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Overview of PEFP

PEFP ™
FtF'rOJ

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

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

@ Period: July 2002 — December 2012

@ Budget: 307.4 B KRW (~275.0 M US$)
» Gov.: 176.3B(57.3%), Local Gov.: 118.2B(38.5%), Industry: 12.9B(4.2%)
» 66B KRW to Accel. & Beamline (including R&D & personnel expenses )



Site : Gyeongju

Proton Engineering
Frontier Project

i Reserved for Future Extension 100 MeV Linac Site_'
650m(L) x 400m(W) §o. 450m(L)x400m(W)
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Site Plan
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PEFP 100MeV Linac

JPEF

Proton Engine
Frontier F'rojecl

Features of the PEFP 100MeV linac Output Energy (MeV) 20 100

@ 50 keV Injector (lon source + LEBT) Max. Peak Beam Current (mA)| 1~ 20 1~20
@ 3 MeV RFQ (4-vane type) Max. Beam Duty (%) 24 8

© 20 & 100 MeV DTL Avg. Beam Current (mA) 0.1~-48(01~16
@ RF Frequency : 350 MHz Pulse Length (ms) 0.1~2 |0.1~1.33
@ Beam Extractions at 20 or 100 MeV Max. Repetition Rate (Hz) 120 60

@ 5 Beamlines for 20 MeV & 100 MeV Max. Avg. Beam Power (kW) 96 160
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100-MeV Beam lines 20-MeV Beam lines



Beamlines

P E F P Proton Engineering
Frontier Project

@ Designed by reflecting user’s requirements (through User Program)
@ Developed components: QM, ACM, DM & beam instruments, Beam window

;5: Semi q Bio-Medical
emliogzicwr Application 20 MeV Beamlines
\ TR22 Beam Application Rep. Avg. | Irradiation
Line Field Rate | Current| Condition
\ "y TR21 | Semiconductor | 60Hz | 0.6ma | HOr- EXt
3 '§R23 ' 300mm@
Bio-Medical Hor. Ext.
iii }}ii f‘f i}i = | TR22 Application 15Hz 1 60kA | 5h0mme
Materials, Energy Hor. Ext.
- TR23 & Environment 30Hz 0.6mA 300mmg@
’ -J
Radio Isotope Basic SC|ence TR24 | Basic Science 15Hz | 60pA Tgorr-n?{ta-
“T . Hor. Vac.
100 MeV Beamli TR25 Radio Isotopes 60Hz 1.2mA 100mma
Beam Application Rep. Avg. |[lIrradiation
Line Field Rate | Current | Condition . Medical Research
1 Radio Isotope
TR101 | Radio Isotopes | 60Hz | 0.6mA |'} ; 8 TR102
Medical Research " \ TR101 Material
TR102 7.5Hz 10uA ‘-
(Proton therapy) ' '8 l TR103 Energy
Materials, Energy Hor. Ext. |=a3g i - Environment
TR103 & Environment 15Hz 0.3mA 300mm@ n!f f § - Ii f‘ff H}
Ri0s | oS St | e [ 0w [fret ] B ' IT
- : R TR105 £ TR104 |
TR105 Neutron Source 60Hz 1.6mA Hor. Vac. Neutron Source
Irradiation Test ' 100mmgd Irradiation Test

> 33, 45, 57, 69, 80, 91, 100 MeV beam

Basic Scienc‘é,
Aero-Space Tech. 7




Accelerator & Beamline Development

P E F P Proton Engineering
Frontier Project

@ Developed key components of proton linac and beam line
= Design (PEFP) — Fab. (17 Korean Industries) — Assembly, Test & Operation (PEFP)

lon Source

@ 20 MeV: Operated for 5 years in Daejeon, now installed at Gyeongju
@ 20~100 MeV: Installed at Gyeongju

5 year-operation @ Daejeon
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20MeV Linac

FPEFPI
@ Integrated (May 2005) Q Statistics for User Beam Services

800

@ First beam extraction (July 2005) 700 |

[=2]
o
o

@ Operation license (June 2007)

687
5 480
» Avg. Current 1 pA, 4-hour/week !
@ User beam service (July 2007~) 300 |
200 | 178 155
@ Operation finish (Nov. 2011) 100 j l .
0 . . ‘ .

