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- 1. Inatroduction: DPF — constructions and
prlnelples of operation; pulsed radiation
es, chemistry, biology in its perfect sefs €

Degise § Rlasmz Foeus (DPF) device is a type of ¢ ,)Jsls:
seesloraior that pro duces nanosecond pulses ol‘
- dlrect o wermlhot (T~1

electron
soft

(monochromatlc E,~2.45and
14 MeV as well as a broad-range - 2...11.3 MeV)




| These streams may Irradiate a target with power
lux density on its surface equal to 10° W/eim? neutrons ,

108 W/em?® (soitand hard X-rays), 102 W/em? (fast lons

1 plzsinz jets) and > 109 VW/cm® electrons

- DPF belongs to Z-pinch discharges in gas where a

tz force compresses plasma near the chamber axi

of DPF chamber geometries are used a
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a) Flat (N. Filippov, KIAE); b) Extended (J. Mather, LANL);

b) c)

¢) Spherical (VNIIEF)
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Compared with classical accelerators, fission

}actors and isotopes DPF is an ecologically more
ndly radiation-producing device because:

uses low charging voltage (~ 10 V) :

= ]t becor‘né L rzieljzition soues Jusit fo 51 fan
glplosiceaniol ziniel only ,u_r.- N GE push putton

SOurce”) e
- 1t 1S a radiation- saf Jm ce ILE. It has no
fission materials and does eed any special

containers for the device’s preservatmn

- It has no such a‘parameter as
on the contrary to fission reactors




ving a very short pulse duration of radiation roczther
a ver-y high energy contained in the pulse, DPF can b
i ulsed radiation physics, chemistry, bwloy... in th
A0 AU T e NIENIR AT DRETEUISITES old
true concurrentl E |
1) Micro-volUmes of it/ IEEeI it imary/secondary
particle are overlapped WithiMAUERELE0 |ated volume

Micro-v olumes of
activity of

primary-secondary

particles (photons)

Primary radiation (fast ions or
electrons, X-Ray photons,
neutrons, ...)

— T
— T

e
e

Material under
irradiation

2) This overlapping occurs during a time interval, which is

short compared with the reciprocal phys./chemical process









Collision of two shoek waves
wiih ihe purumeiers’ inereuse
in the collisional zone

D collisien g fel oo
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;g,»e vithies formationofa
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This collective action can create many volumetric effects,

e.g. it can produce a very high concentration of particles



Taking into consideration absolute X-ray and neutron
lelds of DPF of medium sizes (with energy ~ 1.0-100.0 kJ
a bank) and efficiency of their generation here it must

ted that there do not appear to be sufficient reason tc
} se dewces when one need large fluences of the ak

L - ;

" W _L u A

é-te-a very short pulse durat ions
‘ INC small size of
ecedent

Wer fI |

Besides these devices are Small.
operation ,,

Thus DPFgives an opportunlty to make heavy
science with light technology



2. APPARATUS & DIAGNOSTICS
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PE-1000 facility: 1.2’MJ, 3 MA, 6x10% D-D n/pulse
(IPPLM + ICDMP)



N

Base transportable device ING-103: 4 kJ,; 400 kA,
2x1019D-T n/pulse, weight — 200 kg (VNIIA)




Transportable device:PE6:7 kJ, 750 kA, 10° D-D or
1011 D-T n/pulse, weight — 400 kg (IPPLM + MPS)




Neutron-producing chamber at'its operation in PF-6 device
with circa 1 cps




Transportable devme PF 10:5Kd, 350 kKA,
3x108 D-D n/pulse;weight — 150 kg
(ITEP+MPS)
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Transportable device PEe5M: 5 kJ, 350 KA,
3x108 D-D n/pulse;weight — 250 kg
(IMET+MPS)




! - agnaiag)

NX2idevice impro__‘fmy A nUmBeEr; of
elements (e.g. PSs)fora long life-time:
3 kJ, 450kA, 145KV, 5x%x108°D-D n/pulse

(NIE + MPS)




Transportable device
2x108 D-D'n/pulse, assembling stages
(ICTP + MPS)




Portable device ING=OZ2ET00 J; 150 kA, 10° D-
T n/pulse, weight — 15 kg (VNIIA + MPS)
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‘Being invented in the 50’s DPF is the most well-
liagnosed plasma device at present time
D have data on parameter-s of: :
agt eleciron and ion beams (including charge
eactions products), 1

: plas 1a streams;

- soft and hard X Qr’éiy ral,dlia tion, am@l_ e A
- NEUtrons S e
1.e. on thelr current or Jun-'~ velouty SPectrum,
angular distribution, abs u.rs;; 1elds, fluence, power
flux density, etc.

