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1. Overview RAON Heavy lon Accelerator in Daejeon, Korea

€ Campus Area : 952,066m* (including the reservation area of 144,640 m*)
€ Building Area : 76,259 m* (11 bldgs) with total bldgs. Area of 116,252m*

@ Accelerator System @ Conventional Utilities
@ RI producing System @ Experimental System
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1. Overview RAON Heavy lon Accelerator in Daejeon,

Control

= l!ﬂ‘ r Center

ISOL System

MR-ToF/CLS
IF System




1. Overview ISOL Beamline for Post-Acceleration of Rare Isotope Beams

Cyclotron

1%, Target lon Source
f (TIS)

PR " Proton beam
._ 70 MeV, 750 pA

Cyclotron Beam line

Pre-mass separator



2. Basic Principles Charge Breeding Process
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2. Basic Principles Charge Breeding Process

Overlap
Factor: 0~1
dN; ]
i _Je ' _EI ) _ MN.~.EI ) Electron
dt e(Nl—lal—l fe,l—l NEJI fe:l) Impact ionization

Je o RR Radiative
+;(Ni+10i+1 foir1 — NG*2f..)

+n0(Ni+1(UUi+1CX) = Ni(UO'iCX)) Charge
Exchange
—NiR; o Escape

Main parameters for charge evolution
e Electron beam energy
/ e Electron beam current density

’
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2. Basic Principles Charge Breeding Simulation

Electron Beam Energy : 20 KeV
E-Beam Current: 3 A

E-beam Current Density : 493.5 A/cm?

Emittance
Isotopes of - .
. with rfq without rfq
Interest
cooler cooler
132G, 142Xe, 95Sr, 31T mm 30 T mm
150, 126A| mrad mrad
Snit =>»
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20%”’ I— _ 199 207
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System Requirement of RAON EBIS Charge Breeder

Extraction beam energy 10 keV/u
Alq <6
Breeding time 50 ~ 100 ms
Efficiency 15 % (for 133Cs?7%)
Capacity up to 108/bunch
Electron beam current Upto3A
Magnetic field at trap 6T

E-gun/Collector

lon trap region

= E-gun

Drift Tube

Section

Collector
Section

* Pepperpot emittance meter

e /& Faraday cup

E-gun
Section

* Mamyrin type
Time of flight (TOF)

« SC Solenoid (6 T)

* NC

Solenold Collector

Ion Transport Line
& Diagnostic Section

4 + Test ion source
7

(Cs')

Test ion source (Cs'+)




3. Components Tests  Electron Gun Assembly

(a) frinn o Tow Wom B w8 walairoi}
Solenoid Fm SRR

ARAARMARABARE

(< Cross
,  chamber

Cathode

= The e-gun assembly is manufactured
by BINP in Russia

Cathode with 4.2 mm dia.

Cathode with 5.6 mm dia.

Diameter
Parameters
4.2 mm 5.6 mm
Cathode material IrCe

Cathode current density 10 ~ 15 A/cm?

Beam current ~2A ~3A

Beam energy ~ 12 keV ~ 20 keV
Magnetic field at cathode ~0.2T




3. Components Tests Perveance Measurement

Simulation for the cathode test Experimental setting

Figure 11.11. Trajectory of the electron beam simulated by using the TRAK code for the electron
cathode test without the e-gun solenoid.

Pulsing circuit : Circuit diagram for the high-voltage pulsing

High voltage 20 kV, 10 us
switch
- Lo _I_l_ Electron gun
High voltage —\\V\v i VvV @ Anode
cource Cathode
0.5 uF Zx
30 kV, 10 mA N 20 MQ
Current
PT-.]-lte Transducer
- il Function -100V -

Oscillocope

Generator




3. Components Tests

Current [A]

Cathode Diameter = 4.2 mm

Anode voltage [kV]

Child—Langmuir law : | _ = P* V1>

6 : : : : :
|| Perveance = 2x10°ANV*®

54 —— 4387W Cathodr_“ with 42 mm d‘ia_ /V

—e—50.85W ;
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Perveance Measurement

Cathode Diameter = 5.6 mm

Perveance = 1.35x10°A/NV*°

‘ ‘ { {
] H e ate r P OWe r Cathede with 5.6 mm dia.

—=— 50.39 W
1—®— 54,99 W
—&— 60.26 W
11— —65.01 W
—e— 68.98 W

{—4—70.29 W
—»— 75.33 W

{—*—80.46 W

N
I
»
(o]

Anode voltage [kV]

3
Perveance : P = 1.129 x 107® A/V2
(Simulation value)

10 12 14 16 18 20

22
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3. Components Tests

Electron Beam Simulation (TRAK)

L . 800E+02

EiGun

|
|

Collector

Il

|E\\ o
O . O000E+O
— 1 . DB+

Ion trap region

1.200E+02

3.000E+02

Z {rmm)

Within ion trap region

- Longitudinal B-field : 6T

- Electron beam radius : 0.45 mm
- Electron beam current density : 500 A/cm?

v |
e

2. 400E+0

0.000E+00

2.400E+03
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3. Components Tests

Electron Collector Design

Electron dump simulation

Repeller Feedthrough

Power Density (Veg=1kV, Vearnooe=-94kV, Vagpper=-10kV)

T00€-01
&
E SO00E«01
%-HJOE‘U:I.
100€-01
Dissipated Flow Rate Flow Rate Temperature
Power (kg/s) (liter/min) Rise (°C)
1.0 60 3.6
0.8 48 45
15 kW
06 36 6.0
0.4 24 9.0
v' E-beam simulation was performed with TRAK code.
v Colletor design was verified based on the simulation.
v Distribution of the power deposit on the inner

surface of collector was calculated.

v Collector dimension, the repeller position, and the
repeller voltage were tuned to achieve as small
power density on the surface as possible.

-13-



3. Components Tests

360 mm

Electron Collector Design

| 288 mm

14 -



3. Components Tests  Collector Design Simulation

Water flow analysis

Volumetric flow rate Lo I —.

Flow rate [L/min]

At Inlet-outlet

: y
JY I ; >
b\ |

Figure 11.16. a) Design of the EBIS collector: (D collector
_ _ _ body, (@ cooling water groove, (3 magnetic shield, @ repeller,
Figure 11.17. Flow rate against water temperature growth (left) and water line (B drift tube #11, ©® apertures, b) Photograph of the
structure at the side wall of the collector body (right). manufactured collector.

