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* Introduction to KOMAC facility
= Operation of 100-MeV Linac

= Beam Line Development

= Operational Issues

= Summary
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“* Introduction to KOMAC facility
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KOMAC Site : Gyeong-ju,

KTX Station - ..~
Busan«» 30.minutes = —— -
Seoul<—> 2:05'hours - ----’*-j_-; < Reserved

(260,000m?) > Developed — -
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| « Area: 180,000 m?
* Building: 27,322 m?
= Power: 154KV, 20MVA

\ o B AX}E™
(rlAllI m%ﬂimﬁrﬂmd?ﬂ% EHE o x| ZHREF £ LA &




f

J—

Overview of Linac and Beam

ix
o
=
>
(o}

Lo
=
2
1
»
|
=
4
3
m

Features of KOMAC 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 | 01~1.6
@ RF Frequency : 350 MHz Pulse Length (ms) 01~2 |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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“* Operation of 100-MeV Linac
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Accelerator Development
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@ Developed proton linac technologies
- 2.45 GHz Microwave ion source
- 350 MHz 4-vane RFQ
- 350 MHz DTL
- 700 MHz Elliptical SC cavity for future extension h ,,
- Digital LLRF and EPICS control system 5-cell SCC prototyping

KOMAC DTL

@ Built KOMAC 100-MeV proton linac
with the domestic companies

KOMAC Injector KOMAC RFQ =~ <=1 :'||'?||q:ﬁ
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100-MeV Linac
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@ Linac and beam lines : installed in 1st fl
@ Tunnel : 100 m

@ 100-MeV linac : 75 m
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Linac Configuration | \ \

(leoaﬂators drive 9 klystrons (350 MHz, 1. W for each klystron)
@ Single klystron drives first 4 DTL tanks (3 MeV ~ 20 MeV), works well so far
- 3 Magic Tees with 1% power balance
- Mechanical phase shifter @ each WG branch
@ Modulators: 3 set of 5.8 MW and 1 set of 8.7 MW
© MEBT @20 MeV for switching magnet
@ No MEBT between RFQ and DTL (as close as possible)
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DTL1O7 DTIJOb DTL105 DTL]Od DTL'|03 DTL'|02 DTL]O'I DTL2d DTL23 DT]_22 DTL2] RFQ LEBT lon
100MeV 91.7MeV 80.4MeV 69.1MeV 57.1MeV 453MeV 33.1MeV 200MeV 15.8MeV T1.5MeV 72MeV  3MeV SS%I‘J:CS
S as b e bbb
RCCSIO7 RCCSIOS RCCSIO3 RCCSION RCCS24 RCCS822 RCCSO3
RCCSI06 RCCSI04 RCCS102 RCCS23 RCCS21
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Target Room \
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@ 2 beam lines and 2 target rooms are installed and in services
-1 for 20 MeV, 1 for 100 MeV

O Irradiation: in air through 0.5-mm Al-Be alloy window

Beam line Target room
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High Power RF System

-on 2" floor
iR
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Modulators on 3™ floor

— Linac in tunnel
CToni ERATMATA
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Control Room & Operator \\\\\\\\

~~"0 EPICS based control system et
= Accelerator / Utilities / PSIS / RMS are controlled in the main control room
@ Accelerator team: Total 15 persons (7 Ph.D)
Nuclear Eng. (5), Physics (4), Electrical Eng. (3), Control (2), Mechanical Eng. (1)
@ Operators/shift : 2 for accelerator, 2 for beam service in target room
Served as operator (~6 days / month)
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= Delivered 1-kW beam into TR103 in July, 2013
= Checked beam energy change by turning off 7 DTL tanks one-by-one

3

TELEDYNELECRLY
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= Operation license by the Nuclear Safety and Security Commission of Korea

= Started user beam services for 1-kW beam from July 22, 2013
= Achieved 10-kW beam in August 2014: 550us, 10Hz

= Normal operation with 10-kW with revision of operation license

Dump in TR103

)

S BEAXImATR (13

BRI Kores Atomic Energy Besearch Instibate EEE LA piRE EE HUP 4f



‘A\

—

© User requirement for beam size: max. 300-mm diameter

@ Monitoring beam profile

= Flat panel detector with Csl scintillator
» Panel size 430 mm x 430 mm, pixel size 139 um

s0e.0r-

Beam profile inside target room

mnjes Aesll
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Beam rms radius : 25 mm
< Flat panel detector
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* Operated in weekly-based schedule through a yearly plan
= Beam service: Monday 13:00 ~ Friday 12:00

