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Introduction

energy ditribution of particles in pinch –
• Planckian, temperature 40-50 eV
• hot spots temperature (200 eV-keV) a few %
• fast electrons, fast ions, hard x-rays ( energy above100 keV), 10-6

aim of discharges with deuterium – study of:
• neutron production from D-D reaction (2.45 MeV) - energy 

distribution and isotropy 
• hard x-rays, fast electrons and deuterons emission ( above100 keV), 
• process of generation of high energy particles and radiation
• thermonuclear / beam-target mechanism of generation

aim of discharges with fibers and wires –
• active diagnostics of the plasma at the axis of the pinch
• dense and cold plasma inside the fiber corona slowing down energy 

transformations and instability development
• effective sources of intense K-shell of x-rays 
• influence on the neutron yield



PF-1000 IPPLM Warsaw
• 1.5-2 MA, 5-10 µs, electrodes l = 60 cm, Φ = 30,40 cm
• load - current sheath (H, D) + Al, CD2 fiber 100 µm



Experimental 
Chamber

PF1000 
Collectors

Inner 
Electrode 

Outer
 Electrode Optical 

Framing Camera
     Optical
Streak Camera

Mica 2D
Spectrograph

2 Scintilators Ne102a
           and
Cherenkov Detector

PIN Diode

X-ray Framing Camera
            MCP 2
X-ray Framing Camera
            

X-ray Framing Camera
           MCP 1

 Probe dI/dt

P
F

PF-1000 scheme of diagnostics

hard x-rays and neutron scintillators
downstream 7 m
upstream 7 m, 41 m
side-on 7 m3 silver activated counters

2 Cherenkov detectors



P
F
-
1
0
0
0
,

D

c
u
r
r
e
n
t

PF-1000,  D current sheath, correlation of neutrons with X-rays [5]
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PF-1000 Al wire Φ 120 µm, D2 current sheath [2]
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PF-1000, 2 MA 
(CD2)n fibre Φ 100 µm, 7 cm length, D current-sheath 400 Pa [4]
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Russian Research Center, Kurchatow Institute Moscow
S-300, 8 moduls , 3 MA, 100 ns



S-300 scheme of facility and diagnostics
3 MA, 100 ns
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S-300, RRC KI Moscow, 2 MA
Al, W wire arrays (1x1 cm) + (CD2)n fibre Φ 100 µm



S-300, W wire array (30 wires, Φ 7 µm) + (CD2)n fiber Φ 120 µm
neutron yield 108
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S-300, Al wire + (CD2)n fiber, shot 030530-1
neutron yield 4x107
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S-300, Al, W wire array + (CD2)n fiber - results

neutron yield 108

time delay of maximum of neutrons after hard x-rays 10 ns?
a few sources of hard x and neutrons 
anisotropy of neutrons – random direction 
hot and cold structures in the pinch
acceleration of fast deuterons in dense plasma axis locality 
surrounded by heavy ions

no evidence of self-generated magnetic Bz field



Russian Research Center, Kurchatow Institute Moscow
PF-3, 3 MA, 15-20 µs

Anode units



PF-3, 3 MA 
(CD2)n fibre Φ 100 µm, 7 cm length, Ne, Ar current-sheath 400 Pa

. A: Design of the experimental 
chamber of PF-3: 1- loading unit, 2 –

anode, 3 – insulator, 4 – diagnostic 
ports, N1 and N2 – activation neutron 

detectors
B: Design of the anode central part 

and CD2 fibre
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PF-1000, 2 MA 
(CD2)n fibre Φ 100 µm, 7 cm length, Ne current-sheath 400 Pa
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Example of shots with neutron yield

Ny = 6.5⋅106 ±50%Shot# 50, 3 torr Ar. 
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Conclusions
Experimental results

PF –
time delay between x-rays and neutrons
production of neutrons at the Al wire in the axis
depression of neutrons at the CD2 fiber in the axis
production of neutrons from CD2 in Ar current sheath
acceleration of fast particles in non-axis locality
correlation of neutrons with dense and cold plasma at       

instability development
important role of self-generated Bz field 
beam-target mechanism of neutron production

Z-pinch –
production of neutrons from the fiber in the axis
acceleration of fast deuterons in dense plasma axis locality 

surrounded by plasma of wire array
time delay of neutrons after x-rays
presents of cold and hot localities in the pinch
beam-target mechanism of neutron production



Table of neutron yield at the different devices (D-D)

?gas 1020 m-3Compas

? (2005)solid (CD2)nPALS

2.1011 cryogenicOMEGA

108                 solid (CD2)n 1025 m-3S-300        (1.5 MA)

2.1011  gas 1024 m-3PF-1000   (1.5 MA)

1012  gas 1025 m-3Angara 5      (3 MA)

1013  gas 1026 m-3Z-device     (18 MA)

1012 (2010)gas 1020 m-3W-7

1016 (2010)gas 1020 m-3ITER

1014  gas 1020 m-3JET

planrecord shot                loaddevice



Thank you for attention