-15-



3. Components Tests

Figure 11.18. (Upper) Cross-section view of e-gun/collector test
bench: @D e-gun, @ gun coil, @ gate valve, @ collector coil, ®
vacuum breaker, ® drift tube #11, (7 magnetic shield, ® collector
body, @ repeller, AOEBIS stand, (Bottom) Photograph of the
installed e-gun/collector test bench.

E-Gun and Collector Test Bench

Magnetic field profile along the beam axis

| E-Gun Solenoid l

Collector Solenoid

_“l;:a_tho;djeSurfape .

| Entrance of Collector | |

s R 3] (S R 10N / y
/)| Magneticshield | '
J T 7 ] T T T !

|
|- |
{ I/ /
| / !
/

| S

Iy

1.5649E-01

E-Gun Collector

Solenoid

Bz

Solenoid

Cathode
Surface

1.3999E-03 J/

Magnetic
Shield

0.0000E+00 .
Distance (mm)

1.5000E+03
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3. Components Tests

Collector
Solenoid

Figure 11.18. (Upper) Cross-section view of e-gun/collector test
bench: @D e-gun, @ gun coil, @ gate valve, @ collector coil, ®
vacuum breaker, ® drift tube #11, (7 magnetic shield, ® collector
body, @ repeller, AOEBIS stand, (Bottom) Photograph of the
installed e-gun/collector test bench.

E-Gun and Collector Test Bench

Voltage profile along the beam axis

-

N

< .

m

ﬂll

g

\/[/

/7 1. 0005+01

Cathode

Electrode Cathode Anode DT #11 Aperture #1 | Aperture #2 Collector Repeller
Voltage -5 kv 15 kv 4 kv ov ov oV -11 kv
15 kv
Anode
v DT#11
[kv]
Collector .
Repeller
-5 kv .
Cathode
Z [mm]
Electron beam trajectories
! |
S =
| Collector

1.200E+03
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3. Components Tests

.
’

E-gun/collector

Table 11.4 Setting voltage and potential profile of e-gun/collector test bench

test bench (grounded)

. .ri:tﬁltu p j v

-

L7

’ Ed

-,
e-gL /co

E-Gun and Collector Test Bench

e

llector test bench

» Grounded mesh

S

»
platform

mr
i ¥

1

Ground platform

-

|

L

CcT#1 >
(for emission cyrrent)
PS output
Cathode
heater

power supply

Drift tube #11

Aperture 02
I Repeller

Aperture 0

—_— _il

CTH#H3 -

(for loss current)

Cathode platform

CT #2

PS5 output

Anode Drift tube Aperture 02 Repeller
power supply power power wel: suppl
(Amplifier) supply supply po PRl
PS output PS output Collector PS output

o

(for collection current)

Collector
power supply

Ouftput Anode PS DT PS Aperture PS Collector PS Repeller PS
Tk\lj]s 15 14 -500V ~ ground 5 -12~-10

Potential Cathode Anode Drift tube Aperture 1 Aperture 2 Collector Repeller
(kV] -5 15 14 Ground -500V ~ ground Ground 12~-10
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3. Components Tests

Signal [A]

Emission/collection beam current : ~2 A
A i i :
1.5 E-gun (Emission Current)
/\HLH /HHH —— Collector (collection Current)
1.0 Y | b [ ﬁ"wi
|y by |
2A N N L
0.5 | IHH | _|
| | |l
| L. | 5
| |
o0 | H | 3 }l
v |
_05 .rfrr.J .rfr'_’_/ _r‘rr'J
- ~ -~
-1.0 r,:’rH rrr'JJ
/ /
v /
i i Time [ms]
Emission Current [A] | Pulse Width [ms] | Duty cycle [%)] Frequency [Hz]
2 50 57 10

L

E-Gun and Collector Test Bench

ss beam current : <4 mA

Signal [mA]

=2

-3

—— DT11&Aperture current
—— Anode current
—— Total loss current

Total loss current (purple

-100 =50 50 100

0
Time [ms]

Off-line test : 1%t target breeding time

Abundance [%]

132Cs, Breeding time 48 ms ¢ Cs*ion beam
o Target A/q : ~4 (132Cs33+)
» Electron beam current: 2 A
Current density at trap region :
<500 A/cm?

» Electron beam energy : 12 keV
% e Breeding tim : 48 ms

2176

19.435 °

25 26 27 2B 29 30 31 32 33 34 35 3B 37 3E 3 40 4

Charge State
-19-



3. Components Tests

Superconducting Magnet

@2017.07.08

-20-



3. Components Tests  Superconducting Magnet

=  Maximum magneticfield: 6 T

* The required field homogeneity along the axis
@ +/- 0.4% over 0 to +/-350mm
@ +/- 4% over 0 to +/- 400mm

= Bore size: 206 mm

= Cooling capacity of cryocooler : 1.5 W

Magnetic field (Bz) profile along the beam axis

7 - —— Bz_RAON (Measured)
—— Bz_CARIBU (Estimated)

| | 4_
=
D 3-

2 -

1_

0

| ! | ! |
-500 0 500
Z [mm]

% Trap length increased compared with CARIBU EBIS
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3. Components Tests Importance of Field Alignment

(1)

(2)

(3)

(4)

(5)

>

A2 X433 o17| Il B 4E 9| steering T & (Helmholtz type)= 2 K|St 2-&: E-gun cross chamber -

128, DT M — 2, Collector cross chamber -1Z= (RISP EBISS| B R = & Lot =2FO| steering DL A X| 0| Q)

Argonne lab2| 8%, XSO =T = Ot S AN ZHEHIA| X E S HEok=s 20 A
E

—_—

Ot

Steering DY 2| & HL{0f otAZF 7| =0l = 2X[A| 7=
227t AS

A =4S 2|23} SHX| e B2, EBIS & A| TAHE =2 7HOF 5= time slot= 2| 7HA{ 7}OF 51

O| = e-beam pulse2| duty & 2~ (repeatition rate Z42)0f| [IFE X 2| & X{SI2 O|O &, Argonnel| 8%
EEHAEA BFE3HEHN0 28 XM £ H2E S5l 10 HHK[ 20 =2 &

M 2= R 22 Z8EH 8 Y70 2X[E suppressor M2 2 Xt5 HEH-Z 2[5 apperture T2 Z
O|FO0{A AT A0 Qs A E 0| e 75480[ A2 0| = Q5] =% HAHM F+X2=0f
MM Oo|ato] dH 0] breakdown H T EE 7|5 &4 07|

Breeding @ 2| X1& XA 23}, Contaminant HCI 7t &4 2 &/X 2| T X5t

FRHP LHOIIA Z[CHet A §E8E 2

.
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Importance of Field Alignment

