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|| Experimental setup
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Vc(cathode voltage): —15kV
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Motivation

Motivation
N Need to increase NPR = th (BNCT)
o) ancer therapy
~ 10° [1/s] - > 1012 [1/s]

(NPR: Neutron Production Rate)

The ways to enhance NPR
€ To increase ion density

€ To increase ion energy

v Low pressure operation
= To reduce ion energy loss by charge exchange reaction

.-—- Charge exchange reaction -------===—--mmmmmmm e .

I' \‘
Charge exchange reaction is dominant atomic process.
D (fast)+ D, — D, (fast)+ D;
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-> Low pressure operation reduces charge exchange reaction.

--------------------------------------------------------------------
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Increment of lon production near the anode

In order to accelerate ions fully by electric field

Fully accelerated ion

Potential

Radial position
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Motivation

The ways to enhance NPR

€ To increase ion energy

v Low pressure operation
= To reduce ion energy loss by charge exchange reaction

v" Increment of lon production more outside
= To fully accelerate ion by electric field

Applying axial magnetic field
to a cylindrical IEC device

O,
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Axial magnetic field

-—- Cylindrical IEC device with Axial magnetic field -=x
..... confines electrons and produce ions
more effectively at low pressure
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Cathode grid M
(440 mm, /380 mm) " 0-100 kV_L

Anode gri 2
(¢200mm, h3 3
glgoctroma;gnet { l Deuterium

turns c gl (~1 Pa)

to trap electrons
Vacuum chamber 0-1k\ : i
o e -1XY and enhance ion generation
= near the wall
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The way to use electromagnets
E ~ coil current direction pattern~
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@ :right hand direction
(): left hand direction
- 1 no current
(max current : 13.5 A)
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Outline

"principle
experimental results
* discussion

"lon generation range

pulse operation
conclusion



Coil pattern A
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:magnetic field exists only near the wall
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Coil pattern A
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NPR 16 % up, P 12 % down @13.5 A
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Coil pattern E
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axial direction [cm]

12

radial direction [cm]

5 coils make same direction magnetic field

===) most strong magnetic field from cathode to wall
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|| Coil pattern E
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coil current [A]

NPR 85 % up @3 A, P 37 % down @5 A

12



T ﬂl?:ﬂ '/EL' H—

wing Excellence

|| Coil pattern H
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anomalistic magnetic field
: more magnetic field exists near the cathode(r=4 cm) than pattern A
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Coil pattern H
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NPR 233 % up, P 36 % down @7.75 A

14



_I'ﬂl7’ﬂ 71EL' H—
Pursuing Excellence

|| Experimental results
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NPR has peak point in pattern E, H

Why NPR has peak point or not ? j‘> |discussion i
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"principle
experimental results
- discussion

"pressure

pulse operation
conclusion
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effect of pressure on NPR

coil patternE(O0~5A)
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Pressure is monotonically decreased.
EltF>NPR has peak point
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effect of pressure on NPR

coil patternH(0~9 A)
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Pressure decreasing doesn’t effect on NPR very much.
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NPR is dependent onionenergy.

need to consider abou(on generatlon reglo/

The way to calculate ion generation region

-

o

(D calculate the electron trajectories

(2 by using the trajectories,

"."lonization occurs when electron and neutral particle collidej

~

ion generation region is calculated.




At first study about coil pattern E



Electron trap trajectory —napafecn—
Ll @coil current =3 A(pattern E : NPR peak)
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Next : ion generation region from these trajectories
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lon production position
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Ll @coil pattern E
K:—15kV A:—0.2kV W:ground
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lon production peak point is different

with coil current changing.
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|| Potential distribution and ion peak

QO : peak point of ion production
. K:—15kV A:—0.2kV W:ground
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When ion peak is near the anode
ions are effectively accelerated.,
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Next discuss about coil pattern H



lon production position e

@coil pattern H
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ion production[a.u.]

NPR has also peak point
when ion production peak is near the anode @pattern H
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Next discuss about coil pattern A
(NPR doesn’t have peak point)



lon production position

@coil pattern H
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with max coil current

ion peak point doesn’t reach the anode

. .NPR has no peak point
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the condition with max NPR
|| with changing potential distribution
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ions generated among anode to wall :
no acceleration and no contribution to fusion reaction.

29




_fﬂly’ﬂ '/EL' H—
Pursuing Excellence

Outline

"principle
experimental results
*discussion

"lon generation range

"pulse operation
conclusion



_fﬂly’ﬂ '/EL' H—
Pursuing Excellence

%] Pulse discharge operation

€ To increase ion energy

magnetic field

€ To increase ion density\cﬂzI

pulse operation

pulse discharge

High cathode current can be applied.
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|| Comparison of DC and pulse operation

same potential distribution

Ve=—20kV Va=—4.4kV
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coil current (A)

Comparison of DC and pulse discharge operation
=dependence of NPR on magnetic field strength is different
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] Conclusion

With axial magnetic field,
NPR is 2.33 times, and pressure decreased 36 % down
@coil patternH (7.75 A)

lon generation region
plays an important role in increasing NPR.

o
O

not much effect
of pressure

“generate the ions more outside region?

lons generated amonglanode to wall
don’t have influence on fusion reaction,

because electric field is week
and ions are not accelerated to the cathode.
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Future plan

find optimal relationship
between potential distribution and ion production position

with changing anode voltage
under the condition of various ion production peak position

make sure that
how pressure effects on NPR

by analyzing effect of ion production region on NPR
or finding the way of experiment with only pressure changing
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