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1. Introduction: DPF — constructions and
pﬂneiples of operation; pulsed radiation ‘
8, chemistry, biology in its perfeet *

D)iiise s hwgs@)ﬂu) device isatypeofp AS IS
accelerator"*‘ produe namseeﬂnd pulses

= directeat 1114 lhot(T~ | keV

mﬁ)b
?. 0

electron .:_.r TS
E ok

SOft .10 keV

X-rays
(monhochromatic £,~2.45 and
14 MeV as well as a broad-range -2...11.3 MeV )




. These streams may irradiate a target with power
flux density on its surface equal to 105 W/efn? Aeutroms ,
110f W)V/cmz (softrand hard X=rays), 10'2"W/em? (fast lony
asin jets) and > 102V /em? electrons

DPF belongs to Z-pinch discharges in gas where
y. force compresses plasma near the chamber ax

_.._ S—

-

DPF chamber geometries are used :

-

Cathode & Anode 7,
Cathode | Anode

Cathode Z Anode :
L |
Y
M 1

Insulator /[“ Insulator
Insulator

b) c)

a) Flat (N. Filippov, KIAE); b) Extended (J. Mather, LANL);

¢) Spherical (VNIIEF)
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C ompared with elassical accelerators, fission

actors and isotopes DPF is an gcologically moré
ndly radiation-producing device because:

uses low ehaf-ging voltage (- 10 1@/})

- 11 becomes cdeLtjojjg,oJLrgg USTROTIaNC)
tkltoyaearid zincl only deman ‘“a push -button

.-'-

SOUrce”) E

- 1T 1S a radiation= -*Jav ce 6. 1t Nds no
fission materials ana does eed any special
containers for the device’s preservatlon

- It has nosuch a'pdrameter as
on the contrary to fission reactors




avIng a Very shori pulse duration of radiation rogriar
WITE a Very figh énérgy contained in the pulse, DPF ean )@
f pulsed radiation physics, chemistry, bwlogy... in {
DR TR T R TE IR VORIRE e qUISITES *0|d
frue concurrentl : .
1) Micro-volumes of activitiOgeae/hpLImary/Seconaary
particle are over/aea’ Vi Jlie irigl diated 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 brocess
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[his collective action can create many volumetric effects,
e.qg. it can produce a very high concentration of particles




Taking into consideration abso/ute X-ray and neutron
jelasof DPF of medium sizes (with energy ~ 1.0-100.0 kJ
a bank) and efficiencyof their generation here it must

oted that there do not appear to be sufficient reason tc
se devwes when one need large fluences of the at

4 --L- -

ue to a very short pulse dur [ions W
t NG smaII size of )
cedent |
WEI’f

_ ﬂ\

Besides these devmes‘anr,e.-s-;;-;_‘_}’alI cheap and simple in
operation '

Thus DPFgives an opportumty to make heavy
science with light technology



2. APPARATUS & DIAGNOSTICS

=
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PF-1000 facility: 1.2'MJ, 3 MA, 6x10" D-D n/pulse
(IPPLM + ICDMP)
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Base transportiable device ING-103: 4 kJ, 400 kA,
2x1070 D-T n/pulse, weight — 200 kg (VNIIA)




Transportable device:PF-6:7 kJ, 750 kA, 10° D-D or
10" D-T n/pulse, weight — 400 kg (IPPLM + MPS)




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




Transportable dewce PF- 10:5'kd, 350 KA,
3x108 D-D n/pulse, weight — 150 kg
(ITEP+MPS)
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Transportable device PE-5M: 5 kJ, 350 KA,
3x108 D-D n/pulse, weight — 250 kg
(IMET+MPS)
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NX2 device impro*:y a number of
elements (e.g. PSs) for a long life-time:
3 kJ, 450 kA, 14.5 kV, 5x108 D-D n/pulse

(NIE + MPS)




Transportable device
2x10% D-D n/pulse, assembling stages
(ICTP + MPS)




Portable device ING=102: 100 J; 150 kA, 108 D-
T n/pulse, weight — 15 kg (VNIIA + MPS)
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E eing invented in the 50°s DPF is the most well-
gnosed plasma device at present time

) have data on parameters of:

- .‘ slectron and lon beams (ineluding Gh
etions produets),
- plasm
- soft and har&‘?( Jj uudurmn Jm e

- NEUTrONS -

l.e. on their current ew Jur ..... velomty spectrum,
angular distribution, abs g;e,;v elds fluence, power
flux density, etc. e

we use a number of d|agnost|cs having about
~few micrometerstspatial,“nigh spectral and
resolution



Among these diagnostics we use the following tools:

= agnetic probes, Rogowski coil and voltage divider;

= 1=n8 16-frames laser interferometry:

1 A=frane photograniy and @ sereal earmara for

fagiviaring visiols and Xeray plasma luminsseaness
- 3 channels of 0.3-...1.9-ns PM tubes + mm I

- Cerenkoyioete CLONSR i

=IOl sl Xaray ypden 9“9/3 S -”-':*-

al bl

- X-ray PIN detectors,
- lon plastic track detectors, etc.



stainless steel plate
. - with set of pinholes
incoming light e

Frame Camera
input | — QUADRO type
inputienses < {only three frame applied)

light beam splitters (LBS) . P
Streak Camera ' — stgihless steel platef!
FENIX Il type ¢ 71 IC #3 m with set of pinholes
e
- CCD vz ) g ;
. T—] L= Open MCP device Open MCP device

with elongated sectors

\\

E gating pulses

with triangular sectors
(15 kV/1 ns)
from

L -~ 4-frame soft
. Generation System _} X_ ray Came ra
Optical 4-frame camera =~

™
supply & signals from/to
Automatic Image Capturing
& Processing System
(AICPS)

1660 1c #1 [ LT

Gerenkov detectors lon track detectors




Laser with interferometer and a system of mirrors




Besides after experiments we provide
ivestigation of irradiated samples with the fellewm
/ eal instrumentation:

, electron scanning and atomic force
Gl Ya _"
- V&I’IOUS"’[I’I 00 0 JICAINTTEWTIIE (i;ﬂl@lll"-ﬂ fg
nanohardness sdEMcIJTJ), a y
teetiom
- X-ray micro- eIementaI -‘rm ure and phase
analysis,
- l[uminescence response '

Asa rule all expenmehts Wergsupported by
intensive numerical modelmg using FLUK A"and
MCNP codes



Two optical'microSCOpesor use in radiation
material science experiments at [CTP




3. Dynarmics of plasia, beams of fast
artieles and ionizing radiations in Dense

Plasina Focus devices
O URmeasurementSHTeeRIyASIDIE JLiur k-and
A-frame cameras as Wl as SR A}-fu- mecameras

and 1o-frame Ias&r LT CIIVELT /A ave shown that
at a high neutron Vield'th 1ERNEISIT 1a compressmn
process develops sym met JPJLIV ‘and the VelocILy of
the Plasma Current Shea 1 :the range
2...3%107 cm/s E

Collapsing process of the PCS IS preceded by

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

I
7 ,lsﬁj o .
> L/_A-d\ » -

& BEframe laser
e nterferometry at

3B the DPF of
Z-axsEe - Filippov geometry
= (1 ns—16 ns)

/-axis



16-frame laserinterferometry at the DPF of Mather
geometry — PF-1000 (1 ns — 10/20 ns




Laser interferometry of the pinch plasma in
Mather geometry (1-ns time exposure)

3 oy IR Y .
{43 ’ﬁ"sd‘ B | v:}f"[]"‘.,.,“
‘"I.‘ :““l| .




Implosion speed measured by the above three
1ethods gave us a lower estimate of the plasma :
iperature 7in the dense plasma pinch provided that the

red kinetic energy of the PCS is converted into the
)lasma particle motion: (/m1£)/2 = 3/2(/(7)
1 ‘heating takes place becauseth
|ng e

o -
!r o

the ||m| Q _f‘r-::

Density ed on
 the-wh
fﬁ%ekkwi
T=1keV e
Supposition that onIy 70% of the total current flows
through the column gives itaround 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
V. the above-mentioned 5 silver activation counters

anisotropy of the neutron emission has “normal”
l.e. it is characterized by a preferential
radiation at 0° to Z-
5 1.8 for the rati
8 ratio Yo/ Yg

i
o

P -

|

90,000;~28:000

50,000

L b




'Wo hard X-ray and neutron pulses are observed in most cases
'ing a single DPF shot
Both 120
times th |

pulse have usually a very sharp rlse tl 1
a bell-like shape _-._':.~
'-e - pulse (FWH )
Bl il eir reglstr
of the pa

Also depending on the Sizes » evmes the first neutron
pulse has larger longevity thus ‘w he range of the DPF bank
energy from 0.1 through 800.0 kJ the duration increases from
1.9...2 ns til 150 ns, roughly proportionalto the current value.

