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Operational Status of the KOMAC 100 MeV Proton Linac and Pilot R&D for the 200 MeV Upgrade /1

- Korea Atomic Energy
*’KAERI Research Insgjtute

KOMAC: Korea Multi-purpose Accelerator Complex

One branches.of KAERI = = =
on: 2002~2012 as 21c Frontier Project -
BPENOU VeV ProtomeBeam User service: From 2013
= A site for the planned expansion has already been allocated

KOMAC site
1,100m x 400m

Reserved ~ Developed 7
650m x 400m \N »_;‘450m x 400m

KTX Station - _
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KOMAC Facilities

Korea Atomic Energy
Research Institute
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Operational Status of the KOMAC 100 MeV Proton Linac and Pilot R&D for the 200 MeV Upgrade

100 MeV Linac and Beamlines

Linac commissioning at 2013

General purpose beamline and user service starts (2013~)
RI production beamline (2016~)

Low flux beamline (2017~)

Accelerator test beamline (2017~)

Prototype Rl beam production heamline (2018~)

Pilot operation of neutron beam test (2018~)

Official operation of neutron beam service (2024 ~) / Total 4 proton beamlines and 1 neutron beamline are under user service in 2026

|| TUHHEL ||

e lon Source 3

)
; <~ Korea Atomic Energy

- /KAERI" Research Institute
|

r

: FAL RS  (TR101)
Neutron beamline Al Ri production BL

Under operation &

[| oPERsTI RHH AT

WIMENS
MET

(TR105) % | B e |8 | fmee | | O] | B e Bl e H H mmmmmm I
[ Test beamline ﬁ q : L 8 . . l. i
T o= ™ N e | A || HRR ™ e
(TR104) T — : . —
prototype R (TR102) (TR23) o
beam production General purpose . General purpose -
bear%line ot BL Under Low-flux BL purp S oy

Under operation

Space beamline operation Under operation
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0 pe ratl o n Statl Stl cs 8 hours beam service per day 24 hours beam service
IIIIllllllllllllllllIIIIIIIIIIIIIlllllllllllllllIIIIIIIIIIIlllllllllllllllIIIIIII.PIIIIIIIIIIIII.F
4.5
Beamtime oversubscri ptionasgate 7

4

@ Accumulated operation time exceeds 40,000 hours (2026.05)

35

£
@ 24 hour beam service (2024.08~) $ T P
£, . i 5.04
%i 2.5
= 2.08 2.09
'?E ! 178 Lgsms = ﬁ'ﬂu 1 - 172
m Operation Time  m Accumulated Operation Time [h] 5 syt \ . 14 S
g8 1 | B | 123
4500 45000 3 \ : :
E
4000 40000 S 05 ‘ | H
0 L]

3500 35000

3000 30000
2500 25000
2000 20000
1500 15000
1000 10000
500 5000
0 0

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Year

20152015201620162017201720182018201920192020202020202021202220222023202320242024 202520252026
(FH) (SH) (FH) (SH) (FH) (SH) (FH) (SH) (FH) (SH) (FH) (SH) (FH) (SH) (FH) (SH) (FH) (SH) (FH) (SH) (FH) (SH) (FH)
Year

Operation Time /year [h]
Accumulated OperationTime [h]

Annual and accumulated operation hours
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Official 24-hour User Beam Service

° KAERI  Research Institute
@ Change the beam service strategy: 1 slot per day -> 3 slots per day (to keep 8 hours per slot)
@ Beam service characteristics: On / off proton beams with different energies, target rooms, operation conditions

I ‘| ! [ f n ’ v
Different user
ii [ Different target room
~ Day/(TR102, 100 MeV, 1 Hz, 100 us) o Night 1, 2 (TR101, 100 MeV, 1 Hz, 100 us)
m T T-P M
Same user

