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> MA SAMX| 22| AlE &4 (from Varian)

WORLDWIDE CANCER BURDEN

new cancer cases : ‘ ' = RS “ global economic burden
per year by 2030 g in 2010

5 O - 6 O O/ = of cancers diagnosed in

of patients with cancer need RT gy e —ile high income countries

of patients have
access to RT in low
income countries

10% G\ 20,000+

Linacs needed by 2035, with greatest
need in low and mid-income countries

Expanding global access to radiotherapy. Lancet Oncol. Vol 16, Sept.2015
VARIAN CONFIDENTIAL — INTERNAL USE ONLY Va rlan
e Korea Atomic Energy KNS 2022 Fall Conference
esearch Institute 2022 =/Sksa 3|
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* Stanford Univ., 1956 * Varian ClinacIX, 1988

% RT : Radiation Therapy WA X &

% IMRT : Intensity Modulated Radiation Therapy 47| Z A HAL X &
% IGRT : Image Guided Radiation Therapy G4 E=AIA X 5

% SBRT : Stereotactic Body Radiation Therapy ] A - AX X &
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Image Guided Intensity Stereotactic Low Dose Rate High
Radiothera Modulated Thera Brachythera Dose Rate
Py Radiotherapy Py vt Py Brachytherapy

2017 1,842.0 1,482.9 1,101.4 463.4 275.7
2019 2,553.9 1,990.7 1,546.2 546.3 443.3
S7HE 38.6 % 342 % 40.4 % 17.9 % 60.8 %

[10] Ref: M&M Radiotherapy Market Report

_ 2014 4 2016 4 2018 A 2019 U

,_ (4». EXN2Hs 4042 4027 4494 4456
\i SBRT X| 2= 283 443 764 1025
, E SBRT X|2H| & 7 % 11% 17 % 23 %
2y A //, [11]Ref: - SM=EEH 2N
SBRT X|= A SH Y SBRT X|2 HIE (2014: 7 % — 2019: 23 %)
| % VMAT : Volumetric Modulated Arc Therapy 2| AIZIZZ &H ShAbM X2 | 20174 0] 2= HIAMM X|=7|0|A VMAT 7|H 0|2
; /’ Korea Atomic Energy
%AERI Research Institute ZOKZNZS g;r;ggg;
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HALCYON TREATMENT ROOM REQUIREMENTS

Reduced Footprint Compared to C-Arm Linear Accelerators

I |1 =

15MV C-Arm 6MV C-Arm HALCYON

VARTAN

medical systems

23 | VARIAN CONFIDENTIAL/PROPRIETARY: DISCLOSED FOR IMMEDIATE RECIPIENT ONLY Work in progress, not available for sale.

) N Korea Atomlc_Energy [12] Varian in Radiotherapy, International Workshop on Medical Physics KNS 2022 Fall Conference
* [KAERI  Research Institute and Biomedical Enginnering, Bence Kampos, ORHID 2018 =H|ISk=sEtg s
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HALCYON TREATMENT ROOM REQUIREMENTS

Reduced Construction Costs — Typical Values Compared to C-Arm

Minimum bunker size (m?) Amount of concrete (m3)
160 500
140 450 -
400
120
350 -
100 - 300
80 250
60 200 1
150
“ ~35%
100 1
20 - 50 -
0 - . 0 .
High Energy C-arm (6/15MV) Halcyon High Energy C-arm (6/15MV) Halcyon
VARTAN
24 | VARIAN CONFIDENTIAL/PROPRIETARY: DISCLOSED FOR IMMEDIATE RECIPIENT ONLY Work in progress, not available for sale. medical systems
A - v kns.org
I(AERF gg;:gémwsl::&eergy [12] Varian in Radiotherapy, International Workshop on Medical Physics KNS 2922 Ff_lll Conference
and Biomedical Enginnering, Bence Kampos, ORHID 2018. 2022 _=I=_7;“§II-$E£'E§|
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Visual
Coaching

Device*

CBCT Imaging
Suite

Online*/
Offline 4D

Online*/
Offline

Extended
length

*Available in TrueBeam 2.7

Works in progress: not available for sale, subject to change.