+» Operation statistics

2,290 2863 = 2948 1486 |

Downtime due to nfa€hihe troqhmmw_‘

k ator)
20 ¥ fault |
) = |GBT blast (Modulator)
b ® RF funing
1 - u HV switch fault lon source)
u Beam current at lon source

4 - | » Magnetron fault lon source) |
E = Vacuum pump failure
£12 7  Flow rate of QMP (RECS)
E ) = RCCS trip
E‘FG = OTL QMP cheek (Beam tuning)
° = DTL Coolant leak

= DTL Vacuum (RF Arc)

# Shielding door failure
PSIS (RMS) fault

u Cooling chiller fault

" XU WIS MeDSN  WAOHD MW NWOHL MBI NMGNL AR 2e0d X
service/ Maintenance Beam service/ Machine
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Sk emanmens (15)

© Radfiation check (Air condition)

Electrical failura {RMS off)

Machine study
)
A ol M

"« Sample transfer device fault at target room
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Beam Service Stat. (July 2013
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¢ Increasing beam time requests
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Research Projects Beam Time (day)
Year : : Users
Proposed = Served Ratio(%) Requested Served Ratio(%)
2013 56 39 69.6 182 96 52.7 84
2014 121 103 85.1 275 203 73.8 223
2015 153 124 81.0 311 193 61.2 349
Sum 330 261 79.1 768 460 59.9 656

@ R&D Fields: Bio/medical(26.4%), Nano/Materials(26.4%), Space/Basic Sci.(22.6%) etc.

@ Total number of treated specimen: More than 5000.

@ KOPUA: Korea Proton Beam User Association (Self-organized user network)
= PAC(Program Advisory Committee): Review proposals & Allocate beamtime
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Beam Requirement from User
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@ Users from various fields

(nano/materials, bio/medical, space, basic science etc.)

@ Requirements from users

s Especially single shot operation after long preparation is not easy.

Energy: 20 MeV ~ 100 MeV (controlled by DTL tank RF on/off)

Peak current: 0.1 ~ 20 mA (controlled by ion source and LEBT)
Beam size: 5 mm ~ 300 mm (controlled by QMs in beam lines)
Pulse width: 50 us ~ 5 ms

Number of pulses: 1 ~ over 10000

Dose uniformity: better than 5%

Pulse to pulse stability: better than 5%

Etc.

< In some cases, the irradiation conditions are not clear.
They decide the conditions during beam service.
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= < Rl Beamline: 100-MeV Proton |

© Application
= Rl production: Cu-67, Sr-82, etc.
© Proton beam
* Energy: 33 ~100 MeV
= Beam power: 30 kW @ 100MeV
@ Status
= Completed installation: Dec. 2015
* Under Commissioning
= Operation: October 2016

Target Preparation
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Beam Line for Low Flux Applica
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- * Beamline for Low Flux Users: 100-MeV Proton

* Graphite collimator

Low flux bearh line
Shielding door: always open under constriction

Add Local shield
* Increase the accessibility

= Specification of the low flux beam line | . T I = = Shield 49 %oor open /
- Beam energy: max. 100 MeV Shielding door | close
open & installa = . ==
* Flux: 10% p/cm? s local shield : : =
« Target size: 10 cm X 10 cm Target | 1]
 Two octupole magnets . room :




** Operational Issues
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lon Source 1 - HV Switch \\\\\\\\
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= KOMAC ion source Requirement: 50 keV, 20 mA peak, 2.5 ms, 120 Hz (30 % duty)

= Operation mode: CW plasma, pulsed beam extraction

» Failure of the switch was a problem. Now fixed by adjusting gate drive timing and current limiting resistors.

