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. |. Introduction
1 Overview

L PEFPIzsm

B Project : Proton Engineering Frontier Project (PEFP)
21C Frontier R&D Program, MEST, Republic of Korea

B Objectives :
- To develop a High Power Proton Linac (100MeV, 20mA)
- To develop Beam Utilization & Accelerator Application Technologies
- To Industrialize Developed Technologies

B Period : July 2002 — March 2012 (10 years)

l Budget: 128.6 B KRW (Gov. 115.7 B, Private 12.9 B)
(Gyeongju City : Site, Buildings & Supporting Facilities)




|. Introduction

J Schedule

L PEFPIzsm

Project 1st Step ('02~°05) 2nd Step ('06~°08) 3rd Step ('09~’12)

Period '02.7~ | '03.7~ | '04.7~ | '05.7~ | '06.4~ | '07.4~ | '08.4~ | 094~ | 104~ | 114~
'03.6 '04.6 '05.6 '06.3 '07.3 '08.3 '09.3 "10.3 "11.3 "12.3

20 MeV Fabrication 45 NeV Fabrication 100 MeV Fabric ation Installation
Accelerator ® 2 ¢ mRemmmes >e . >
development e ® .
20 Me 20MeV Op. ROMeV Opef_ration - 20 MeV [Linac
nstallation/ test License Beam Sefvice  Tglocation/ installation
Site selection Land purchasing/Construction permit
. H.IIIIIIIIIIIIIIIIIIIIIIIIII L
Construction Accelerator tunne), gallery &
Works donventional facility
ConFeptual/Ba s5ic design Detailed desi?n
On schedule ======: Delayed Now




Il. Accelerator & Beamline

1 PEFP Accelerator & Beamline

F PEFPIzs

100 MeV 20 MeV 3 MeV Injector

- Future /\I

Extension \_J

TR105

TR24 TR23 TR22
100 MeV Beamlines 20 MeV Beamlines

Features of the PEFP linac

* 50 keV Injector (lon Source + LEBT) Output Energy (MeV) 20 100
« 3 MeV RFQ (4-vane type) Peak Beam Current (mA) 20 20
*20 & 100 MeV DTL Max. Beam Duty (%) 24 8
* RF Frequency : 350 MHz Avg. Beam Current (mA) 4.8 1.6
* Beam Extractions at 20 or 100 MeV Pulse Length (ms) 2 1.33
* 5 Beamlines for 20 MeV & 100 MeV Max. Repetition Rate (Hz) 120 60
- Beam to be distributed to 3 BL via AC Max. Avg. Beam Power (kW) 96 160




Il. Accelerator & Beamline
1 Status of Accelerator Development

F PEFPIzs

“ Up to 20 MeV : Fully developed & installed and under routine operation
* Fabricated 20~91 MeV (6 DTL tanks)
% To the last DTL tank (91~100 MeV) in 2010

$8000000000000080008000000000000000000000000000000000000000000000000000000

. Completed 2010

Step 1 Step 2 Step 3
(02.07 ~’05.06) (05.07 ~’08.03) (08.04 ~'12.03)

GicGiciaicaiz
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J Performance of PEFP 20 MeV Linac

Il. Accelerator & Beamline

Extracted first beam (July 2005)

Obtained operation license (June 2007)
- Avg. current: 0.1 pA, Rep. Rate: 0.1 Hz, 4 hrs/week
Started beam service (June 2007)

Achieved designed performance (May 2008)

Klystron (RFQ)

Wavegmde

Klystron (DTL)

3 MeV RFQ

Target Station Beam Profile

20 MeV DTL

FPEFP

<* Beam Current 20.2 mA
Designed: 20 mA (08.5.24)
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d Beamlines

+ Designed by reflecting user’s requirement

TR22
¥ §

§n- ﬁ i TR23

Hi

TR24

Il. Accelerator & Beamline

?E Fr e
» 20 MeV Beamlines
Beam Application Rep. Avg. Irradiation
Line Field Rate Current Condition
TR21 Semiconductor 60 Hz 0.6 mA Hor. Ext.
Bio-Medical
TR22 Application 15 Hz 60 pA Hor. Ext.
TR23 | Materials,Energy & | 55, | 906mA | Hor.Ext.
Environment
TR24 Basic Science 15 Hz 60 pA Hor. Ext.
TR25 Radio Isotopes 60 Hz 1.2mA Hor. Vac.