Different conditions

Different user
Different energy
Different target room

Day (TR23, 20 MeV, 1, 2 Hz, 100, 200 us) Night1, 2 (TR102, 100 MeV, 1 Hz, 100 us)
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Beam User Statistics

AERI" Research Institute

No. of Users 353

Utilization

) Operating days 210
Overview

Supported projects 112

User Statistics Research Fields

Bio
4 6.7%

Users Institutions A
5-years user statistics Semiconductor —
Re: 50.2% .
—  Neutron/Atomic power
y 371 - ros 353 20.1%
353 39 264
Academia Academia i i Space/physics
151 18 22%

2021 2022 2023 2024 2025

(2013-2025) Cumulative 1,252 projects and 3,783 users

Users 84 223 349 392 334 290 316 188 371 324 295 264 353 3,783

Projects 39 103 124 131 121 105 101 63 99 92 87 75 112 1,252
Days 64 195 176 162 146 123 139 94 142 139 150 141 210 1,881
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@ Operation since 2005 (First RFQ developed in Korea)

@ Spare RFQ is necessary (SNS, J-PARC, LINAC4 RFQ case)

@ Spare RFQ development

Mimimum aperture radius, a [cm]

08

)
9
)

o
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Aging Control: 3-MeV RFQ

Low transmission rate
Field flatness check - dipole field tilting — retuning
Vane erosion check

KOMAC Strategy: Use until it fails, but we should prepare a spare RFQ ASAP

Vane erosion observed using endoscope

@ New design, Gentle buncher energy range 86.5 keV / 550 keV -> 54.0 keV / 580 keV (RFQ length : 3.2 m -> 35m) o n B n O
@ Field stabilization by dipole stabilization rods only (remove the coupling plate) Investigation of sputtering and crosion phenomena
. . . . in radio-frequency quadrupoles
0 4 Sectlons -> 3 sectlons (In house braZ|ng furnace) Emmanouil Trachanas®,'>" Luca Bellan®? Gyula Nagy ,* Antonio Palmieri,
. . . o . . . Andrea Bignami ! Richa:‘d Arthur Wilhelljn # Francesco Grespan .? and Nikolaos Gazis®'
@ New brazing technique (with modified filler groove, longer temperature ramping time) “Nationel Tetmical Unverty o Athons Ahens Greece
3National Institute for :};igeafr’_eih);i;;; ?;\’I;’\:)q, )[;g;;a;{;} i:\;’(,_zcn;ou‘(/zile 'f:ahoz(:lrg::zs (LNL), Legnaro, Ifaly
0 Spare RFQ is under conStrUCtion’ completed in 2026 ®  (Received 3 July 2'0251 acccpt{;d:()ck)bcré();ﬁ;pub]i;hcd’Z? October 2025)
\ —3a_0ld —a_New m_old m_New | 235 1 N ey
15 E‘
\ L 1.25 ,§

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360

Axial distance [cm)]

Vane modulation profile and vane radius Major vane machining 11 In-house section brazing setup Temperature profile during section brazing

(original and new one)
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|

Aging Control: 20-MeV DTL =
@ Operation since 2005 (First DTL developed in Korea) |

@ Used pool type electromagnet inside drift tube (cf. for DTL-II, hallow conductor EMQs are used) E |
@ Damaged insulation and corrosion of the yoke: electromagnet fault
D£13 18 05-13 19 05-13 20 05-13 21 05-13 22 05-13 23 05-14 00 05-14 01 05-14 02

t (mA)
@
=
o

&
QMP Vuluiage V)

Beam C
>

@ Changed the fault drift tube with new one: 1~3 drift tubes per year |
@ Considering change of all DTQ from pool-type electromagnet to permanent magnet
@ 16 segments trapezoidal Halbach geometry with Sm,Co,, (neutron-induced degradation, temperature effect)
@ 1 (spare) DTL tank is under fabrication based on the PMQ, completed in 2026
n :

