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Overview

Â Project: Proton Engineering Frontier Project (PEFP)

21C Frontier R&D Program,  MEST, Republic of Korea

Â Objectives:

- To develop a High Power Proton Linac (100MeV, 20mA)

- To develop Proton Beam Utilization & Accelerator Application Technologies

- To Industrialize Developed Technologies

Â Period: July 2002 ïMarch 2012 (10 years)

Â Budget: 189.2 B KRW  (Gov. 176.3 B,  Private 12.9 B)

(Gyeongju City : Land, Buildings & Supporting Facilities)
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Output Energy (MeV) 20 100

Peak Beam Current (mA) 20 20

Max. Beam Duty (%) 24 8

Avg. Beam Current (mA) 4.8 1.6

Pulse Length (ms) 2 1.33

Max. Repetition Rate (Hz) 120 60

Max. Avg. Beam Power (kW) 96 160

Schematics of PEFP Linac & Beamlines 

Features of the PEFP linac

Å50 keV Injector (Ion Source + LEBT)

Å3 MeV RFQ (4-vane type)

Å20 & 100 MeV DTL

ÅRF Frequency : 350 MHz

ÅBeam Extractions at 20 or 100 MeV 

Å5 Beamlines for 20 MeV & 100 MeV

- Beam to be distributed to 3 BL via AC

Future 

Extensio

n

100 MeV 

Beamlines

20 MeV 

Beamlines

TR105 TR101 TR25 TR21

TR23 TR22TR24TR102TR103TR104

100 MeV 20 MeV 3 MeV
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Status of Accelerator Development

100 MeV Beam20 MeV Beam

Step 3

(ô08.04 ~ ô12.03)

Step 2

(ô05.07 ~ ô08.03)

Step 1

(ô02.07 ~ ô05.06)

RF RF RF RF RF

91~10280~9169~8057~6945~57

DTL103 DTL104 DTL105 DTL106 DTL107MEBT

RF RF

33~4520~33

DTL101 DTL102

RF

RFQIS

RF

DTL21~DTL24

Control & Diagnostics

Operating 2010

×Fully developed & integrated up to 20 MeV in Daejeon (KAERI) site

×The fabrication of tanks up to 91MeV has been finished.

×Last tank will be delivered in December 2010.

Completed
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Ç The land (440,000 m2) provided by Gyeongju municipal government. 

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

Seoul

KAERI
(Daejeon) Gyeongju

Daegu

Pusan

Gyeongju Site

Site plan at Gyeongju city
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Construction Site
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20-MeV Accelerator Operation at KAERI Site

¶Operation objectives

- To supply beam to users

- To study the characteristics of the proton machine

- To use as a test stand of the 100-MeV machine components

¶Building & Utilities

- General test hall which contains accelerator, RF system, 

power supplies

- Electrical power station, cooling station

¶Operation since June 2007 

- Operation license re-issued at May ô08 with more shielding

¶Beam condition: Avg. current: 1.0 ɛA, Rep. rate: 1 Hz, Pulse length: 50 ɛs

- Beam condition mainly limited by the radiation shielding

- Beam operation : 4 hrs / week 
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Waveguide Klystron (DTL)

LEBT 3 MeV RFQIon Source 20 MeV DTL

Klystron (RFQ) Target Station

4cm

Beam Profile

PEFP 20 MeV Linac at Daejeon KAERI site
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Target Room

Beam optics with a QM triplet
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Model: Gauss

Equation: y=y0 + (A/(w*sqrt(PI/2)))*exp(-2*((x-xc)/w)^2)

Weighting: 

y No weighting

  

Chi^2/DoF = 26392.98749

R^2 =  0.98215

  

y0 354.12642 õ24.15184

xc 0.00098 õ0.07989

w 10.29726 õ0.18919

A 44757.8051 õ893.56993
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 1m

 Gauss fit of Data1_B

External beam

Able to modulate the beam size at 

target

DTL

QM (triplet)

Target

Lead shielding

Concrete 

Shielding

ÁBeam energy / current : 20-MeV, 1uA (average) ï20mA peak, 50us, 1Hz  

ÁTarget room dimension : 0.6m(width)x2.6m(length)x1.8m(height)

ÁExternal beam diameter : 10cm (1m transport after beam window)

ÁBeam window : 0.5mm thick Al

ÁShielding : gamma-10cm thick lead, neutron ï15cm thick concrete

ÁLicense issued at June, 2007 (May, 2008 for 1uA license)
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Control System

Interlock Network

Time Synchronization

Central Controller

Timing Network

Machine Network

Control Network

Time & Central Controller Data Management & Visualization

CA
Gateway

RDB Server

Channel
Archiver

Operator
Interface

Web
Monitoring

Machine Interlock

×EPICS and Digital based

Operator Interface RF & Beam Monitor LLRF Control

RF & Beam 

EPICS OPI Server

20 MeV Control Room

(Monitoring and 

test bench oriented)
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Modulator (Details will be presented at Wednesday Poster) 

¶Specifications

- Max. output voltage / current / peak power : -105kV, 50A, 5.8MW

- Max. pulse width / repetition rate : 1.5ms / 60Hz

- Flat top voltage regulation / droop : < 1%

- Load arc energy : <20J 

¶Type : High voltage converter modulator (Switching mode power supply) 

¶1st set modulator delivered to KAERI 

- Installed and tested by using 20MeV RF system since 2009

- Typical operation parameters : 87kV, 32A, 2.8MW, 1ms, 4Hz

Modulator installed at KAERI Modulator output voltage and current 
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LLRF System 

¶Characteristics

- Requirement : < °1% / < °1 degree

- Digital LLRF

- PI feedback / feedforward

- IF / LO frequency (50MHz / 300MHz) 

- Commercial digital board (PENTEK 7142) 

- Board output / IQ control 

: 50MHz IF / Internal board NCO

- OPI (GUI base)

HPRF test : Amplitude (SD : 0.18%)  HPRF test : Phase (SD : 0.09 deg.)
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Proton Injector Test

¶Pulse proton beam extraction from the ion source (using semiconductor switch)

¶Emittance measurement of the LEBT beam with Allison type emittance scanner

RFQ timing = IS+1.2ms

Electron trap
2ms pulsed beam

from ion source

Measured value (Unnormal. rms)

: 44 PI mm mrad

(~ 2 times larger than design)

: extraction electrode and 

solenoid misalignment

Proton fraction

: H+ : H2+ = 75% : 25% 

0.2ms 1.2ms

Proton injector current 

RFQ current 
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RFQ Beam Test

Transmission depending on vane voltage
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PARMTEQ 1mA

7.5mA (120A/135A) 5mA (70A/140A)

After tuning 16mA (130A/129A)

ÁBeam transmission curve measurement

- To set the RF operating point

- Measured transmission curves are compared with the PARMTEQ results

RFQ output beam current (20mA)
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DTL Tank Beam Transmission

¶Initial poor transmission through DTL :  ~ 60%

- Beam loss measurement along the DTL

- PARMILA prediction of the fault QM position

¶Beam transmission through DTL after fixing the DTQ : ~100%

Beam loss along the DTL

(Before and after the DTQ fixing)

PARMILA prediction of beam loss distribution