Semiconduct fhswitch
(push-pull type, e L -~
80 IGBTs connected in series)

s = ... -,
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= CW plasma operation: electrode being coated with BN Rl
* BN from the microwave window TS
- Frequent arcs between electrodes: Switch failure roge e
* Preventive maintenance: overhaul after 500-hr operation ‘ q | Extraction voltage M
—
‘ suppressor voltage

47\ TELEDYNE LECROY
(o plisti=ted

=

B

suppressor voltage

eam current (no beam)

HTYT 1
Extraction voltage

Trigger signal

EEEEEE Plmean(CT) P2mean(C2) P3mean(C3) Pd:mean(Ch) P5Rescale(P3) [ Pr--- [
859 39mv 1078V 79y
v

BN after 1,000 hour operation

v

2,00 Vi
5200 V]

Abnormal waveform due to coating

BN(insulator) coating on plasma electrode

)
i PZUTmATY (upper) and extraction electrode (lower) . 22



lon Source 3 - Beam Current

File  Vetical Timebase Trigger Displa pasurs Math Utilities Help

fa
1
H i 2 «
Measure Pl:mean(C1) PZmean(Ca PXImean(C3) Pdmean(C4 P&--- PE--- PT--- Pa--- Measure Pl:meaniC1l) PZmean(CZ) PImean(Cyh Pdmean(C4) P5--- P&--- P7--- P&---
value AT1.7 my -3 my -897 o 1.2my valug 582.0 my -3 my -1.4 my 1.8 my
status g v 4 4

status U4 ' U4 g

» Spectrum measurement at forward and reflected signal
- 42.25kHz peak, regardless of magnet power supply status
» Microwave frequency depending on Power
- 400W setting : 2.464250GHz
- 310W setting : 2.462575GHz L P I 1L
» Magnetron power supply switching frequency : 20~22kHz ‘ﬁ‘ﬁﬂmﬂ.‘ﬁn}%ﬁﬁ
--WHWIIMI[M[H‘
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X' [mrad]

X' [mrad]

Base pressure: 1E-7 torr

Measurement condition: 1.1E-5 torr hydrogen
Extraction voltage: 50 kV

Bias voltage: -2 kV

Normalized rms emittance: 0.318 m mm mrad

Measured at Test bench without beam focusing solenoid
ormalized rms emiitance reduced by ~20% with Kr adding

KAERI  Koren Akumic Enemy Ressarch Institele

1.300

1.050

0.7500

- 0.4500
. 0.1500
-0.1500

-30 -20 -10 0 10 20 30
X [mm]

Base pressure: 1E-7 torr
Measurement condition
1.1E-5 torr hydrogen + 2.1E-5 torr krypton (1sccm)
Extraction voltage: 50 kV

Bias voltage: -2 kV

Normalized rms emittance: 0.249 m mm mrad
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Hli-purpose Arcelrsior
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lon Source Test Bench | \\\\\\\\\ KO MA

Control rack
- Timing system
- Vacuum control

M——

- Diagnostics
IS control rack -
- HVPS “" - Diagnostic chamber
- Bias PS
- Magnet PS Faradycup
- Gas flow control
RGA
Magnetron
TMP

Scroll pump

3-stub tuner

WG DC break

lon source

HV switch
For extraction

Test bench for various operating condition, components tests and new design to improve the ion source
;!‘EBT with two solenoid with a diagnostic chamber is under fabrication
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Electroquadrupole in Drift Tube

fﬁ
= DTQ of DTL (3 MeV ~ 20 MeV)

* Limited space
« Conductor: enameled wire (pool type magnet)
* Yoke: Ni plating
« Coaxial stem
= DTQ of DTL (20 MeV ~ 100 MeV):
« Space is not a probleam
« Conductor: hollow conductor (Normal water cooled magnet with epoxy molding)
« Tri-axial stem

) .
e RETHAT Pool type DTQ soe opn e e B, With hollow conductor
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KOMAC
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DTQ Failure :

* Pool type magnet
« Total 8 DTQs were failed in one 20 MeV DTL tank -> Failed DTQs were changed
 Hardened enamel coating -> detached -> turn to turn short

* Rust in the yoke
= At commissioning stage,
* Low resistivity of the cooling water (by accident)
« High radiation during beam test
= Change to permanent magnet or add coating by liquid type insulator

o T

) '
) oz urrent lead (enameled wire) : Rust covered on Yoke (25
/ Korwa Aloimic Energy Ressarch Insditete EHE o x| ZHREF £ LA &



DTL Vacuum

“=“Vacuum operation

e

* 1TMP + 3 IPs per DTL tank, 1 IP per DTL window

« TMP: initial evacuation and turned off when ion pumps are operating
* Normal vacuum level: 5 ~ 10 E-8 Torr