3. Components Tests

Al EHl: ~5mm

5ol F

3

Collector

HALEE

g SH0l F==0

xR RS PN PN

x| =

Al =Ml ~1mm

o %

KIr
oF

(Collector

oo
Lo O

O &X|5HA|

I.
solenoid2| % 2 2mm H & Of
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3. Components Tests Finding Magnetic Field Centers

- Gun Solenoid | Hall Probe
- Collector Solenoid Mounting Block

Tilting Knobs

Shifting Knobs

Gimbal Mount for
Field Measurement
= = = =

-24-



3. Components Tests

“Rotating stage
X \,ﬁﬂt + X-Y translation)

Alignment of the Solenoids

HGCT-3020

114mm
(DU 5 inj
)

B. 10 mem (0. 240 irfjmax)

——

mm
{063 i}

254 mam {10 inf{ming
lead langth

-~ CEMEr aCiNg aea

L —
[:x/‘ e

"= protecive ceramic case

=—4.57 mm (0180 im

Voltmeter

B(T)

0.01

0.008

0.006

0.004

0.002

100

200

—0—B_r_2
Br_3

—@—Br_4

—@—Br_5
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3. Components Tests

Finding Magnetic Field Centers

1)

2)

3)

4)

Radial components of the magnetic field against the
rotation angles of the disk using a Hall probe at the
center usually shows sinusoidal waveform giving
information about whether the field direction is
perpendicular to the disk plane or not.

By adjusting the tilting knobs while minimizing the
amplitude of the sinusoidal waveform, we can make the
disk plane perpendicular to the magnetic field at the
disk center.

Then we move the Hall probe to the radially offset
position and measure the radial components of the
magnetic field against the rotation angles again.
Another sinusoidal waveform can be obtained and used
to search for the field center by adjusting the shifting
knobs.

By iterating above procedures, we were able to mark
the field center at both sides of the SC magnet.

-26 -



3. Components Tests

Marking Field Center Using Laser Leveler

Gun side offset : ¥3 mm Collector side offset : negligible

-27 -



3. Components Tests

Marking Field Centers of Normal Conducting Coils

Collector side solenoid field center line E-gun side solenoid field center line

-28-



3. Components Tests Design of the Drift Tubes Chamber
The electron beam trajectories from an e-gun cathode to a collector Within ion trap region
| | - Electron beam radius : 0.45 mm
— ; — - Electron beam current density : 500 A/cm?
- Longitudinal B-field : 6T

Ion trap region

ector

NL Drift tubes
N

— A . O00O0OERE-+ O

LSl AT A P I I ’

o v s

-"4".1;' - e W o N P W W W W W W B W W TR | !Fi'ii]?ﬁ?i"

Tm—




3. Components Tests

Design of Drift Tubes
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3. Components Tests  Design of Drift Tubes

= 10 drift tubes inside of vacuum chamber to generate axial potential well for ion trap
= Capacitive shunts on drift tube ends to short out RF signal

= To avoid unwanted RF coupling, the drift tubes should be aperiodic structure

= All drift tubes are vacuum-fired to remove the hydrogen in the material

= Trap length is 760 mm, and estimated trap capacity is 2-10!! charges

Aperiodic structure

Vacuum-firing

Design of DT section
(1050 °C, 2 hours) : Zi

77518

- The electrical trap capacity is around 2-10*! [charges]

Overlap for captive shunt

\ PPEETN

’ N
. | I

. Io'L
Capacity = 1.05 x 1013 x N [charges]

I,=3[4], L=0.76[m], E,=12keV

Slots for vacuum pumping




3. Components Tests

Design of Drift Tubes

Ceramic

standoff

Metal rod (SS316L)
for applying voltage
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3. Components Tests

Assembling Drift Tubes inside the Scaffold

-33-



Covering thermal isolation

Installation of water jacket (upper side)

Inserting therma

Heating bars (12 units) and TC (9 positions) Isolations
(1%t layer, cerac paper)

(cerac paper, 5 mm, 5% layer)

Installation of water jacket (bottom side)

Covering thermal isolation

> Ty

(cerac paper, 5 mm, 3" layer)
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3. Components Tests Vacuum Pumping System

 Vacuum test stand for DT section

TMP #1

L i m*.2. - :
Ly Collector || ||
DA == - SRS s l|}||

=1

i __|‘ 7 ; Cryo-Pump #3
Cryo-Pump #1 Cryo-Pump #2

A 4

e Ultra-high vacuum in ion trap (~ 10! torr)

- Vacuum firing (1050 °C for 2 hours) of all SS parts to remove hydrogen from bulk material
(S§S316L, 316LN — non-magnetic)

- XHV compatible materials - 99.8% pure alumina for all isolators
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3. Components Tests

Vacuum Pumping Syst

em

Vacuum firing (1050 °C for 2 hours)

SOLOD SOLUSION o
Y 2+:60°C 0] 3}
80T
2&(0) 6001
52(%)
- AIZHE) 1) 0 1 2 40 20 120
- IE(Ton) | 10-5 TORR Ne7kqhdzt

g
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— TempOl
— Temp02
— TempO03
— TempO04
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R 2
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0 $
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3. Components Tests

Pressure [Torr]

106 |

107 |

108

109 |

1010 |

1011

Baking Drift Tube Chamber

<

Baking at 550 °C (143 hours)

—— Vacuum Gauge 01
—— Vacuum Gauge 02

» Final ultimate pressure
VG-01 : 2.58E-11 Torr
VG-02 : 1.69E-11 Torr

= Total time : ~430 hr

NEG only
(22 hours)
NEG -«
TandemON  _.1\p
+CP
. (17 hours) W
Cooling
-+
NEG NEG + CP (95 hours)
+TMP < >
+CP
5 - + Tandem
NEG (51 hours) .
+TMP e
b N T
0 100 200 300 400
Time [hr]
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3. Components Tests

Test lon Source Design Simulation

Focusing
electrode Lens electrodes
by 25k zsif sk oV
1
HJ I Csl* beam
|
n |
n |
m |

\Extraction

ror @R CTIOEES xx mussoe

L

e

* Emittance (RMS)
8.5 mmrad - mm
* Emittance (Normalized)
XX':0.00876 m mrad - mm

Test ion source with ion optical components

||||||||||||||||||||||||||

£
st

.\\\\\

~Test ion source.

