 
scaling’, with its pessimistic projections for 
tokamak power plants. Fortunately, the ‘high 
confinement’ H-mode was discovered on 
ASDEX in 1982 and was quickly exploited on 
other medium scale tokamaks. TFTR, JET and 
JT-60 came into operation in the early to mid-
1980s. Despite the huge increase in size and 
complexity, they were each built in about six 
years. Within three years, new regimes of 
plasma behaviour with fusion plasma 
temperatures (10–20 keV) and values of the 
Lawson product nĲE 300 times larger than 
those of T-3 were achieved. Construction of 
JT-60U was initiated in 1989 and completed in 
1991. JT-60U came into full operating 
capability during the 1990s, achieving record 
performance in deuterium plasmas using 
several advanced modes. The scientific base 
of the programme was strengthened by results

by adding minimum |B| on a mirror machine 
and by minimum-average-B in toroidal
multipoles. Natural self-organization in Zeta 
produced a reversed field region with high 
shear near the plasma edge, creating a 
transient quiescent phase with improved 
confinement. Slowly but steadily, plasma 
confinement in modest temperature plasmas 
began to exceed Bohm scaling by factors of 
5–10. 

The IAEA Conference on Plasma Physics and 
Controlled Nuclear Fusion Research held in 
Novosibirsk in August 1968 provided the first 
hint of a major advance in fusion, as soft X ray 
and diamagnetic loop measurements on the 
Soviet T-3 tokamak indicated Te in the 
kiloelectronvolt range. If true, this would mean 
that the barrier of Bohm diffusion had been 
broken in a hot plasma. Almost immediately, 
an international collaboration was formed 
between Culham Laboratory in the United 
Kingdom and Kurchatov Institute in the Soviet 
Union to use a new diagnostic technique, laser 
Thomson scattering, to definitively measure Te
on T-3. The results of this effort, brought 
together very quickly despite the prevailing 
political climate, were reported at a special 
meeting held in Dubna, Soviet Union, in 
August 1969. Soon after the results confirming 
Te § 1 keV were presented, the phone lines 
were buzzing, as laboratories in the West 
began analysis and design of a new series of 
tokamaks. 

In the USA, the Model C stellarator was 
converted into the Symmetric Tokamak (ST) 
within six months, and quickly confirmed the 
improved confinement observed on T-3. 

During the early 1970s, researchers around 
the world built several T-3-scale tokamaks, 
such as ORMAK, Alcator and ATC in the 
USA; TFR and Pulsator in Europe; and JFT-2 
in Japan. These devices extended the breadth 
of tokamak physics and provided a test bed 
for auxiliary heating using ICRF and neutral 
beam injection. The construction of medium 
scale tokamaks (PLT and T-10) was initiated.

When the oil crisis arose in 1973, the 
international fusion research programme 
already had momentum and was ready with 
proposals to advance. The US fusion budget 
increases were spectacular, as they were in 
other countries. The confidence in tokamaks 
increased when PLT produced very high ion 
temperatures through neutral beam heating. 
Several medium scale tokamaks — DIII, 
DIVA, PDX, Alcator C, ASDEX, TEXTOR, FT, 
JFT-2a (DIVA) and T-7 — were built to 
investigate specific areas: cross-section 
shaping, divertors, high field, and the 
challenges of auxiliary heating and 
superconducting coils. The advances in 
tokamak performance also spurred advocates 
for other configurations — magnetic mirror, 
theta pinch and toroidal pinch — to propose 
and construct medium scale experiments. A 
major outcome of the progress achieved in the 
tokamaks of the 1970s was the initiation of the 
construction of the large tokamaks (TFTR, 
JET, JT-60 and T-15) embodying roughly a 
tenfold increase in size over the previous 
generation and costing in the range of US 
$500 million. Each had the ambitious goal of 
achieving near-fusion-plasma conditions to 
allow the study of fusion plasma phenomena 
and to extend technology for fusion.

As the medium scale tokamaks began 
operation with auxiliary heating in the early 
1980s, Bohm-like diffusion reappeared,

“He also showed us a very tantalising photograph at the end, of an apparatus looking very 
much like Zeta, perhaps a little bigger, but he didn’t tell us how well it was performing —
perhaps you can ask him that question.” J. Cockcroft, commenting on the report of V.S. 
Emelyanov

“Laughter in the conference room. An amiable reflection of the cooperative spirit of this great 
Conference.” This Week at the United Nations, 5 September 1958

from medium scale tokamak experiments, 
including ASDEX-U, Tore Supra and DIII-D, as 
well as results from the broader supporting 
programme in stellarators and other 
configurations. It was a period of outstanding 
scientific progress made possible by the large 
investments in fusion research made during 
the late 1970s and early 1980s.