[12] Varian in Radiotherapy, International Workshop on Medical Physics
and Biomedical Enginnering, Bence Kampos, ORHID 2018.

varian
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> HEXH 2 ADESH G4 & X248 =8

Basic Oncology Workflow

Dr. Amanda Jones

Michael Zhao
Medical Physicist

Meg Austin
M RT (Staf

Rosie Damore
OL Complicated,
{ but essential

VARIAN CONFIDENTIAL — INTERNAL USE ONLY

varian

www.kns.org

;%AERI gg::gémwslflfﬁteergy [12] Varian in Radiotherapy, International Workshop on Medical Physics KNS 2922 F?“ Efnfere“‘_:e
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Hypofractionation, FFF beam, radiosurgery

1. Interfactional!

=
t
Standard-fx e.g. 40 x 2Gy = 80 Gy
DIFF(%) Comparison of Halcyon™ and TrueBeam™
B.6%
2. Int d New
. Inter- an .
0% M LC ™ VMAT
. B IMRT
Intrafractional! e
ll?% .
00%
Halcyon™ TrueBeam™
___* . .
Fig. 8. Comparison of Measurement and TPS Calculation
t Difference Mean Absolute Error rates in Each Machine
Hypo-fx e.g.5x7 Gy = 35 Gy [10] HalcyonTM M&7}27| 6MV-FFF Of|L{X|2] EX§ MZkof ch$t
1 %E: Phantom Study, |42 2|, CHSHUAIMX| 28H3]X| Vol.32, 2020.
VARIAN CONFIDENTIAL — INTERNAL USE ONLY VCI f' I q ﬂ
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» Ol X| 2 FH|2M2| 7}578 : Multi-modality RT

1st LINAC station

2"d LINAC station

Beam stopper

(1) X 2 Dose-rate,

(2) Variable treatment,
(3) CBCT High-resolution
— in same gantry volume

3D-modeling of dual-head gantry structure

'Al N
;%A Em Eg::g lf:‘ﬁalwsi:itEthngy [11] X-band LINAC for a 6 MeV dual-i@idSraiaibFraltpytarence
2029 SHEARHES|
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X-band LINAC €3+ $

» X-band LINAC 4 &

)
S
Power
E-gun HV HV pulse e mm meter
pulse PS modulator pickup | —————
Main Control system result Spectrum
o 12k ' 36kv-100A Center _analyzer |
1 Pulse mode 1 Pulse mode frequency —_—
1]
" Wb IcT
:: RF REF — _/
T .. Bi-directional ——
T transmission cco
" . coupler
" waveguide | camera
" % i
= 9.3 GHz, 1.7 MW < ; e
== == —— = == Beam i
Electron gun E|lF I F | F | F|F | F|3F| | measurement X ray
— — pu—" L S— AN L. — AN L — — . — unit Ta rget

RF resonating cavity 6 MeV, 70 mA

< 1.0 E-07 mbar 30°C DI water

‘ Vacuum system \ Cooling system

; ~L_ Korea Atomic Energy
AAERI Research Institute 22 EASSuT sl

| 2022 F7{|st=utu1 3|

8 Gy/min X-ray




» Why ? 1. X-band RF System

LINAC .
Type 4 » Conventional electron LINAC
6 MeV X-band S : 2.856 GHz S-band (Electa, Varian)
we | Dual-head RT ! S\

» New generation electron LINAC
: 5.0 GHz C-band (VERO, KIRAMS)
§ e 9.3 GHz X-band (CERN, SLAC, KAERI, KERI)

