KOMAC accelerator facility (Korea):
precise out-vacuum proton beam
monitoring system based on vibrating wire -
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General information

*The current population of the Republic
of Korea is 50,477,022 as of Sunday,
May 15, 2016, based on the latest
United Nations estimates.

*The population density in South Korea
IS 519 per Km?

*The total land area is 97,235 Km?

*81.6 % of the population

IS urban (41,275,898 people in 2016)
*The median age in South Korea is 41.1

years. /
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General information

The Korean Alphabet
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General information

[onga 3aTtpaT Ha Hayky B BBI'1 B Poccun He noHMMmanach Bbllie OTMETKU
1,2% npu KpUTUYECKOM NOPOroBOM 3Ha4Ye€HUK 3TOro nokasatens B 1,5%.
3anoXXeHHble napamMeTpbl 3aTtpaTt Ha HayKy B BBI1, koTopble AOMKHbI
OoCTUrHYTb ypoBHA 1,73% Tonbko kK 2030—-2035 rogam, npakTnyeckm
OenarT HEBO3MOXHbIM HE TOJSIbKO COKpalleHne TeXHONOrm4Yeckoro
OTCTaBaHMA, HO N NMPUBEAYT K ero ganbHenwemy pocty. Crnegyet
OTMETUTb, YTO YXXe cerogHs 3aTtpartbl Ha Hayky B BBI1 gocturnu B CLLA
2,73%, B 'epmanmnn — 2,85%, Bo ®paHumm — 2,23%, B ANOHUN —
3,46%, B N3panne — 4,21%, B Kurae — 1,98%, FOxxHon Kopee — 4,36%.

, , 00:16 — REGNUM
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https://regnum.ru/author/1005.html
https://regnum.ru/news/2016-06-04.html
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PAL-PLS
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Pohang Accelerator Laboratory (PAL) was established in 1988.
Pohang Light Source (PLS) became the 5th third-generation light source in
the world. It has been successfully operated since its initial service in 1995.

vvvvv

Recent facilities
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PLS-Il upgrade-project has been
carried out from Jan ‘09 to Dec‘ﬂ/
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PAL-PLS

Table 1: Main Specifications of the PLS-II

Parameter PLS PLS-II
Beam Energy [GeV] 2.5 3.0 Table 2: Performance Goal of the PLS-II Linac
Beam Emittance [nmerad] 18.9 ~5 10 PLS PLS-1
Energy 2.5 GeV 3 GeV
Stored Beam Current [mA] 200 400
) _ Repetition Rate 10 Hz 10-30Hz
Total Number of IDs 10 =20
[ attice TBA DBA Energy Stability 0.5% rms 0.1% rms
Operation Mode Decay Top-up Energy Spread 0.6% rms < 0.2% rms
Brightness ~2x 10 ~10% Ennttans:.:e 150 mm mrad < 20 mm mrad
(normalized, rms)
Gun Pulse Length 1.5 ns FWHM < 1 ns FWHM

Klystron Power

(Operating Levels) 50— 60 MW 70— 80 MW

SLED Gain 1.5-16 1.6—-1.7

Diaenostics BCMs, BASs, + BPMS. Slits,
= BPRMs Wire Scanners
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PAL-PLS
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PAL-X-FEL

NEWSROOM
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PAL-X-FEL

Category

Type of Light Source

Beam energy

Circular

2.5GeV

hird-generation Fourth-generation

Linear

10GeV
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PAL-X-FEL

Accelerator & Beamline Map

Hard X - ray Undulator Hall
(~225 m induding Dump Section)

Hall

Exp.

Soft X-ray Undulator Hall
(<110 m including Dumg Section)

HX3
HX2

HX1 -

Kicker

N

Exp. SX2
Hall |sx1 ™ --L\l -
3 L

I\

A =06nm~006nm]

10 GeV

\ I GeV

[_)\ =45nm -~ 1.0 nm ] : Two bunches
at 60 Hz
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PAL-X-FEL

1100 m (linac: 750m. undulator

Overall length hall: 250m. beamline: 100 m)

Beam charge / slice emittance 0.2 nC/ 0.4 mm-mrad
Peak current / repetition rate 3kA/60Hz
Electron gun PC RF-gun

3 chicane-type BCs at 0.33 GeV.

Bunch compression , N
P 2.52 GeV. and 3.45 GeV

No. of S-band structures 174

No. of quadrupole magnets 204

Qut-vacuum. variable gap (min.
Undulator type gap (

8.3 mm )
Wavelength range : HX1 0.6 ~0.06 nm (linear pol.)
SX1 4.5 ~1 nm (variable pol.)
Photon pulse length 10 ~ 180 fs
Photon flux @ 0.1 nm =>1.0E+12
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PAL-X-FEL

Left — prof. M.Chung, right — head of X-FEL diagnostics ???
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PAL-X-FEL

Acceleration section RF power efficiency doubling (?)

