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A wire explosion in a gaseous and condensed media extends possibilities of study of phase transitions of the
wire material. We studied the influence of the external media (air, water and oil) on the explosion of Cu, Ni and W
wires of diameter 10...50 pm. Wires were exploded by the current pulse with the rise time from 200 to 300 ns and
the amplitude up to 10 kA. The pulse was produced by a generator based on a low-inductance capacitor, the dis-
charge voltage being 20 kV. Experimental results are discussed on obtaining the wire explosion images in gaseous
and liquid media with the help of hard X-ray radiation of an X-pinch in the BIN facility. Exploded wires were
placed outside the BIN vacuum chamber and images were registered on the film without magnification. Spatial res-
olution was limited by film grain structure, and reached 20...30 um. Spectral range of the imaging radiation (15...
30 keV) was determined by vacuum chamber window material, film sensitivity and thickness of the media where
wire was exploded. Temporal resolution was about 10...20 ns and depended on X-pinch wire material and thick-

ness.
PACS: 52.80.Qj

Fast explosion (dI/dt ~ 50 A/ns) of thin conductors
was carried out in a setup based on a capacitor with a
storage capacitance of: C=0.1 uF, L.=10nH,
Umax =35 kV. The working voltage was 20 kV. Total
inductivity of the discharge circle is L =340 nH; the
length of discharge gap is 12 mm. For the radiography
of the exploding wire in media, we used hard radiation
from an electron beam generated in an X-pinch minid-
iode of BIN generator with peak current of 270 kA and
of 150 ns FWHM.
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Fig.1. (a) Schematic diagram of point-projection
imaging. (b) X pinch configurations used in the exper-
iments when the two (b) or multiwire (c) X pinches
were placed between the output electrodes of the high
current diode alone (b, c) or with two in parallel (d)
or in series (e)

An X-pinch plasma is generated using two (or more)
fine wires arranged so that they cross and touch at a sin-
gle point, forming an "X" shape, as the load of a high
current pulsed power generator (pulser). In the crossing
area, a micropinch develops that emits in a wavelength
range of 1...10 keV, which depends on the material and
diameter of the wire, as well as on the parameters of the
current pulse [1]. In specific cases, the X pinch provides
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a very small size (~1 um), short duration (<100 ps),

bright X-ray burst of thermal radiation (~1 keV). The
high brightness of the radiation from a tiny volume and
a predictable location offer the possibility of using the
X-pinch micropinches as sources of X-ray radiation for
different applications, — above all as an X-ray back-
lighter for point-projection radiography (Fig.1).

Such scheme does not need any optical elements; its
space and temporal resolution depend on a size and du-
ration of radiation flash. In this connection an optimiza-
tion of the hot spot parameters plays an important part,
i.e. the increasing of the energy input at minimal size of
the source, as well as developing of schemata of multi-
frame radiography [2—4]. At present, X-pinch is suc-
cessfully applied for the radiography of multiwire loads
in the experiments on the high-current facilities such as
MAGPIE [5] and Angara [6].

Immediately after the X-ray burst, the plasma neck
in the X-pinch breaks [2], which is accompanied by the
generation of high-energy (10...100 keV) electrons. The
size of this electron source is 0.1...1 mm [7]. The long
components of the harder x-ray radiation began 5...
20 ns after the short component and had a 20...40 ns
pulse durations. Bremsstrahlung and characteristic radi-
ation caused by the electron beam can also be used for
the radiography of dense plasma objects, — particularly
for contact radiography of the objects with sizes more
than 50 pm and opaque for the softer radiation [8].
Since this radiation is rather rough, it can be used out-
side the vacuum chamber and take images in condensed
media.