» Occasional vacuum burst during operation with only ion pumps
After TMP was turned on, vacuum bursts greatly reduced but not completely disappeared
Change of 1 ion pump into 1 TMP is planned

B RIXE AR

Korea Alemic Energy Research Institete

1E-04

1.E-05

1.E-06

Pressure (Torr)

1.E-07

1E-08

—DTL21CAV

——DTL21IWIN

——DTL22CAV

—DTL22WIN

——DTL23CAV

——DTL23WIN

——DTL24CAV

——DTL24WIN

2015-6-1 0:00

Periodic vacuum burst when only ion pumps were operating

2015-6-2 0:00

T T T 1
2015-6-3 0:00 2015-6-4 0:00 2015-6-5 0:00 2015-6-6 0:00

Time (day)
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Shielding Door Issue
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= Current beam service
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* Frequent shielding door operation (20~30 / day) -> failure in the shielding door system
» Shielding door: Concrete 1.1 m + Steel 0.9 m -> 6 Ton
= Separate the low flux beam line (without shielding door operation)

. / A5
s P
Yy & ~
. 4

Shielding door of 100 MeV target room One example: Door controller failure

)
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Beam Dump \\\\\\\

= High power proton beam

« Graphite is a good candidate with viewpoint of thermal and radiation issues
* Neutron yield is less than 1/4 of copper, 1/2 of Aluminum

Radionuclides from graphite and copper

Proton (Graphite) Proton (Cu)
T T T T

. 10: r —s—Total | —a—C
o o galn I
o e I . e IR Ty sus
%1: . jé; B 71 "
.
1050 777777777 :Ii ili ; 777777777777 ‘:2 :501 2I4 4ls 7I2 le 1;() 1:‘4 1;38 152 2:6 240 E 1.'
Cooling Time (Hr) Cooling Time (Hr)
g 1w
Neutron yield depending on proton energy o
Proton . . 1"
Copper Graphite Aluminum
Energy 18"
33 MeV 1.88E-02 7.69E-04 9.32E-03 T T 1 18 108 1008
Elapsed Time [Hour]
100 MeV | 2.29E-01 5.54E-02 1.25E-01 Residual radiation after 1hour irradiation (100 MeV, 1 uA)
S
A ]
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History Management System \\\\\\\
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@ History management system of the componéhts by QR code =
* QR code & Tablet based system

= Spare parts management, preventive maintenance
» Including specification, maintenance history, drawing, dc¢

QRode scan with Tablet
< //-;um (Possible:stan distance depends on QR code:Size) s sz zzs 4

=

2718

[KRERI oF217147|A7E  QratioziAAY

‘‘‘‘‘‘

KOMAC pboniz0)  owow

w3
[ o[ sorn

- [ wE
e | moin | soix

~ QR code generation

Serial Number ¥20-09-0188

Ao

UEY 2000828 . B
General information
~aviolm
WA Es ] magy 29 ey ey yen
20120911 AF OB R @ 2012:09-11
s 38 2BAOIEIS U §21(-2012.1217)
20090828 2009-08:28
. Maint hist
ain enance Istory
Axzsoly
UM 29 egn BREM AR
20150427 e ung, yuy
maus
20150511 2uenn A wawway
Faug
20150507 SULEYD UL Y spare 2| yg, ey
Faus
20150506 QUSHYE A spare@ AX ung, gay
Faug
20150128 HAR OF(114121) uoy, yoey
U8
20150127 HER o3H(9N2) yag, yay
L30Ty
wom o e A
Faug 20140714, 92 A4 VS YAVEUST) 24
24 W, controlrack blower 84 awiLoas. 8
Faug
eymuzan g 3us
Faus P

(32)

Component information
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© Accelerator operation
= Commissioned 100-MeV linac with 1 kW in 2013
» Increased beam power to 10 kW in 2014 (30 kW in 2016)
= Availability > 90% in 2015
= Stable so far

© Beam service
» Many users from various fields with complicated requirements
= Beam line for RI production in 2016
= Beam line for low-flux in 2017
» Preparing beam lines one by one according to user demand

@ Lesson learned
= Multi-tanks driven by single klystron: works well
= No MEBT between RFQ & DTL: good
= High-duty ion source: BN coating problem
= Pool type DTQ may cause long term reliability problem (water quality control essential)
* |on pump: not suitable for DTL when operated without TMP backup
~ = Component history management system: good for operational efficiency
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