R&Din SLAC
(FLASH RT) >>

wed | IMRT, 4DRT, SBRT |

Electron beam energy
Cyberknife : 6 MeV to 15 MeV for High-dose irradiation

liged — 6 MeV, 4DRT —y ——
T U Ures
® 7 _7'<_ II-EI
(GH2) IEEE 7| & (cm) A
1.3 L-band 23.077 otE
Clinac Series
N Tomo Series 2.856 S-band 10.504 BEA, obEH
PR
| 6~15 MeV, IMRT
5.712 C-band 5.252 AH
] | | | | > Y N
| | | | | ear 9.3 X-band 3.226 X449
1960 1980 2000 2020 2050~

2

(C\ - Korea Atomic Energy
KAERI

’ KNS 2022 Fall Conference
Research Institute
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» Why ? 1. X-band RF System

Frequency

Parameter dependence Effects
Wavelength fo Compactness
. Effective shunt imped it length ZT2 fol/2 Acceleration
ective shunt impedance per unit leng 0 efficiency
Advantages
Maximum electric field strength E,, ., £ 112 Electric arching
(Kilpatrick Criterion) 0 durability
Efficiency of acceleration i 1h-d
per unit stored energy r/Q fo High-dose rate
Beam loading fluctuation fo 12
RF transmit
L _ -1/2
Limitations RF loss factor (Q-factor) fo efficiency
Power dissipation P fo /2

Solution

)
; <~ Korea Atomic Energy
KA

ERI Research Institute

1) Coupling-coefficient optimization -> RF cavity coupler design
2) Resonating frequency stabilization -> RF power output control

KNS 2022 Fall Conference
2022 F7{|st=utu1 3|



» Why? 2. E-beam energy : 6 MeV vs Higher

Jx = ’7'D°1peak'En

E (Electron energy, MeV) : 6 MeV

* Doear (Peak current, pA) : Variable Parameter 800 - A

» 1 (Conversion efficiency of electron to photon) A

- 1T mm W target, 0.0912 &

= « D (Duty-factor) : 0.007
* n (Beam energy conversion constant) 600 4 A’A
:3MeV:36MeV:279MeV: 26 R A
« J,(Dose rate, cGy/min @ 1m) E A7
- s, A
Beam Current (mA) Dose rate (cGy/min) % 400 ) A
10.0 115.08 5 /‘,.»"
20.0 230.16 3 W
O 200 -
30.0 345.24 A
o
40.0 460.32 ] /A
50.0 575.40 04 & --A-- Dose Rate
| ! | ! | ! | ! | ' | ! | ! |
>2.2 600.72 0 10 20 30 40 50 60 70
60.0 690.48 Beam Current (mA)
70.0 805.56
- Korea Atomic E
foen R mne” 2002 ST
T-/11— =



» Why? 2. E-beam energy : 6 MeV vs Higher

SID=1m (&% FH 2mm, 8FF 30 mm)

3.00E-06
1.0x10™ -
0% 1.0x10™" 2.50E-06
«
£ 8.0x10™ £
£ o
- € 8.ox10™ - g soxt0™ = e
£\ % 4.0x10™ S
-~ ° . Bt
8 | .-,E- e 8 150E-06
3 3 2.0x10™ °
j -
—/ 16 5]
g 6.0x10" 0.0 T ’ . y 3 1.00E-06
‘3 Electron Energy(MV) = =
c
(] o
o g 5.00E-07
D 4.0x107° - 3
& pd
_8 0.00E+00
c
[o]
S 2.0x10™°
=
()
P4
0.0 f

6 7 8 9 10 11 12 13 14 15
Electron Energy(MeV)

15 MeV HMXIHI2 6 MeV T X}H10]f H|s}
S4X Wl Dose= CHEF 104 HY X}O|E EH Y

)
; <~ Korea Atomic Energy
KA

ERI Research Institute

——Fe
W
=== P
=
— == v
0 2 4 6 8 10 12 14

Thickness of material (cm)
EZI DjEE S8X 2 B
1) HAHI: 619 MeV
2) & :6.74 MeV

3) #2] : 9.91 MeV
4) H :7.56 MeV

KNS 2022 Fall Conference
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¢ I. High-dose X-band RF Cavity 27| 3! X%}

