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Q Overview of KBSI accelerator project
Q 28 GHz Superconducting ECR ion source

, KBSI accelerator system
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@ Future plan
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Motivation

Research issues of KBSI (Busan center)
specialized for Busan metropolitan city

Neutron Radiography Cancer therapy
based on accelerator based on accelerator

(Left) x-ray, (Right)Neutron imaging Particle cancer therapy using heavy ion (C)
Courtesy of Paul Scherrer Institute Courtesy of nature.com(SIMENS)
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Concept of neutron production: Inverse kinematics

Conventional reaction

for neutron generation

SH(d,n)*He
H(d,n)>He
’Li(p,n)’Be

Normal kinematics: light particle
interact with heavy element target. the
produced neutron will be go to all
direction.
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Most of neutrons are “wasted”
Not proper to radiography

K:SI

KOREA BASIC
SCIENCE INSTITUTE



Inverse kinematics
for neutron generation

Inverse kinematics: the produced
neutron will be go forward.

Production angle is limited about 30 degree
and high intensity neutron beam.

Concept of the neutron production for

radiography employing heavy ion linear _
accelerator. Most of neutrons are straight-forward

Proper to radiography
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Requirement for KBSI Neutron radiography facility
- Higher than 1pmA of Li2~3*+ beam intensity

- ~2.5 MeV/u (17.5 MeV) of beam energy
- Lower neutron incident angle

- High efficiency detector for fast neutron detection

Fast Neutron Yield

:"<
I

=

-

-
Q

Y : Neutron yield

F; : Flux of lithium ion beam (2.1 x 10)

p: Density of hydrogen
) | Li energy Max. angle Cross-section

Z : Atomic number of hydrogen
24.4 0.536
L : Target length

Neutron flux Max. neutron

(n/cm? sec) energy (MeV)

5.2x 108

o : Cross-section of reaction J. Park and J. Ahn, Sae-Mulli, 54, pp.171, 2007
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Overview of KBSI Accelerator Project

Motivation
® Fast neutron radiography facility
® Achievement: High-yield neutron flux
® Implementation: Inverse kinematics
® Requirements: Li ion beam +
hydrogen target
® Pros.: effective and compact

LEBT System

® enable to separate the ions from IS
® satisfy the RFQ input condition:

beam acceptance, current, size and etc.

® l1dipole+3solenoids+2quadrupoles
® 2 diagnostic chambers

7th Asian Forum for Accelerators and Detectors

Linear Accelerator
® Reference particle: Li3*
® Freq.=165 MHz
® Output beam :
~ 3.5 MeV@RFQ
~ 18 MeV@DTL
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p(’Li, n)’Be Inverse kinematics 2>
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= analytic instruments

500 keV/u (3.5 MeV)

Neutron application

| ation: ~ 2.7 MeV/u (18 MeV)
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M

Large diameter plasma chamber
(1 50mm¢) ) ('onlx?csncd high voltage power

TMP 1100 L/sec

on Chamber
ed)

TMP 1100 Lisec

Moving System
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1.t feed through

scu)lld

28 GHz MW system " No boil-off LHe cryostat cryostat

m 4 GM cryocoolers

m 4 LHe recondenser

m HTS current lead: 300 A
(6ea), 500 A (2ea)

m temperature monitor:
7 cernox sensors

m level monitor: 2 LHe

level sensors
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Beam measurement system in LEBT

X-ray detection system

v Collimator

Bending Magnet

;

CZT
Detector

28 GHz ECRIS Extraction system .
e I Window for beam e
=S profile monitor L1
« Extracted beam spectrum are analyzed using dipole magnet S
« Also, x-ray from plasma chamber are measured with x-ray ¥ '

detection system
» Diagnostic tools are ready to evaluate the ion beam quality.
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RFQ Z0|2 &8I0 Power Amplifier
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RFO cavity !m

T i | oo sarsr - Frequency and Band-width : 165[MHz] £5[MHz]
{iIzzzztzstadizd g e - Stabilities : Output <+1[%], Phase < +1[Degree]
LLRF SW/HW JH & SSPA JHE&t

[iowa]
SSPA Output Power Test Result-m;
Graph

PAD power [dBm]
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10 kW RF 11}

Section 1

i | i

| Parameter | Unit | Value |

Section 2
Section 3

Resonance Frequency MHz 165
- &M FE0l 2 2 Section g S ER Return Loss @165MHz dB -57.9
- 2 Section & TS f/oH dumm art 1o _
= = yp -Outer Conductor/Inner Conductor Impedance Matching
- Dummy part = 2Ji 2 3 section 0| 2 o
-Tjunction (W4) =& = S8t Resonance Frequency Matching

