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Introduction to KAERI 

Korea Atomic Energy ResearchInstitute (KAERI) for R&D Nuclear Energy

ÄKAERI is the first national laboratory in Korea (establishedin 1959)

ÄEmployeesare about 3000(2nd largestnational lab. in Korea).

ÄAnnual R&D funding is about 600M$ (~ 6000 ).

Ä In 2007, the Korea Institute of Radiological& Medical Sciences(KIRAMS,

, ) wasseparatedfrom KAERI .

KAERI HQ

ARTI

KIRAMS

KOMAC
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ÄKAERI is an R&D leading institute to construct 24nuclear reactors in Korea.

ÄKAERI hasa multi -purpose30MW researchreactor (HANARO) in 1995.

ÄKAERI establishedtheAdvancedRadiation

TechnologyInstitute (ARTI) at Jeongeupin 2006.

ÄKAERI establishedProtron Accelerator Complex (KOMAC) Kyeongju in 2013.

Introduction to KAERI 

KAERI HQ

ARTI

KIRAMS

KOMAC

30 MW HANARO
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ÄKOMAC : Protron, HANARO : Neutron, DIAC : Ion, ARTI : Electron Linacs

Introduction to KAERI 

100 MeV, 160 kW KOMAC

20 MeV, 100 kW Superconducting e-Linac

ARTI

10 MeV, 10 kW e-Linac 1.09 MeV/nucleon Ion Linac, DIAC
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ÄARTI hasa 30MeV, 500mA (maximum H-­ H+ at Carbon) Cyclotron.

ÄA new2.5 MeV 100kW Electron Accelerator will be installed at ARTI by 2018.

ÄA new10MeV 30kW Electron Accelerator will be installed at ARTI by 2018.

Introduction to KAERI 

100 MeV, 160 kW KOMAC

ARTI - 20 MeV, 100 kW Superconducting e-Linac

1.09 MeV/nucleon Ion Linac, DIAC

2.5 MeV, 100 kWAccelerator (EB-Tech)

ELV-8, Height ~ 6.3 m

10 MeV, 30 kW e-Linac

30 MeV, 500 mA Cyclotron
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KAERI's Roadmap for Electron Accelerators
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2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

9/6 MeV S -band 
Linac for CIS

Container Inspection 
System (CIS)

Next -generation 
Security Inspection

Missile Inspection 
System (MIS)

15 MeV Linac for 
MIS

6 MeV X -band 
Linac for RTS

Next -generation 
RTS

Radiation Therapy
System

1~9 MeV NDT/CT 10 MeV/50 kW Linac
In-line Radiation 

Processing System

Ultrafast Electron 
Microscopy ( UEM) 

Superconducting Electron 
Linac for nTOF Facility

Design of New Korean 
Synchrotron Light Source

Construction of New 
Synchrotron Light Source 

Gantry Type CIS

RF Photo -Emission 
Electron Gun

Ultrafast Pulse 
Radiolysis ( UPR) 

Prototype Radiation
Therapy System ( RTS)

Ultrafast Electron Beam Science

High Average Power Accelerators

$2 M S-band long pulsed RF Source

(600 Hz, 20 ɛs, 60 kW, 5 MW) 

2023 2024 2025

User Service
(2015)
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Applications of RF Electron Linacs

É ERP Market

É $200 M / Year

É 14% Growth / Year

É Security, CIS, & NDT Market

É $500 M / Year

É 30% Growth / Year

É RTS & Diagnostic Market

É $3 B / Year

É 16% Growth /  Year

EBP
Electron  

Beam  
Processing

RF Electron

LINACs
CIS/NDT
Container 
Inspection 

System

RTS
Radiation
Therapy  
System

ARF
Advanced 
Research 

Facility

É Ultrafast Electron Diffraction  ( UED )

É Ultrafast Electron Microscopy (UEM)

É Ultrafast Pulse Radiolysis (UPR) 

É Light Source Facility (Synchrotron, XFEL) 
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RF Accelerator 

To avoid arcsand to geta higher gradient, RF acceleratorsare used.