\ TR101 ‘
%ﬁﬁ agpratly B g o
> 100 MeV Beamlines y| TR105 % TR104"
Beam Application Reb. Rate Avg. Irradiation “
Line Field P- Current | Condition 20 MeV Beam Structure
TR101 Radio Isotopes 60Hz | 0.6mA | Hor. Ext. - -
: 8.33 ms

Medical Research
TR102 7.5Hz 10 pA Hor. Ext.

(Proton therapy) ‘0.052ms (1.5x10"" ~ 2.5%10" protons/pulse)
TR103 Matg;‘ji'fafr:eernﬂy & | 15Hz | 03mA | Hor. Ext.

Basic Science 4100 MeV Beam Structure
TR104 Aero-Space tech. 7.5 Hz 10 uA Hor. Ext. - -
TR105 ’I"r‘::;';:::os:}‘:: 60Hz | 1.6mA | Hor. Vac. 4 16.67 ms N
0.05~1.33 ms (1.5x10"" ~ 1. 7x10" protonsipulse)

= 33, 45, 57, 69, 80, 91,

100 MeV p beam

oD




I1l. Construction Work

d The Project Site

F PEFPIzs

% The Project Site (Area: 440,000 m?) is located at Gyoengju.

(The capital of Shilla dynasty for 992 years, from BC 57 to AD 935.)

' : | Freeway
: _(Gyeonju IC)

&

.
o
.

r2 X

Railway (KTX)

1 Express
(New Gyeongju Station)
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Construction Work

1 Site Plan

o PEFPIzs-

Proton Accelerator Research Center @ Accelerator Tunnel D Water Storages
——— . - T— Experimental Hall .Maln Office Buﬂdlng

!  Phasell Phase |
(2012 ~) (2002~2012)

Reserved for
the Future Expansio

1,100 m =




I1l. Construction Work
 Excavation and Site Preparation

- PEFP
% Gyeongju; purchased the land s Started Site Preparation (May 27, 2009)
< Excavating Phase1 site (Feb, 2009) = Site leveling and access road construction

Area Reserved for Pha

o

se |l




1 Construction Schedule (08FY ~ 12FY)

I1l. Construction Work

L PEFPIzsm

Date Major Activities
2008. 9 Obtained the construction permit
2009. 5 Started construction (ground breaking)
2010. 4 To start foundation work (accelerator & beam utilization building)
2011. 3 To complete accelerator, ion beam & utility facility building
2011. 6 To supply 154 kV power & water
2011.12 To complete mechanical, electrical, I&C system
2012. 3 To complete of buildings & yard facilities
2012. 3 To complete the project

12



d User Program Development

IV. Beam Utilization & Applications

FPEFPTz

O User Program Development (2003~)

Research Fields

Sub-categories

Nano Technology

lon-cutting, Nano-particle fabrication, Carbon nano-tube, Nano-machining

Information Technology

High power semiconductor, Semiconductor manufacturing R&D, etc.

Space Technology

Radiation hard electronic device, Radiation effect on materials

Bio-Technology

Mutations of plants & micro-organisms, Extraction of natural product

Medical research

Low energy proton therapy study, Biological radiation effects, Rl production, etc.

Materials Science

Proton irradiation effects with various materials, Gemstone coloration

Energy & Environment

New p-organism (bio fuel), New materials for fuel cell, nano catalyst, organic solar cell

Nuclear & Particle Physics

Detector R&D, Nuclear data, TLA (Thin Layer Activation)

< 20 MeV Beam Facility @ KAERI < 45 MeV beam facility @ KIRAMS®




1 Status of PEFP User Program
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IV. Beam Utilization & Applications

FPEFPTz

% User Distribution (99 Institutions)

R&D Institute
23.3%

University

(58.4%)

¢ User Distribution (R&D Fields)
InformationMaterials R]

Environment (5.3%)  (4.7%) (4.0%) 8‘2‘3;3)
' (34)

Bio Tech.