]
~ite

we use a number of dlagnostlcs having about
~few micrometers spatial,“high spectral and
resolution



Among these diagnostics we use the following tools:
- magnetic probes, Rogowski coil and voltage divider;
- 1-ns 16-frames laser interferometry:
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- X-ray PIN detectors,
- Ion plastic track detectors, etc.



stainless steel plate
with set of pinholes

-

incoming light

Frame Camera
input | — QUADRO type
nputienses m {only three frame applied)

light beam splitters (LBS) .
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Laser with interferometer and a system of mirrors




Besides after experiments we provide
vestigatlon of irradiated samples with the following
aly fcal instrumentation:
eal electron scanning and atomic force

IS tr ‘.o 0 OQICAUNTIEWIBIE \(]mg]mdn'fe'
nanohardness '»J_rememr ), - '?"
ction '
- X-ray micro- elementa S rr_w and phase
analysis,

- l[uminescence response jfe,,_

As a rule all experiments 'Were supported by
Intensive numerical modeling using FLUKAand
MCNP codes



Two optical'microscopesifor usé in radiation
material science experiments at ICTP




3. Dynamics of plasma, beams of fast
par-tieles and ionizing radiations in Dense

Plasma Focus devices |
UFEMENLSHTIENIE Q)y VISIDIEStreak anad
A-frame Camer; STESTWETIFESESPN 4—1r~nms Cameras
and 16-frame laser: m'a;r"ermner hyha ve shown that
at a high neutren yle A TNERAESITIA COMPression
process develops symme Is:a.l,l and thevelocity of
the Plasma Current Shea IASHT 1 the range
2...3%107% cm/s : W
Collapsing process of the PCS IS preceded by

( ©y

a Shock Wave contractionabout Z-axis, then it
finishes by a formation of a straight plasma column



Anode
position

1-ns time exposure frame picture of the pinch
plasma (self-luminescence in visible light)




Anode positions

Seframe laser
S interferometry at

E the DPE of
' Flllppov geometry
"= (1ns-16ns)

Z-axIs
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16-frame laser interferometry at the DPF of Mather
geometry — PF-1000 (1 ns — 10/20 ns)




Laser interferometry of the pinch plasma in

‘v \ \: \‘“’“"\‘\ Fli
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anode 1 pinch column® current sheath?




Implosion speed measured by the above three
2 thods gave us a lower estimate of the plasma .
perature T in the dense plasma pinch provided that the
red kinetic energy of the PCS is converted into the

blasma partlcle motion: (mv?)/2 = 3/2(kT)

nlasma atlng takes place because th

sma ¢ mg -

) be within the I|m|

Density ed on I8
he w 10l
T=1keV o
Supposition that only 70% of the total current flows
through the column gives it'around 10 cm?
Interferometry and spectroscopy support these estimations




" Hard X-Rays shot 3121

—Soft X-Rays p =465 Pn

("=35kl"

PIN diode
E=825."kJ

Electrons [, = 1.87 MA

dl/dt SCI=78672

ff- Neutrons 0° $C2 = 64684
SC3 = J66061

Neutrons 90° SC4 = 84664

SC5=30039

2.5



Angular anisotropy of neutron emission was measured
y the above-mentioned 5 silver activation counters

anisotropy of the neutron emission has “normal”
l.e. It Is characterized by a prefere |
radiation at 0° to Z-
5 1.8 for the ratit
2 ratio Yqpe / Y

i

P -

|

90,000;~28:000

50,000

L b




Wo hard X-ray and neutron pulses are observed in most cases
ring a single DPF shot

Both 1 20
times tha

pulse have usually a very sharp rlse-tl *\
: a bell-like shape

neutron pulse
|r reglstr ’

[

S.’ B
Also depending on the sizes of -; eV|ces the first neutron
pulse has larger longevity thus‘ uw he range of the DPF bank
energy from 0.1 through 800.0 kJ the duration increases from
1.5...2 ns till 150 ns, roughly proportional to the current value.

