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DETERMINATION OF PARAMETERS OF HIGH POWER ION BUNCHES
GENERATED IN A PLASMA POCUS,

N.,V.Filippov, T.1.PFilippova

I.V.Eurchatov Inastitute of
Atomic rsmergy,Moscow, USSR,

High-current systems such as vacuum sparks,plasma diodes
and a nomcylimdrical Z - pinck ( a plssma focus ) ars uesd latsly
together with usual accelerators for the generation of powerful iom
beams (3B ) [ 1,2], In a plasmes focus the current plssma shell,
compressed by the magnetic field of the current, is used ae &
formative high voltege line and for a power sherpening,.In this
system original magnetic storage with a region of a dense high
temperature plasme - plasma focus ( PP ) as & load is formed,
imul taneous action of electrodynamic and plasma effects leads to
conditions under which the sufficient part of the total current is
transfered by the plasma ion component during amall temporal.inter-
vals of order severasl nsnoseconds. Maximum energy of generaied
particles exceeds initial voltage of a power gource ( a capasity
bank ) more tham 10° times and rmaches 3-5 MeV. Small dimen—
sions of acceleration region and pinch magnetic field configura=
tion determine conditions under which accelerated particles
move to the cathode in the form of narrow directed ion bunches,
Hard electiron and ion beams generation in PF occure only on the
conditions, that the current gontraction on the asystem axis is not
accompained by the comsiderabls compression of the substance as thie
takes place in the case of dense plasma pinch, The necessary
conditione are realized in regimes of & low curremt shall where the
the conditions of substance flowing from compression region is
Tacilitated, 5
Small additiom of a heavy ges impurity for example 11113] is
necessary for the realization of these regimes. PF becomes a source
of powerful JB, if the comfiguration of the anode surface is such
that the direct contact of compression region with metal ancde
is lacking during the current shell cumulation, Interactiom of
high energy ioms with wmelected targets causes intensive puclear



reactions’ used for the determination of temporal amd energy charac-
teristice of generated beams. In paper | 1| the resmction:
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2

EJC L dyn Fijﬂ ; “'Al { d,p }Ea Al 1n combination wiith the L[ime

flight aspecirometry method were wsed for the diesgnostic of the
hard component of the deutron bunch ( DB )}, As the cross sections
of these reactions are small at Ed< 0,TMev , sc this wethod
ia not effective for the investigation of 2 aoft part of enersy
distribution. -

2o Device and instrememtation.

I

The maim conmtents of ithe present work the study of deutron
enargy distributione in DB in the range 0,1 MeV < Ed ¢ 1 Mal
The experiments has been performed on MG device | 5! with the working
voltage of 15 = 18 kEV and the gas mizxture :n*tta* nreasgure of
( 05 = 40 ) Torr Do + ( 10 = 20 ) m Torr Ze, The divies mcheme anc
the Iinsirumentetios lay oul wre shown in Fig.i
in the 1imput of & 4 m - long drift tube ( DT ) a vacoum " elecire-
mechanical valve { £ ) is mounted which parmite to opew an apertur

16" mm in diameter im 2 time of 1.5 me and st the moment of a complat:

opening to initiaste a discharge. The device slliowed seversl operating

MOd &,

I, "The valve i continuously opened, the pressire in the drifs
tubs P, equales that of the gmas 1in the chamber Pch, snd a gangibaial
deuiron bunch ( DB ) propagates through the gas with Py = Peb
causing dd - r=actions in the drift region.

25 The valve is clomed, D? ig filled with denteritm at s nDraksars
which is 2 %o 30 times higher than lkﬂh and at Bhe woment of the
complete valve opening DB etarts %o move through the high-nremsur:
ga#.The Iintemeity of dd - resctioms incrsamen oroportonsi) o
F» f Pech,

3 Tha valve is closed and the drift tube is svecumted un

P r "H')PII'I’ITG'I'.L".-_- in thisz cass deutwrons spread cver the lo= DS e
gas outrunning the expending pma clowd whiech motz 1nto I whil
the veive ig opensc.

in the tmitit=end of DT an ion detector is moumisd - am iscimie
graphite collector (F K } 10 cm in diameter.This wmerved at the
same time a8 & graphite target, Heutroms from the o ¢ d.u Vil
reacticon were recorded by a photodetector D, ., simunlar to that
described in wef. | 1] . The tubs lemgih is nﬁﬂﬂﬁn o that at the
moment when DB gete to the zoliector the presours P

sot -exceed 107" Torr. To reduce additicnally the collector-chamber
conductance,eleciric and wmegnetic isolation ef the collector was
used {5 |, Since dispersion in the drift aspamce at P, 4 Pch became
low, the posslibility aroee to study the softest part of DB,
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Fig.2 Signals frem mneutrom
detectors st Py = Peh and

Figs1 Device and ipstru-
mentation schemes.