Medical
(13.0%)
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QO R&D Highlights (1)

e Condensed Matter

IV. Beam Utilization & Applications

U PEFP

* Materials Science

Identification of ferromagnetism of
proton-irradiated graphite

« Hybrid nano-logic circuits
n-type nanowire + p-type nanotube

APS - Physical Review Letters

physics

AMERICAN PHYSICAL SOCIETY

- r . ek end
PRL 97. 137206 (2006) e R L N EEs 2 SEPTEMBEK 2006

Electron Spin Resonance of Proton-Irradiated Graphite

Kyu Won Lee and Cheol Eui Lee”

Department of Physics and Institute for Nano Science, Korea University, Seoul 136-713, Korea
(Received 31 May 2005: revised manuscript received 13 June 2006. published 28 September 2006)
In the case of colossal magnetoresistance in the perovskite manganites, ““double exchange” mediated

by the itinerant spins is believed to play a key role in the ferromagnetism. In contrast, the conventional
“He w.nbug interaction, i.¢.. direct (unmediated) interaction between the localized spm:, produced by

FWILEY-VCH

Nanoscale Logic Circuits

“AKTERTADS

www.advmat.de

Operation Voltage

wwwidvmat.de frough  the
il physical
coward the
& based on
=
| —

nanotubes

for diverse
tion as the

Hybrid Complementary Logic Circuits of
One-Dimensional Nanomaterials with Adjustment of

By Gunho Jo, Woong-Ki Hong, Jung Inn Sohn, Minseok Jo, Jiyong Shin,
Mark E. Welland, Hyunsang Hwang, Kurt E.

Geckeler, and Takhee Lee*

additional compensation circuits, To this end, the precise
modulation and matching of the current and operating voltage
in transistors have been achieved electrostatically by adjusting the
population of proton radiation-generated charges in the dielectric

layer, prov |d||u; an |lLIIId|J Ve o ||u1||tdi doping. Recently, we
have demonstrated that S\t\l[ FETs show a high tolerance
against proton radiation, ™" while the electrical characteristics of

Pad 5ize:400x400 um

HWILEY-VCH Manescale Logic Circuits




O R&D Highlights (ll)

* Nano-Tech

¢ Fabrication of metallic nano-particles
- Gold, Platinum, Silver

<> Silver nano particle (SEM Images)
S o e

?
lDOnm té . ..' e

e Ty
AN

o Sllver nano crystal (Flower formatlon

IV. Beam Utilization & Applications

U PEFP

* Bio-Medical Science

¢ In-vivo proton beam experiments
- LLC (Lewis Lung Carcinoma)

% Proto-type LEPT
- Beam line for

. proton therapy

study

Rdge Filter >
Modulator = == =

Mpn.fi%i_ﬁng Camera

Tumor volume (cm®)

10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
Time after inoculation (Day) Time after inoculation (Day)
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IV. Beam Utilization & Applications

QO R&D Highlights (1)

* Nuclear Physics

Expecting for your contributions.

F PEFPIzs

17



V. Activities for the Future

o PEFPIzs-

 Options for the Future

U Two Options Proposed by Science & TEchnology Policy Institute (Feb, 2009)

“Long-term Planning for Proton Engineering Frontier Project’
Future Expansion

Current Project L

s Option 1
= 1 GeV Linac + Accumulation Ring
| . S L | 10;1.1111 E :

= 2 MW Spallation Neutron Source
= 250, 400, 1000 MeV Proton Beam rpug' ﬂ-‘!l :
3 i

400 m

6 e ] & :
Spallation A & L5is e i
e A s TR ST WY

Neutron Source
l Liom W A0 m E.'I
s Option 2 -
* 200 MeV Linac + 2 GeV RCS | T E
— 00 Me\l linac|

= 0.5 MW Spallation Neutron Source
= 250 MeV Proton Beam
=400 MeV Linac + 8 GeV PS

= 8 GeV Proton Beam D4-80ey i e e




1 SRF (Superconducting Linac)

V. Activities for the Future

UQ'?EFPsmm

*3=0.42, RF: 700 MHz

= SC Cavity, RF coupler, Tuner, Vacuum Vessel, etc.