o
=

. Einzel len

\\.\\_\\\“.\\& Steerer ""x._l\\\\‘.\.\ _'_,r'., -
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3. Components Tests Test lon Source

electrd?des

A\l

HeatWave Labs _www.cathode.com

Telephone 831-722-9081 Fax 831-722-5491
% 2 Do
PN /os%9-024> 330

LY rod/ ! AN ' *

(for pacing and'supporting) NELZZA HeatWave Labs




3. Components Tests Test lon Source

-
—_

i

Cs ion source test " b
- 4.9 keV (4.9kV ion source platform) -

- Einzel lens & steerer test
- Beam dianogstic (Pepperpot, FC)

Pepperpot
emittance meter

Faraday Cup

Einzel lens & Steerer

S

Vacuum gauge

Acceleration tube

' I8 = M
=} Eingl-l-%ﬁ{& Steercy

PP e

Acceleration tube Cs ion source

CCD Camera
< Ccpsize: 2y

-Resolution : 2448X2048
-Pixel Size : 3.45X3.45um?

e Zoom Lens (1X)

-
- Aperture size : 40 mm

- Hole sep/size : 1 mm / 20 um
- Tantalum

MCP Active Area : 40 mm
Mask-MCP Sep : 17-60 mm

Faraday Cup

- Aperture size : 47mm

41 -




3. Components Tests

Beam Current [uA]

Beam current (Faraday cup)
5
45
4
35
3
2:5
2

15
1
05

Test lon Source

SPGB R O I O

e A
SN i

A AW
N RN

Heater Power [W]

Amplitude

Pepperpot Image

RMS Emittance : 30 mmm - mrad
@ 4.9 keV beam

l'.

Beam image
from phosphor screen

Beam image
from CCD camera
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3. Components Tests Injection / Extraction Beam Line

Collector Einzel lens &  Acceleration Einzel lens &

Steerer #1 Tube Steerer #2
Matching plane

: Acceptance — Beam Injection

X- X’ Phase Space

100

50 f ..

X' [mrad]

-50

100 L_H.-J. Son.et al. / NIMB 408 (2017) 334-338
-10 g 0 5 10

X [mm]

Fig. 10. Phase-space of acceptance and emittance of the injected beams: accep-
tance (black dots), and injected beam emittance (red dots).

Einzel lens &

~ Steerer #3
e Test

lon Source

Switchyard (15°)

= Acceptance of EBIS (black-dot)
- 160.9 m-mm-mrad

= Emittance of injection beam (red-dot)
- 22 m-mm-mrad
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3. Components Tests Injection / Extraction Beam Line

=~
Switchyard (15°)

Acceleration
Tube .

> Einzel lens &
Steerer #2

i Test
Einzel lens & Lo Source

! » Steerer #3
Acceleration e

Tube &8

Repeller
Einzel lens &
Steerer #1

Collector
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3. Components Tests

e

Injection / Extraction Beam Line

Repeller, Einzel lens & Steerer #2
Einzel lens & Steerer #1

Switchyard (7150)
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3. Components Tests Assembly of the RAON EBIS at Off-Line Site

1. Set the virtural beam axis and alignment magnets 3. Preparation and assembly of inner DT structure
> » Drift tubes (#1~#9) and scaffold




3. Components Tests Assembly of the RAON EBIS at Off-Line Site

4. Installation and alignment of inner DT structure

* |nserting and HV wiring

%

Alignment Block Alignment mark Alignment Block Alignment mark
at DT #1 of telescope at DT #9 of telescope

5. Installation and alignment DT #10

= Components for DT #10
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3. Components Tests Assembly of the RAON EBIS at Off-Line Site

6. Installation and alignment of collector section

» Positioning collector section = Alingment and assembly collector section

& Colfector
‘ =

£ross ¢thamber, »°
7 4 /._




3. Components Tests Assembly of the RAON EBIS at Off-Line Site
7. Installation and alignment of ion transport line

= |nstalling acceleration tube behind collector cross chamber

|
) Collector
i cross chamber

= Alingment and assembly ion transport line

A (e
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3. Components Tests

Assembly of the RAON EBIS at Off-Line Site
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4. Magnet Issues Calculation of Magnetic Field under Iron Shields

I T™mP I
| TMP TMP

m |

Superconducting Magnet

Fi \ k:
’F\ \ : 2 ‘
4 X ; = . ] ¥,
S - “ E
e e— —
Gun

] Collector

Coil Coil

Cryo-

1 Cryo-
pump
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4. Magnet Issues Water Jacket and Steering Coil

Four sets of Helmholtz-type steering coils on water jacket

Field to current ratio of a coil set: 1.1 Gs/A
Byax = 50 Gs
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4. Magnet Issues Calculation of Magnetic Field under Iron Shields

Bfield line_XYplan
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4. Magnet Issues

TMP ®

Repositioning TMPs and Gauges

TMP @

Permissible magnetic field for TMP

|B|

Pfeiffer HiPace 400 < 60 Gauss

Pfeiffer HiPace 300H < 55 Gauss

@ manual

Bz

20~30 Gauss 0|3}

Br

100 ~ 150 Gauss O|&t

TMP
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4. TMPs and Gauges under Strong Magnetic Field: @ OVC of SC Magnet

TMP1 (Br=35G, B=52G)

- Maintains 1,500 Hz

- Current increased by a factor of 1.4 (0.18 - 0.25 A)
- Power consumption increased by a factor of 2

- Angle btwn field line and TMP’s rot. axis: 36°

TMP2 (Br=3.3G, B=54G)

- Maintains 1,500 Hz

- No current increased (0.21 = 0.21 A)

- Angle btwn field line and TMP’s rot. axis: 3°

lon Gauge @ Pumping Station

- Pressure reading decreased by a factor of 2
(4.1x108 > 2.3x108 torr)

- Gauge is almost perpendicular to the magnetic line

lon Gauge @ OVC Port

- Pressure reading decreases by a factor of 12
(2.4x107 - 2.0x108 torr)

- Gauge is parallel to the magnetic line

* There was no problem with TMPs and gauges during the superconducting magnet is energized.
* Cooling margin doesn’t change.
* The gauge reading can be used after properly scaled
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발표자
프레젠테이션 노트
And then we started testing pumps and gauges under strong magnetic field.



4. TMPs and Gauges under Strong Magnetic Field: @ E-Gun Chamber

lon Gauge @ EGun Chamber
- Gauge reading reduced by a factor of 2
(1.26x10® = 5.46x107 torr)

Egun-TMP (Br=27G, B=131G)
- Maintains 48,000 RPM
- Temperature increased by 2 °C (34 =36 °C)

* By using elbowed nipple, we made the e-gun TMP’s rotation axis almost parallel to the magnetic line

* This Edwards TMP with magnetic bearing stopped with roar when the SC magnet was ramping down.

