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Plasma focus (PF) is a rich source of pulse X-ray and neutron emission. The measurement and analysis of X-ray
and neutron emission from a 2.2 kJ PF device has been carried out using photo multiplier tube (PMT), PIN diode,
pinhole camera, vacuum photodiode (VPD) and neutron bubble dosimeter. The soft X-rays are more or less emitted
in multiple pulses. Hot spots are found to be present in the X-ray emitting zones of pinched plasma column. The
neutron emissions are more in numbers as well as more energetic in axial direction as compared to the radial one.
The neutron’s anisotropic emission may be influenced by beam- target mechanism.

PACS: 52.59.Hq

INTRODUCTION

Plasma focus has been able to draw the attention of
researchers as source of various emissions since its
inception. The plasma produced in the device offers the
researchers an avenue to study the wide range of
phenomena like instability generation [1,2], turbulence
formation [3], electromagnetic and energetic particle
emission in highly dense transient pinched plasma.
Thus, the pinched plasma produced in plasma focus
device has found wide varieties of applications as
source of X-rays, neutrons, ions, electrons [4,5] and
researchers are attempting to miniaturize the device day
by day so as to make it more compact and handy [6]. On
the other hand, Lee et al. [7] used the PF as a tool to
demonstrate plasma phenomena to the masters’
students. In addition to this the basic studies on the
pinch formation and its emission process is also going
on simultaneously [8]. We have attempted to carry out a
study on the behaviour of X-ray and neutron emissions
in our PF device.

1. EXPERIMENTAL SET UP

The experiment was carried out in a 2.2 kJ Mather
type PF device, which consists of a coaxial electrode
assembly. The schematic of the experimental system is
shown in Fig. 1. The system was energized by a high
voltage energy storage capacitor (7.1 uF, 40 kV). The
detailed electrical and mechanical parameters of the
device are reported elsewhere in [9]. The whole
electrode assembly was housed inside an SS vacuum
chamber having approximate volume of 6 liters. The
chamber is filled with deuterium gas and evacuated up
to desired pressure level by using a rotary pump. The
chamber pressure was monitored using a McLeod
gauge. In the present experiment, we have employed
VPD, PIN diode (BPX-65) to record time resolved soft
X-ray signal in digital storage oscilloscope [ DL 9240 of
Yokogawal]. The soft X-ray image of the plasma column
was recorded in film [Dental X-ray film] using pinhole
camera. To measure hard X-ray and neutrons, we have

ISSN 1562-6016. BAHT. 2013. Nel(83)

employed plastic scintillator (RP400) combined PMT
[9813QB of Electron Tube Inc.] and bubble dosimeter
(BD-PND) in axial and radial position of PF.
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Fig. 1. Schematic of PF device with diagnostics
2. RESULTS AND DISCUSSION

The optimized operating pressure for soft X-ray
emission is found to be 1 Torr. The time resolved soft
X-ray pulses were detected by using PIN diodes with
the corresponding dI/dt signal of Rogowski coil
(Fig. 2,a). It is seen that the X-ray pulses are emitting
just at the moment of maximum compression (dip in the
dl/dt signal) as it is found that the dI/dt and peak of the
X-ray signal matches each other and its duration is
comparable to the lifetime of the di/dt dip. This type of
X-ray pulse is emitted by the Bremsstrahlung radiation
of electrons in the strongly compressed plasma column.
In few PF shots, the soft X-ray emission comes out in
multiple pulses (Fig. 2,b). The intensity of second and
third pulse is always lower than the first pulse. The
second and third X-ray pulses might be generated by a
recompressed plasma [10] or hot spots forming after the
first compression.
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Fig. 2. Typical X-ray signal with dl/dt signal detected
by by using PIN diode (a) soft X-ray single pulse (b) soft
X-ray multiple pulses
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Fig. 3. Typical VPD signal with dl/dt signal

The electron temperature of the pinched plasma can
be measured using intensity ratio technique of two PIN
diode channels. In our case we used two PIN diode of
DXS with 8 and 12 pum Al filters and averaged for X-
ray signals of five different PF shots. The estimated
electron temperature is found to be 1.25 keV.

One can even use a suitably designed VPD to see the
temporal evolution of soft X-ray emission from PF
device [Fig. 3]. The VPD is a simple, cost effective and
robust diagnostics and we have already used it to
measure average energy soft X-ray emitting pulse [11].
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The VPD signal shown in the figure [Fig.3] is
comparable to PIN diode signals (see Fig. 2,a).

a b
Fig. 4. Image of pinched column of PF device (a)
hotspots formation (b) m=0 instability

The size and shape of the pinched plasma column
were determined from the pinhole camera image. The
typical length and diameter of pinched plasma column is
found to be around 10 mm and 2 mm respectively. Hot
spots are regularly observed in the compressed plasma
column (Fig.4) and in some cases the hot spots are
found to be formed in a region not surrounded by
plasma (see Fig. 4,a). Hot spots formation is a regular
phenomenon in PF [12] and even the distant hotspots
forming away from plasma is also not new [13]. These
distant hot spots may be formed due to interaction of
trapped ions in the magnetic field with the rarefied
plasma away from main compressed region. It is
established that the breaking of pinched column mainly
started due to necking in the column (m = 0 type
instability) (see Fig. 4,b).
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Fig. 5. Typical Hard X-ray and neutron signal with
dl/dt signal