In our experiments, a relatively large object was
placed at a distance of 30...150 cm from the radiation
source and its image was recorded on an X-ray film
without magnification (the so-called contact image). We
used a lucite filter with a thickness of 10...12 mm and
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Fig.3. Radiographs of a 50-um tungsten wire exploding in (a) water (at t = 960 ns) and (b) air (at t = 850 ns). The ra-
diographs were obtained using an X-pinch radiation source with a photon energy of higher than 12 keV. (c, e) Densi-
tograms of the exploding wires and (d, f) reconstructed density profiles (in arbitrary units). In plot (c), a densitogram of

a segment of the wire before its explosion is also shown to illustrate spatial resolution

cutoff energy of 10 keV. At a large distance from the ra-
diation source, the spatial resolution of the method was
limited only by the resolution of the photofilm. A
schematic of the radiography diagnostics beyond the
vacuum chamber of the BIN generator is shown in
Fig.2.

Fig. 2. Schematic diagram of X-ray radiography of the
wire exploding outside the vacuum chamber using an
auxiliary generator

Figs.3,a and 3,b illustrate the explosion of a 50-um
tungsten wire in water and air, respectively. The water
chamber in which the wire was exploded was placed at
a distance of 120 cm from the X-pinch. Since X-pinch
radiation passed through a 10-mm lucite window of the
vacuum chamber, 1-m air gap, 1-mm plastic wall of the
water chamber, and 10 mm of water with the total cutoff
energy about 12 keV, we used four-wire tungsten or
molybdenum X-pinches emitting at the photon energy
range of higher than 12 keV. X-ray images of both un-
exploded and exploded wires are shown in Figs.3,c and
3,e as an illustration of the spatial resolution and sensi-
tivity of the diagnostics. In Fig.3,e, one can see a wire
core (expanded up to 2.3 mm) with a well resolved
structure. The density distributions inferred from the
densitograms of the cores shown in Figs.3,aand 3,b are
presented in Figs.3,d and 3,f, respectively. It can be seen
from these density distributions that the core of a wire
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exploding in water is tubular in structure. The mean ex-
pansion velocity of the tungsten wire core is about
0.9x10° cm/s in water and 2.8x10° cm/sin air. The low-
er expansion velocity of the core in water (as compared
to that in air) can be related to the higher specific densi-
ty of water: the higher the density, the higher is the re-
sistance to expansion. It is also seen from the X-ray im-
agesthat, in air, the outer boundary of the core beginsto
lose its cylindrical symmetry, whereas in water, it is still
cylindrically symmetric. From rough estimates of the
density of the tungsten wire core shown in Fig.3,e (as-
suming the distribution of the matter to be uniform), it
follows that the sendtivity of the method is better than
2.3x10 g/en? (or 10% cn?).
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HCITIOJIB30BAHHME X-IIMHYA B PEHTTEHOBCKHUX PA/ITMOTPA®OUYECKUX UCCIEJOBAHUAX
B3PbIBA ITPOBOJIOYEK

A.B. Azaghonos, C.JO. I'ycvxos, I.B. Heanenkos, A.P. Munzaneee, C.A. Iluky3, T.A. lllenxkoeenxo, B.M. Poma-
Hnoea, A.E. Tep-Ozanecan, C.H. Tkauenko

HccnenoBanue B3phIBa IMPOBOIOYEK B Ta3000pa3HOM M KOHICHCHPOBAHHOW Cpelie TI03BOJISACT MOTydaTh HHPOP-
Manuio o (a3oBBIX IEpexojax B MaTepuale IPOBOJOYKHA. MBI MCCIe0BaM BIMSHUE BHEIIHEH cpeabl (BO3AYX,
BOJIa, MacJio) Ha B3phIB mpoBosiouek auamerpoM 30...50 MM n3 Cu, Ni u W. B3pbIB IpoBOJIOYEK OCYIIECTBISIICS
uMIyinbcoM Toka ¢ pporToM 200...300 e 1 ammuuTyn0# 10 10 KA, popMUpyeMBIM B HAKOTIUTENIE HA OCHOBE HH3-
KOMHyKTHBHOTO KOHJICHCATOpa, 3apskaeMoro 1o HanpspkeHus 20 kB. M300paxeHus MpoBoIoYeK B ra3000pa3HON
W KHUIKOH cpelax perucTPUPOBAINCE Ha IJICHKE 03 YBEIHMUCHHS 10 KECTKOMY PEHTTEHOBCKOMY M3IYUYCHHUIO, TeHE-
pupyemomy B X-tmmaue yctaHoBku BIIH. TIpocTpancTBeHHOE pa3perieHne n300pakeHni OrpaHIIUBAIOCh CTPYKTY-
poii tieHkd u cocTtaBisuio 20...30 Mxm. CrekTpanbHbIA cocTaB u3nydeHus (15...30 k3B) 3aBucen ot mapameTpoB
BBIBO/IHOTO OKHA, YYBCTBHTEIBHOCTH TUICHKH M TOJNIIHMHBI CPEZbl, BHYTPH KOTOPOH HaxoIuiachk IpoBOIOUYka. Bpe-
MeHHOe paspeneHue coctaBisuio 10...20 HC U 3aBUCENO OT MaTepuaia U TOJMIIHUHBI U3Ty4arolel Harpy3ku X-IuH-
ya.