> 7|E 7152 OfH] (6 MeVH, 6 Gy/min @ 800 mm) EC} =2 1M
7I's¢t High-dose X-band RF Cavity (8 Gy/min @ 800 mm) =&|

> High-dose X-band RF Cavity 24| dsH1E

Parameters Ver. 0 Ver. 1 Ver. 2 Unit
(FEolE HER|) (40 cm) (High-Dose)
SHUFo+ 9.3 + 0.00. GHz
Z|CH 217} RF Power 1.5 (Duty 0.0018) 1.7 (Duty 0.001) MW
Number of cells 16.5 20.5 22.5 1 cell 7|=
HAE 7HS0I L X 6 6.25 7.11 MeV
S8 X-d HE 6 8 Gy/min @ 800 mm
4 MF (Peak) 30 50 60 mA
Y AO|= ~ 2 ~ 2 <18 mm
E. Shunt Impe. ~ 90 93 ~ 95 MQ/m
Coupling beta (B) 1.2 1.223 1.317 -

(‘ Y, f
Korea Atomic Energy
C : KNS 2022 Fall Conference
KAERI Research Institute = = —_=
/ 2022 Z7|SkE4E 3|
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Particle preview
Output

Sample

Time

Particles
Maximum (Solver)

)
; <~ Korea Atomic Energy
KAERI

Research Institute

93012 particles @ 4.9004Y ns
8e+06

7e+06 -

6e+06 -

Se+06 -

Erergy / eV
IS
@
T
(=]
[

3e+06 -

2e+06

1e+06 -

& (3477505, 7170650 )

Postion [z] / mm

- v .

o|ERLE i s i ok e

[ ] f 1)

.

W I I T I T

Energy
11

4.99998 ns
92685
7.17706e+06.eM.

- Frame 0014

7 MeV 7} 221 (Maximum 7.11 MeV @ CST Particle Studio)
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> 2 A70M= HSE 29| A 7HS2et ESES
HiXIF 2N, M71Eel 8 +200 2ot AZSE A

> = Jl= 71g 2= AMEF HEHs ddst, A2
£HE T STFT 9.304 GHz (SWR 1.22) = H|% 2=2ot A=

/:'
(===, RFEZANS
2 i E

01 9.300176 ( 410.217301, 73.729197 ) Ohm

Coupling Factor (B)

0
- Korea Atomic Energy
C / KAERI KNS 2022 Fall Conference
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(@) &4} (2Kt ~ 1 um) 7FS Tl F2l RF Cavity cells (21.06.)

(©) 7144 ZTFTS: Data £

/)
KNS 2022 Fall Conference
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(d) HE2 & 2 54 238 +4 (e) HEZ A B o|H &
: Coupling coeff|C|ent X3l (21.10.) (Clojof2E EY HEHRX ~ 1 nm) T (21.11.)

www.kns.org
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(f) 2015'3 Ver.0 RF cavity SET+& ' (9) 2021 4 Ver.2 RF cavity 38+

o —
T forea FS ' - 2022 Fall Conference
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E5071C Network Analyzer E5071C Network Analyzer

PR S11 Log Mag 10. UDdB/ Ref -20.00de [F1 Del]

30.00
DI S11 SwR 5.000/ Ref -10.00 [F1 pel]

>l 9.3050156 GHz -22.658 dB
40.00

>l 9.3050156 GHz 1.1512

Span 10 MHz !

X-band LINAC Resonating mode
(9.305 GHz @ 1/2 mode)

E5071C Network Analyzer

E5071C Network Analyzer

DI S11 Log Mag 10.00dB/ Ref -20.00de [F1 Del]
30.00

2 9.3034375 Ghz -499.02 mu

>l 9.3050156 GHz -23.138 dB
1 9.3050125 cnz 70,077 mu 44080 mu
53 913085361 s 150380 mu 453

Manufacturing of 9.305 GHz @ 1-:/2 mode

X-band RF Cavity Stru
2
/- Eggggrﬁol":sifizﬁggy KNS 2022 Fall Conference
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— A Bead-pull test-bech in KAERI
vl

