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INTRODUCTION

Z-pinches are nowadays the most intensive labgratources of soft X-rays and this
is also the main reason why they are studied [lhek&as a large number of papers are
devoted to studies of EUV, soft and hard X-ray aéidn, and in some cases electrons,
information about fast ions is rather rare. At tlpsint we can mention the recent
measurement of an ion temperature in wire-arraythetZ-machine. The Doppler-width of
iron spectral lines indicated that the ion tempemtexceeded 200 keV [2]. Such a result
suggests that also fusion neutron measurementsl goavide invaluable data for Z-pinch
physics since they give insight into the acceleratf fast ions. For that purpose we carried
out Z-pinch experiments in which a wire-array ing#d onto a deuterated fibre.
Experimental results with standard aluminium wireags were published in [3]. In this

paper, we focus on experiments with conical tungstiee-arrays.

EXPERIMENTAL SET-UP AND DIAGNOSTICS

Wire-array experiments were performed on the S-3¢finch generator (Kurchatov
Institute in Moscow [4]) at a peak current of ab@UWA with a rise time of 100 ns. The
diameter of a conical wire-array was 10 mm and 7 ainthe anode and at the cathode,
respectively. Wires were inclined at an angle df ttbthe array axis. The conical wire-array
consisted of about 30 tungsten wires qfn7 in diameter. The deuterated polyethylene fibre
with a diameter between 80 and 16 was placed on the axis of the wire-array.

In order to observe Z-pinch dynamics, various disgic tools were used: e.g. an
optical streak camera, a 4-frame X-ray pinhole came differentially filtered time integrated
pinhole camera, and 5-frame laser shadowgraphy.n€ba&on emission was measured with
an indium activation counter (for neutron yield m@@ments) and seven scintillator-
photomultiplier tubes (for time of flight analysjS]). This diagnostic set-up enabled us to

obtain the following experimental results.
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EXPERIMENTAL RESULTS
Typical results of the implosion of the conical gsten wire-array onto the deuterated
polyethylene fibre are displayed in Fig. 1. Figstfbws the neutron spectrum obtained in the

axial direction behind the cathode (i.e. downstream
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Figure 1. Waveforms of current, current derivative, X-raylareutron emission together with
XUV pinhole and streak images recorded in dischame60920-2, neutron yield of 410
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Figure 2. Axial neutron energy spectrum emitted in shot 860920-2, neutron yield
of 4x10.

Evidently, the streak image shows the radiatiomftbe fibre and/or precursor plasma
already at 70 ns. At about 140 ns, the tungstee-airay started to implode. The most intense
soft X-rays were emitted at about 170 ns duringdtagnation of imploded tungsten wires
onto the fibre. The power of soft X-rays (betweed @nd 10 keV) reached 100 GW.
The maximum spectral power density was measurea pihoton energy of 120 eV. The

radiation was close to the radiation of a blackybatth a temperature of 40 eV.
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Hard X-ray emission started during the stagnatioin® wire-array onto the fibre. The
rise-time of the hard X-ray signal was very shard asually did not exceed 3 ns. In all shots,
this rapid rise of the X-ray emission correspontied sharp dip in thdl/dt signal. After that,
the hard X-ray emission lasted for about 30 nsduging the stagnation and expansion phase.

As regards neutron emission, it temporally coreslaivith hard X-rays within 5 ns
accuracy. On average, downstream neutron energyrageeaked at 2.65 MeV and the full
width at half maximum (FWHM) of neutron energy spacwas 350 keV. In the radial
direction, the peak neutron energy was 2.48 MeVhwib0 keV FWHM. Such a result
indicates that neutrons were produced mainly byetens with the mean axial component of
kinetic energy of about 60 keV while the mean radamponent was about 40 keV. There-

fore the average kinetic energy of deuterons whroklyced fusion neutrons was 100 keV.

DISCUSSION

During the past 60 years, the plasma theory andetiiogl were improved to such a
degree that it was possible to explain gross dyosuwi the discharge as well as a lot of fine
phenomena of Z-pinches. However, several key-pa@oth as the mechanism of neutron
production have remained unresolved. In order fdaéx the acceleration mechanism in our
experiment, one can exclude the model of a movioijebtowards the cathode since the
observed shift to 2.65 MeV requires an unreasonhigle velocity of plasma. Besides that,
the zippering was seen in the opposite directi@n,fiom the cathode towards the anode (cf.
XUV images in Fig.1). Even though the observed rguéenergy anisotropy could be also the
result of the anisotropy of target deuterons figher number of target deuterons near the
anode), we suppose that the anisotropy was causddsb deuterons which were directed
towards the cathode. It would indicate that thenbéarget mechanism played an important
role. However, because of the 450 keV FWHM of radi@utron spectra, trajectories of
deuterons producing fusion reactions seemed tarbagly influenced by a magnetic field
and thus the classical linear beam target modehdtdoccur. Instead of rectilinear motion,
fast deuterons could move similarly as describedBeynstein et al. [6]. The deuteron
movement described in [6] could explain observedtno@ spectra. However, it is still not
clear how these deuterons were accelerated edgegian fusion neutrons were produced at
the end of the stagnation and at the beginninf@®ekpansion phase. Also the fast onset and
a relatively long duration of neutron emission desenore detail research.

Recently, we have prepared a deuterium gas-puffrder to interpret experimental

results and to compare them with those obtainetherZ-Machine at SNL [7,8]. We expect
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that the interpretation of Z-pinch experiments wigure deuterium will be more

straightforward in comparison with a heterogenemnigture of tungsten, carbon and
deuterium ions. In addition to that, neutron yielmsuld be higher with pure deuterium
because deuterons will not be slow down so rapadlyin the case of a high number of
electrons bounded in tungsten ions.

As regards thermonuclear reactions, the signifi¢eadtion (above 10%) of thermal
neutrons cannot be ruled out. In the axial (dovestr) direction, these thermonuclear
neutrons could be hidden among scattered neutAmtarding to obtained neutron spectra,
a relatively large number of thermonuclear neutroosld originate from a small localities

with >10 keV temperature rather than from the plasmlk of 2 keV temperature.

CONCLUSION

The implosion of a conical wire-array Z-pinch orgodeuterated polyethylene fibre
was studied on the S-300 pulsed power generattreakurchatov Institute. The study of
neutron emission in these experiments was focusaithlynon the estimation of neutron
emission time and neutron energies. The knowledgeuatron spectra at different directions
relative to the Z-pinch axis provided importantoimhation about the energy of deuterons

which produced fusion reactions.

ACKNOWLEDGMENTS

We wish to thank Prof. A. S. Kingsep for his sigzaht comments. This research has
been supported by the research programs No. 1P@BH,A%0. 1POS5ME761, No. LC528 of
the Ministry of Education of the Czech Republic @mydhe GACR grant No. 202-03-H162.

REFERENCES

[1] T. Sandford, et al.: Physical Review Lett&rs(1996) 5063.

[2] M.G. Haines, et al: Phys.Rev.Le®6 (2006) 075003.

[3] D. Kilir, et al.: Plasma Devices and Operatid842005) 39.

[4] A.S. Chernenko et al., Proc. of 11th Int. Cami.High Power Particle Beams (1996) 154.
[5] K. Rezac, D. Klir, P. Kubes, J. Kravarik, M.r&usky: Czech J. Phys6 (2006) B357.

[6] M.J. Bernstein, G.G. Comisar: Phys. Fluids(1972) 700.

[7] A. L. Velikovich, et al.: Phys. Plasmad (2007) 022701.

[8] C.A. Coverdale , et al.: Phys. Plasnmdg2007) 022706.