Pabota BeIMONHEHA NMpH YacTUIHOU momuepkke PODU mo rpantam 05-02-17533, 04-02-17292, MHTII mo
npoekTy 2151 u cybkontpakty ¢ Kopuensckum yausepcurerom CIIA mo mpoekty DE-PC03-2NA 0057.

BUKOPHUCTAHHA X-IIiH4Y B PEHTTEHIBCBKHUX PAAIOTPA®IYHUX JOCIIAKEHHAX
BUBYXY JPOTHUKIB

A.B. Azagponos, C.IO. I'ycokos, I.B. Isanenxos, A.P. Minzaneee, C.A. Iliky3, T.A. Illenkoeenko,
B.M. Pomanoesa, A.E. Tep-Ozanecan, C.1. Tkauenko

JocnimpkeHHss BUOyXy HIpOTHKIB y Ta30HOAIOHOMY W KOHJEHCOBAHOMY CEpEIOBHINI JO3BOJSE OICPKYBaTH
iHpopMmamio npo (azoBi mepexomu B MaTepiaii IpoTtuka. MU JOCHIIKYBalu BIUIMB 30BHIIIHBOTO CEpPEIOBHILA
(moBiTpst, Boxa, Macio) Ha BUOYX ApotHkiB aiamerpoM 30...50 mkM i3 Cu, Ni i W. Bubyx npotukis 3aificHIOBaBCS
iMoyascoM cTpymy i3 pporTom 200...300 HC 1 ammiTyzoo 1o 10 kA, chopMOBaHMM y HAKOIMHMYyBadi Ha OCHOBI
HHU3bKOIHIYKTUBHOTO KOHJEHCATOpa, W0 3apspkaetbess a0 Hanpyrd 20 kB. 3o00pakeHHs JpPOTHKIB Yy
ra30MoAi0HOMY 1 PIIKOMY CepeIOBHUINAX PEECTPYBAINCS HA IUTiBII Oe3 301IbIICHHAS 110 TBEPIOMY PEHTITECHIBCHKOMY
BHUIIPOMiHIOBaHHIO, TeHEepyeMoMy B X-minde ycraHoBku BIH. IIpoctopoBe posmineHHs 300pakeHb 00MEKYBallOCh
CTPYKTypoIo IIiBkH i ctaHoBmiIo 20...30 MkM. CriekTpansHuid ckiiaja BunpominioBanus (15...30 keB) 3anexaB Bin
rapaMeTpiB BHBIJHOTO BiKHA, YyTJIMBOCTI IUTIBKH 1 TOBIIMHH CEPEOBHINA, YCEpPEIHHI SIKOro nepedyBaB NPOTHK.
Yacose pozzainenHs cranoBwio 10...20 He i 3anexalo Bix MaTepiaiy 1 TOBIIMHH BHIIPOMIHIOIOYOTO HaBaHTaKEHHS
X-miHva.

Po6ota BukonaHa npu gactkoBiit miarpumiti PO®I mo rpanrax 05-02-17533, 04-02-17292, MHTL] no mpoexTy
2151 i cyokonrpakry 3 Kopuenschkum yHiBepcuteTom CLIA no npoexkty DE-PC03-2NA 0057.
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