RF electric field suppliesan accelerationby Lorentz force:

Courtesy of Fermilab

motion of  positive 

bunches in a TESLA 

type p-mode SW SRF cavity

180 deg. later

continuous 

acceleration

in an RF cavity

RF power source (ex, klystron, magnetron)

L-band: f ~ 1.5 GHz  (l ~ 10 cm)

S-band: f ~ 3 GHz (l ~ 5 cm)

C-band: f ~ 5 GHz (l ~ 3 cm)

X-band:  f ~ 9-12 GHz (l ~ 1.5 cm)
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If a chargedbeam crossesan RF cavity at t, then an accelerationby the RF cavity is

Gdcos(2pfrf t + 0ʟ), where G is gradient of the cavity, d is length of the cavity, 0ʟ is the

initial RF phase,frf (~ f 010) is RF frequency. In this case,the longitudinal electric field

Ez and resonanceangular frequencywmnp of the TM mnp modeis givenby

Here, xmn is the nth solution of Jm, Jm(xmn) = 0, and p is 0, 1, 2, ... .

For the lowestTM 010 mode,the resonancefrequency f010 and

EM fields of the cavity is givenby

Note that m,n,pare the number of nodesof the modein thej, r, z direction.

SeeResonantCavities in J.D. Jackson'sClassicalElectrodynamics.

Resonance Frequency of an RF Cavity
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Main Components for RF Electron Linac

RF

Driver

E-GUN

RF Accelerating Structure

Modulator

(H.V. Pulse PS)

E-GUN

PS

RF Generator

(Klystron/Magnetron)
Ion

Pump

Ion

Pump

Circulator

Reflected 

RF

Forward 

RF

X-ray

Target

L-band: f ~ 1.5 GHz  (l ~ 10 cm)

S-band: f ~ 3 GHz (l ~ 5 cm)

C-band: f ~ 5 GHz (l ~ 3 cm)

X-band:  f ~ 9-12 GHz (l ~ 1.5 cm)

Whole 6 MeV Linac ~ $1 M  & Structure Only ~ $0.1 M
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Gun for Varian Medical Lianc

¸Cathode : W+Ba dispenser cathode

¸Working Temperature : 600 - 700oC

¸Max DC Gap Voltage ~ 20 kV

¸Max Gun Gradient ~ 1 MV/m

¸Cathode Diameter : ~ 11 mm

¸Beam Energy at Gun Exit ~ 20 keV

¸Price ~ $14,000 (brand-new)

DC Gun from Varian Medical Linac

iris ~ 2 mm

pumping 

to avoid Ba

escape

Ex. of Themionic Emission - 20 kV DC gun  

thin Ba film

electron emission before 

Ba melting

Ba moving
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under a low energy, a high charge, and a short bunch length

but large transverse beamsize

bunch length lengthening is generated due to 

due to the longitudinal space charge force.

under a low energy, a high charge, a short bunch length 

and a small transverse beam size

bunch length lengthening & transverse beam broadening 

are generated due to the longitudinal and transverse 

space charge forces.

under a low energy, a high charge, a long bunch length 

and a small transverse beam size

transverse beam size broadening is generated 

due to the transverse space charge force.

Space Charge Force - Lengthening & Broadening
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Electron Beam Motion in RF Linac 

CST PS Simulation

Courtesy from Pikad Buaphad

6 MeV 2998 MHz Electron Linac 

Solenoids against Space Charge Force
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Coupling Cells in Standing Wave Accelerator

Varian Linacp/2

p
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Fabrication Processes of S-band Linac Structure

Detailed 

Structure 

Drawing

Conceptual

Structure

Design

Beam  

Dynamics

Simulation

Detailed 

Structure 

Design

(CST MS)

Crossing 

Beam 

Simulation

(CST PS)

Model 

Design 

and

Fabrication

Cell 

Fabrication

RF

Measurement

& Tuning 

Celll

Cleaning
Brazing

Vacuum

Test &

2nd Tuning
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S-band & X-band Cells with 10 nm Roughness

Diamind turning technology is used to obtain 10 nm range surface roughness!

KAERI & RTX are main customers.
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S-band & X-band Cells with 10 nm Roughness

Diamind turning technology is used to obtain 10 nm range Surface Roughness!

KAERI & RTX are main customers.

Mirror like surface!
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S-band & X-band Linac Structure after Brazing

9/6 MeV S-band Linac

2856 MHz

48 kg, ~ 60 cm

6 MeV X-band Linac

9300 MHz

8 kg, ~ 40 cm
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KAERI's RF Electron Linac Projects  

Ä 9/6 MeV Dual Energy S-band (= 2856 MHz) Linac Project for Container Inspection.