Dipole mode stabilizer JH & RFQ Design & Ml

-RFQ IIS5332 F+S4d &at= 218 mode stabilizer HE « KBSI RFQ consists of 3 section
- Mode stabilizer: quadrupole2=0il &S ==Xl 1 dipole =L==2t . RF power coupler: 1

S| | g|
&, AX-201-30] 2B AP  Slug Tuner: 29
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Operation of 28 GHz SC ECR ion source

€ The first ECR plasma ignition was performed in August 2014

€ The first ion beam was extracted from the 28 GHz ECR ion source in 2015
€ Optimization of ECR ion source with various conditions is under way (2015)

€ Further optimization study about ECR ion source will be conducted

[ B, ~36T - === B (z), Hexapole
. e s 35t B (2). Solenoid
ECRIS for first plasma ignition S A U :
30F
Gas type Ready Ar
25 F
Ready Solenoid was qualified i
SC magnet limited — - c20F
(limited) HP was limited yet (83% of design) s |
~ 108 Torr (Before gas injection ]
Plasma chamber Ready ( J L ) V1] USRS 5 | SRR O Sty SORR—

~ 10 Torr (After gas injection) ;
Microwave Ready 28 GHz, below 1 kW b

Bmin<l T
PR IR Pl TSy

0.0 T L ke S M P
-1000 -500 0 500 1000

Axial position (mm)
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First plasma ignition

First ECR plasma ignition: All of
apparatuses were ready as of August, 2014
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Beam Intensity [epA]

500 — 381E6
——6.28E-6
7.83E-6
400 O o3+ |
300 | |
200 |
r o
100 [ oy
: o ﬂ w
0- ......... .BJ.AJL AIA I P,
0 5 10 15 20 25 30 35 40 45 50

Analyzing magnet current [A |

Beam Intensity [epA]

Xeb+ —— 1.33x10°

——2.81x10°
——4.86x10°

)@{-75.02)(105

40|

30

20 -

10

Beam Intensity [epA]

s N2+ — 817E-6
700 —6.02E-6
- —44E6
600 [ ——— 2.08E-6
: 1.32E-6
500 |
400 | [\
; +
300 | N4
200 | NL+
100 -
[ 5+
[ N6+ N g
oL R, | 1/ O A W
0 10 20 30 40

250
[ ——8.88E-7
A5 ——— 2.03E-6
r ——5.25E-6
200 - ——8.57E-6
_ 1.22E-5
3 150 F A
z A A2
g I A
= 100 | i
= [ A |
i |
50
[ A |
0.1...|1...|. ﬂ A ca b el

10 15 20 25 30 35 40 45 50 55 60

Analyzing magnet current [A]

7th Asian Forum for Accelerators and Detectors

AU, T " ral
AnalyZing magnet current | A

B8 Sl SCIENGE NSHTUTE




Beam dynamics simulation - preliminary study

Particle trajectory Energy distribution

Mass/Charge = 1.000 [amu]/ 1

V. Drift-Tube =  9.394e+04 [Volt] i
RF Freq. = 1.650e+08 [Hz] 5.99e-01
Injection = 5.000e+05 [Volt] ( 5.000e+05 [eV] )1-210e-07 [sec]

Time passed = 1.212e-07 [sec.
Phase Cent = -109.2 [deg] 4.79e-01

A indERD

1.20e-01

0.00e+00 : ' - ' ‘J :
0.00e+00  5.00e+05  1.00e+06  1.50e+06  2.00e+06  2.50e+06  3.00e+06 [eV]

Energy Distribution

2000

=]

Systemn File = [..¥..¥Design-PW¥KBSI¥2013-Oct¥Direct¥ Cell18-R7.txt]

System File = [..¥..¥Design-PW¥KBSI¥2013-Oct¥Directy Cell18-R7 txt] El. Voltage =  9.39e+04[V]

X-Trajectory Transmit. = 99.4[%]
{ 92.4[%] for 2.60e+06 <-—-> 2.80e+06[eV])
Phase = -109.2 [deg]

« Total length of DTL: < 2.3 m
« Particle transmission rate: > 92%
« Beam energy: 2.7 MeV/u

* Further design and study for DTL is under way
Courtesy of Dr. S. Ogata @ Atelier Modeling

7th Asian Forum for Accelerators and Detectors K:BI gglgﬁ%:gﬁé?nwm



ZM T} = A (neutron radiation)
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Future plan

® Optimization of ECR ion source by system overhaul
® Beam diagnosis under LEBT operation

® Beam acceleration using RFQ LINAC

® Engineering design of Drift Tube LINAC

® Development of neutron radiography facility

@ New building for heavy ion accelerator for ion beam user
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 Construction: 2015-2018
1 Main accelerator and beam utilization building, 1 supporting building
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