- Korea Atomic Energy KNS 2022 Fall Conference
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1.0 |- AR Y
0.8 |

S o6t

S

N

L
0.4 |
0.2 |

Initial State
—— After Tuning

nEil

Simulation b
I T 17 17T 17T 17T 17T T 1

)
; /. Korea Atomic Energy
/I(AERI

Research Institute

100 150 200 250 300 350 400

Z (mm)

Result of Bead-pull test : < 3% flatness

©
&

©
8

Frequency(GHz)

o o
N )
(=] o

©
Y
[

©
&

©
8

= Measurement
¢ Simulation

0 2 10 15 20 25

Mode Number

M R
30 35 40

Mode Separation :

/2 — 9.305 GHz
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¢ II. X-band 7}57| 8 MXIE, w EFZI M| =F 51 B2 o|H

> FHSEOM LML= X-M doseS £0|7| $|810] 7| ZEHCt JHME
N O

2 etz HZH Qln L3S

) 7|’° IZH|=|| w '=771| 2 mm -> 1 mm=2 HZA (Dose rate &%)
SFOLTl w HZtS it el 3 32| N FY

| .-

3) W ErZ 5 EIectron collimation -?-| ot St =8

2 FHE EYU22MN compactness % (20| 25.7 mm)
23 X +
oy 6|
v 58 21}
2 72|
e
v E ()

n

u
I
U

k=)

<
n e
B i X o m
i
D3
r2
5

ra A
2

v
f
il
nux
2

High-dose =48 W EI2ll 324 2t=

; ANG Korea Atomic Energy
/ KAERI Research Institute

25.700 mm
0.00 rad

218.341 mm
492.602 mm
1762.324 mm2

251.327 mm
578.053 mm
3034.779 mm2

E4d A E|
O - L.
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> FXE M2 Triode Electron Gun (E-gun) M7 AL

1.50 MAX

HEATER
e

= 29005+ 3000

|

INTERFA CE DIMENSIONS/C ONFIGURATIONS CAN
BE OPTIONALLY MO DIFIED PER REQUEST

NOMINAL RANGE

Parameters

(Relative) Size
Current density
Grid existence

Precise current change

Normalized emittance
(de-focusing)

Price

— HEATER-C ATHODE Perveance 0.9 ppervs .01 to >1.4 ppervs
Cutoff Ek/Ec =z 110 -55V to -65V @ 12 kV
Ek -12kV up to -18kV
Grid Drive 1.2A |k +50V to +70V typical
Heater Voltage: 5.0V (recommended MAX) Current: 2.0A MAX
Cathode Dispenser Type
Coating M-Type: 80% Os, 20% W
— a7t Mix 5:3:2 with a molecular weight of 67.3%, BaQ, 14.8% Ca0, 17.9% Al,Q3
! Optional Mix 3:1:1, 4:1:1, 6:1:2
| sENERAL oUIINE OF ELECTRON GUN Beam Shape Call for Beam Characteristics
Leakage Cathode to Ground: <100uA at 21 kV
ALTAIR g
TECHNOLOQOGIES, INC.
GND
Triode E-gun Diode E-gun
Smaller Bigger Grid pulse ON
. (beam On)
Low High ) B
‘Cat‘hndc C
o) it - HV (anode)
Crid- p-ulsc: 0 FF .
© temom [ - - D : Grid reference
|‘—’| Repetition rate (10~300 Hz, adjustable)
Low High ) ) )
* Typical triode E-gun operation
High Low - Anode HV : - 12 kV DC

Korea Atomic Energy
Research Institute

- Repetition rate : ~ 400 Hz
- Pulse width : 0 ~ 20 us

www.kns.org

KNS 2022 Fall Conference
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> HMXIE o S w ERZI M2 o &tz
> FHO|MY 2tF (Heater & ™A Q17hH (21.10.22)

02

High-dose 2’d& w E}Zl TIZ 3! 5|% +3

Altair Triode E-gun (A102791) #& X

wkns.org
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¢ III. High-power RF System
» High-power RF Source

