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e Design parameter of EBIS at RAON

e QOperation principle

e E-beam Simulation

e Electron Collector Design

e Electron gun Test

e Superconductor Magnet

e Vacuum system for EBIS Charge Breeder

e Works to be done this year
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Layout of RAON Facility

RFQ1 (500 keV/u, 9.5 puA)
» High intensity Rl beams by ISOL & IF

MEBT1 « 35 kW ISOL: direct fission of 238U by 70 MeV, 0.5 mA P
« 400 kW IF by 200 MeV/u, 8.3 ppA 238U

= High quality neutron-rich RI beams

 1325n with up to ~250 MeV/u and 108 pps
SCL1 (~100 m)

Mass

Research ~ Recoll Measurement SPectroscopy ::

(Low-E) ~ Spectrometer

High Resolution
Zero Degree
Spectrometer

High-E Exp. Facility

+ 18.5 MeV/u, 9.5 ppA = More exotic Rl beams by ISOL+IF
Driver Linac High-E Exp. Facility (II)
A 1
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: : Post Bl | N 075mA) y
16w [ I Accelerator ECRIS3 ISOL System Gas Catcher fragment
:Nanmn 1 e S==o===a
i Science Large ! H
1 Facility Acceptance | ] — emmmmmmmm——————b——
1 Spectrometer | n Large
1 (Low-E) I High I Acceptance
i ! 90 Collinear . Spectrometer
1 Bio-medical : Precsion Laser H (High-E)
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e—————————

Low-E Exp. Facility Ultra-Low-E
Exp. Facility
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EBIS: Design Parameter

Electron Gun SC Solenoid System

/

Diagnostic System

|

Drift Tube Section

Ion Injection/Extraction Chamber

Design parameters @ RISP

Electron beam Electron beam current Extraction beam B-field in
current density energy Trap region
0~3A 500 A/cm? 10 keV/u 6T

A/q Capacity Breeding time Breeding efficiency
<6 ~ 108ions/bunch 50 ~ 100 ms 15 % for 133Cs?7+

Repetition rate Pulse width
~ 10 Hz 10 ~ 20 us
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EBIS: Structure and Principle

Collector
coil

Superconducting . repeller &
solenoid

16 KV 16 kV 1 kV Ion xtract9r°
\ ---,-'- __n N N N ;o
Wy | S oo — =3

oy 8§ B N8N §

Eoun °Drift tube

Ion trap<~

region 0

gate

/

1kv Collector

\ J
Magnetic Field Distribution for EBIS system Potential Well for Ion Trap
1.6500E+04
55000 ‘ g /' \ : | Longitudinal Direction Radial Direction
50000 “”“Z““ / \ ;{;
45000 / < —
40000 g Ion trap rtglon \ - Drift tube
! \ s
35000 s 0 /
30000 ; ; : \ - %
25000 . b
20000 l \
15000 /I \
- / v % Using SIMION / Rbg T
5000 \ sing 120008404
0 . Br i .g—\ 0,00008400 te R [ 2.00008401
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Z (mm) l
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EBIS: Charge Breeding Process

Electron
Impal:l
lonisatign

Overlap
Factor: 0~1
dN; ]
t_Zern. . El¢y  _ N.~.Elf Electron
dt e (Nl—lo_l—l fe»l—l N;o; fe»l) Impact ionization

Je = RR Radiative
+;(Ni+10i+1 fearr — Nioi®Rf,;) [

+19(Ni41(v0i41 %) — Ni{vo; %)) Charge
Exchange
—NiR; mee Escape

Main parameters for charge evolution
« Electron beam energy
« Electron beam current density




EBIS: Charge Breeding Simulation (CBSIM)

30
Electron Beam Energy : 20 KeV cios
E-Beam Current : 3 A 251 -
E-beam Current Density : 493.5 A/lcm? ook Ome MO0 a5 ms
X
@] . —
Isotopes of Emittance = 15
i terest with rfq without rfq 10k |
cooler cooler
132G, 142Xg, 955, 31T mm 30 T mm S5 7
150, 1264 mrad mrad
%O 25 30 35 40 45 50
Charge States
30 T T T T T

100 ms
50 ms 150 ms

Breeding time: 61 ms

%0 25 30 35 40 45
Charge state (q)

o
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EBIS: Electron Beam Simulation (TRAK)

