STUDY OF HYBRID X PINCHES IN DIFFERENT CONDITIONS

A.R. Mingaleev', T.A. Shelkovenko', S.A. Pikuz', LN. Tilikin', S.N. Mishin’,
V.M. Romanova', A.E. Ter-Oganesyan’, C.L. Hoyt’, A.D. Cahill’ and D.A. Hammer’

Ip.N. Lebedev Physical Institute, Moscow, Russia;
2Cornell University, Ithaca, NY, 14853 USA

A standard X-pinch consists of two or more fine wires that cross at a single point as the load of a pulsed power
generator. To simplify the X-pinch load, a hybrid configuration consisting of solid conical electrodes connected by a
wire, has been suggested and tested on four generators ranging in current from 200 kA to 1 MA and risetimes
varying from 45 to 170 ns. The experiments have shown that for each generator, a wire material, diameter and
length can be found for which the X-pinches generate a single intense burst of soft x-rays and develop a single hot
spot. Also they generated less hard x-ray intensity than that measured in comparable standard X-pinches.

PACS: 52.38Ph, 52.58Lq, 52.59Px, 52.70La

INTRODUCTION

Previous research on standard X-pinches has shown
that the most important processes leading to x-ray
emission occur in a region <l mm in length in the
vicinity of the wire cross point [1]. In the early stages of
X-pinch development, a minidiode is formed in this
region from the dense wire core material, but then the
dynamics that follow are unpredictable, especially for
multiwire X-pinches. To simplify X-pinch loading and
make X-pinches more predictable, it is attractive to
make an artificial mini-diode from solid material
connected by a single wire with appropriate linear mass.
As such, a hybrid X-pinch configuration was proposed
that both simplifies wire loading and avoids formation
of the complicated, uncontrolled spatial structure of a
multi-wire X pinch in the region where the X-pinch
wires cross. Such a structure breaks the symmetry,
destabilizes the process of plasma column formation at
the wire cross point, and degrades x-ray generation [2].
The hybrid X-pinch configuration consists of solid
conical electrodes connected by a wire (Fig. 1). It was
first tested as the main load on XP, a 45 ns risetime,
500 kA peak current pulsed power generator at Cornell
University. At these conditions most of the hybrid X-
pinches tested generated a single intense burst of soft x-
rays and developed a single hot spot that was of micron-
scale size [3]. It was shown also that the hybrid X-
pinches generated less hard x-ray intensity than standard
X-pinches [3, 4]. Absence of x-rays with photon
energies > 20 keV associated with long-lived electron
beams in explained by fast closure of the diode by
expanding dense plasma from the electrodes. At the
same time short-lived electron beam produces bright
small-size x-ray source in 8...15keV spectral band
usable for point-projection radiography [4].

The hybrid X-pinch have been successfully used as a
source of pure continuum radiation with flat spectrum
for imaging absorption x-ray spectroscopy of relatively
cold plasma of exploded Al wires and wire arrays [5].
This configuration has the potential to be reloaded
easily under vacuum for use as an X-ray source for
point-projection backlighting of different plasma and
biological objects.
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EXPERIMENTAL RESULTS

To test the hybrid X-pinch configuration further,
experiments have been carried out on generators with
longer risetimes and current up to 1 MA at Cornell on
COBRA (100 ns, 1 MA), and on BIN (100 ns, 0.27 MA)
and MINI (170 ns, 0.25 MA) at P.N. Lebedev Institute.
On each generator the same 60° conical electrodes with
flat ends made of tungsten with 5 % copper, with a wire
connecting them, were used, as shown in Fig. 1. The wire
material, diameter and length must be varied to make the
best use of the different generator rise times and currents.
The wires were loaded through 1 mm holes in the cones.
Al, Ti, Ni, NiCr, Cu, Mo, Pd, Ag, W and Au wires having
lengths ranging from 0.6 to 2.5 mm were tested in the
experiments. The wire diameters were varied from 12 to
200 um for different experimental conditions. To study
the hybrid X-pinch quality we used all standard
diagnostics on the generators.
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Fig. 1. The hybrid X-pinch experimental arrangement
shows that the X-pinch wires have been replaced with
solid conical electrodes connected by a wire. Both
external and cross-sectional views are shown (a),;
experimental setup with hybrid X pinch as the main load
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Here we present results obtained only with a single
X-pinch as the main load of the generator (see Fig. 1,b).
Results from other configurations will be described
elsewhere. The simplification that the hybrid
configuration provides is clear even in the case of small
generators. Compare, for example, columns 2 and 3 in
Table where for the standard X-pinch, 2...7 wires with
lengths, 1 = 8...20 mm, are needed, while only one wire
with length, Al = 1.7...2.2 mm, is needed for the hybrid
X-pinch. For generators with MA current level this is
especially important since, instead of 12...64 wires,
only one wire is used.