Vyai 1 1 2y/5)
Piss - — :U.JU( + ) B . . -
d Rgh Qg;{f Qunjoaded Ty .[/:.m:!ﬂ 1+3U ’\/ _,F r E C-DS [mt—I_ 9}
(MW) (MeV)
’ P, = Vaam*jf-;-eam v Effect!ve Iength.of RF cavity (/) : 367.65 mm
(kW) (MeV)  (mA) v' Effective shunt impedance per unit length (r,,) : 95.7 MQ/m
v Coupling coefficient (B) : 1.312

P . =pP. +pP .,.+P v' Beam energy (1 ,;,) / current (/pe,,) : 6 MeV / 70 mA peak
el diss S Trel TR Return loss (o< Prar) < 150 KW (10% Of Prygy

: 6 MeV@ 1.7 MW ~

§ lomemcbomocdoomdm L ¥ |
215 ! | e | _VWX3I00KP | || Wimks |
[
E pe : Parameter L3 6170 CPl VMX3100HP | P ti ScandiNOVA M1 Mk4
7 1
o g ] Pulse power
§ . . ' Frequency 9300 + 25 MHz 9300 £ 30 MHz | iR, 4 MW/ B kW
]
[ 5 ] Pe::;x::se 1.7 MW 1.5 ~ 1.65 MW : Top flatness < 1%
]
o P ' A;':;?ge 136 kW 2.7 kW : Pulse rising time < 10 ns
; > 3 ]
. = : Duty factor 0.0008 0.0018 : Max duty factor 0.002
P ! Pesk anode 34 ~ 38 kV 34 ~37ky | Outputpeak 0 ~ 40 kV
0 se— ¥ ] voltage (kV) ~ ~ | voltage
|
0 1 2 3 4 5 6 7 P 88 A 90 A | Output peak 0~ 100 A
Beam energy (MV) (MeV) i
; - Korea Atomic Energy KNS 2022 Fall Conference
KAERI Research Institute = HIGZS
2022 =/Sksa 3|



> Waveguide Transmission Line (WR-112 7| &)

RL: < -43 dB RL: < -20 dB RL: < -24 dB
IL: < -0.1dB IL: < -0.1dB IL: < -0.05 dB

RF Power || ~  ulator > Waveguide | Bi-directional | RF L,| RFaccelerating

source coupler window cavity
@ 1 1
92.3 dBm 92.2 dBm 92.1 dBm 1 I FWD, RFD 92.05 dBm
1.7 MW, 9.3 GHz ] ; ; - 60dB atten 1.603 MW, 9.3GHz
Dummy 80 dBm Power | FwWD pick-up : 92.1 - 60 = 32.1 dBm
load | 0.1 MW, 9.3GHz meter RFD pick-up : 80 - 60 = 20 dBm
Assembled
RF transmission line Value
Center freq. (GHz) 9.2979
Afyys (MHZ) +29
Sy, RL(dB) -21.27
Sz, IL (dB) -0.248
P.D (degree) 119.67
VSWR (:1) 1.188

Component measurement using Network analyzer

7~/
; — Korea Atomic Energy KNS 2022 Fall Conf
/ KAERI Research Institute s

2022 F7{|st=utu1 3|



» Magnetron Frequency Controller (MFC)

v

E— Magnetron Transmission line > RF cavity E——
HV Electron

input | FWD | RFp Pe3am
Step
motor Analog
/—\_ output |FWD+REF|A—11/2 '

<--

Motor Frequency ) Difference === Analog process
driver discriminator | amplifier PER— unit
\when Analog output = 0= f, = f,. == Maintain f j \ I_\ | FWD-REF| 20° }
Digital part Analog part

Characteristics of RF control system

Charactersic | Implementation Latency Da- ta. Algorithm Scalability Distortion
acquisition
" Amplitude Linear o :
Analog Intuitive Short / Phase / Time variant Limited High
I/Q sampling
Digital Complicated Longer / Digital down  Sophisticated High Small
converting
;}f - Korea Atomic Energy [12] Varian in Radiotherapy, International Wis tijish Radolianfaysics e
KAERI Research Institute e BT E”Q'””e”rzﬁ?z‘ﬁ’wg 'ﬁﬁl



¢ IV. RF & Beam Commissioning Test-bench 1
> OIAYEE, Eupt BE20|E § /450 RF &
> D= 0|E 38 kV, 90 A +& Al, 9.297 GHz 1.74

=
L -

W | | °
.