With new results in hand, each of the major 
participants in fusion began to plan for a major 
next step. The idea of a global collaborative 
experiment for fusion research was first 
discussed by Chairman Gorbachev and 
President Reagan at the Geneva Summit in 
1985. Then, at the 1987 Reykjavik Summit, an 
agreement was reached for the European

“The collegial bond formed in the early years led to five decades of strong international 
collaboration on one of science’s greatest challenges — harnessing fusion energy on Earth.”

““Reykjavik 1987:  agreement to Reykjavik 1987:  agreement to 
design what later became ITERdesign what later became ITER””

‘”‘”IAEA Conference Novosibirsk IAEA Conference Novosibirsk 
1968: indications that the 1968: indications that the BohmBohm--
diffusion barrier had been brokendiffusion barrier had been broken””

Opening session of the Second Geneva Conference

http://www-naweb.iaea.org/napc/physics/2ndgenconf/sets/TheConference.html
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Multi-Physics Modeling… going to a Digital Twin of a nuclear reactor



• https://vera.ornl.gov/

•MPACT – 3D Pin-Resolved Neutron Transport

•CTF – Whole-Core Sub-Channel T/H 

•ORIGEN – Isotopic Depletion and Decay 

•Bison – Advanced Fuel Performance

•MAMBA – 3D Pin-Wise CRUD Growth 

•Shift – Hybrid Monte Carlo Particle Transport 

•VERAView – VERA Data Visualization Tool 

•VERA Quality Control and Releases 

•CASL Applications and Validation 

https://www.youtube.com/watch?v=Epelitvg49w&t=198s

https://vera.ornl.gov/wp-content/uploads/2023/10/03-MPACT-%E2%80%93-3D-Pin-Resolved-Neutron-Transport.pdf
https://vera.ornl.gov/wp-content/uploads/2023/10/04-CTF-%E2%80%93-Whole-Core-Sub-Channel-TH.pdf
https://vera.ornl.gov/wp-content/uploads/2023/10/05-ORIGEN-%E2%80%93-Isotopic-Depletion-and-Decay.pdf
https://vera.ornl.gov/wp-content/uploads/2023/10/06-Bison-%E2%80%93-Advanced-Fuel-Performance.pdf
https://vera.ornl.gov/wp-content/uploads/2023/10/07-MAMBA-3D-Pin-Wise-CRUD-Growth.pdf
https://vera.ornl.gov/wp-content/uploads/2023/10/08-Shift-%E2%80%93-Hybrid-Monte-Carlo-Particle-Transport.pdf
https://vera.ornl.gov/wp-content/uploads/2023/10/09-VERAView-VERA-Data-Visualization.pdf
https://vera.ornl.gov/wp-content/uploads/2023/10/10-VERA-Quality-Control-and-Releases.pdf
https://vera.ornl.gov/wp-content/uploads/2023/10/11-Application_and_Validation.pdf
https://www.youtube.com/watch?v=Epelitvg49w&t=198s


Commissariat à l’énergie atomique et aux énergies alternatives IRESNE I DER I SERJH
Document propriété du CEA – Reproduction et diffusion externes au CEA soumises à l’autorisation de l’émetteur Institut de recherche sur les systèmes nucléaires pour la production d’énergie bas carbone

1 JHR hosting capabilities
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Thermal neutron flux Fast neutron flux

Material ageing
(high ageing rate)

+
Gen IV fuel 
experiments

In reflector
Up to 3.5E14 n/cm².s (th)

Fixed irradiation positions 
(Φ100 mm & Φ200 mm)

and 4 displacement systems

LWR fuel
experiments

+ 
Material ageing
(low ageing rate

Exple :  RPV material)

Displacement devices
450 mm stroke
Vmax = 6 mm/s

In core
Up to 5.5E14 n/cm².s (E> 1 MeV)
Up to 1.E15 n/cm².s (E> 0.1 MeV)

7 small locations (Φ Φ Φ Φ ~ 32 mm)
3 large locations (Φ Φ Φ Φ ~ 80 mm)

A large range of neutron fluxes and spectra

JHR: Courtesy of CEA
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In Factory operation: Mounting of the reflector
JHR: Courtesy of CEA
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Grazie per l’attenzione!