Collector

L. B2BOO0OE+02

\

E;Gun Drift\tube

Ion trap region

-~

o —
L 4 |
o e

3.000E402

Z (mm) 2.400E+0

Within ion trap region

- Electron beam radius : 0.45 mm

- Electron beam current density : 500 A/cm?
- Longitudinal B-field : 6T

o
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EBIS: Electron Collector Design

Electron dump simulation

]

Repeller

7| X eI

Institute for Basic Science

Power Density (Vcg=1kV, Vcarnooe=-4KV, Vagpeer=-10kV)

700€+01
600E-01
&=
§ S00E+01
%.'OOE-OI
§ 300£+01
100€+01
s Al | I |
4 perese P 4
Dissipated Flow Rate Flow Rate Temperature
Power (kg/s) (liter/min) Rise (°C)
1.0 60 3.6
0.8 48 4.5
15 kW
0.6 36 6.0
0.4 24 9.0
v' E-beam simulation was performed with TRAK

code.
Colletor design was verified based on the
simulation.

Distribution of the power deposit on the inner
surface of collector was calculated.

Collector dimension, the repeller position, an
the repeller voltage were tuned to achieve
small power density on the surface as p

Rare Isotope ,
Science Project



Electron Dump (Collector) Water line
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EBIS: Electron Dump (Collector) Magnetic shield -

« Materials : OFHC, Stainless Steel (STS 316L), Soft iron
« Connection method : All vacuum brazing

ibS | =B ere el -
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EBIS: Electron Dump (Collector) Cooling water

- Cooling Power: >15 kW
- Flow rate: ~ 25 L/min |
- Parallel four water lines at the cylinder surface |
- One water line at the front

- Cross section of water line: 6X12 mm?
- Material: OFHC

o
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0380

Manufacturer: BINP (Russia)
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E-Gun Cathod Diameter: 5.6 mm
Cathod Material: IrCe

E-Beam Current: 3 A

Current Density at Cathod: 12 A/cm?
Magnetic Filed at Cathod surface : 0.2 T

E-Gun Vanode' Icathode Curve
7
* 43W
6
H51W
—_ X ASTW
5
-E- > 6AW
= X A
] A
5 x | A
e A
3 i ]
=
=
8. X
%
* ¢
1 * + * * ¢
*
0
0 5 10 15 20
Anode Voltage [kV]
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EBIS: Electron Gun Test

E-Gun
Solenoid

il I COlleCtpr
/% 1| Solenoid

RECEF IR BT RS & 1
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EBIS: Electron Gun Test

Ground platform

|||—

Powfrii?:ply Drift tube Aperture 02 Repeller
(Amplifier) Power supply Power supply Power supply
Output Output Output Collector Output
T #3 =~

Aperture 02
Anode

ﬂ Repeller

Cathode I I
|

I Dﬂﬂ tube L I

CT #1 Aperture 0
CT #2
Output Output |
Cathode heater Collector -
Power supply Power supply

Cathode platform
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EBIS: Electron Gun Test

il
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EBIS: Electron Gun Test

150 —— Collection Cathode ith 4.2 mm dia.
—— Emission
100 \
N R .
3
GJ o
o L.
(0] emission
% = = 2A
> Ly ection Cathode with 5.6 mm dia.
. s 2A
=100 =50 Ti men [ m S] 50 100
Iemission IcoIIection Pulse width DUW Cyde Vanode Ianode
5.6 mm 0
cathode 2A 2A 40 ms 40 % 12.5kV | 15~60 mA
4.2 mm 3A 3A Sawtooth mode 14 kV 2 mA
cathode
2.3 A 2.3 A 50 ms 25 % 13 kV <2 mA
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EBIS Charge Breeder

Electron Gun SC Solenoid System

/

Diagnostic System

Y (@7

Switchyard

Drift Tube Section
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Superconductor Magnet

| - Magnetic Field: 6T
- Warm Bore : 8"

. - Cyrocooler: 1.5W
| - Currnt: 96.3 A

8 - Homogeneity: 0.4%

o
1 7| =0t 19

Institute for Basic Science




Superconductor Magnet : Inhomogeneity

Field along centre axis of Magnet: r = 0.0 mm, 0°

/" \—ﬁum’ M oo

—i4%

Magnetic Field (T}
SN
/

+0.4%

c ann
FJBUT

-500 -400 -300 -200 -100 0 100 200 300 400
Cold Head End - Distance from centre of magnet (mm) - Service End

b nzaeers 2
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Superconductor Magnet Control Program

£ SC Magnet Control.vi

=i

Switch Heater |
Relay State SC Switch Heater
=
Input State SC Switch Voltage
-0.001V
[7] Save to File
Switch_Voltage_2017-08-28.csv