X-band RF Test-bench Alﬁlﬂ-_r'-*g L= 9.313 GHz 1”.74 MW RF 8 ¢ (21.11)

C 7L Korea AtomicE
(/""J‘I(AERII- R:;gg rcmwsl:itl?tzrgy KNS 2022 Fall Conference
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RF commissioning [2022.06.07. ~ 2022.07.01]

System
implementation

Vacuum system
configuration

Cooling system
configuration

Magnetron
fiament heating

RF pulse power
transmission

* RF system installation

- RF cavity, magretron

@| * Wire connection
-electronics (380V)

* Ground check

* Pump installation
- Rotary pump, TMP,

ion purmp (<1068 mbar)
» 2 days for high vacuum state

* Leakage test
- He detector

.

+ Codling line installation
- RF cavity, Magnetron,
modulator; draulator,
dummy-load with chiller

* How meter connection

- Each component
\ﬂow rate check /

R

+ Magnetron filament
heating
- Voltage, current,
and resistor check

+ First heating time
during 12 hours

» Trigger timing check

* Increase HV pulse
gradually
- vacuum state check

* Full —power
transmission with low

&Wan'n-up time: 1 hour/

Beam commissioning [2022.07.04. ~ ongoing]

\reflection power /

2 AFSF

target, measurement
unit, collimator.

= Wire connection
-glectronics [380V)

&Grnund check

J

Korea Atomic Energy
Research Institute

ion pump (<1068 mbad
= 3 days for high vaouum siate

» Leakage test

- He detector

-

e messumaTatt gysiEm

* Heating process
- Up to 200°C during
36 hours.

l'\CDEﬂ down 12 hDurs.j/

- Voltage, current,
and resistor check

* First heating time
during 24 hours

System Vacuum system ® RF cavity Py E-gun filament Beam
implementation configuration heating heating acceleration
= LIMAC installation . Pumb installation = Bake out . E-gu_n filament . Tri fimi heck
- E-gun, RF system, B Rufar'_,r pump, TME, - RF cavity, RFwindow; heating rgger uming cnec

= Increase HY pulse
gradually
- vacuum state check

= Beam acceleration

o

{“.h’m—LpﬁT‘E:”‘ﬂi

check with CCD cam

Vacuum state (mbar)

Filament RF transmit Beam . Beam RF

On On on Arching on off
| | | | | |
| | | | | |
1E-6 I I I (R I
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1E-7 4 1 1 1 | 1 |
| | | | | |
| ), s b, BN Mo, )
Pl i TP |

) | [ T
T T T T T T T T
7:12:45 7:16:02 T7:17:18 7:19:36 7:21:51 7:24:07 T7:52:00 7:54:21
Time \ Vacuum state I

www kns.org

KNS 2022 Fall Conference
2022 F7{|st=utu1 3|



> ™X}E, 0Fnf 7h£+, EtZI, RIS A AE RF A|AH] WHZE A|AE K] A|ARICE A-0| &=
X-band LINACS St X| I—IO1%'% 00120 EX|5t0 & ol= At

O
OI:!
oAk A AES B5) LNACS] A5 S AlES RHeHS

Magnetron filament ¢}t 017}

HX}IE filament, grid HY 217t

Magnetron RF €17} (1.7 MW / 0.0008 duty)

MXIE X HE U magnetron tuning

B8] ZXA} (6 MeV, 0.1 mA)

e
; L Korea Atomic Energy ﬂ
/KAEKI

rdo
0x
or
>
ngt
p
R

Research Institute KNS 2022 Fall Conference
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1] Lead shield