» Fabricated & tested a warm module (Cu Cavity)

» Fabricated and tested a 2-cell cold module (Nb Cavity)

" E-field tunning

Field flatness < 1.43 %

. . E-field tunning

™, f <
h. W \'-. ! il !
| 1 7

S A /
WY 7
\ J \/f

Field flatness: 1.8%
Requirement: <..8%

< Designed SRF module >

» Developed digital LLRF test
system (H/W+S/W)

* Performed LLRF closed-loop
test with Cu Cavity

» Achieved amplitude, £1 %,
phase, £1°.

* Cryostat & Vertical tests
to be performed. (in
cooperation with PAL)

19



V. Activities for the Future

d RCS (Rapid Cycling Synchrotron)

F PEFPIzs

Injection\

= - 15

Injection Energy: 100 (200) MeV
Extraction Energy: 1 (2) GeV

Injection : Charge Exchange

D Fast Extraction : Spallation neutron source

N %

* 4-Fold Symmetry (20 Cells)

+ FODO Lattice ) . - .
~ . 4Dispersion Free Sections = Slow Extraction (~450 MeV): Medical application
b - 4 Arc Straight Sections 2 = with great help from Dr. Y.Y. Lee @ BNL
= .Q,, Q,=4.39,4.29 T
. +Harmonics: 2 * Upgrade Path
& * Circumference : 204.45m = Injection Extraction | Repetition RF
Y 4 [GeV] [GeV] [Hz] [KV] Power [KW]
2 N
Momentum Initial 0.1 1.0 15 80 60
N SIST. (- Slow
_ Extraction Upgrade #1 0.1 1.0 30 140 120
Collimatoy’ Fast
Extraction Upgrade #2 0.1 2.0 30 260 250
Upgrade #3 0.2 2.0 30 250 500
% Lattice Design
i . || - =
ﬁiﬁﬁg{g;"fg?:ﬂf?ir bt 25TV 0S 715,43 .29
(- el B LS o B | mmn—— | &
E . . i A S U
[ :: W & : E & ‘
s -_: E-LIJ- - e T Mgt I I

A T ; : e [ Injection system ] [ Extraction system] 9()



V. Activities for the Future

1 Target (Spallation Neutron)

F PEFPIzs

< MEGAPI (MEGAwatt Pilot Experiment)
Collaborating Institutes: PSI, CEA, CNRS, FZK, ENEA, SCK-CEN, JAEA, LANL, KAERI-PEFP

Heat Ex::hlanger (Qily {
LTS nets || | -"01.12 Joined MEGAPI collaboration
' B eat Exchanger
J | imommm | -’06.2 : Irradiated Pb-Bi target by SINQ at PSI
an Pum - 0.46 ms
als 19 | mzochsice | | - ’06.12 : Disintegrated the target system &
80 C
| [ Bypass pump analyzed the experiment
T D25Is,02ms
Guide Tube zoc| | -’08. 8-11 : To perform the final cold test
e o] -’09. 9 : Dismantled target & moved to Hotlab
pass Tube
Downcomer | |1/ M4 | || . 025s, 1ms -’10: To distribute PIE Sample
37505, 033 mis — l _ 230-240°C |
20-240°C | }‘ -’11.12.: To complete the MEGAPIE-I
2;3?;1:;3: B '\\;z:;_ T Beamp:r'fiznzcliim:f 2::

330°C inside = -

21



VI. Summary

d Summary

L PEFPm
> 100 MeV, 20 mA Proton Linac & Beamlines

= 20 MeV Linac :
- Completed & In beam service
- Achieved designed beam energy & current
= Higher energy part:
- 20~91 MeV (6 DTL tanks): fabricated and tested
- 91-100 MeV (1 DTL tank): to be fabricated in 2010
» To relocate the 20 MeV linac to the site from April 2011
= To complete the 100 MeV linac & beamlines by March 2012

» Construction Work

= Under leveling the site along with excavation
» To start foundation work in April 2010, accelerator & experimental hall to be completed by March 2011

» Beam Utilization & Applications

= Cultivated and fostered user programs in the wide range of research fields
* Produced promising outcomes including some industrialized

> Activities for the Future (a Spallation Neutron Source)
» R&D in SCL, RCS, RF Power Source, Spallation Neutron Target

22
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