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Project Goals of PEFP - peF

B Project Name : Proton Engineering Frontier Project (PEFP)
21C Frontier Project, Ministry of Science and Technology

B Project Goals :

1st : Developing & constructing an 100MeV proton linear accelerator with high duty
2nd : Developing technologies for proton beam utilizations & accelerator applications

3" : Promoting industrial applications with developed technologies

B Project Period : 2002.7 — 2012.3 (10 years)

B Project Cost: 128.6 B Won (130M$)
(Gyoungju City provides the land & the supporting facilities)



Basic Accelerator Parameters A

o PEFPLLT"
Particle . Proton
Beam Energy . 20 MeV / 100MeV
Operational Mode . Pulsed
Max. Peak Current . 20 mA
RF Frequency : 350 MHz
Repetition Rate . Max. 120Hz(20MeV) / 60Hz(100MeV)
Pulse Width . Max. 2.0ms(20MeV) /1.33ms(100MeV)
Max. Beam Duty . Max. 24%(20MeV) [/ 8%(100MeV)

* High Duty Factor is a key issue.



PEFP Accelerator Layout A
J PEFP .

100 MeV 20 MeV 3 MeV 50 keV
DTL(2) DTL(1) RFQ Injector
Future
Duty : 8% Duty : 24% LEBT
. Degrader
[ collimator

I Energy Filter
. Wobbler

BL102| |BL104| (BL105( |BL101| (BL103 BL25||BL23| |BL22| |BL24||BL21

« 102 : ST, BT * 25 : Material Science, « The PEFP Accelerator composes

« 104 : LEPT, Industrial Application of 50keV Proton Injector, 3MeV
Medical Application « 23 : IT, Semiconductor RFQ and 100MeV DTL.

» 105 : Neutron Science * 22 BT/ST, * It can extract protons at 20MeV

.« 101 ' RI Medical Application and 100MeV.

e 24 : Neutron Science

* AC magnets to distribute beams
« 21 :RI

for each beam line simultaneously.

* 103 : Material Science
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Proton Injector
—J—F PEF

* Duoplasmatron ion source

« Max. Beam current : DC 40 mA H* at 50kV

« Normalized emittance : 0.2 x mm mrad (90%)
*  Proton fraction : >80%

«  Operation Mode : DC & Pulse (50us ~ 2ms)
«  Filament Lifetime (40mA) : 40hrs

« No trip during the filament lifetime : Reliable

Agllem Technologies

Ims
Beam
Agllem Technologies
200us
Beam

Pulse Beam Extraction
With HV switch

Proton Engineering
Frontier Project




Proton Engineering
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RFQ Fabrication Technolo - PEF

Brazing Leak test (< 1e-9torr.l/s)



3 MeV RFQ g e —

Frontier Project

0 Results of the RF & Beam test

File Werical Timebase Trigger Display Cursors Measure Math Analysis  Utilities Help ¢1: | Setup,

RF Power i IIIII IIII;;;;;;
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440 K v | EE g revetrse
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* RFQ have been fabricated and tuned.
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» Peak Power RF test has been done.

» Beam test with limited current has been done to check basic

d eS i g n param ete rs . Ch1 200mY @ M 20.0ps 1.25G3s IIT ZUUpSJ’pll 100ps )

A AUE s 300mY

Cavity field and Beam current signal 7




EQM of the Drift Tube ?: S

EQM for 20MeV DTL EQM for 20~100MeV DTL

- Transformer wire - Hollow Conductor
- Pool type cooling - Larger volume than pool type
- Compact - Well proven technology

- Need assessment of long term reliability 8



Frontier Project

20MeV DTL Tunlng 7: e

1.10

- Frequency : 350MHz +5kHz ,

- Field : design value <2 % el

-Tilt sensitivity : < 100%/MHz 'MMWZI
0.98 \ 4 y ¥

: Bead Pull Measurement
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20 MeV DTL

a Set up for Test of DTL

* DTL has been fabricated and tuned.

» Peak Power RF test has been done successfully.

» Beam test with limited current has been done
(20MeV, 2mA peak at 50us, 0.1Hz)

 Beam Transmission is ~100%.

