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Project main goals and results achieved in 2018

 Fast core based on MOX (U-Pu) fuel and solid Lead matrix
 Reflector surrounding the core made by composite lead-graphite-lead structure
 Cooling of core through water pipes

Thermal power P=565 kW
k 

eff 
= 0.974 
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Milestone 1: simulations of physics and engineering ADS aspects (100 % completed) 
Milestone 2: comprehensive publication on ADS irradiation facility for fast and slow 
neutrons submitted to EPJ-plus (100% completed) 

Beryllium 
target

Beam pipe, 70 MeV-1 mA protons
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Milestone 3: study on fusion-fission hybrid systems (100% completed)

Fission reactors
Advantages:
- High power level
- Carbon free
- Used and known technology
- Continuos operation mode
Disadvantages:
- Instability (critical reactors)
- Radioactive waste production

Fusion reactors
Advantages:
- High safety level
- Medium power level
- Carbon free
- Short lived activation 
product
Disadvantages:
- Pulsed operation mode
- Difficulties in tritium production
- Large dimension and costs
- Still developing technology

Fusion-fission hybrid system is a 
coupling between a fusion reactor, 
mainly acting as a neutron source and 
as well as less demanding power 
source, and  a sub-critical fission 
reactor acting as a fusion power 
amplifier (FDS).  Compared with fusion 
reactors, this system has higher power 
output, comparable safety level and 
smaller dimensions.

Hybrid system general concepts
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A fusion-fission hybrid reactor model for research and applications 
based on RF fusion machine

Copper 
toroidal field 
coils @ room 
temperature

Lead 

Central solenoid and equilibrium 
coils (superconductive) @ 
cryogenic temp

Steel vacuum vessel acs as 
supporting structure

Core Lattice containing 
repreocessed Pu/MA fuel

Fission Blanket 

Tritium Breeding 
Blanket 
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= 0.973
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(90%)=
         = 0.14 GW+1.25 GW=1.39 GW

P
 fus

= 0.14 GW

Plasma D-T fusion 
14 MeV neutrons Tritium consumption 21 g/day is 

completely balanced by tritium 
production in the Pb/Li blanket
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Spent fuel fuel, R=0.45 cm, h=262 cm
Fuel zircalloy cladding thickness 0.068 cm
Graphite reflector 100 cm/139 cm
Water coolant
Core thickness 35 cm
Core length 150 cm (30 degrees)
k 

eff 
= 0.86

P
fus

=10 kW
P 

tot
=30 kW

DTT tokamak

Simple FFH pilot experiment model based on DTT machine
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In-core neutron energy 
distribution

R=215 cm

a=126 cm

D-D fusion
2.5 MeV neutrons
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Neutron energy < ~ 6 MeV, exothermic reaction (Q = 4.7 MeV):
n +6Li  t (2.73MeV) +  (2.06MeV)

 Experiment at PTB (Braunschweig) with certified 
mono-chromatic neutron source

 five beam energies + thermal calibration: 0-2 MeV
 reference energy reconstruction within 20 keV
 absolute neutron efficiency knowledge within 5%
 Resolution about 100 keV excluding energy loss tail 

at l.h.s. of distribution.

Milestone 4: development of new instrumentation for neutron monitoring based on diamond 
detectors (100% completed)
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Milestones 2019
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1.Completion of studies for pilot experiment on fusion-fission 
hybrid concepts                                                                               
    
2.Completion of studies on fusion-fission hybrid based on 
RFP fusion machine and publication of a paper                          
                           
3.Extension of studies on hybrid fusion-fission system based 
on RFP fusion machine, considering alternative fuels among 
which the possibility to use spent fuel)                                        
                          
4.Prepare paper on diamond sandwich detector 
characterization at PTB Braunschweig
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ENEA and RFX consortium invitation letters to continue the collaboration on FFHS
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Plan of activities 2019 - 2021 
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 The first study is in collaboration with ENEA and its aim is to devise a so-called pilot 
experiment where the fusion machine is taken from a real example of a reactor 
working in D-D fusion mode (e.g. the proposed DTT in Italy) and the fission blanket 
power is extremely low such as to make all engineering aspects like the cooling 
easier to realize.Within this collaboration there may be the possibility to design an 
experiment either at their Casaccia research center, by coupling a D-T neutron 
generator to one of their research reactors, or at the Frascati Neutron Generator. 
Within the collaboration with RFX, 

 In he second study, in collaboration with RFX Consortium in Padua, Italy, we will 
consider the Reversed Field Pinch concept, that has the advantage of providing a 
higher duty cycle in terms of length of plasma pulses with respect to transients and 
the advantage of offering more free space as it does not have toroidal coils. In this 
case, the aim is to design a high power system (fusion machine working with D-T 
and fission blanket providing thermal power of the order of the GW), We plan to 
explore in particular other fuel compositions, including the possibility to recycle 
commercial spent fuel directly, or to insert a Thorium blanket for breeding U-233 fuel.
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 If it will be possible to set up a collaboration with the group of Prof. R. Gatto at 
University of Rome - La Sapienza, we may take advantage of their perturbative 
methodology to investigate various configurations before launching Monte Carlo 
simulations. Indeed, their methodology allows to obtain fast estimates of various 
quantities of interest by varying some design parameters, thereby driving the input 
to the more time-consuming Monte Carlo.

 Theoretical studies on general properties of subcritical systems will continue, with 
the goal of obtaining a deeper insight into the non-trivial behavior of such 
assemblies.

 On the experimental side, we will try to solve a residual problem observed in our 
diamond sandwich detector. The detector has proven to be able to measure the 
energy of neutrons thanks to its conversion to charged ions from a Lithium film. 
However, the diamond response still shows a low energy tail that worsens the 
energy resolution and whose origin is not clear. We would like to investigate 
whether such tail is coming from the presence of an inactive diamond layer and 
what could cause such layer to form, by testing diamonds prepared with different 
procedures.

Plan of activities 2019 – 2021 (2) 



Expected funding in the 3-year period:
- Request of funding by Centro Fermi

 Grant: renewal of postdoc fellowship in October 2019 for a third year
 Max 20 k€ for consumables and travel expenses per year
 INFN provides some cofunding

- Potential external funding:
 Euratom H2020 program calls in Work Programme 2019-2020
 Project proposal on diamond detectors submitted to European call ATTRACT

- Collaborations:
 Collaboration with Consorzio RFX on fusion-fission hybrids will continue
 Collaboration with ENEA and CREATE on fusion-fission hybrids will continue
 Proposal for collaboration with Prof. R. Gatto, University of Rome La Sapienza, on 

deterministic calculations on fusion-fission hybrids  Prof. Gatto submitted application to 
become a CF research associate
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