Beam current fluctuation depending on DTQ PS voltage

w=Simulation

| @ Before EBW

u After EBW

Magnetic field [mT]

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Distance from quadrupole center [mm]

Magnet measurement (Before and after the welding)

Cutting view of the drift tube Fabrication process of the prototype PMQ DTL tank fabrication (machining and Cu-plating)
Poor insulation between windings and yoke
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Legacy Control Hardware Upgrade

@ Legacy VME-based hardware will be replaced with modern RFSoC and Micro TCA platform to improve performance, reliability,

)
; N Korea Atomic Energy
-/ KAERI" Research Institute

maintainability, and long-term sustainability of the accelerator control system

@ Legacy LLRF & Diagnostics & Timing System Modernization

Legacy System Upgraded System Key Benefits

UltraScale+RFSoC for LLRF and Integrated RFSoC architecture (ADC,DAC,FPGA)

while-lomsed L Gonieler BPM Higher-performance real-time digital signal processing

Long-term maintainability

MRF EVG-230/EVR-230 (VME) EVM-300/EVR-300 (MicroTCA) .
Scalability for future accelerator upgrades

mTCA EVM-300

mTCA EVR-300

' .
TITLITD CU.'DJ oam mém om
22 % 25 3%

2 8% T2 38

= | =
Ly —L. Sample Clk
SysRef
VPX
R

LN AXJ4 S
P2l sy

- 1 1) 5'{_"

ez —
GTY T3 i S - -
i H B syncsus
i G =
5 il |
4 =iz
J I LVDS GPIO
825 PTiCAL} 2. © " (50-pin SMC
Model 5901-950
jona)_|
Quartz 3U VPX

RTM

25 =]
(#

Model 5950 Quartz 3U VPX

3U VPX
Backplane




Operational Status of the KOMAC 100 MeV Proton Linac and Pilot R&D for the 200 MeV Upgrade /1

BTS: Beam Test Stand based on 1 MeVln R

- Korea Atomic Energy
KAERI Research Institute

BTS operation (2022~) ANN model: 10see | B0
lon source characterization (Gas neutralization, time evolution of the beam) —ean 104)

can: 1690 sec

LLRF control algorithm development (Adaptive FF based on iterative learning)
Beam diagnostics (Allison scanner, gas profile measurement, 4D measurement, CT, VPP)
Optimization based on machine learning

1.0 A scan:[490 sec

© © © © 0O

0
05 -04 03 -02 -01 00 01 02 03 04 05

Prediction Error of Vertical Steerer Current [A]

Machlnlng Iearnlng for steerer setu

5
|
|
l . |
oo I‘ o 05 ] 1.5 2 25
|
|
|

'« « > Adaptive FF RFcontrol

y (mum) 3

2’ (mrad)

y' (mrad)

- 0 5 %1 -0 -5 o0 5 5 0
x (mm) ¥ (m) xp (mead)
T

—IOAA()iill)A 10 0 10 -10 0 10
Beam Test Stand 4D phase space measurement 2 mn) pom) (el
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Rl Beam Production

@ Radio-active Isotope beam generation (Li8+, 30 keV) by using 100 MeV proton beam on target ion source

- Korea Atomic Energy
KAERI Research Institute

© Basis of beta-NMR spectroscopy for advanced surface analysis

High current
feed-through

&1 3 ’,///’f i

V-¥ NOLLD3S

3
L & Surface -
Target ionization source g
heater Target
container

BeO
target

| T T
Target heater Surface ) -
ion source 600 1.10x10° Pps —— Calculation —
—e— Experiment
o 0005 q
- = Beam On | Beam Off
Transfer tube - i Z 0004 17
w= 4001 § | H
o i 5 0.003f 1
s b 1
Flexible :E - & 0.002- el
currentlead > B 'g r 17
Target (Tantalum) - 200 3 000t 1
container Q i p e L 4
< 0 5 10 15 20
Time (s)
Target & i?g source heating 0 2 4 6 8 10 12

Target lon Source (TIS) Time (s)
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Neutron Beam Service

@ Using by-product neutron at the beam dump

'»A

F < Korea Atomic Energy
=/ KAl

ERI" Research Institute

@ Official user service from 2025

Beam dump (neutron generation target)

10"

— Sum 90
— E<20MeV | ~
—— E220 MeV

-
o
©
!