? E F Proton Engineering
Frontier Project

U Results of the RF & Beam test
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Frontier Project

Dlgltal LLRF DeveIoEment 75 e

- LLRF requirement : RF amplitude < 1%, RF phase <1 degree
- Control system : Digital - FPGA PMC board hosted in VME PowerPC board
- Control algorithm : Feedback (Proportional+integral) + Feedforward (Implemented in VHDL)

MVMES5100 Carrier Board

VIVE 5100 board | T ! gy
= CPU a 5 - o
PCI co$munlcauon T410 N Host compu:er .. ‘
v LAN communication
ICS-572E board ey
QL 5064
SDRAM DAC 14 bi [
64 VB User FPGA AD 8857
Xilinx e}
VIRTEXAI modulator
4000 |pac 14 bi Q .
™| 2D sas7 L
A RF.:380 l\Tz ~ ICS572B.FRPGA Board
BRI o i 1 A o
) Signal Signal
Trigger A:g ;;‘4?5 Clock Generator Generator
‘mfc l3954° ICS572B Commercial FPGA Board
F F
Delay generator Quadnplern m"ﬁ;: -2 ADC, 2 DAC, 1 Clock and 1 Trigger
y LNV | oc 2 Cavi
ENC-Dodel 265 [f,ﬂ? SRSSFST25 ) o ity ® On board storage
- 64 Mbytes of SDRAM
- 8 Mbytes of QDR-Il SRAM

® On board FPGA
- Xilinx Virtex-Il model
- XC2V4000, 4million system gates 11

IF : 10 MHz RF : 350 MHz



LLRF Test Results

=

- RF pulse width / repetition rate / peak power : 200us / 0.1 Hz / ~ 150 kW per tank
- Control gain value (I set / Q set / Pgain / |1 gain) : 26,000/0/1.0/ 70,000
- RF stability (error in amplitude / error in phase) : <0.08% /0.12 degree

' ch1
| ch2
. ch3
ch4

Ch2 200mY
Chd 200mY

M 40.0ps 125655 B00psdn
& b o 107Y

Cege

chil 100mv  [@i¥ 100

Ch3[_100my _|Ch4[ 100mv |

;1 RF power profile
1 150 kW / tank

. klystron forward,
. tank1,

. tank2,

: tank3

1 Reflected RF power profile
- 150 kW / tank

chl: tankl,
ch2 : tank2,
ch3: tanks3,
ch4 : tank4)
Over-coupling due to

mv u:w\40.0us\ AT/ 107 9E0.0mv| beam loading (coupling beta:

1.6)

rEFP

amplitude
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Proton Engineering
Frontier Project
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PEFP 20 MeV Proton Linac in Daejeon
—J—F PEFP

Radiation safety license limit : 50us, 0.1 Hz

DTL

Klystron -

RFQ
Klystron

Proton Engineerin,
Frontier Project
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Proton Engineering
Frontier Project

20 MeV beam extraction into air for users 7: S

- Beam window : 0.5 mm aluminum

- Beam energy / average current : 20 MeV / 15 nA (3mA peak, 50us, 0.1 Hz) (radiation safety license limit)
- Dose per beam pulse measured by using ion chamber : 62.24 Gy / pulse

: The beam will be supplied to users for their beam applications.

Beam window Faraday cup actuator

23 mm

A
v

28 mm

Beam profile at 85 mm apart from the beam window Beam dump with beam extraction window

(MD55- Gafchromic film) located at the end of the DTL 14



20 MeV Beam Lines for User

—acllities

\Jli PEFP e
Max.
Beam AvgQ. Irrad. L .
Line ENEley Current Condition g?;' Aplicaion Ficke
Horizontal ~ Beam Dump
BL20 20 MeV ~4.8 mA Vacuum - — Material Test
— with High Current Beam
BL21 20 My | 29 MA | Horizontal | g0 en production
~1.2 mA Vacuum
- BT, ST
10 nA Vertical — Detector Test
BL22 3~20 MeV ~60 pA External 300mm | _ Space Radiation Effect
— Liquid, Powder Sample Available
_ 60 pA Horizontal — Power Semi. Device Development
BL23 3~20 MeV ~1.2 mA External 300mm | _ Semiconductor Application
120 A Horizontal — BNCT
BL24 20 MeV ~1.2 mA Vacuum 100mm | _ Low Energy Neutron Source
aLo5 50 MeV 120 uA Horizontal 300mm |~ Industrle}I Application for Mass
~1.2 mA Vacuum Production

15



Layout of the 20 MeV Beam Lines N

45 deg.
dipole
45 deg.
dipole
45 deg.
dipole
\
N
Beam Dump

[BL20]

45 deg.