The treatment of oscillograme of collsctor currint Jec ( ¢ )
including the time-of-flight permitted to reconstract ths ahapi of
the perticle emergy distribution in g bunch,

The time-of-flight spectrometry method was also used to determine
a deuteron spectrum in the first two cases ( 1,2 ),when @ limited
part of the drift tubs was used as & gaseous tlrg!t. region of
intanaiv- dd=reactions was determined by the 1locationm or:photodatea-



tors Dz and D3 and limiting paraffin blocke. Together with wo
inveree square dependence of the neutron flux density om b
distence, the used collimation gave the possibility to obiuir from
detectors clearly defined signels from the neutron flux traversing

the target, The gesous target method permits to study a "gof ter?
pert ( to 0.1 MeV ) of & desutron emergy distribution in = bunch.
The limitations on the energy vsiue result from the specirum distor-
tion due to the rieing dispersion effect,

To select correetly the jerimental data when the DB paramefers
ere insufficiently reproducible the comtrol of the coaxielity of the
DB propegation along the drift tube for each diacharge ie necessary.
Por this purpose, in the tube medisl part four beta-counters were
poeitiored along the perimeter of a square aluminium limiter
( By_4» Pig.} ).snd messured beta-activity of 28 p1,

Comparison of their data determined the degree of symmetry of DB pro-
pagation along the drift tube,

3o Tesulis of memsurements,
A, Gaseous target wmethod.

Pig,2 shows oscillograms of eignale from scintilletion detectors
D2 aTid [‘-3 located nt ‘he distamces of 320 and 130 cm from PF for
the device operation mcde when F,. = Pch and the diameter of anm
aperture in the DT ipput is 20 am.
The deuteron snergy distributicns reconatracted from these oscillow
grems ( detecter D, }) are shown in Fig.J.
The scale of the ordinste arxis was determined by s tctal neutron
yield of dd-reactiona megsured by a celibrated neutron counter HE
( Pigsi )+ When treating the oscillograms the background gignala of
neutronas from PP are deduced according the conirel oscillograms
when the DT inlet was closed, The position of the hard .x=ray
emission peak shifted by the time of .~ light of . = juanta was

aspumed to be the origin of the iime count, The intensity of the hard

component of DB being studied was controllied by on induced
beta - activity im an aluminum target positioned &t the place of the
graphite collector in the tube butt-end,

The readings of counters B, , end Bg ( Pig.2 A,B )} characterize the

degree of IB symmetry and relative activity of the target,
Similar memsurements were performed for the case when DB 1is
let into a high - pressurs gas ( mode 2 ). The obtained exparimental

S

resulte are also showm in Pig,2 ( K,M,P )} and Pig.,3. The coperation
at '™ FP:h results in the increase of amplitudes of

5%&1' signala Dy and D, due to the high density of the
L e gagecus target.However,this incresse is accompanied
fﬂ: by & change in the bunch spectral composition which
. ‘L_ e ie @ifficull to include when reconstructing the
9 : lyf-‘=‘ initial distribution, This set of experiments
Sl S has confirmed the detected earlier[6]
m'i .?gf-“{\;:?a inerense of the PF neutron yield at the
3 'ﬂ_*l additional injection of deuterium into
u";l--« P the chamber zone,

il T s B e {
i - i .
: : ‘i . g B, Isolated collector method.
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| L |
}ﬂnl | '4 -' ixiﬁ s In the preliminar set of
| J— T Pl experimenta there was no
| | : 3 pulsed valve *), end &
5 ; 3 3 éd;& measuring coliector was
5 separated from the drift
space by a vacuum-dense
Fig.3 ©Spectiral distribution of DB aluminum foll letting
reduced to the angle of 14°; to pass deuterons with

Ed } 1 l!e\r.