* A Pfeiffer TMP with hybrid bearing took the place of Edward TMP and has been working without any problems
* The gauge reading can be used after properly scaled
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4. TMPs and Gauges under Strong Magnetic Field: @ Gun-side Cross Chamber

lon Gauge @ EGun-side Cross Chamber
- Pressure reading reduced by a factor of 20
(3.35x10° > 1.69x1010 torr)

DT(EGun)-TMP (Br=6G, B=332G)

- Maintains 1,000 Hz

- Current increased by a factor of 1.36 (0.11 - 0.15 A)
- Power consumption increased by a factor of 1.86

* By using elbowed nipple, we made the DT(EGun) TMP’s rotation axis almost parallel to the magnetic line.
* There was no problem with this TMP when the SC magnet was fully energized.
* lon Gauge needed to be aligned with the magnetic line.
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4. TMPs and Gauges under Strong Magnetic Field: @ Coll.-side Cross Chamber

lon Gauge @ Collector-side Cross Chamber
- It showed a tendency of increase with magnetic field
- Not operational over 2T

DT(Collector-side)-TMP (Br=1.6G, B=347G)

- maintains 1,000 Hz

- Current increased by a factor of 1.33 (0.12 - 0.16 A)
- Power consumption incrased by a factor of 1.8

* Using |I-Nipple, we moved DT(Collector-side)-TMP to the location where the TMP’s rot. axis was almost parallel to the magnetic line.
* There was no problem with this TMP when the SC magnet was fully energized.
* lon Gauge needed to be aligned with the magnetic line.
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4. TMPs and Gauges under Strong Magnetic Field: @ Collector Cross Chamber

lon Gauge @ Collector
- Pressure reading was reduced by a factor of 2.6
(2.24x108 > < 8.4x107 torr)

Collector-TMP (OSAKA) (Br=53.7G, B=80.5G)
- Maintains 33,600 RPM
- TMP’s surface became hot and it made scratching noise at 6T

* Angle between the field line and the TMP’s rotation axis was around 45°
* |t didn’t seem to work properly at a full strength of magnetic field.
* The gauge reading can be used after properly scaled
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4. TMPs and Gauges under Strong Magnetic Field: @ Collector Cross Chamber

—

o

lon Gauge @ Collector
- Pressure reading was reduced by a factor of 2.6
(2.24x108 > < 8.4x107 torr)

— e

Collector-TMP (Pfieffer, HIiPACE-400)
(Br=53.7G, B=80.5G)
- Maintains 820 Hz
- Current increased by a factor of 1.95 (0.42 - 0.82 A)
- Power consumption increased by a factor of 3.8
- Temperature increased by 2 °C (37 =39.2 °C)

* We tested after replacing OSAKA pump with Pfeiffer pump
* We made a bent nipple to align the TMP’s rotation axis with the magnetic line
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4. TMPs and Gauges under Strong Magnetic Field: @ Transport Line

lon Gauge @ Einzel lens #2
- Pressure reading increased by 7%
(4.69x10® - 5.01x102 torr)

lon Gauge @ Switchyard
- Pressure reading increased by 11%
(7.12x10% > 7.93x108 torr)

Transpoerline-TMP (< 10G)
- Maintains 48,000 RPM
- Temperature increased by 1 °C (34 =35 °C)

* There was no problem with the TMP and the gauges because they are located relatively far from the SC magnet.
* Gauges can be used after properly scaled
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4. Cryo-Pumps under Strong Magnetic Field

N M

/ -+ Cryopump @ DT(EGUN)

i -' - 1t Stage : No temperature changes (48 K)
| - 2" Stage : No temperature changes (10 K)

P

! _atlll
=]

Cryopump @ DT(Collector-side)
- 15t Stage : No temperature changes (55 K)
- 2" Stage : No temperature changes (10 K)

Cryopump @ Collector
- 15t Stage : No temperature changes (55 K)
- 2"d Stage : No temperature changes (10 K)

* There was no noticeable temperature changes in the cryopumps
* The performance of the cryopumps didn’t degrade at the full strength of magnetic field
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4. Gauges under Strong Magnetic Field: Near to SC Magnet

Gauge anode was bent

lml\\\n

2z ] | Gauge cathode was distorted

* Deformation of gauge cathode/anode by strong magnetic field
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4. Aligning TMPs and lon Gauges along the Magnetic Line

il HH
1 y Y
IE AR M | I :

z
e

-64 -



4. Confirming Operation of TMPs and lon Gauges under Strong Magnetic Field

e TMPs are positioned such that the magnetic lines are parallel
to the TMPs' rotation axis.

e TMPs and cryopumps without magnetic shields worked fine
around the strong magnetic field of 6 T.

e lon gauges are attached to the chamber using bent nipples to
align the IG structure to the magnetic line.

lon Gauge @ EGun-side Cross Chamber

Type: Extractor

Bent Angle: 51°

Gauge reading was reduced by a factor of 9
(3.5x102 — 3.8x10°19 torr)

Wl TMP @ Gun side DT (Br=6G, B=332G, £1°)

Maintains its rotation at 1,000 Hz
Current was increased by a factor of 1.36
(0.11 A — 0.15 A)

—_— 1E-7 —— E-Gun (Ext) —— Gun-side Cross (Ext) Collector-side Cross (Ext)
"!6' Baffle (BA) Collector (Graphix)
o 1E-8 11— : ] ' ] A
o : 3( | | =
E 1E-9 4 — . /;ﬂ‘//{_,_"“
= ] \ I e G |
® 1E-10 N | iy | /
? ] ' P o S
2 1E-11 LA L B L B B T T L .
o 7 . .
= @19-08-1 2| i — ~
O 5 I | i i i
§ 4 4 | : | \\\ A
S 3] - ' N
2 2 72 S \
% 14 . — S ; - ;
g 0] | | | | ——
-1 LA I LA B L R T T L 1

11 12 13 14 15 16 17 18 19 20 21 22
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4. High Voltage Training

- Drifttube #1 ~#10 1Y Q7 HAE =3
- #10| M #10 77HX| %X}&*gg D EQF ol 7t

- DM YS QCIISE= drift tube 7| =2 QI-THE

— L=

- Base pressure : 2.72 X108 torr

- AIEE

Voltate [kV]

7teh AEJOIM HV test F7F =

=22 GND X 2|

° Y

Breeding Mode

= M

.