Later we shall discuss all the data'th connection with the [argest
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)




—u— no filter
— m— Al-filter 1.5 um
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20 -10 0 10
angle to the electrode axis (deegres)

Angular distribution of ion streams (PF-1000)




The pinch’s column during the first neutron pulse is
aight 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 and

a i N =
1TI1LIUYJ i

eters start to faII s-" '

i‘y*"’P
the erofth

’v_-

Strong perturbatmns 0 sheath surface can
be found in all frame |mages ofd s 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




1-ns self-luminescence ahd’*’i"ﬁﬁrferometric pictures of
the pinch during development of M HD instability (and
the plasma-diode formation) on the plasma column




| At the current maximum the main part of electric

ergy stored previously in the bank is concentrated as

snetic energy near the pinch column, i.e. in the “plasm
e storage” |

1ave ac sconnectlon of the current anq
a -- on the pinch accordir |




© Fora 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
Uption and magnetizedinside the pinch

. : :
h diameter determines the maximum value of

l-l'_
-

B =02 lfr

ASem(o;’?

It means that the Larmor raditfor fast (100 keV)

electrons and deuterons ar V gspondingly:
[y 37(, /f“Bl and

.....

ra> 204 (W) 12/B,

where transverse energy W.i1sin eV, B.in Gauss, and r
Incm



t gives estimations for their minimal values:

re>5x10 cm and

| =3 x102cm

than the pinch dlameter
| es for:

-a creation of the abv-'me‘; € c 3

i J

i
Y

—hlhb TVR

- for magnetization of these fas’uons about the pinch
column and forproduction‘of neutronsin the frame of the
Gyrating Particle Model



Shotno 34 (22.VI.2004)
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' Interferometric frame picture of interaction
, process (1-ns time exposure)

1
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anode T pinch secondary plasma target (W)



Seheme of dynamics of plasma streams and
of fast deuterons beams in the PF=1000

Insulator Pinch

— ~Beam of fast deuterons |

R e,

1"1 m H
Anoie \.x / \

x’d) T/

I o l"-'.'l'l'll:lf]:\. W *n-a- fr -mt
Cathode

Flasma diode




Closed cm*relnt structure Main torus-like current loop
connected with the bank | that disconnected from the bank
Insulator Pfch (plasma mductive storage)

o 3 Target under

sl 1
DPF anode

A schematic showmg:current l00pS
configurations inside the DPF after secondary
breakdown betweenends 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]
65 ‘ 8
58 | PF-1000 I . PF-1000
51 target Cu+C N |
¢ 5cm, z=15cm 1000 P=3Tr Dz, Uc"28 kV |
= U, = 26 kV, p,=3Tr D, ; 1,
36 o . cll ]
— ch S
S ok _
< 29 z %\( | ~N?
= g 100 cont 4
'(7, D ] \ /
S 22 E
= e | 7 .
E T
. 19 3 5 1 ° 2
15 - The electron density ~10 " cm ", 8 ~eo
from the Quadratic Stark broadening of carbon ion lines. 10 N\
The electron temperature ~4-5 eV, \)
from the ratio intensities of carbon lines.) 1
T T T T T T T T T ; ; ; ; ; 0
400 440 480 520 560 600 5 2 e » . e

Wavelength [nm] T [us]




. Applications under investigations and
use:
- Radiation material sciences:

STING OF THE MATERIALS

:YI ]

mater| S (
(Iovv- ;

_»

- optical materials (diagnostics and 1CF chamber
windows)
- cables and coil materials (ceramography)




Comparative Table of Parameters o

Peak heat flux, P
[W/m?]:

- normal operation
- disruptions

- VDEs

-ELMs

Duration P [s]

IFrad. surface [cm?]