M . vertical bending magnet

I
:AC -20 deg. difole
magnet

[ : Horizontal bending magnet

[BL 23]

e

' 20MeVDTL
A R R N A R AN

Target Room

A
LR o RN e d
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|| N\, /C
D Y~ b
<> E
25 ms

@® Programmable Power Supply

* Target Room

20 deg.
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Common beam
line

. Individual beam
lines

[BL 21]
~ FFFFFFFFEFEFEFEFREEEEEE
/ i B o T T
7 H
Target Room =+ e
[BL 25]
e
et
Target Room 7= i
[BL 22] Target Room

(Vertical Beam)

[BL 24] Beam Optics of TR 25 16



100 MeV Beam Lines for User Facilities

\in PEFP o
Max.
Beam Avg. Irrad. L .
Line Energy Current Condition Ir[;ia;. Application Field
: — Beam Dump
BL100 | 100 MeV | ~1.8 mA H\j’;'éj’u”r;a' — | - Material Test
with High Current Beam
33,45,57, _ .
BLIOT | 69:80.92, | 4007, H\g';j’unr;a' 100mm | - Rl Production
103 MeV H
- BT, ST, Medical Application
20~ ~10 pA Vertical — Detector Test
BLIOZ 1 403 Mev | (10nA) | External | S99MM | _ Space Radiation Effect
— Liquid, Powder Sample Available
20~ 30~ Horizontal — Industrial Application for Mass
BLTO3 | yo3Mev | 300 A | External | 399MM | production
_ , — Low Energy Proton Therapy
BLI04 | | O%OMeV jPO”AA Hg{é?r?;f" 300mm | — Medical Applications
H — Pencil Beam Available
. , — Neutron Source
BL105 | 103 MeV 38’8 A H\j’;'(flfur‘rtna' 100mm | - Nuclear Material Test
H — Nuclear Data Measurement

T'7



Layout of the 100 MeV Beam Lines »
e e o [ PEFPE
A
)zg-|—|—|—|—|+> 1 ::;?':':'Dm """ H -V V-

E T y s .I-.i'.r'-' o LY .i-.i'.r e
n---ﬂ'i‘E @;'.-.%. ﬁ""' e @f.-i.‘i* {&‘- i : > D E D
B : Horizontal bendi Target Room 25 ms
45 deg. + Horizontal bending magnet [BL.103] € Programmable Power Supply:
dipole = . Vertical bending magnet Sl :
. : Target Room
| T [BL 101]
As —20 deg 4] = | i
magnet /]
45 deg. I i
dipole . = I
45 deg. E ,.“_-“_“"_‘T!____ |05 m
dipole i i e g
| 20 deg. Target Room
. dipole [BL 105] ;
Beam Dum E g g 7 . /I \i\‘ )
[BL100] i | ﬁ'? £l i irrﬁ-ﬁ rrWﬁﬂ{ CiE T
> >
Common beam " Individual beam g
line lines Target Room .
[BL 102] Target Room Beam Optics for BL102
(Vertical Beam) [BL 104]
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Frontier Project

EerrimentaI Hall Layout ?: S
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rEFP

\/

SL R&D for Future Extension

—To do feasibility study for a low beta cavity
for the future extension.

— To develop basic technologies for SC linac

e Strategy

{zf
10
a

Proton

lon type

c
2
)
@
)]
S
0
c
(4]
(O

Pulse

Operation mode

350 MHz

Injector frequency

700 MHz

Operation frequency

20 mA *

Beam current

1.3 ms *

Pulse length

60 Hz *

Pulse repetition rate

Vibration Calculation

80 MeV~140 MeV

Energy range

8.0% *

Duty factor

0.42

SRF cavity geometrical beta

20

Cavity Design



RCS R&D for Future Extension

» Schematic layout of PEFP RCS

A pEEP
= Strategy

- Extension of the 100 (200) MeV linac
— 58 kKW spallation neutron source in the first stage

Injection (H-)
— Expand up to 900 kW through 5 stages
.\[;.lur::nt;.':‘n #‘l H_l—l—ll”.
oh at ’&, Flectrostatic
‘%(% «& seplum
‘&\ Sextupoles ﬁ
i 2z
c
';E ! E Horizontal
5 7125 m E % ..........................
E Reserved for \. f==1 %.
[;.'. = future Rl- E =
% s