A

[Q 19

Scaffold : GND

DT #2 : HV

DT1 DT2 DT3 DT4 DT5 DT6 DT7 DT8 DT9 DT 10
Drift tube #

DT #1 : GND
N\ J
E0[Are OHEE Q7L M| 7| R

DT#1 [11kVO|A 13 trip 3, 15 kv O|AF Q12 15 kV 14 kv
DT#2 |15 kKVII}X| trip 1 15 kV 12 kv
DT#3 |15 kVII}X| trip 92 15 kV 10 kV

12.8 kv0j| A{ <10pA discharge
DT #4 X|-‘—E30X1O torr 2 Al 12 kV 8 kV

11 kvOj| A 10pA discharge
DT#5 Xl &S E 3.03X10-8torr 2 A5 10kv 8 kv
DT#6 [14.7 kVO|| A trip 14 kV 8 kv

9.2 kvOj| A <10pA discharge
DT #7 B E3.9X10-8torr 2 ME 8 kv 8 kv
DT#8 |15 kV7I}X| trip 912 15 kV 10 kV
DT#9 [13.7 kVO||A] 13] trip &, 15 kv O|AF 912 15 kV 6 kv
DT #10 |15 kV7IX]| trip Sl = 15 kv 4 kv
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5. Commissioning :

GYINSTEK (Trigd) |E| I 26 llrule::3 ga;g '

AP#1 Current Monitor

DC-CT @ Collector
|: mmmm

fhAverage 181nV

[ﬂ = 58nU0 @ = 5BnU @ — 5eenV][ Ins (@ 568.Bus [ (] f 1.270  DC

I - R ety v e

Single Pulse E-Beam Extraction @ 6T w/o Steering

e SC Magnet : 6T

e Gun Coil : 250 A

e Collector Coil : 90 A

e Cathode Heater : 86.7 W (11.2 A)
e Cathode potential : 6 kV

e \/pp (extraction voltage) : 9 kV

e Rising-Dwell-Falling : 0.2 ms —1 ms —0.2 ms
e Cathode Current (DC-CT): 1.22 A
e Collector Current (DC-CT): 1.18 A
e Transmission : 96.7 %

e Vertical Steering Coils: 0 A
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발표자
프레젠테이션 노트
After confirming the vacuum system under strong magnetic field, we started the e-beam extraction experiments.

This picture shows the unstable electron beam current when we do not apply any transverse field.



5. Commissioning :

GYINSTEK (Trigd) |E| I 26 llrule::3 ga:g '

AP#1 Current Monitor

I
|I
DC-CT @ Collector

fhAverage 1.11V

[ﬂ = 58nU0 @ = 5BnU @ — 5eenV][ Ins (@ 568.Bus [ (] f 1.270  DC

I - R ety v e

Single Pulse E-Beam Extraction @ 6T with Steering

e SC Magnet : 6T

e Gun Coil : 250 A

e Collector Coil : 90 A

e Cathode Heater : 86.7 W (11.2 A)
e Cathode potential : 6 kV

e \/pp (extraction voltage) : 9 kV

e Rising-Dwell-Falling : 0.2 ms —1 ms —0.2 ms
e Cathode Current (DC-CT): 1.34 A
e Collector Current (DC-CT): 1.33 A
e Transmission : 99.3 %

e Vertical Steering Coils: 1 A
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발표자
프레젠테이션 노트
On the other hand, when we applied around 1 Gs to vertical direction, electron beam was successfully transported. 


5. Commissioning :

GWINSTEK (L) 2 e, 209 |

AP#1 Current Monitor

DC-CT @ Caollector

L ———————

fhAverage 388nU

[ﬂ = 10 @ = 58nU @) = 5eenU]( 1@Bns (@ 52.88ns J[ (] f 3.880  DC

I - R ety v e

Multi-Pulse E-Beam Extraction @ 6T with Steering

e SC Magnet : 6T

e Gun Coil : 250 A

e Collector Coil : 90 A

e Cathode Heater : 96.2 W (11.6 A)
e Cathode potential : 6 kV

e \/pp (extraction voltage) : 12.2 kV
e Rising-Dwell-Falling : 0.2 ms — 50 ms—0.2 ms
e Cathode Current (DC-CT): 2.03 A
e Collector Current (DC-CT): 2.00 A
e Transmission : 98.5 %

e Vertical Steering Coils: 1 A

e Repetition Rate : 4 Hz (Duty 20 %)
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발표자
프레젠테이션 노트
And we ended up with multi-pulse electron beam like this.
The e-beam current reached 2 A.
Pulse width was 50 ms.
Duty cycle was 20% at rep. rate of 4 Hz.


5. Commissioning :

Current (nA)

0.40
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0.20

0.15

0.10

0.05

0.00

-0.05

Charge Breeding of Residual Gas

(©2020.3.10

- H* ) .
] Breeding time | 60 ms
. Electron beam : 0.35 A
c*
- v
. f
:
) v
. a*
: C)4+
i 6+ \4
- E;8+ 06+ 05+ *
) 1w v
] Y O n !\ O3+ C2+
L UWR A T
- A A A A A A
i |\+|7+ N6+ N5+ N4+ N3+ |$|2+
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발표자
프레젠테이션 노트
We finally get this charge breeding signal from the residual gas after installing a dipole magnet at the end of transport beamline. 
This is the story of offline installation and commissioning.


Moving EBIS and RFQ Cooler Buncher from Korea Univ. to RAON site

* Packing EBIS Charge Breeder and RFQ Cooler Buncher at Korea University Sejong in Oct. 2020
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Online Installation of EBIS Charge Breeder

* Reinstalling EBIS Charge at ISOL beamline of RAON heavy ion accelerator at Shindong, Daejeon in 2021




Online Installation of EBIS Charge Breeder

Collector coil
Collector
Repeller Platform Cryopump He Compressor

EBIS Platform Cryopump He Compressor
Collector Power Supply

Water Jacket

Gun Coil

SC Magnet He Compressor

Switchyard Cryopump He Compressor
Dipole Magnet

M,
S
. =
. Ll [ -
’ 1 e
! _ -
2
-

Water Lines

/

"! :‘! 1.:-_? U |

i) |

Resistance between EBIS and
ground platforms is around 400 MQ
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Online Installation of EBIS Charge Breeder

g e

* Reinstalling EBIS Charge at ISOL beamline of RAON heavy ion accelerator at Shindong, Daejeon in 2021




Online Installation of EBIS Charge Breeder

ipO!gMa_gnet

==y

Test lon Source
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Online Installation of EBIS Charge Breeder

M k2
oWl
okl 9

Cage Rack for Test lon Source
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5. Commissioning with Cs Test lon Beam

Charge / Pulse [pC]

25

14 -

1| A/g Spectrum

12

10

CSZB+

Relative Abundace [%)]

Residual Gas

Cs30"
v

X
|

| cso U

16

18

20

22

24 26
Charge State

28

T T T T T

30 32 34 36

Hlbe

+ CS16+

Ccs'™

E-Beam Current 1A, Breeding Time 40 ms

10

@2021.8.10
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발표자
프레젠테이션 노트
This figure shows the first charge breeding signal of the Cs+ test ion after the installation at ISOL beamline. The relative abundance of Cs27+ ion was more than 20 % with 1-A electron beam and breeding time of 40 ms. Based on this, we were able to declare the completion of the development and installation of the RAON EBIS charge breeder.