3 door
\ kel s
| (6MeV, 0.1mA )

Detectg
10 MeV & 85 E A
(EEENGS 0015)

etector —

Detector

T

A5iE
HEsd 2 ER

o

2 A\ )
lonization
Chamber , o 2

¥ . -' % o - = g \ \n e

: ¢ 3 | iati T [ ] Detettor
panel Contral Panel
10 MeV

Control Panel 1= Hojd

Beam/X-ray irradiation Test-bench Interlock diagram

in KAERI (22.09.) for Radiation Safety System
&KA“} Eg;ggrﬁfﬂwsi:ifﬁggy KNS 2022 Fall Conference
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CHO1

CHO02

CHO03

CHOo4

CHO5

CHO6

CHO7

CHog

- Playback Remote Setting Local Settings @ O

s Color

— o >
04/12/2022 16: 52: 11 N Hia 110

Bright 108

Contrast 136

Saturation 106

BB R E EE B 6 112 >
0 HEE B3 ER

m e e O AB®A ot O
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1 -

AHE! S X-band 7}

LIRS

- MRS A

A %0 0|Ef)Z HX|5H0]

]
=x

A2

A
1 RMS 7|&E £=3 0.66 mm, =% 0.65 mm7}

x_l_
=y 2

=1

Pixel

L 60000
L 50000
L 40000
L 30000
L 20000
L 10000

A

[ Pixel=1]
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Y| (Bergozit ICT) ¥ Faraday-cup (RadiaBeamit)S

>
= oo =
SX 7|F % 60 mAR ZHE|QION, HRZOR S AR ¢
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- | -Incident RF power e ReTAked T por '
\ Main trigger
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Modulator RFpowe
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» XM ol x| 578

S 6 MeVZ 7t5017| 2[5t 2ot RF 2|0 23 EH2 9f 1.7 MWO|H, O|= LINAC &

X|Q OFAYEE (Matgnetron, L3 6170)2| Z|Cf = =1}

== 5. e\

ofjux =3 &d +4




- LaBr3 & LIS 0|85t HA7tE7[0| A Zdot

==
ECH 7H o4 X|= 6 MeV LHQI Y2 ABSIRAS

? Maestro - [Buffer(2) - 220908 30s_915_1706.Chn]

=6 oo Jjo| KA o o A| CEU] 2|9 k| [ Bufer - Modulation CCPS (V) RF power (MW) Beam energy (MeV)
700 0.98 1.131
750 1.1 2671
800 1.23 3.745
820 1.33 4.551

Peak: 501.99 = 6040.30 keV

FWHM: 26.16 FW([1/5)M: 44.23 840 1.38 5.024

Gross Area: 68927

Net Area: 26410 =323
Gross{Net Count Rate: 6678.97 } 2559.11 cps

860 1.44 5535
880 1.47 5.789
890 1.48 5.887
900 1.57 5.984
905 1.70 6.040

wm - oes|LaBr3 CISE 018, MAY olux| 53 Hit




> AAM MY B

- 7hS oM A= X|E X-M Dose-rateE S™SH7| 25 PTWit 2| UNIDOS
Webline (T10021) X M2|gtM2ZFAH| (Farmer, Monitoring chamber, etc) & HH|E

AHR SO u=|7f§ XIS St

-

E¥ < SEALZE
=73 ;agg,t gtk gk WAz
2|4 | (X|& X-M Dose-rate) (Gy/min)
1 113.1 mGy/sec | 6.786 Gy/min
2 113.0 mGy/sec 6.780 Gy/min
_ 6.778
3 113.0 mGy/sec | 6.780 Gy/min _
Gy/min
----- 4 113.0 mGy/sec | 6.780 Gy/min
o T g R 5 112.7 mGy/sec | 6.762 Gy/min
;%;“;- Ez;:grﬁr‘omsi:ﬁérgy | s N KNS 2022 Fall Conference
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