@ Installation at Gyeongju (Feb. 2012) 2007 2008 2009 2010 2011

Year .
Number of beam services
depending on year
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Number of samples
B
o
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409

(24%) (45%)

-rw

Medical
205
( 22%)

lon Source  LEBT 3 MeV RFQ 20 MeV DTL Beam servic fields 9



20~100MeV DTL Development

Proton Engineering
Frontier Project
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@ Total 7 DTL Tanks (20~100MeV)

@ Development Complete (Dec, 2010)
@ Installation at Gyeongju (Feb. 2012)



Microwave lon Source

P E F ? Proton Engineering
Frontier Project

@ Goal : 100 hrs operation without maintenance
@ Proton beam with 50keV, 20mA

@ Compact with one solenoid

@ DC or Pulse beam operation

@ 240 hrs accumulated operation time without maintenance at the 20-MeV linac

Initial condifi 1lg Operation w/o sparks (80hrs)

30
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Current fluctuation
(magnetron condition depepding
on the ambient condition
—not a problem in new tunnel)

0 20 40 60 80 100 120
Time [Hou

DC beam'test for 100 hrs
(Without damage on window)

Pulse beam 20mA, 2ms 15Hz
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Microwave ion source installed in 20-MeV linac o




Digital LLRF

P E F ? Proton Engineering
Frontier Project

@ Goal : 1% in amplitude, 1 degree in phase, resonance frequency error
@ Control hardware : Commercially available control board

@ Control software : Pl implemented in FPGA and EPICS OPI by PEFP
@ 5 years operation with upgrade at 2010 at the 20-MeV linac

300MHz LO reference

-70.1

Timing synch
v
40MHz clock _
Clock LLRF Digital |, LRF Trigger.
Generator Control Board _69‘6
10MHz clock
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300MHz LO E’a
- -69.81- - : -
2=
oozt Analog box = RF phase : < £0.3 deg. :
!
LLRF system block diagram & -699 : I
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Phase variation during HPRF operation 192
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LLRF OPI based on EPICS




Klystron & Modulator

P E F Proton Engineering
Frontier Project

@ 350MHz, 1.6MW peak, 9% duty

@ Klystron : Modified from the 352MHz, 1MW CW klystron

@ Modulator : High voltage converter modulator, voltage droop < 1%
@ Two klystrons per modulator

@ Test and operation at the 20-MeV linac

Voltage
n:{\v‘i)ll'idl

jvou

T{TOTAL

Current f ;
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20- MeV DTL Kly. current.
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Modulator pulse shape (1ms) 20Hz, 1% duty operation



RCCS

@ Maximum heat load 94kW, 21~33°C, 0.1 °C

@ Developed in cooperation with PAL

@ Two control valves at primary and secondary side
@ Incorporated with the digital LLRF control system
@ One RCCS per DTL tank

@ Test and operation at the 20-MeV linac

P E F Proton Engineering
Frontier Project
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Control System

A P E F ? Proton Engineering
\J Frontier Project

@ EPCIS based system
@ Timing based on the event system
@ Test and operation at the 20-MeV linac

Time Synchronizatioh— RDB Server Web
. .
Central Controller Channel Eperafor | : -
Archiver Interface b PR~ e —
I | . 20MeV control room at Daejeon
achine Interloc Control Netwonkm_J —
CA ' CAVITY WALLTEMPERATURE ]
Machine Ne
° .T Interlpck Ne

Resonant Control Klystron
Cooling System Modulator

Magnet Power
Supply System

Diagnostic
System

Vacuum
Pumping
System

EPICS based OPI




Phase Scan Test for Commissioning

o PEFP

@ RF set point — phase scan to prepare 100-MeV commissioning
@ Software development for phase scan
@ Strip-line BPM development for phase measurement

@ Test at the 20-MeV linac

@ Chance to check and revise the scheme during J-PARC linac re-commissioning

Strip line type BPM for linac

Beam
Phase CASE-1 CASE-2 CASE-3

160 120 100
w AIA,=098 | | A/AG=1.00 =
90
120 100 o
100 90 80
75
80 80
70
60 70 65 W
-40 -20 0 20 40 -40 -20 0 20 40 -40 -20 0 20 40 Phass
Phase 129.635 Phase 135.325 Phase 140.149
chi value 1.39303 chivalue = 0393621 chivalue = 121379

x-values calculated for different relative amplitude A/A,

Amplitude Phase

05

097 098 099 1 101 102 103 1.04 105 128 130 132 134 136 138 140 142

Set'point — minimum of y-square fitting 16



Linac Integrated Test : 20-MeV

P E F Proton Engineering
Frontier Project

@ 500 us pulse operation
@ 15Hz repetition rate operation
@ lon Source, HPRF, LLRF control, overall control system performance check