S.Arutunian, Yerevan Physics Institute, KOMAC- VWM
CANDLE, June 15, 2016



PAL-X-FEL

Bergoz beam current monitor

3 GeV outlet
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PAL-X-FEL

Wire scanner

\_
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PAL-X-FEL

Main view

/
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Ulsan - UNIST

Ulsan National Institute of Science and
Technology (UNIST )

Goal:

To be ranked within
the Top 10 Science
and Technology

S.Arutunian, Yerevan Physics Institute, KOMAC- VWM
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Ulsan - UNIST

1992: “The City of Ulsan Needs a National University” ,

“Ulsan City, Setting up University Establishment Planning Team”
2001: Establishment of ‘Ulsan Citizen Organization of National University’
2002-2003: Petition for Building a National University in Ulsan
2004: Petition, Delivered to the Congress
2005: City of Ulsan announced the promotion of building a national university
2006: Selection of University Site
2007: President Moo Je Cho was appointed as the first president of UNIST and
the registration of the establishment of the University was also finished

Intense Beam and Accelerator
Laboratory,
Established in 2014,

\Head of Lab Prof. Moses Chung

S.Arutunian, Yerevan Physics Institute, KOMAC- VWM
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Ulsan - UNIST
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Korea Multi-purpose Accelerator
Complex(KOMAC)

Vision

Branch of Korea Atomic Energy Research Institute (KAERI)
was established by ‘Proton Engineering Frontier Project
since 2002 , cost: KRW 314.3 billion (about 300 M$)

\100 MeV, 20 mA, high power proton accelerator /
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Korea Multi-purpose Accelerator
Complex(KOMAC)
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Features of the 100MeV lince
e 50 keV Injector (lon source + Low Energy Beam Transport)
e 3 MeV RFQ (4-vane type)
e 20 & 100 MeV drift tube linac (DTL)
e RF Frequency : 350 MHz
e 5 beamlines for 20 MeV & 100 MeV respectively

chude a 3 MeV, 350 MHz cw RFQ (Radio-Frequency Quadrupole) linac /
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Korea Multi-purpose Accelerator

Complex(KOMAC)

™

Output Energy

(MeV) 20 100
Peak Beam

Current (mA) 0.1~20 0.1~20
Max. Beam Duty

(%) 24 8

Goal: Max. Average
oal: Beam Current 4.8 1.6

(MA)
Pulse Widtth (ms) 0.02~2 0.05~1.33
Max. Repetition

Rate (Hz) 120 60
Max. Beam

Power (kW) 96 160
Emitencee (mm -

mrad) 0.22(x), 0.25(y)

0.3(x), 0.3(y) /
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Korea Multi-purpose Accelerator

Complex(KOMAC)

™

Repetiti Mg
O Target Aoplication Field opn Average Irradiation
= Room PP Beam Condition
= Rate
% Current
Q TR21 | Semiconductor, Nano | oo | o6 ma | Horizontal / Air
- Science
O .
° TR22 | Life & Medical Science | 15Hz 60 MA Horlzontal_(Vert
= ical) / Air
2 Material, Energy,
= TR23 Environment, Nano 30Hz 0.6 mA | Horizontal / Air
N Science
T Basic Science, Nuclear Horizontal / Air
o TR24 L 15Hz 60 mA &
0 Physics Vacuum

TR25 Isotope 60Hz = 1.2ma | Horizontal/ /
Vacuum
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Korea Multi-purpose Accelerator

Complex(KOMAC)

™

Goal: 100 MeV proton Beamline

Repetiti M
Target L : P Average Irradiation
Application Field on "
Room Beam Condition
Rate
Current
TR101 Isotope 60Hz | 0.6 mA | orizontal/
Vacuum
TR102 Medical Science(Proton 7 5Hy 10 pA Honzqntal/
Therapy) Air
TR103 Nuclear_& Material 15Hy 300 A Horlzqntal /
Science AIr
Basic Science, Nuclear Horizontal /
TR104 Physics, 7.5Hz 10 uA Air &
Space radiation Vacuum
TR105 Neutron Source 60Hz 1.6 mA

Vertical / Air +
Vacuum /
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lonisation loses

™

dE

E_p, MeV dE/dx, MeV/cm
10 384.63
11 359.923
12 338.574
13 319.921
14 303.4686
15 288.837 1
16 275.7309
17 263.9158
18 253.204
19 243.44368

