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Context of Fusion Research 
and its Relevance

• Basic Physics Issues
• Value of Unexpected Discoveries and Relevance 

to Science
• New Developments (LHD experiments in Japan, 

Novel Superconducting Coils, Cambridge,UK, 
Initiative)

• Significance of Ignition: Ignitor et al.
• Envisioned developments of fission reactors (e.g. 

letter by R. Dautray, DOE Hqs. thinking) and 
Fusion Research in this Context



Unexpected discoveries
• Investigating the physics of fusion burning plasmas in depth is likely 

to produce unexpected discoveries that can facilitate greatly the 
path to a significant fusion reactor.

• The best example of this is the discovery of the delayed neutrons in 
the fission process that has made the control of fission reactors 
practically possible.

• A more recent example in plasma physics is the discovery of the 
spontaneous rotation phenomenon that is expected to be present in 
fusion burning plasmas and may have beneficial effects.

• Less recent findings are those of the increase of plasma purity with 
density and the “Profile Consistency”.

• A very recent breakthrough was achieved on LHD, with the 
discovery of the IDB (Internal Diffusion Barrier) regime of super-
dense-core plasmas







Christmas ‘07 greetings from the Director 
of the LHD device, Dr. O. Motojima



M. Zarnstorff, DPP07
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Reactor Relevant Plasma 
Regimes
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Too low for a meaningful reactor!



Instabilities at All Scales

Macroscopic Modes:
Internal m = 1
Ballooning Modes + -particles
ELMs

Mesoscopic Reconnecting Modes involving 
Fishbone Modes due to -particles

Contained Magnetosonic Modes

~  is not a recommended design criterionSl
E 



J. Sheffield

Ignitor
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Ohmic Ignition 
Te0 , Ti0 11.5, 10.5 keV

ne0 1021 m-3

n0 1.2  1018 m-3

P 19.2 MW
pol,  0.2, 1.2%
E 0.62 s
sd 0.05 s
Zeff 1.2

A. Airoldi and G. Cenacchi
Nucl. Fusion 41, 687 (2001)

13 T, 11 MA
Extended Limiter 
Configuration
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The Ignitor Strategy 

1. High current for Bp , mostly Ohmic heating + fusion α’s
2. Minimal reliance on additional heating
3. No transport barrier  less impurity trapping in the main

plasma
4. High edge density, low edge temperature  naturally

radiative edge, less sputtering

5. Extended limiter and Double X-point Configurations

6. Up-down symmetry to minimize unbalanced stresses.

nT : high density, moderate E, low temperature
n/nlimit <  0.5, low  ‘s consistent with known stability limits
,sd << E , burn >> E



RF Accelerated Ignition

Ignition can be accelerated
by the application of modest
amount of ICRH during the
current rise.
The full current flat top is
available to study the plasma
under ignition conditions.
(Note that ignition occurs
when only Ohmic heating is
present)
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Scenarios with reduced parameters
Magnetic field up to 9T
Plasma current up to
i) 7 MA, “first wall limiter” configuration

 Long pulse

or 
ii) 6 MA (double X-point)

The pulse length is consistent with mechanical
and thermal requirements of the magnets, and
available magnetic flux



Double Null Configuration
 Magnetic field up to 13 T 

 Plasma current up to 9 MA

 Ramp-up time 3.6s for current and magnetic field 

 Pulse length (8s) consistent  with mechanical and 
thermal requirements

G.Cenacchi, A.Airoldi



No Sawteeth, OH and RF



Detailed Design Completion

ENEA - ANSALDO

Updated plasma disruption 
conditions for VDE’s have been 
considered. 

The non-linear structural 
analysis of the Load 

Assembly by means of 
Finite Element ANSYS 

model  takes into 
account the effects of 

friction at the interfaces 
of significant 
components.



High Field, Intermediate Temperature 
Superconducting Magnets 

The recent discovery of a new HT
superconductor material operating in
high magnetic fields opens exciting
new possibilities for fusion reactors

The Ignitor design is the first to
adopt this material for the two largest
poloidal field coils.

MgB2 has the advantage of a
relatively high superconducting
temperature, and excellent
superconducting properties, without
compromising its affordability and
robustness, even when made into
wires.



The Multiple Barrel, High Speed 
Ignitor Pellet Injector (IPI)

 A four barrel, two-stage pneumatic pellet injector is under
construction in collaboration between the ENEA
Laboratory at Frascati and Oak Ridge National
Laboratory. The goal is to reach pellet velocities of about
4 km/s, capable of penetrating near the centre of the
plasma column when injected from the low field side.

 The innovative concepts at the basis of the Ignitor Pellet
Injector (IPI) design are the proper shaping of the
propellant gas pressure front to improve pellet
acceleration, and the use of fast valves to considerably
reduce the expansion volumes which prevent the
propulsion gas from reaching the plasma chamber.

S. Migliori, A. Frattolillo



Manufacturing of Radiation-hard(er) 
Magnetic Pick-up Coils

99% pure Alumina core 
and external casing

Ceramawire Ni wire 
1st layer

MgO insulation 

2nd layer of coils

More 
MgO

CAD CAM machined

Lanthanide oxide 
based glass sealant Synthering at 1100C



Site
The Ignitor experiment can be connected to the national power 
grid at one of major nodes (Rondissone) or at the former nuclear 
power plant of Caorso . Thus, the need for flywheel generators is 
avoided and connection costs are minimized. Other possible sites 
are Turbigo, Planais, Ostiglia…



Example of “SCIENCE FIRST” development path
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Conclusions
Achieving ignition is essential both in terms of 

exploring the relevant non-linear plasma 
dynamics and providing the basis for a net 
power producing D-T reactor

 Ignitor is the only experiment that can reach 
ignition

The completed Ignitor design is self-consistent 
(physics and engineering)

The physics of burning plasmas, auxiliary 
heating and fuelling systems, diagnostics, 
control methods, RH procedures, in Ignitor will 
all be reactor relevant