X=Rays [eV]

Neutfons [eV]




) RADIATION-BASED l[l\\h’ LOVENMENTS OF
) MG RIALS’ PROPERTIES (INCLUDING

HARD-TO-REACH COMPARTM ENTS)

- Q1

phas‘ , =4
tion of thln films on a substrate L
- phase changes B

tf‘ i # g ls

U I’GS et

by means of different wio e jases used in the
DPF chambers or by sputtes g of solid target
matertals with the ‘nelp ol fastelcctron or ion
beams



¢) DINAMIC QUALITY CONTROL

: ((&gfo jf:@lf Ol Jl{/-dp]‘ulfmwu compounas — car LL1rés )/

| resolution of the image of a mechanism’s detail
>’s Lb’lade, car tire, piston of a car engine, etc.) take
Wolglep ey oo by a flash of the adiation
from DPF determlned by: ik

ays(ns) "

X -Rays
m = ,‘ cfl‘:-;‘

- diffraction (wavele ngt ﬁ‘f“’ta nce)

- contrast degree of an object’s detail to be visualized

(spectrum-of hard X-Rays)
Theoretically for DPF it could be ~ 1 um In a 10-cm distance



Radiation chemistry/biology:
radioenzymology

[l thigse experiments enzymes were irradiatee g v
wiitel verious doses, oy gower and yyaenra] irel
be Ra ﬁﬁﬂs i (8
We have found Sre 2L Vor y large 4 orders (1)

d/fference/ Loy &Sl OLINe eNnz me
activation/inactivation oy their iecetelellUnRaG
Rays fromiDPE Compared Vit Hieisarme procedure
using an ISOtopPe SOUrCE (C‘S "*

i

\We found that the

ISa



- Radiation medicine

a) mast lons in positron emission tomograoiy
itron emission tomography (PET) consists of three
ents: production of positron-emitting /'sompe ,
esis of biological molecules |abeled with the

on emitters, and ‘of a human

P — T
D Q,_[" . . ' . I;T :
Y‘* s

The DPF of the level of enéy out 20 kd working
with a frequency of 10 Hz _ ..roduce for the time

period-of 100 seconas (116 of the half-life time)ian

amount of the 1sotope A/"*having total activity ~ 30
MBqg



b) X-ntay medical diagnostics

Spectrum of X-Rays generated by DPF has the
following specific features:

Enriched soft and medium-energy X-Ray
onents (O 1...5.0and 5...50 keV), Which re
I8 visualization of soft tissues
of ¢ “u [ (Ssame as “"_{ ¢

synthe ord

TCE > mm down to 3 um),
which gives a very high: Spa;;/a.- resa/uz‘/on of an object

which results-in a low-dose

formation of an image



¢) Micro-radiography
Ing d SO-called “phase-contrast technique” DPF

e applied for micro-radiography of tiny
(e.g. bio-objects) of low contrast F

"n_:;,« 0 |ted In the regime of hot spot
3y smaII zones(
h photo

««««

This method is reliable 0;;‘ goals of micro-

radiography of live hio-ob s in the sub-

micrometer and nanometer rangesin a course of

their vital functioning produced in‘the regime of
their inertial confinement



- Nanosecond Impulse Neutron
Investigation System (NINIS) for
detection of hidden objects

Twom MPOLIITESSUESFETCOUTIETEN STRHTENTONSTERUSIVE
INSPEC otm m’ JJlrfle\J uatzrials by nzutron matiods i th
USIng: ¢ elmieal accelerators:
Wgrouna’ ratio =yl e
measurements at a.getec
T hat 1s why. these methods eam,m,l 0) produce aoe
loleleogi S o is? (107 ShO B ;

We have proposed to bring inte play a neutron source based
on a plasma focus (LP5) Whlch generates very powertu/

=
]

pulses of neutrons of the nanosecond (ns) auration'and can
convert the procedure into “a_s/ingle-shot interrogation”
We demonstrated it with explosives and fissile materials



9. Potential implementations

a) Tritium inventory

J, ay use small (~1 liter) sealéd chambers with -
ture generator “built-1n” pi-

mstall Inside thls c amber
cathode @

-
U

Ale

Then we can investigate the
or fast electron/sort X -Rays“lrradlatlon of samples,

lritium-absorption, re-aeposition-of Be, etc. inthis
very cheap, safe and convenient configuration



b) Neutron fields characterization around ITER

U elejiills Simall fiéuiron SOUréé (~\-uoe doyics il
iplegiurgoni=iareteliztrinie; zojrie ~ L epni), ‘w]n;lc'.ilui"' e a