RMBLELELES B B LR B N | DML BLELELELE B R B

@ Test limited by the radiation shielding at Daejeon
@ Beam service : typically 20-MeV, 5mA, 1Hz

/ w -
Coow o dow o n by nn o be sl ey Ty v byl PO RUPRETLTS [ W
Ch1  SO0mY Ch2  200mY Q M 100ps 62SMS% 160sht
ch3 S0V Chd 200mY Q A Aux s 101

w- 9500 us beam pulse

Neutron Dose rate [ uSv/r |

20-MeV beam target room =

(=

during installation at Daggeon = @ ‘t——7—7—"—"—""—"———

2 4 L} 14 16

Neutron doséwdepgending on RR 17




20-MeV Linac Disassembly and TraﬂSporga
PEFPrL"

@ Disassembly of the 20-MeV linac from Dec. 2011 A:j_‘___-"

@ Transport from Daejeon to Gyeongju (~200km apart) Se 0"_7ﬁ_~ .‘:“‘i &
@ DTL and klystron move by using the vibration free truck > _{f_ ;’Vf
@ Most ways are express way K-A i

@ No notable distortions in DTL before and after (Daejét"‘ﬁ“”? Dkt |
@ Special supporter with oil jack and caster ; '

201112702729 llll

DTL tanks msrde V|brat|on free truck SpeC|aI supporter inside tunnel 18



Building Construction

Qa PEFP
154kV power line
Accelerator building and tower Utility building

Experimental hall |

=

Cooling tower

Waste Water
'reatment
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Accelerator Installation

@ Installed inside tunnel at March, 2012

2012/03/13 11:51




Beam Line Installation

2012/05/08

21
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Klystron Gallery: 2"d Floor

@ Installation starts at September, 2012
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Klystron Gallery: 2"d Floor

@ Installation starts at September, 2012
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2012/089/ 10
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Modulator Installation: 3" Floor

@ Installation starts at September, 2012




Modulator Installation: 3 Floor

@ Installation starts at September, 2012

2012/02/06 16:07

201 210S)/ 10




Commissioning Plan

- PEFP
@ Goal : 100-MeV, 1kW proton beam to TR 103 beam dump

@ Both on-line conditioning and commissioning

@ High power conditioning sequence : 34 floor -> 2"d floor -> Tunnel (15t floor)

@ 20-MeV experience is helpful for 100-MeV commissioning

@ Accelerator commissioning starts in this winter
@ Power increase in parallel with beam service after commissioning

3rd\floor (Modulatory ro“n) i‘ ke SRt
L4 W 3 Sils ]
2nd|floor (K.ystro%g@ﬁry@‘ \‘ \\ \‘1 LW ‘ s

A \
1st floor (Tunnely .\ -
-y 1T /ﬂ .\f-”% N \ \
i\

v:*‘*‘[. "\ \ \ \ \i

100-MeV, 1kw \



Future Plan

P E F P Proton Engineering
Frontier Project

@ GeV, MW-class Accelerator suggested by planning studies

= Long-term Planning for PEFP (STEPI, 2009)

» Efficient Management and Development Scheme for PAR (MEST, 2010)
@ 1GeV, 2MW SRF Proton Linac + Spallation Sources (LP + SP)

* Included in National Large Research Facility Road Map (2010)

W I EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE NN EEEEEEEEEEENEEEEEEENEENN)»

1GeV, 2MW SRF Linac /Ay

SF;JENS)

LP (ms)

AN EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEERY®
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Started SRF R&D from the beginning of the PEFP
28



Future Plan : SRF R&D

P E F Proton Engineering
Frontier Project

@ Prototyping of the 700MHz, 5cell elliptical cavity with domestic company
@ Design, fabrication and test experience

1.0E+07
1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
Eacc [MV/m]

Cleaning Test preparation Test First result 29




Summary

* Proton Linac Technologies has been developed
- ion source, RFQ, DTL, RF, etc

= 20 MeV Linac : 5 year operation
- accumulated valuable experiences to install, commission, and operate 100MeV linac

- disintegrated, moved and installed at new site
= 20~100 MeV Part : completed fabrication, tested and installed
= Commissioning Plan

- to start Installation of HPRF in September 2012

- to start the commissioning in this winter

- to start Beam Service in spring 2013
= Future Plan

- GeV grade high power proton linac : SRF R&D

PEFP
Frontier F'I'D]ECI

30
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