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• Introduction

• Distinct Plasma Focus Phases
• Fusion Reaction Kinetics

in Plasma Neutron Sources
Beam target neutron production

• Neutron Measurements

• Reaction Proton Diagnostics
• Gyrating Particle Model
• Conclusions
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t1

t2 t3

anodecathode

Current and Density Sheaths
in a Mather type
Plasma Focus
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Plasma Focus Phases
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5 Schlieren pictures

First neutron pulse
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5 Schlieren pictures

Second neutron pulse
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Energy of fusion products

D-D neutrons 2.45 MeV
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Fusion Reaction Cross Sections
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Fusion reaction kinetics
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Neutron energy En as a function of deuteron energy Ed
and emission angle Θ for D-D collisions.

ThetaEn

Ed
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Standardized neutron spectra 
from mono-energetic isotropic deuteron beams
interacting with a solid target at rest.
Beam energy Ed :  300 keV (a), 200 keV (b),
100 keV (c), 50 keV (d) and 20 keV (e)
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Beam Target Processes
and their verification
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Ion Trajectories in the
Azimuthal Magnetic Field
of the Pinch Current
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Beam-Target neutron production ! ?
statement to be verified:

deuterons of mean energy 15 – 150 keV
contribute mainly and essentially
to fusion yield

The following processes take place:
- acceleration of deuterons 

by high transient electromagnetic fields
-„absorption“ of those deuterons 

in the pinch plasma
- collisions (scattering, charge exchange)

in the surrounding gas / plasma

-> no direct observation of the
deuteron distribution (which is responsible 
for fusion reactions)
-> Indirect methods
-Neutron spectroscopy

(time-of flight, nuclear emulsions)
-Neutron flux anisotropy

-Neutron source location and intensity distribution
(integral and/or time resolved measurements)
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Two Neutron emitting Phases
Correlated to Plasma Dynamics
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Anisotropy of neutron emission
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Results of neutron 
pinhole measurements



Trieste March 
2005   
H.Schmidt

Neutron Emission 
Characteristics of Pinched 

Dense  Plasmas

30

Pinhole for Neutrons
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Pinhole for Neutrons
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Array of Scintillators
Connected via Light Fibres
to Photomultipliers
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Neutron pinhole measurements
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Neutron

Time of Flight

Measurements
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Neutron Yield and

-> relaxation of deuterons
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Why

Reaction Proton

Diagnostics?
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Solid state nuclear track detectors are 
used for the registration of protons

Individual particles can be registered
using an etching process.

Small craters are visible under the 
Microscope 

Spectral information can be obtained 
using absorbing metal foils
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Gyrating Particle
Model
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„Thermal“ deuterons

accelerated deuterons
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Conclusions
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Neutron diagnostics deliver valuable 
information on various processes which
occur in the plasma, such as:

Pinch dynamics

fast ion beams interacting 
with a target

fast ion energy distributions

Fusion neutron measurements
should be complemented by 
Fusion proton measurements.
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Neutrons originate
predominantly from a
Nonthermal Plasma
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