The structure of the X-pinch radiating area has been
studied and hot spot size and energy yield have been
measured in every shot using radiographs of test objects
and calibrated PCDs [1-5]. In the experiments on the
COBRA generator, laser shadow (laser pulse — 180 ps)
and XUV pinhole (frame — 5 ns) imaging have also been
used. Measurement of the x-ray yield on the four
different generators shows that the energy yield and x-ray
hardness are comparable for standard and hybrid X-
pinches except for the longest rise time generator, MINI.
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Fig. 2. Signals of PCD and Si-diode together with the
current pulse for a hybrid X pinch on COBRA with a
102 um diameter and 2 mm long Mo wire (a); pinhole
images of the X pinch recorded by framing camera with
5 ns frame (b); laser shadow images (c)

In Fig. 2, results obtained on the COBRA generator
from a hybrid X-pinch with a 2 mm long, 102 um
diameter Mo wire are presented. In Fig. 2,a, PCD and
Si-diode signals show a single x-ray burst. Since these
signals were recorded at the same time, and the signal
from Si-diode has very small intensity we conclude that
the hybrid X-pinches radiated much less hard x-ray
compare with standard X-pinches.

The signal recorded by Si-diode could be the high
energy tail of the hot spot thermal radiation. From
Fig. 2,a, one can see that the soft x-ray burst was
radiated between the first and second frames of XUV
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framing camera (see Fig. 2,b) and 4 ns later than the last
laser frame (see Fig. 2,c). From these images, we can
say that the X-pinch minidiode lasts about 30 ns after
the soft x-ray radiation burst, but with a decreasing gap.
Measurements of the hard x-ray radiation in hybrid X-
pinches on all generators used show very low intensity
of radiation from energetic electrons in comparison of
standard X-pinches.

Source size (wire numbers) on pulsers
with different output parameters

X-pinches Standard Hybrid
Pulsers
COBRA 1.4 um 0.9 pm
1 MA,100 ns (12...64) (1)
XP 0.9 pum 0.7 pm
0.4 MA, 45 ns 2...7) (1)
BIN 1.1 pm 1.2 pm
0.27 MA, 100 ns 2..4) (1)
Hollow and filled tubes from Al, Ni and

polyethylene were tested as a load on COBRA pulser,
that expands possibilities of hybrid X pinch
applications, for example in studying of the matter
under extreme conditions.
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Fig. 3. Image of the slit of the SSW-camera (a);
radiograph of a biological object obtained in radiation
of a hybrid X pinch with a 25 um diameter Mo wire
on the BIN generator (b)

The image of a slit of the SSW-camera shown in
Fig. 3,a, obtained in radiation of a hybrid X pinch made
with a 25 pm diameter Mo wire on the BIN generator
showed that the X-pinch has a single hot spot with x-ray
energies up to 5keV. Radiographs of different test-
objects show that the hot spot size is comparable with
that of the standard X pinch for experiments on all
generators (see Table). An example radiograph of a
biological test object and a mesh (the mesh and the
biological object were at the same distance from the
source and the film) is shown in Fig. 3,b. The figure
demonstrates that radiograph was obtained with high
spatial resolution and that the x-ray radiation was
sufficiently hard to show the inner structure of the few
mm size biological object.
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CONCLUSIONS

We can conclude that hybrid X-pinches reliably
generate an intense single burst of soft x-rays and
develop a single hot spot that is about 1...5 um
diameter. The hybrid X-pinches had energy yield
comparable with that of standard X-pinches for < 110 ns
rise time generators and generated less hard x-ray
energy on all four generators. The new configuration
enables us to simplify the X-pinch configuration and
can be used to design a system for reloading X pinches
under vacuum for application as a source of x-ray
radiation for point-projection backlighting and x-ray
absorption spectroscopy of different plasma objects.
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W3YUYEHUE T'MBPUHBIX X-MIMHYEN ITPU PA3JIMYHBIX YCJIOBUAX

