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1. Low Energy Heavy-Ion Beam Facility for

fast neutron production
2. Fast Neutron Radiography & Applications

3. Superconducting ECR Ion Source and
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Featured Specifications
S-ECR : 10kW, 28GHz, 3W G-M cooler (4K)

e PM-ECR: 1kW, 2.45GHz

RFQ 8 keV/u 2 0.6 MeV/u
200MHz, Q/M=1/2, Length ~2m, Diameter 35cm
0.6 MeV/u 24 MeV/u

HI-DTL 200MHz, Q/M=1/2, Length ~3.2m
Diameter 35cm

Production
Target Hydrogen Gas Target at 500Torr
Beam L1 S 5mA / Ar 8+ 2mA / Kr 13+ 0.6 mA / Xe 20+

Current 0.3 mA, Fastneutron 1012/5 with Li >* 1mA
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Neutron radiography

* Penetration thru high-Z material
* Sensitive to Low-Z material

Fast Neutron

SH(d, n)* He
2H (d, n)3 He
‘Li(p,Nn)’ Be
p(’Li,n)"Be

Fast Neutron Radiography

mass attenuation coefficient [cm¥g]

Neutron absorption

= X-Rays o Thermal neutron gFast neutron
(120 kV) (25 meV) (1,9 MeV)
10°=
— 9
D AT
)

(

23
b=

\

/oo
Aluminium ™

10727 T T T T T T T T T T
0 10 20 30 40 50 60 70 80

atomic number [Z]

HAMLIL. Sic8 % sge|paa f
\ Hadron and Nuclear Physics Laboratory y




KOREA BASIC SCIENCE INSTITUTE

Neutron radiography

* Penetration thru high-Z material
* Sensitive to Low-Z material
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Fast Neutron Radiography

Neutron radiography Neutron absorption
» Penetration thru high-Z material Tl e o
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Hidden
fissile
material

Detector
arrays

Neutron
generator

fan beam
(belowground)

Neutron
generator

mass attenuation coefficient [cm¥g]
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Fast Neutron Beam Facility

Heavy 1on linac
Target

Beam dump

\

RFQ linac

re<Buncher

Buncher

Neutron detector

|

Collimator

ECR 1on source

Neutron production Acceleration (Li2=3* production
2.5MeV ~10%%/sec ~2 5MeV/u >1pmA)

H(’Li, n)’Be Inverse kinematics
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Application of the ECR Ion Source

Imaging of Deformed metal surfaces EUV source

PECRIS
beam intensity Xe!®* 70 LA
EUV power 100mW/27z sr

Py . 1
Hospital X-ray =CH ' 18 GHz ECRIS
2 Bk ik % beam intensity Xe20* 300 LA
e Xelot ~3mA
High energetic X-ray (~100 keV) without High voltage EUV power 4W/27zsr
Easily change the X-ray energy Il

High x-ray flux (~ 10R/h ~ 100msr/h) 28GHz ECRIS ~ 100W/27sr
7 = T
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Current Trends in Development f
the ECR Ion Source

* Low cost and Compact ECRIS
-> Permanent magnet ECRIS

* High current and multiply charged Ion Source
-> Superconducting ECRIS

Beam dump
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Principle of the ECR Ion Source
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28GHz 10kW Superconducting
ECR Ion Source with B, = 4T

10 K GM-Cryocooler o
g - ME WHZte 12 2HE XA

Shimming HTS Magnet
Inlet HTS Magnet
- Volume Type EC

R
OlHX| ME 22 Sf)
- Hexapole XtAZ2 2|3t
n4E Fx 2
- High-B mode 22 2|3l
2 =8 5
(High intensity beam &)

- 28 GHz Gyrotron 24 T =

Hexapole HTS Magnet
Thermal Shield

Vacuum Vessel
Target Ion
-Li3*5mA / Ar 8 2mA
- Kr 13* 0.6 mA / Xe 20* 0.3 mA
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Optimized configuration of permanent magne S
Annular Magnet
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Geometry of Prototype ECRIS |
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Opera-3D Simulation Results

21/6/2008 23:06:06 UNITS
Length mm
Magn Flux Density T
Magn Field Amt

Vector Fields

software for siectramagnatic dasign

>

Magn Scalar Pot
Magn Vector Pot Wb m-?
Elec Flux Density ~ C m-2

Elec Field Yo
Conductivity S mm-!
Current Density Amm-2
Power

Force N
Energy J

Mass kg

PROBLEM DATA
ecr-flat37-real,op3

TOSCA Magnetostatic

Linear materials

Sirmulation No 1 of 1

1861818 elements

548529 nodes

MNodally interpolated fields
Activated in global coordinates

Field Point Local Coordinates
Local = Global

b'q| Opera-3d > COLOUR OPTION=3ET RED=217 GREEN=218 ELUE=255
Colour 65 changed to Red: 217, Green: 218, Blue: 255, Opaque
Opera-3d > THREED

Opera-3d > COLOUR OPTION=LOAD LABEL=MAGNET

Opera-3d > COLOUR OPTION=SET RED=213 GREEN=214 ELUE=250
Colour 65 changed to Red: 213, Green: 214, Blue: 250, Opacque
2§ Opera-3d > THREED
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Magnet Field Profile on Center Axis

Opera-3D Simulation Results

Cycrotron Resonance
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1

Schematic view of Prototype ECR ion source

mirror magnet center magnet mirror magnet
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Permanent Magnet
#195x ¢75xT30 mm’

#195% #160xT20 mm? #100x p60xT150 mm®
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Beam Buncher

SECRIS * '




e Beam flux: Production of 10'2/s (fast neutrons)
* beam intensity: Li>3* higher than 2pmA

* Beam energy : ~2MeV/u

* Gas target : >350 Torr

400

* Neutron detection : High efficiency for fast neutron

200

100

o Lo Ly

1

3 4 5 6 7 g 9 10
E, [MeV/u]

n

Y,=F,;xp

Na
A

xLxo

p : Density

OIIII‘IOIIII2OIIII3OIIII

Y : neutron Yield
F.; : Beam Flux

N, : Avogadro constant
A : Atomic Number

.. .| L:Target Length
60 .
0, [°] O: Cross section

Fast neutron flux Is
5.3x10% /sata’Li™
Beam current of 1ImA
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