The vacuum in the collector mection at P, = Pch achieved the
value of 3 x 10"5Torr. & typical oscillogram of the current Je (t)
to the collector and of the signal from a hard x-ray vacuum cell
phote detector ie shown in Fig.4. The amplitude of Je correlates
with the value of the second shorter
X-ray pulﬁ&ﬂ which passes easily through

Jo —adeniae & lead screen of a photodetector, The
e 3 i location of this peak ie assumed to be
-iﬁc ;;i;fm::ifﬂfﬂ the moment of the DB hard part genmerations:
- nar The emergy distributions for particles

with Ed > 1 MeV reconstacted from these
Yk Bl Froe i oscillograms,corresponded to thoase cbtained
collector Jec (t) for DB earlier*[i] e s At Jee
thwt han Snt Iﬂpmll. velge ( in the absmence of 2 foil )

lower energy deuterons reached the

collector, Fig.5 shows a set of oscillogram
from the collector Je (t) together with eignale from scintillatiom

®*) This set of experiments hac been carried out jointly with
?q ?'E}'al tﬂ‘ﬂ;




devector b, recordlng meutron emiseion of the
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Figs5 Signais Je (t) from a collesctor
when operating with a pulsed valve,

Bipeuessio

¢ (dye })'’H -reastion;
In the oscillograms 5 { A ;B,0,E ) the pulase from By ecerresponds to
the moment of gatting on the collector -~ target of the highest =
snergy part of DBsThe energy of this part is v considerably higher

than the reaction
thresheld,.Oscillogran

5 (C) is obtained at

HE = 0 when a rapid
increass of the comduc—
tivity in the nesr =
¢collector reglon shunts
a M = load from
which & signal is taken
to the oscillograph.

In the etudied mede of the device operatiom the fast deuteron
epecirum is of a nonmometonucus character,gemerally with two
maxima = ( 200 - 300 ) keV amd ( 1 = 1,5 ) HaV, The character of
specira allows us to suppose that there sre st lsst two phase of the

FF development in which high-emergy particle

fluzes are gensrated.

Ome of these phases coinsides im time witk the gemeration of &

" medism " hardness x-ray omissiom with & quantum energy up to a
humdred keV, which is genmerally observed in PF discharges; the
other oms coinsides with the moment of genmeratiom of & harder pulse

of a megavolt emergy range.
The first phase has a duration

{ 30 = 100 } m¢ and coinsides with

the +iime of a neutren gensration in PP, The second one which sets
in pgemerally 20 = 40 ns leter, hae a comsiderably shorter duratiom

(~ 5ne ) and a mnonsufficient f-prnduaihilitr from pulse to pulsa.

Synh an emergy distribution is discovered alsc im the paper of
Bostick et al,[ 7], but thers maxims are shifted towards lower

emergles,whick is the Fault of aifferemce in the energy emd geometry

of the experiment.

The asceeleration-ef the

gscond, group of periiclsse. occurs in

the electric . fislds penersted Iin thlis phaess §3 Indication to this fact
in the . proportiomalisy of « multi-charged alumioum

collector at & meguetic deflesction of the beau.
stably obeerved in =1l the discharges

The soft part of DB is

( the FP mneutron yield is alsmo
ig likely to be dus to ths development of

ion smerpcy te

their charge, which was observed whén. workimg with an lisclated

stable in these regimes ). This part
cnllenti?ﬁhﬁff¢a:ﬂ and

to the appearsnce of an anomslous resistance in the ¥Bult of the plasmaz

interaction with a flewing ourrent | &, .
The deutron energy spectrum plotted from the oscillogram of

Fig. 5=E is shown in Fig.c.

d Hd

The general character of the dependemce . . (E)
to thet of distributioms obtaimed by tha

. is clomse
oy Eﬁ. gctivation methods, The difference in the dsulerom
b i. totel fluxes in connected witk & highk quemitily
E of neutrsl stoms whieh are not recorded by
“11 :* the colleotor.Even when working with & valve,
i%f?* the charge-szchange and scattering oun iks
0 : 5 guz in the aspacs between PP and tThe wa.
vaivs { 25 o } appeare 0bs-s0 large
that a sherp reduction of the  aumoper
of partiocles with E, < 200 keV
ohparved in the speci
e deubls structure
snergy distributions can o
gsgoeintsd with ths characte
£ A of losees from the cumiiation
I - e g SEPU® TENE S . - nona. The rehrﬂdpﬂiﬂﬁiiw' af
the COmDTeE glon first nhass
the anft part of LB
L i ki sonnected with & rather reg
B an 3 reRch 1 iar axial ejection ol 1t
=Tuts rrol BE55 glagepe Trom The ounrren

thesas regipes.This gan aiac

navtron emlesion. Then %

afactione nt the matiter,. This increanss

argoeas development in . the pinok an
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complete desruption of the conduciivity current and realizstion of
conditions for gernerstion of the hard particle group, In this phase
of PF due to dynamic dissipatiorn of & magnetic field energy, the
conditions can be slso realized for particle acceleration, which
has been noted im the most papers on high current discharges,
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