-
(=)
)
1

180

[2]

Diffenerential neutron flux (n/cm’/hr/MeV)

10’
O Ground level spectrum (x 5E9)
—— KOMAC (Avg.)
—— KOMAC (15°
10° (15) i
1 10 100

Neutron energy (MeV)

NA ’J‘
Angular distribution Energy spectrum O User control room



= Objective

- Diversify the data storage architecture
- Collect synchronized Beam-RF time-series data
- Generate Al-ready features for inference and prediction

— Data Acquisition

- Synchronize Beam Trigger, RF, and Timing data

- Store synchronized data in InfluxDB

—> Feature Extraction

- Shot-based statistical features

— Al Analytics:
- Anomaly Detection,

klystron

Operational Status of the KOMAC 100 MeV Proton Linac and Pilot R&D for the 200 MeV Upgrade

Group id - shot id

_ —

.}

)
; - Korea Atomic Energy

Beam Trigger-Synchronized Data Acqmsﬂﬁﬁ

Correlation Analysis of Collected Data

— ~

= Trlp PFEdiCtiOﬂ, T Strulgsued ffnﬂuxdl

- Beam Quahty Prediction —»! M(I?n)i/ttor:g(:}de tigzr;f!ﬁa »»»»»»»»
— ‘Towards Smart Operation pover Coss PV Access o~

- Predictive Maintenance A

RF

File save :
mm/dd/Group_id/shot id
: PV_name

- Higher Reliability
- Digital Twin & Autonomous Operation V
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KOMAC Phase2: 200 MeV Linac Upgrade

@ Energy upgrade up to 200 MeV by using SDTL

Operational Status of the KOMAC 100 MeV Proton Linac and Pilot R&D for the 200 MeV Upgrade

Low flux beamline (Space radiation test) Proton & neutron beamline (Terrestrial radiation test)
. . . = Beam species: Proton = Beam species: Neutron, proton
© Two beamlines: Proton beamline + Neutron & Proton beamline e e - Nestron o 10 oo 10 M)
. Uniformity.: <10% = Proton maxillnum energy: 200 MeV
© Existing tunnel with minor building extension e fowy
g mxmn:m 5”""7 rys AN S ‘
] ] u ] ] u ] 10° w»' .«3.7 i "‘\g\
@ Mainly for semiconductor radiation test and injector for higher energy o] (:\ g i,
LOW quX beam Iine Collimator & Low flux beamline

- »

(Space radiation simulation)

|

Neutron & proton beamline
Movable neutron

production target f, - [
Proton beam + neutron beam line Tk S S ”"L’*""”"“‘""‘“"“"""” =
(Terrestrial radiation simulation)
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KOMAC Phase2: 200 MeV Linac Upgrade

SDTL drift tube desig N Optimized cell parameters
- DT geometry optimization RF frequency 350 MHz
- Structure : 6 cell per atank containing 5 DTs Reference temperature 27°
- Proton energy : ~ 200 MeV when EO = 3.8 MV/m , phase =-28 ° Energy range 100~ 200 MeV/
(16 SDTL tanks required) = o8 MV
- Tank length : 225 ~289 cm (entire SDTL section length : 55.3 m) '
- RF power required : 820 ~ 1110 kW for 20 mA Max. Kilpatrick 14
Tank diameter 475 mm
L) S LS L Drift tube diameter 14 mm
60 Bore rad. Bore rad. Bore rad. 4 2
, T mm 10 mm 15 mm _ - Bore radius 15 mm
— 50} 4 | .
E 5 , Drift tube face angle 70°
S “r 1 Drift tube flat length 1 mm
= [ 1 =
= 30F \ ] | Corner radius 1mm
Y MV e 1 e Inner nose radius 45mm
‘ _ . / ' _ ' _ . . £ Outer nose radius 18 mm
1 0.1 0.2 0.3 0.4 0.5 0.6 i
o Stem diameter 36 mm
Beta Optimized DT geometry

