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b Set up for testing Nadoy, Wecoen
the small IECF device
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NPR is measured by 3He counter.



THINK> ACT 16t US-Japan Workshop on Fusion Neutron Sources

Eﬂ ﬁ * $ for Nuclear Assay and Alternate Applications

KANSAI UNIVERSITY Madison, Wisconsin

PIC Simulation of IEC

Deuterium ions (D*, D,*, D;*), fast neutrals (D, D,°) and electrons (e°) are
used as tracking particles. We use 1,000 particles of each ion species and
3,000 electrons distributed uniformly within the anode Iinitially. We trace the
trajectory of each particles by the Runge-Kutta method in 3-D space. They
move Iin the 3-D vacuum potential calculated by the finite difference method
with the 1 mm spatial 6,750,000 meshes. After pushing each particles, the
atomic and molecular collisions and elastic collisions are taken into account

by Monte Carlo method.
Horizontal ion trajectory is long.

Photo of Star mode Electron Impact lonization
(Experiment) (SImU |ati0n) lon trajectory from ion source



THINK x ACT

BEFAKEF

KANSAI UNIVERSITY

_ - (Kansai)

y
A
N y

)

Photo(6ring cathode)

Photo of glowing cathode
(Experiment)

Model of Anode

lon Impact position
(Simulation)

FDM model cathode
(1mm cubic mesh)
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Feed Close up near the
through cathode

@ Distortion from sphere

The equi-potential surfaces are not spherical near the
feed through. The effect of the cathode structure is not
negligible. 3-D calculation is effective for complex field.

Do Dﬂ(beam) + Dz(backj — Dﬂ(beam) +D; (slow) + € (1)
D (boam) + Dipack) = D (beam) +2D* (siow) +2¢~ (12)
\ Dﬂ[beamj + D)(pack) —> DY (beam) + D™ (slow) + D’ (siow) +e_ (13)

# 0 + =
0 Dy (beam) + Dypacky — Do (beam) + Dapack) +€ (14)
D, D, veam) + D) (backy —> 2D (beam) + Daypaciy +2€ (15)
( Q_ == DZ(EJG’C@ — Dz_(_g}gw) 2= 29_ (16)
e e + Dy(backy = 2D" (siow) +€ (17)
| e + D2 (back) — D_[sj‘owj + Dﬂ (slow) + e (18)

Elastic collisions

(19)-24)
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small IECF device by K-PIC code

60 GI_>cathoW @ cathode7my- Using the smaller
R +* anode, IECF device
< 50 4 ~—= can discharge at higher
< S . gas pressure.
)
g 40 VA m @
S ¢ 4 <
i 30 = * At high gas pressure,
> X e ¢ u T ok high energized ion can
£ 20 P Tk * collide with neutral
% X e e easily?
a 10 - ] % L \ \ @
/ \ Let’s study about small
0 ' | | IECF devices.
c1>400r;>,/ ! e d \ Small IECF devices
d 300mm Gas pressure can operate in vacuum
chamber at parallel.
s 200mm
) ®150mm

o 30mm
d15mm
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Comparison of anode diameter

(old-experiment)
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Bottom of anode

Feed through
Insulator

Discharge is
mainly occurred
at longest path.

(Longest path)

Using the large anode, IECF device can discharge at stable HV & lower gas pressure.

With the smaller anode, the discharge is getting unstable, the higher voltage can’t be

applied.
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Anode & hemispherical
.. .Buard fence
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Cylindrical guard fence
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Guard fence for preventing the discharge 1. Oct, 2014
between anode and feed-through

Using this guard fence, the
path between anode and
cathode becomes longest.

O

Discharge of small anode
becomes stable, the high
voltage can be applied.
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Setup of small IECF device

Cylindrical
vacuum
chamber

KANSAI UNIVERSITY

470mm

520mm

Winding wire arounc

: Remove by acetone
spherical foamed polystyrene

20mm,

Wire cathode (Mo)
(wire diameter is 1mm)
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Discharge characteristics of small anodes
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Neutron Production Rate (1/sec)
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of small IECF device (single)
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NPR of a small IECF device (80mm®) is
greater than original IECF device (300mm®)

The operational current is limited within 5mA
by the over heating of ion collide on small cathode.

Madison, Wisconsin
1st. Oct., 2014

Fitting curve of NPR by

original anode
(300mm®,I1=5mA)

The cathode is shinling
by over heating

80mm® anode
at 1Pa, 31kV, 10mA
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Double IEC device (horizontal settingy
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Discharge photo (H, 5Pa, 3.4kV, total 10mA)

Insulated tubes
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A

Two 100mm Anodes setting Branched Cathode Setting appearance
(side by side)
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-~ DiSCharge characteristics of  "=uixu:
double IEC (horizontal settinc
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Comparison of each discharge curves

Double IEC with a partition, P-V curve is just same as single. (H,, 5Pa, 5.7kV
with partition)
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double IEC devices (vertical type)

w Discharge photo of H,
10mA 1.6Pa 38.7kV
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Experimental Results of 15, Oct, 2014
double IECF device (vertical type)
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NPR of double (at 20mA) is almost twice of NPR of single (at 5SmA).
However, the amount of NPR is quite small. &> wny»



NPR(1/sec)
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Comparison of NPR & anode structure (single)
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Discharge characteristics of
different anode structure
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The density of anode structure is very important factor in discharge.



THINK> ACT 16t US-Japan Workshop on Fusion Neutron Sources

E’E ﬁkﬁ C O n C | u S i O n S for Nuclear Assay and Alternate Applications

KANSAI UNIVERSITY Madison, Wisconsin

-parallel operation

Double IEC devices at horizontal setting help the their discharge each other.
Double IEC devices at vertical setting don’t affect each other.

Increasing parallel running-IECs, total NPR will be increased proportionally.

P-V curve & NPR

( With smaller anode, the discharge is occurred at higher gas pressure.

Using the anode with smaller network of wire, the discharge is occurred
at higher gas pressure.

A

=The operational discharge characteristic curve can be
controlled by changing anode diameter and structure.

—

Operational gas pressure is very important factor for NPR.

= At suitable gas pressure, NPR will be improved.
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Future Plan o

KANSAI UNIVERSITY

LK@

Triple IECs

Now, the triple IECs are tested.

Triple anodes

At next workshop, the tritium experiment will be finished