5. Commissioning with Cs Test lon Beam

25

Charge-State Distribution (CBSIM)

- - N
o [&)] (=]
1 1 1

Relative Abundance [%)]

w
1

EBIS

E-Beam Current 1A, Breeding Time 40 ms

16 18 20 22 24 26 28 30 32
Charge State

25

Charge-State Distribution (Experiment)

s - %)
o 4] o
1 1 |

Relative Abundace [%]

w
1

C527+

M= = H: Relative Abundance of Cs27*>15% = =1 =/

16 18 20 22 24 26 28 30 32 34

Number of Particles
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5. Recent Result for Electron Beam Transportation

R e SC Magnet : 6T
GWINSTEK ] | ] 143449 e Gun Coil : 250 A

e Collector Coil : 175 A
e Vertical Steering Coil :
Gunside =-11 gauss (10.5 A) (bottomside)
Collectorside =-12 gauss (10.5 A) (bottomside)
e Horizontal Steering Coil :
Gunside =10.8 gauss 10 A (cryopumpside)
Collectorside =11.5 gauss 10 A (cryopumpside)
e Cathode Heater : 94.4 W (11.4 A)
e Cathode potential : -5 kV
e ] ¢ Vpp (extraction voltage) : 8.6 kV
" DCCT @Collector ; ; ; e Gate Voltage : 10 kV — 5 kV
: : - - : : e Gate Open Time : -0.22 ms (End of E-Beam Pulse)
e Rising-Dwell-Falling : 0.2 ms — 40 ms —0.2 ms
e Cathode Current (DC-CT) : 1.00 A
. : e Collector Current (DC-CT) : 1.00 A
e Transmission : 100 %

( J(_does @ 0000 ) @ 5 2.600 Dc] e Repeller : -5 kV (+ -10 kV from EBIS Platform)
[ ] e EBIS Platform : 13 kV

e Beam Energy : 20 keV

* By optimally tuning the steering coils, we were able to diminish the loss current of the electron beam.



5. Recent Result for Pulse Stretching

1.0

Current / Pulse [uA]
o
T

0.0

—— FWHM = 521 us

—— FWHM = 20.2 us

FWHM = 50.8 us
—— FWHM = 105 ps
—— FWHM =199 pus

* Elongation of output beam by applying slowly varying voltage on the gate electrode (DT#8).

0.0 0.1 0.2 0.3

Time [ms]

0.8
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6. Summary and Outlook

o Off-line installation RAON EBIS starting from 2017 finished successfully in 2020 with

the charge breeding of the residual gas.

e After around one year of on-line installation, RAON EBIS showed its design

performances with Cs, Sn, and Na ions.

e Pulse stretching experiment is in progress and preliminary results showed an

elongated pulse width of 10 ms.

e RAON EBIS charge breeder will play a key role in reaccelerating rare isotope beams

from ISOL target system.
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THANK YOU !



Vacuum Pressure (unit: torr)

DT DT : Dipole

= . : Baffl | h
E-Gun Gun side Collector side ame Collector Switchyard Magnet
1.1x10° 3.7x1010 3.8x1010 9.1x10° 3.8x109 1.7x108 2.1x108
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Timing and Voltages arrangement in Drift Tubes

40 ms i
B 14 kV
E-Beam IS DT#1 | 12kv
Pulse ‘
8" B DT#2 | 10kv DT #8
| 8 kv 9 kv
\ DT #3 [Breeding Region] :
DT #4-7 !
| I
| 5 kV
DT #8 40.35 ms { Ly
5Ky DT#9
Pulse
2 kV
DT #10

0.05 ms
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Steering Coil TH|

o Steering coll

o PXIOf| A K| O

18V /50 A

2
S
ra

It ME20|(2ch x 2ea)?t PXIZH S

L=

7(
I_I

PS1-CH1
valtage-Maon (V)

P51-CH2
Voltage-Mon (V)

o

P52-CH1
Voltage-Mon (V)

P52-CH2
Voltage-Mon (V)

o

A (RS-485)
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EBIS Super Conducting Magnet Ramp-up Test (Pumps’ parameters)

Magnetic Field Strength 0T 1T 2T 3T 4T 5T 6T
OVC-TMP1 (1,500Hz) 0.18 A 0.18 A 0.18 A 018 A 021 A 021 A 025 A
OVC-TMP2 (1,500Hz) 021 A 021 A 021 A 021 A 021 A 021 A 021 A
Pressure @ Pumping Station 4 1e-8 torr 3.8e-8 torr 5.1e-8 torr 3.8e-8 torr 2.5e-8 torr 2.3e-8 torr 2.3e-8 torr
Pressure @ OVC Port 24 e-7 torr 2.6 e-7 torr 2.8 e-7 torr 1.1 e-7 torr 4.2 e-8 torr 2.6 e-8 torr 2.02 e-8 torr
Egun-TMP (48,000 RPM) 34 °C 35 °C 35 °C 35 °C 35 °C 35°C 36 °C
Pressure @ Egun Chamber 1.26e-8 torr 6.6e-9 torr 4 8e-9 torr 5.7e-9 torr 5.34e-9 torr 5.47e-9 torr 5.46e-9 torr
DT(Egun)-TMP (1,000Hz) 011 A 011 A 012 A 013 A 014 A 014 A 015 A
Pressure @ DT(Egun) 3.35e-9 torr 8.6e-10 torr 4 83e-10 torr 3.75e-10 torr 3.39e-10 torr 3.0e-10 torr 1.69e-10 torr
DT(Collector)-TMP (1,000Hz) 012 A 012 A 013 A 014 A 014 A 015 A 0.16 A
Pressure @ DT(Collector) 2.7e-9 torr 5.2e-9 torr 1.1e-1 torr 1.1e-1 torr 1.1e-1 torr 1.1e-1 torr 1.1e-1 torr
Collector-TMP (33,600 RPM, OSAKA) Overheat, Scratching Noise
Collector-TMP (820 Hz, HiPACE-400, Pfeiffer) 042 A 029 ~053 A 057 ~061 A 0.59 ~ 067 A 062 ~071A 071 ~ 084 A O.?C?v;rﬁéZ}A
Pressure @ Collector 2.24e-8 torr 2.09e-8 torr 1.46e-8 torr 1.05e-8 torr < 8.5e-9 torr < 8.4e-9 torr < 8.4e-9 torr
Transport Line - TMP (48,000 RPM) 34 °C 34 °C 34 °C 34 °C 34 °C 35 °C 35 °C
Pressure @ Einzel Lens 4.69e-8 torr 4.71e-8 torr 4.75e-8 torr 4.76e-8 torr 4 .8e-8 torr 4.88e-8 torr 5.01e-8 torr
Pressure @ Switchyard 7.12e-8 torr 7.24e-8 torr 7.35e-8 torr 7.33e-8 torr 7.5e-8 torr 7.63e-8 torr 7.93e-8 torr
DT(Egun)-Cryopump 48 K, 10 K 48 K, 10 K 48 K, 10 K 48 K, 10 K 48 K, 10 K 48 K, 10 K 48 K, 10 K
DT(Collector side)-Cryopump 55K 10K 55 K, 10 K 55K 10K 55K, 10K 56 K, 10 K 56 K, 10 K 55K 10K
Collector-Cryopump 55K 10K 55K, 10 K 55K 10K 55K 10K 55K 10K 55K 10K 54 K, 10 K