REUtronIulSe appEan e L Sprog a3 s lcrical Sluell
ol 0.5 I/)/c/m SVVEICETISE A IMEO =g
method!to characterize aeauon: eld OFITER at
each stage of Its assembl G mo mg DPE along the

ITER chamber C|rcumfe en. ew EI-each step:

beam-heating guns attaching, etc.



C) Ncuron vests 0f materials perspective for ITER
and NIF

|e eSHMatiGRSIVESHOVITNERTENDRIEGEVICE
ing assenbled on the base of new m,n-wu,c-

technold W "'a PRI eriere / range eitne eraer

=2

of a few hundred kJ anc elyith 2t gee) e e of the order
of a few cps can fulflll t g ekl ds (0 produce a 4=

MeVanentronradiation e M0 DA peroney/ear

For this aim its main eleme;_'j“_'ould be changed 10
times, which gives the costof such a device on the
level of about

Thus DPF can fill the niche in this very important field




d) Thermal and fast neutrons and X-Rays in
Boron Neutron Capture Therapy

herapeutic effect is reached due to a very high Lineaf
gy Transfer (LET) of the nuclear reaction prodiéts,

are generated at the interaction of thermal neut
n atms 10B introduced beforehand in ahu

'.".'l '

‘l 2++7 L i33++2 '.
TR
OGS -

------

W|th|n human tissues are equal to6'and 9 respectlvely, what
makes a release of their energy to be practically local in the
vicinity of a zone of neutron’s absorption



QOur analysis has shown that DPF has here the
0llowing opportunities:

PF devices of the medium size (5-10 kJ) can
EIISUNE Ltlh@: necayyary dose in about 3 hours WOrkl
ator r (epithermal neutrons) if |t
e rate of 1 cps Wlt '

—

s .cu'on it effects
ju _,_*st Neutrons of:the ns
pulse duration ‘combined application or fast

neutrons and hard X-Rays



e) Brachytherapy

3ecause electron beam (with electron’s energy
out 100 keV) generated in DPF can be

Isported along large distances (~ 1 meter) ins
ode 'S tube due to the back-current induce
tfan be used for brach
-bea elyand by /m w X-rajys
ﬁertarg

N € 5"—"
—OEE




| 4, CONCLUSIONS
Our experiments on the diagnostics of the physical
rocesses taking place in the Dense Plasma Focus
'ce has shown that: :

dlscharge evolution can be separated mto ‘ |

stages — the MHD and the klnetlc o At
sma column Wi

3) At the second stage m’a_ 1al j’?"energy converts into

ALY ....'\wr g

beams of fast electrons and then fast ions
4) Fast electrons:produce hard X-Rays whereas fast
lons been magnetized produce neutrons



Our experiments has shown that DPF can successfully
0e used right now in a number of applications In
wiolegy, medicing, material seiences, \NAA, etc.

0 rticular It can simulate and help In investigation y

Vy daniagé features existed in the contempore
-eam fusion devices and accelerators ‘
phase changes biittle destiuction. sl
melting, ar ! lre-Jev 0! 1t|on of materials
under tests, etc. during (Wit zwa wesolution)
and after (by analytical equipment) irradiation

........

And these types of damage are produced here-namely
by the same types of radiation that existed in modern

fusion devices



'This device can be implemented for modification of

faterials to impart them better characteristies

F can also be used for a defection of illicit materials just

sifigle ns shot of the device that shorten the whole

dure, that is important in particular in the cases of

SO OF fast moving ebjeets f -
2d in /o -dose medma/ X-Ray

m/cm-rao’/ogra v and micro-lithogra, -

DPF is promising torbe used fou'uz il az‘/on by epithermal

neutrons of malignant tumor *wz ,LN Tas well as in a

therapy by tast neutrons, in partey Tar in combination with

hard X-Ray photons generated by |t'that opens perspectives
In a /low-gose therapy |

It has good opportunitiesin a production of
for the aims of PET