ZTT for 3 ~ 200 MeV
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KOMAC Phase2: 200 MeV Linac Upgrade

SDTL tank Doublet

- Korea Atomic Energy
AERI Research Institute

SDTL Lattice

- Doublet focusing structure «
- Lattice period : Doublet center to next doublet center

1 focusing period of SDTL
Doublet focusing structure

3.2m 19.0m < 49.7 m N < 55.3m N
IS  RFO pTL1 22 DTL I L2m 6 cell SDTL —
HEBT
*LEBT 4 4 MEBT I\ 4

50 keV 3MeV 20 MeV 102.6 MeV 200.5 MeV

Position (m)

12 4 i
=103 | 1] i
= o SDTL )
o 63 DTLI & DTL 2 AR, i

4 S Ly e R gt he e g ‘V bl i i .

<2> , : S S A i Radlal densnty 3 MeV~ 200 MeV (20 mA) F

0 20 40 60 80 100 120

Position (m)
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KOMAC Phase2: 200 MeV Linac Upgrade =~

. Error Type Value
Error studies .
Quad magnet displacement + 100 um
. : _ : . : (dx, dy) -
- Error distribution type: Uniform distribution _
Quad magnet rotation | 0.5° 0.5° 0.25
- Input Beam Current : 20 mA (x> By» D2) i
- Error statistical set up: 10 lattice per 1 step Quad magnet gradient + 1%
- # of Error lattice: 200 (10 lattice * 20 step) CaVity(giSPéa‘;eme“t 4+ 100 um
. X, dy
- . 0]
Result : max. 2 % emlttar?ce growth for quaFI magnet errors, | Cavity rotation (g, ¢) 05
- significant impact on emittance growth for input beam centroid & angle Cavity Ace. Voltage 1%
Cavity Phase (¢sync) +1°
SDTL Error Quad Total SDTL Error Cavity Total Centroid Shift Angle
§ i £ == NI e
E 3 g 3 § 10 60 E g 1 60 é
5 ’l ﬁ% gl % ’ 40|r:u % d 4OI§
5 1 E R
‘(E‘“ o g 0 ———t—————— —.f——4 o e s &
N lhzflﬂaximum Erruarn(um,degrego* 0.005, % *88.01) - - hiuaximum Erroarh(um,degreeeb* 0_005'%*8‘8_01) 100 - ‘_2 _Ilnput beam)(zoffset (mm)l 21 - ‘: 2 I#put beam )(g offset (mrag)

max emittance growth : ~ 2 % no Emittance growth > significant emittance growth
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KOMAC Phase2: 200 MeV Linac Upgrade

Prototyping of the drift tube for SDTL

LA

F \. - Korea Atomic Energy
KA/
|

ERI" Research Institute

- Separate cooling channels for central and peripheral region
- In addition to the copper prototype, acrylic prototype was
fabricated to visualize coolant flow

VT

bt
)

=
n
T

| ]

=
N
T

6-cell SDTL tank

Pressure drop [bar]
[ ]

&
ta

&
-
T
| |

0.0

SDTL tank with doublet magnet
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KOMAC Phase2: 200 MeV Linac Upgrade

O Pilot R&D for 200 MeV Upgrade

= Scope: First 4 SDTL tanks with RF system including LLRF, klystron, HV modulator and utilities
= Period: 2026.4.1.~2028.12.31.