EBIS Super Conducting Magnet Ramp-up Test (Temperatures of pumps)

Magnetic Field Strength 0T 1T 2T 3T 4T 5T 6T Br@ 6T Bz@ 6T B@ 6T Angle
OVC-TMPL - Power Box 336 °C 333 °C 334 °C 338 °C 338 °C 345 °C 341 °C (:3:5.0 9:' 384 G 520 G 42.3°
OVC-TMP1 - Cylinder Side 315 °C 318 °C 318 °C 319 °C 321 °C 323 °C 325 °C
OVC-TMP2 - Power Box 335 °C 331°C 333 °C 337 °C 336 °C 337 °C 340 °C 33G 535G 536 G 3.5°
OVC-TMP2 - Cylinder Side 315°C 316 °C 319 °C 318 °C 325 °C 319 °C 326 °C
Scroll pump for OVC TMPs 428 °C 433 °C 435 °C 426 °C 429 °C 43.0 °C 420 °C
Egun-TMP 284 °C 29.6 °C 301 °C 302 °C 305 °C 304 °C 30.8 °C 27.2G 1280 G 1309 G 12.0°
Scroll pump for Egun TMP 414 °C 448 °C 419 °C 415 °C 421 °C 419 °C 412 °C
DT(Egun)-TMP - Power Box 335 °C 334 °C 338 °C 338 °C 340 °C 346 °C 341 °C 59G 3315G 3316 G 1.0°
DT(Egun)-TMP - Cylinder Side 310°C 310 °C L8 € 316 °C 318 °C 317 °C 320 °C
DT(Collector)-TMP - Power Box 339 °C 344 °C 34.0 °C 344 °C 351 °C 35.6 °C 35.6 °C 16G 3470 G 3470 G 0.3°
DT(Collector)-TMP - Cylinder Side 311°C 30.6 °C 313 °C 320 °C 317 °C 319 °C 320 °C
Scroll pump for DT TMPs 301 °C 30.2 °C 301 °C 299 °C 306 °C 30.2 °C 30.0 °C .

Collector-TMP (HiPACE-400, Pfeiffer) 37.0 °C 372 °C 375 °C 37.7 °C 382 °C 38.8 °C 39.2 °C (:53;.7_(2:' 600 G 805G 41.8°
Scroll pump for Collector-TMP 43.0 °C 435 °C 444 °C 444 °C 447 °C 444 °C 445 °C

Transport Line - TMP - Bottom 318 °C 316 °C 320 °C 318 °C 320 °C 322 °C 326 °C <10 G <10 G

Transport Line - TMP -Cylinder Side 294 °C 295 °C 29.8 °C 298 °C 299 °C 303 °C 30.7 °C

Scroll pump for TL-TMP 40.8 °C 40.2 °C 412 °C 418 °C 408 °C 416 °C 414 °C

DT(Egun)-Cryopump 281 °C 283 °C 283 °C 284 °C 285 °C 28.7 °C 285 °C 183 G 2850 G 2856 G 3.7°
DT(Collector side)-Cryopump 27.0 °C 27.3 °C 27.1°C 27.6 °C 273 °C 27.5 °C 27.6 °C 60.5 G 3400 G 3453 G 10.1°
Collector-Cryopump 310°C 312 °C 312 °C 310°C 310 °C 317 °C 316 °C 69.0 G 66.5 G 958 G 46.1°




1. Water jacket & steering coil 1178

72| M3 HIO|Z (Glass fiber tape) 0|2 water jaket 17
- SWACO AGT-3WO0-180F : LHE =& 155 °C

- 150 m (58) A&
Water jacket 2= 2 L|E& TC &X| (5 points)




2. DT section Sli{Xl| 5! EBIS platform ¢l DT chamber & X|

« DT section i
- TMP, Cryopump, Gate valve, 32 A|AH SjiA|




2. DT section Sli{Xl| 5! EBIS platform ¢l DT chamber & X|

- 4 h

@ EBIS platform 2| ® x7| 91X 2d A ™M,
NC solenoid £2]

® 24 &=




3. DT chamber ® &

DT chamber 74 =S4 M3 2=

A.B ¥X[2| flange ?/0f O3
OFA3 (flange E &)
MY EOEE MY

o
Dal
Jas

Of

2

O 2 E=2F0| E2F chamber
supporter StEHOY| @[ KXot H &
=5(EE 0|8 X\Y.Z ®IX|
ZE)E 0|85ty & +d



1. DT M Q1718 rod, connector & A|, X% (2t=)

Metal band

= DT 2% 22 F scaffold /0| NEG ZAO AKX
= SS316L metal bandE O|&35t0 NEG ZAO (6 ea) & X|
= NEG ZAO 127 =71 X o™ (5& 9¢)




= DT structure A X]|

g
qdE =

telescope mark telescope mark



1. Installation of DT structure

= DT #10 AX|

Alignment of DT #10

Alignment spacer

L 9

Alignment

i

R spacer

T A

“‘} * DT #9
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