234.5089

=

lonization losses - Bethe-Bloch formula

5 = 2mNorim,c? p 22 _[in (Brec o tmas) _ 9p2 5 — 2]

Tungsten wire with diameter 100 um
Losses of 1 proton: 2.27 MeV

Proton beam with sigma 15 mm

Wire deposited current 2.17E-10 A

Wire deposited power 2E-4 W

Wire T increase 9E-2 K

Frequency shift 0.335Hz (depending on
convection coefficient 80 W/m?4/K and
transformation coefficient 0.4)

/
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/\N\IM Experiment Conditions at
KOMAC

Energy of proton beam:
20 MeV at exit from vacuum chamber, 14.5 at VWM position (1 m from exit) in air
Repetition rate: 1 Hz, Mean current: 100 nA (at 1 Hz rep. rate)

Wire length: 80 mm,
Wire type: W
VWM aperture: 40 mm

3D Table

\_
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VWM installation in KOMAC
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VWM mounted on the 3D table

film CAFCHROMIC Type HD-V2

i
:::

Collimator
D=30 mm

S.Arutunian, Yerevan Physics Institute, KOMAC- VWM
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VWM covered with convection
protection box

Immediately after beam start (film
- A" saturated during few train shots)

Collimator and convection = B
protection box, covered with o
film CAFCHROMIC \

\_
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VWM convection dependence

‘ile name II:' SUsershUNISTA\Dropboxt\Chungt\201B\SG_ush_LS\SG5ush_LShData' AWM 160315131011 dat

— _TH

bUl <

i With protect box

6004

Without protect box

S.Arutunian, Yerevan Physics Institute, KOMAC- VWM
CANDLE, June 15, 2016



7

measurements

VWM one shot/continuos

™

le name IL \Users\UNIST\Dropbos\C hungM\2016\SG_ush_LS\SGSusb_LS\Data\ViwM 160316115312 dat ':l

Typical behavior of VWM signal
with 1 Hz repetition rate beam

11111

One shot of proton beam

222222

\_

13:13:26

/
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VWM scan with 1 Hz repetition

™

111111

111111

Scanon1Hz
repetition rate
5 it proton beam

111111

111111

111111

111111

/
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Mode: one train - 10 sec pause

Different series of pulses. The
first and fourth are more

l regular in time and amplitude
gl i il " | of the peaks, in the second the
e SECON train is obviously

1 weak, in the third we saw non
regular time structure of

l trains.

\_ /
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Regular scan (typical)

1A

Wit

Regular scan: 4 mm step
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Beam profile reconstruction

HISTORY EVENTLOG UTILITY

The proton beam indirectly
 was measured by neutron
| detector (type ?) mounted
e OUtside  from beam path.
Before VWM the proton beam
was marked by this detector
only. Not all events from this
detector are attended to real
beam measured by VWM!!!

||
1065 |
|
1.
“» ‘A' 1= ; e . St
\ .4 o /
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™

Beam profile reconstruction

Frequency shift, Hz
=) =)
o

20160316
t | 1
- : Blue dots -
‘ ‘ reconstruction
' | Green dots - Gaussian
: . on? with sigma 15 mm
: ] L e Red dots — deviation
: ot . ) (right axis)
.- T
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KOMAC Future

To find and suggest the proper implementation of VWM in

KOMAC

design of KOMAC is nominal 20 mA in linac

Our experiment was on 100 nA (0.3 Hz response, dynamic range of VWM

about few 100 Hz, i.e. possible full scan about 100 pA)

O Usage as beam position monitor - vacuum experiments are needed

O Resonant Target VWM implementation

O Beam stations instrumentation with VWM (air/vacuum, not fixed
conditions) , for example

= Medical Science(Proton Therapy) — 10 pA

= Nuclear & Material Science — 300 A

&Basic Science, Nuclear Physics, Space radiation - 10 uA /

S.Arutunian, Yerevan Physics Institute, KOMAC- VWM
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VWM Experiment Team at
KOMAC

Su Jae Kim? Dongnyung Choe? S.G.Arutunian!
Moses Chung? Seong-Yeol Kim?

1 YerPhl, 2 UNIST, 3 KOMAC
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™

Future

N =

0O NOo OTh W

Resonant target VWM experiments on photon beams YerPhlI/UNIST
Resonant target VWM experiments on KOMAC proton beam (small
KOMAC/UNIST Project)

Gd covering on the Tungsten wire UNIST/YerPhl

Test experiments of neutron beam detection (neutron station)

Large Project on instrumentation in radiation medicine

ISTC neutron Project
Tomography Project

Other RT VWM new

electronics

S.Arutunian, Yerevan Physics Institute, KOMAC- VWM
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