'\’& Proton beam
o —

Yt ———aV®
d--'-.----
Fast Extraction

Estraction proton
/ — (Magnetic)

seplum
/' Slow Extraction

Double  Dipolo
Seplum I:i““l N

Huaorbrortal

Delocusing Hic b

Horkronlad

Focusing

Kicker M oM

Conceptual design for Injection

Initial 100 7 15 45 58
Upgrade #1 100 7 30 90 116
Upbgrade #2 100 2 30 130 232
Upgrade #3 100 2 60 260 466
Upgrade #4 200 2 60 260 900 21




RCS Lattice Studx A »
u’ PEFPFronlierPrgojECl ‘

* Basic parameters of PEFP RCS

e e ¢ or BEERE

0.1845

Iy,

‘—’F\/\

cell 2 Arc &

cell % //'
<

Viachine tune -.
Arc cell : Q,, Q, = 0.25, 0.2315 ;
Empty cell 1 :0Q,, Q. = 0.25, 024 |
Empty cell2 : Q_, Q, = 0.17375, =|

Super-period of PEFP RCS

'
"
H
F
B
b
L
B
i
b
it
B

Ba e = B
Fiabile e = FHFIEN

Lattice Function of Super-period

Beam power (kW) 58 ~ 900
Injection energy (GeV) 0.1 ~0.2
Injection type Charge Exchange
Extraction type fFast & Slow
Extraction energy (GeV) ] ~2
Repetition rate [fast/slow] (Hz) 15~30 ~ 60/ 1
Circumference (m) 223.824
Number of cells 20
Lattice structure FODO
Super—-period 4
Tunes of Q, /Q, 4.59/4.29
Transition gamma 4.4
Number of djpole 32
Dipole field at 1 GeV (T) 0.56
Power supply type Resonant
RF harmonic number 2
Required RF voltage at 30 Hz 90k 22




Bird’'s Eye View of the Site

Proton Engineering
Frontier Project
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Site Preparation Plan for the 100MeV Facilit
_%\LF PEFP

O Site Arrangement for Phase |

L 450m R
I ol S
7y o=
OFMA} TtATY
ELM 00 1 1g- Tank
: J @ "Main OfficeBuifding ~
T T T T 9 I‘}W T i '-T?'.@‘Regional Cooperation
‘ ‘ ‘ 4'{‘ J J—IHHHHH\HHHHH) @S(l)‘lrl:'g:tnogry Bu||d|ng
EL.82.50
T = T T T o s @ Information House
‘ 1 | ‘ ‘ ‘ % g“l'ty BS'*”Id"ngF 43 ® Sanitary Water transfer
0 ower Supply Facility T ar it
©CMI’2wer and Treatment Facility
S — N
S EEmEEmssmmsm=sm=sm=ssmcm=s :
g HEEE H
H j g
1
] //\\
= K
b .
= ) @ 4 g
v {C EL.74 OM O ] EL.74.0M @E
Elevation EL +74.0m EL +78.0m EL +82.5m EL +90.0m

Area : 400m(W)Xx450(L) = 180,000
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Construction Milestone for the1l00MeV Accelerat

PEFP-
Milestone Major Activities
Project contract between Gyeongju and PEFP/KAER/
2006. 4 .
Site work started
2007. 6 Purchasing the land and attaining the construction License
2007 10 Construction W//{ start | 3 -
— Ground Breaking, excavation, utility & building efc.
2008. 7 Start of the 20MeV Accelerator Installation
2009. 172 Extraction of a 20MeV Proton Beam
2011. 12 100Mel/ Accelerator Installation and Commissioning
2012. 3 Completion of the PEFP project

Proton Engine
FIP]I
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sSummary - peFer

® At KAERI Daejeon site,
- Many technologies for a proton linac with high duty factor
have been developed.

- Technical issues, especially reliability, have been solved step by step.

- 20 MeV machine has been installed and is being tested.
- 100 MeV machine has been designed and being fabricated.
- 20/100MeV proton beam lines is being developed.

® In Gyeongju,
- Gyeongju city is the site for PEFP.
- We will move the machine to the site in 2008.
- Beams to users will be supplied from 2012.
- Full duty (24%, 8%) operation will be performed.

® \\e are considering the future plan of this facility.
- Superconducting Linac, RCS design study
- Spallation Neutron, Isotope Production, and ADS Study
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