Ä 15 MeV S-band Linac Project for Missile Inspection System

Ä 6 MeV S-band Conventional Radiation Therapy System 

Ä 6 MeV X-band (= 9.3 GHz) Linac Project for CyberKnife

Ä 6 MeV X-band Higher Gradient Linac Project for Dual Head Gantry
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KAERI's 9/6 MeV S-band RF Electron Linac

60 cm

¸ E-beam energy: 9/6 MeV

¸ Spot size : < 2 mm 

¸Average power:   > 1 kW

¸Dual-energy mode

Penetration Depth (steel 400 mm @ 9 MeV, 30 Gy/min @ 1 m )

Resolution 

ScanSpeed (0.3 m/s, < 1-2 min @ 1 kW)

Materials Discrimination
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Dual Energy Screening

Photoelectric Absorption of X-ray in Matter : Different Absorptions for Different Matters & Energies

water                                Iodine
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KAERI's 9/6 MeV S-band RF Electron Linac

60 cm

Central Frequency ~ 2856 MHz

11 Cells for9/6 MeV

One Bunching Cell

Length ~ 0.6 m

Nosecone for a high gradient (15 MV/m)

Weight ~ 48 kg

unload Q0 ~ 16000

coupling beta ~ 2.1

RF power for 9 MeV ~ 5.5 MW
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KAERI's 9/6 MeV S-band RF Electron Linac

Central Frequency ~ 2856 MHz

11 Cells for9/6 MeV

One Bunching Cell

Length ~ 0.6 m

Bore Radius ~ 4 mm

Cell Length ~ 26.24 mm

Nosecone for a high gradient (15 MV/m)

Weight ~ 48 kg

Measured S11 spectrum Measured E -Field distribution

Unload Q0 ~ 16175

External Qext ~ 7880.19

Coupling beta ~ 2.053

Shunt Impedance~ 150Mɋ/m

RF power for 9 MeV ~ 5.5 MW
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Solenoids for S-band Linac - April 2014

RFWaveguide

9/6 MeV RF

Electron Linac

Linac Girder       Collimator       
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S-band Linac - February 2015

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 

27



S-band Linac - February 2015

9 MeV, 125 mA

100 Hz, 5 MW

19 kV

Pave: 450 W

Beam spotsizeon OTR

FW: 2.3 mm

FWHM : 0.89 mm

rms: 0.38 mm
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Powerful S-band Linac - February 2015

6 MeV, 175 mA

100 Hz, 3 MW

25 kV

Pave: 420 W

Beam spotsizeon YAG

FW: 2.3 mm

FWHM : 0.89 mm

rms: 0.38 mm

Beam On Beam Off

Beam

Broken YAG shows its good performance!
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Pulse-to-Pulse 9/6 MeV Dual Energy Demo! 

9 MeV   6 MeV

9 MeV

6 MeV
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Moving System & Detector Array for CIS

Length = 4.430 m

Whole Weight = 1500 kg

Speed = 0.1 - 1 m/sec

Turn Table Rotation Load = 200 kgf

Detection Technology X-scan LCS 4.6 detector: Scintillator + Photodiode

One pixel : Cadmium Tungsten (CdWO4) Scintillating Crystal + Photodiode

Pixel per Module: 32 pixels (total 256 pixels for 8 modules)

Pixel size: 4.0 mm (W) ě4.6 mm (L) ě7 mm (H)

Max speed: 300 - 500 Hz

ADC: 18 bit 
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Penetration Test (June, 2015)

RealObjects (Steel 380 mm) X-ray Image from Detector, 9 MeV, 100 Hz

By using 380 mmsteel plates with a 6 cm thickness diamond plate, we could find 

direction of the diamond shape (ANSI 42.46). 
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Spatial Resolution Test (June, 2015)

RealObject

X-ray Image from Detector, 9 MeV, 100 Hz

By using slits with various widths (1 - 5 mm) and a thickness of 10 mm, we could 

distinguish a slit with a width of 1 mm (ANSI 42.46). 

1.0 1.5 2.0 2.5 3.0 4.0 5.0
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