A.P. Munzanees, T.A. lllenxosenxo, C.A. Iluxys, U.H. Tunuxun, C.H. Muwun,
B.M. Pomanoesa, A.E. Tep-Ozanecvan, C.JI. Xoum, A./l. Kaxunn, /I.A. Xammep

CranpapTHele X-MIMHYM COCTOAT M3 JIByX WM Oojiee NMPOBOJIOUEK, NMEPEKPEIIEHHBIX B JIHOAE CHJIBHOTOYHOIO
reHeparopa. YToObl ynpoCTHTh KOH(Hrypaiuioo X-nuH4Yel, Obla NMpeaiokeHa U MPOTECTHPOBAHA Ha YEThIPEX
CIJIBHOTOUYHBIX reHepaTopax ¢ Tokamu oT 200 kA 1o 1 MA u BpeMeHeM HapacTaHus uMmyisca oT 45 no 170 He
Harpys3ka B Buje ruOpuaHoro X-nuH4a. ['mMOpuaHble X-TUHYM COCTOSAT W3 JBYX TBEPIOTENBHBIX TYTOIUIABKHX
3IEKTPOJOB, COCAUHEHHBIX NMPOBOJIOUKOH. [IpoBeneHHbIE KCIIEPUMEHTHI MOKA3alu, YTO AJIS KaXJ0ro reHeparopa
MOXHO MOJ00paTh MaTepHal HPOBOJIOYKH, AWAMETP W JUIMHY, HIPU KOTOPHIX THOpuaHble X-IMHYM 00pasyloT
€IMHUYHYIO TOPSIYYI0 TOUKY WM W3JTy4aloT MHTEHCHBHYIO BCIIBIIIKY MSTKOTO PEHTT€HOBCKOTO M3iydeHus. [Ipu stom
3apEerHCTPUPOBAHHBIA yPOBEHD KECTKOTO PEHTIT€HOBCKOTO M3JIyYeHNUs ObIT 3HAUNTEIHHO HIDKE, YEM B CTAHIAPTHBIX
X-nuHYax.

BUBYEHHS I''BPUJHUX X-IITHYIB ITPU PI3BHUX YMOBAX

A.P. Minzanees, T.A. lllenkosenko, C.A. Iliky3, .M. Tinikin, C.H. Miwun,
B.M. Pomanoesa, A.€. Tep-Ozanecvan, C.JI. Xoum, A./l. Kaxinn, /[.A. Xammep

CrannmaptHi X-MiHYI CKIIAJAIOTRCS 3 ABOX ab0 OLIbIIE IPOTHKIB, MEPEXPEIICHUX y Mi0i TOTYXHOCTPYMOBOIO
reneparopa. 11106 cmpoctutn koupirypaniro X-miHua, Oyia 3amporoHOBaHa 1 MPOTECTOBAaHA HAa HYOTHUPHOX
MOTY»KHOCTPYMOBHX TeHeparopax i3 crpymamu Bix 200 kA 1o 1 MA ta yacoMm HapocTaHHs iMIyINbCy Bij 45 no
170 Hc HaBaHTaXeHHs y BUIJsAL riOpuaHoro X-miHya. ['iOpumHi X-IiHYI CKIIANAIOTBCS 3 JBOX TBEPAOTUILHHX
TYTOIUIABKUX €JIEKTPOIB, 3'€IHAHNX APOTHUKOM. [IpoBenieHi eKCIIepuMEHTH MOKa3ajy, 1110 JUIs KOKHOTO reHepaTopa
MOXHa MifidpaTn Marepiay IpOTHKa, JiaMeTp 1 JOBXHHY, IPH SIKUX TiOpuaHi X-IiH4YI yTBOPIOIOTH OJMHHYHY
rapsdy KpaIulio Ta BUIIPOMIHIOIOTH IHTEHCHUBHHH cllajlaX M'SKOTO PEHTTeHIBCBKOTO BHIIPOMiHIOBaHHS. [Ipu mipomy
3apeecTpOBaHMi PiBEHb YKOPCTKOTO PEHTI€HIBCHKOI'O BUIIPOMIHIOBaHHS OyB 3HAYHO HIDKYE, HDK y CTaHAAPTHHUX
X-miH4ax.
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