= Budget: ~18 million USD



Operational Status of the KOMAC 100 MeV Proton Linac and Pilot R&D for the 200 MeV Upgrade

KOMAC Phase3: Spallation neutron source.
e

e
H ?',‘_:”' o

GeV-grade accelerator _ AP

iic Energy
stitute

Neutron generation target
Utilization instruments
Dedicated building and utilities

200 MeV injector

Neutron generation target

T =
GeV-grade RCS

Spallation neutron source
And instruments
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High Power Proton Accelerators '

1.00E-01 ¢
1.00€E-02 . e, @
@ Spiral2 (2016) ..

z e RIBO2S) @ @PSI (2015) @
£ 1.00E-03 sNs (2015).@ ®
:‘_:',' "---._.?s'(1987)‘ A LAMPF.(1987)
o KONAG.1 (20 17K)0.MAC & KOMAC3 .. w1088, 5P
5 ) ISIS (2015) @ SIS (1993) . 81993, 5p
u -...'. LI o i .._.‘.. .._..-. F

1.00E-04 KOMAC (2015)@.. . ®.LANSCE (2015) . A 1998, 1P
z " LANSCE(1993) @ ™9 =~ @IPARCMLF g i (o
@ 1$7s. CSNS (2021),  (2015) '
?, Isis ("987) = ( ) .I-'crmilal)'M_ln(ZO15) ®2015, LP
@ 1.00E-05
2 ] Fel"hsi!gb Booster (1987)

B KENS (1987)
CERN.PS (1987 B IR -
1.00E-06 ( ) ‘ AGS Boostér (1987) ° (c::.:ﬁ;.;ps CNGS
KEK Ps (1987) I -".".-.,‘(IliRN SPS LHC
(2015)
1.00E-07 A
1.00E+07 1.00E+08 1.00E+09 1.00E+10 1.00E+11 1.00E+12

Beam Energy (eV)

Modifed based on S. Cousineau, High power proton facilities: Operational experience, ¢hallenges and the future, Proceedings of 6! International Particle Accelerator Conference, Richardmond, VA, USA, 2015)



Research Institute

%\. Korea Atomic Energy

-z
\\\\
\\\\\\\\\\
% % 4
x
20

w
%t

/y/

Tt

i,

2

7
\\\\\\\

/77

AN

N\

s

\\\\\\\\%

7 7
Yy

’,

Z
w\\\\&

“

7

A
§§
7
i
T

W 4

Wy
N \\\\ %\\\\\
A N

NN \\\

SANN
NN

\\§
N
) N

\\\

\\\\\\\
&\\\Y

AANNNANNEANNNNNNN
Q N
N
X

vy,
7
)

’,

7

"

ANNNNN\N

/7

Ty
4

7.
7
\\\\\\\
2,

/7

NN

N
NS

\\\\

N



Operational Status of the KOMAC 100 MeV Proton Linac and Pilot R&D for the 200 MeV Upgrade

Summary

)
; s Korea Atomic Energy
-/ KAERI" Research Institute
|

© Operational Status

« Commissioned in 2013 and surpassed 40,000 operating hours in 2026.

» Increasing competition for beam time, leading to the provision of 24-hour beam services.

» Radiation effects testing of semiconductors and space components for both space and terrestrial radiation environments.
» User programs supporting high-energy physics, nuclear physics, and advanced life science research.

© Current Accelerator R&D Activities

« Aging management through the development of spare RFQ and DTL systems.
» Upgrade of legacy accelerator control hardware.

* Accelerator research based on Beam Test Stand (BTS) facilities.

» Development of radioactive isotope (RI) beam generation technologies.

» Expansion of neutron beam services.

» Development of a beam-synchronized data acquisition system.

© Energy Upgrade Plan

* Development of a 200 MeV proton accelerator (KOMAC Phase ll).
» Long-term plan for a spallation neutron source facility (KOMAC Phase Ill)

28
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