Later we shall discuss all the data'ih connection with the largest
In the world PF-1000 facility (IPPLM, Poland)




Hard X-Ray pulses (a and ¢) versus neutron pulses
(b and d) taken at 0° and 90° to Z-axis after moving
them forward according to their real (HXR) and
assumed (N) time-of-flight (PF-1000)
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~ The pinch’s column during the first neutron pulse is
alght and has a height of 10 cm with a radius of 0.5 ¢

alled the first compression phase)
er on this plasma column is widened anc

| | &

'&L

s start to faII do

47 _'J'-;__ r of th
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Strong perturbatlons 0 BEma a sheath surface can
be found in all frame | |mages of oth self-luminescence
and interferometric) ? -

The pinch breaks usually“ n one-two (or sometimes
several) regions along the column. According to our
analysis the data received give an evidence of the virtual

creation across the pinch




~inge

1-ns self-luminescence and interferometric pictures of
the pinch during development of MHD instability (and
the plasma-diode formation) on the plasma column




- At the current maximum the main part of electric

nergy stored previously in the bank is concentrated as

gnetic energy near the pinch column, i.e. in the “plasm:
ctive storage” -

1ave a c sconnectlon of the current anq
sma diode on the pinch accordin il




. For a DPF the Gyrating Particle Model is valid: the
pinch is presumably a hot-plasma target to be irradiated
by fast ion beam generated within a DPF after current
Jption and magnetized inside the pinch

I . . - iy
h dlameter determines the maximum value of
... . '

B = 0.2 I/ |
0.45 cm (fo - PF-
It means that the Larmor radi Tast (100 keV)
electrons and deuterons pondmgly

.....

ra > 204 (Wl) 12/85
where transverse energy W:isin eV, B, in Gauss, and r
Incm



gives estimations for their minimal values:
r.>5x10"* cm and
ry=>3x102cm

much less than the pinch dlameter

'

“3

S ¥

-a creation of the abov-"me'[g G ¢

-

- for magnetization of these fast ions about the pinch
column and for production of neutronsin the frame of the
Gyrating Particle Model




Shotno 34 (29.VI.2004)
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Interferometric frame picture of interaction
process (1-ns time exposure)

anode T pinch secondary plasma target (W)



Scheme of dynamics of plasma streams and
of fast deuterons beams in the PF-1000

Insulator Pinch

— ~Beam of fast deuterons |
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Cathode
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Closed cm*relnt structure Main torus-like current loop
connected with the bank | that disconnected from the bank
Insulator Pfch (plasma mductive storage)

Target under
wrradiation

Py A
sl 1
DPF anode

--Z

near the arradiated

A schematic showmg:current loops
configurations inside the DPF after secondary.

breakdown between ends of cathode rods and
anode’s edge



Spectrum of Time evolution of main
secondary (target’s) parameters of the
plasma secondary plasma

x10° shot 4242 T [eV]
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51 | target Cu+C 1
¢ 5cm, z=15cm 1000 + AN P=3 Tr Dz, U=28 kV
= U, = 26 kV, p,=3Tr D, ; c 1.
36 | Cll clil cll ]

Clli

=
o
o
L L
(=]
=)
=
Q
=
~
~

Continum Intensity [a.u.]
m_| \
]////

%

Intensity [a.u]

15 - The electron density ~10" cm®,

from the Quadratic Stark broadening of carbon ion lines. 10 \®
The electron temperature ~4-5 eV, \)
from the ratio intensities of carbon lines.) 1
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4, CONCLUSIONS

our experiments on the diagnostics of the physical

)cesses taking place in the Dense Plasma Focus

ce has shown that:

ed lsc_harge evolution can be separated into t |
the MHD and the klnetle ones

age a pl ma celum

3) At the second stage m:a_..,__ C

heams of fast electrons and then fast 1ons
4) Fast electrons:produce hard X-Rays whereas fast
lons been magnetized produce neutrons