The temporal evolution of neutron emissions is
observed putting two PMTs combined with scintilator
[RP400] at distance 2 m away from the plasma column in
axial and radial direction of the source. It is observed that
the axial neutron pulse is coming out earlier [110 ns] than
its radial counterpart [120 ns] (Fig. 5). This suggests that
the axial neutrons are having more kinetic energy as
compared to the radial one. Similarly numbers of neutron
emitting in the axial direction are found to be more as
compared to the radial one as the arbitrary intensity of axial
neutron pulse found to be higher than the radial counterpart
in same experimental condition (see Fig. 5). This is further
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confirmed from bubble dosimeter as we have observed
more numbers of bubble formations in the dosimeter [BD-
PND] in the axial direction as compared to the radial
direction. The details of our neutron studies will be
reported later. However the present results are sufficient to
indicate that some agent is responsible to increase the
energy and numbers of neutron in the axial direction. This
suggests that the mechanism like beam-target interaction
might have active role in the PF neutron [14] generation in
our case also.

CONCLUSIONS

The present work is part of our continuous effort to
understand X-ray and neutron emission from PF device.
Here we have presented few diagnostics for X-ray and
neutron emission from PF and attempted to explain the
generation of multiple X- pulses and hot spot formation.
There is further scope to carryout these studies with
theoretical work and to find out the possible correlation

X-ray pulses and hot spots formation with
corresponding neutron emission.
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UCCJIEJOBAHUE PEHTTEHOBCKOI'O M HEUTPOHHOI'O 3JIYUEHUSA U3 2,2 k/lx
IIVIASMEHHOI'O ®OKYCA

N. Talukdar, T.K. Borthakur, N.K. Neog

[Tnazmennsiit okyc (I1D) sBiseTcss MCTOYHMKOM HMITYJILCOB PEHTI€HOBCKOTO M HEHTPOHHOTO H3ITyYEHHUIL.
Beun mpoBeneHBl U3MEPEHHS M aHAINW3 PEHTTEHOBCKOTO M HEUTPOHHOTO u3iMydeHuil u3 2.2 x/[x mia3sMeHHOro
¢okyca ¢ ucnonp3oBanueM oroymuoxurens (GPIY), PIN-nmonoB, kameps-00CKyphl, BAKyyMHOTO (poTonmona u
My3bIPHKOBOTO J03MMETPa HEHTPOHOB. MATKOe pPEHTI€HOBCKOE H3JIydeHHe OoJjiee WM MeHee HaOIromaeTcsl B
UMITyJIbCAaX CO CIOXKHOW CTPYKTypoH. ['opsume Toukm ObUIM OOHApY>KEHBI B 30HAX PEHTTCHOBCKOTO HM3IIyYCHUS B
CKUMAIOLIEMCsl TIa3MEHHOM InHype. HeWTpoHHOe wn3mydeHne B pas3bl OOsibIleé M JHEPreTHYHEE B OCEBOM
HANpaBJICHUW II0 CPAaBHEHUIO C DPagUAIbHBIM. AHH30TPOIHOE HEHTPOHHOE W3IY4YEeHHE MOXKET 3aBHCETh OT
MEXaHN3Ma B3aUMOAEHCTBUS ITyyKa C MUIICHBIO.

JOCJIJI)KEHHS PEHTTEHIBCHBKOI'O I HEUTPOHHOT'O BUITPOMIHIOBAHHA 3 2,2 k]
IVIABMOBOTI'O ®OKYCA

N. Talukdar, T.K. Borthakur, N.K. Neog

[Tna3smoBuit pokyc (IID) € mKepenoMm iMIyIbCiB PEHTTEHIBCHKOTO i HEHTPOHHOTO BUIPOMIiHIOBaHb. bymm
MPOBE/ICHI BUMIPIOBAHHS 1 aHaIi3 PEHTI€HIBCHKOTO 1 HEHTPOHHOTO BUIPOMiHIOBaHb 3 2.2 k/[k mnasmoBoro ¢okyca
3 BuKopuctaHHsM ¢oronoMHokyBaya (DEIT), PIN-mioxiB, kamepu-oOCKypH, BakyyMHOro ¢oromiona i
OyJIbOANIKOBOTO JIO3UMETPY HEHTPOHIB. M'sike PEHTreHIBChbKE BUIPOMIHIOBAHHS OLUIBILI-MEHII CHOCTEPIraeThcs B
IMITyJIbCax 31 CKJIJHOI CTPYKTyporo. I'apsiyi Touku OyJi BHSBJICHI B 30HaX PEHTI'€HIBCHKOTO BHIIPOMIHIOBaHHS,
1110 CTUCKAIOThCS B IUIA3MOBOMY LIHYpi. HeliTpoHHE BUNIPOMIHIOBaHHS B pa3u OLIbIIE 1 EHEPreTUYHIIIE B OCbOBOMY
HarpsIMKy B HOPIBHSHHI 3 pajiallbHUM. AHI30TPOITHE HEHTPOHHE BUIIPOMIHIOBAHHS MOJXKE 3aJI€XKaTH BlJl MEXaHI3My
B3a€MOJIiT Iy4Ka 3 MIIICHHIO.
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