— Helium Level Monitor - }—

Output Power (W) 1.052 W
LHe Level 100~
75-
100 % | so-
25-
0_
Pressure

o5 1 15
L
0(_ \,2
[] save to File
LHe _Status_2017-08-28.csv

Temperature Monitor - 4 I

B

(E} 57.18 K

\

[ Save to File

— Magnet Auto Control ’—

Target Current

0.00 A

[T Flush Residual
Gom B
SC Switch Voltage Time left

1.70 V ’ 00:00:00

| Magnet_Temperature 2017-08-28.csv

o cC Current Output
9 -}
Measured Voltage Voltage Setting
0.007 V ;_}' 0

Measured Current
IO A

["] Save to File

Current Setting

. Co—

Power Supply - -I—

I PS_Outputs_2017-08-28.csv

55.04 K
® \ Magnetic Field .
Ramp Selection
w 0.0000 T
‘@ Ramp Up
K Solenoid Current Ramp Down

[_Average

| 0.000 A

|Hall IC Voltage ~ 2.4742 V

["] save to File
| Switch_Voltage_2017-08-28.csv

Hall Probe IC - }—

Location of sensors and operational temperature |

(A) Bottom of magnet (4-5 K): 0.00 K
(B) Top of magnet (4-5 K): 4.25 K
(O) Cold head 1st stage (40-60 K): 41.34 K

(D) Cold head 2nd stage (4-5 K): 4.23 K

(E) Shield end-plate (Service turret 50-65 K): 57.18 K
(F) Shield end-plate (cold head 50-65 K): 55.04 K

(G) Thermal link (40-60 K): 51.82 K

(H) Inside superconducting switch (4-12 K): 4.18 K
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Superconductor Magnet : Energizing

100 A
e V
o
= 4
% 2 —4‘ PS output voltage H
= ] \ \
o T T T
100
=
:,E, 50 } Actual solenoid current '7
5
(&
o
2.0
_. 15
= )] I
g 10 ——{ Voltage across the SC switch |
% 0.5
= J
0.0
o} 1 2 3 4 5 6
Time [h]
100 A
| |
Top of the solenoid
4.3
_-/ \_
4.1
< 433 T T
) Cold head 1st stage '
= AN
9] \L\
g‘ MM"’" Tt
O 425 r r r
|_
45 T T
Cold head 2nd stage '
43
_-——// \
4.1
0 1 2 3 4 5 6
Time [h]
o
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Temperature [K]

Temp. [K]
o) ]

N
[S I

-
o

0.5

Power [W]

0.0
2.0
1.5
1.0
0.5
0.0

Pressure [psi]

59.7
59.5
59.3

59.1
57.5

57.3
571

56.9
54.1

53.9
53.7

53.5

22

[o2)
1

100 A
T Temperature inside switch heater I
‘ Pressure stabilizer power I
-/\
_/ l Pressure inside LHe vessel !
I I I
0 1 é é Jt 5
Time [h]
100 A
T T i
Shield end (Service turret) I .
T T L _r*,
T T
Shield end (Cold head) |
- |l| . A—/
1 | Thermal link ' ) l\\
L //rd),
/l
0 1 2 3 4 5
Time [h]
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—o— Ramp Down

—o— Ramp Up

Ramping Time [h]

T

0.8 1.0 1.2 1.4 1.6 1.8

16

14

12

10

SC Switch Temperature (K)

°

SC Switch Voltage (V)

20

[ [ [
Self-heating operation I

/@/w

/

L

0.0 0.5 1.0 15 2.0 2.5 3.0
SC Switch Voltage (V)
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3.5

2.00

1.75 1

LHe Vessel Pressure (psi)

281.0

280.8

280.6

280.4

Inductance (H)

280.2

280.0

23

J Pressure after run-up against solenoid voltage I ya

/

y

1.0 1.2 1.4 1.6 1.8 2.0

Solenoid Voltage (V)

\ \
‘ Meam value = 280.5 I
o =]
n =]
=]
=

0.8 1.0 1.2 1.4 1.6 1.8 2.0

SC Switch Voltage (V)
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Ion Trap Section -

- Alignment, High vacuum, High voltage
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Ion Trap Section: Chamber Baking -

®
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TMP #1 TMP #2 TMP #3

e .

‘g at I - N
= g "Z'itollecto; T
3 0

Al

1¢t Baking Pump (TMP) ¢
- Compression Ratio (H,): 2x10*

Cryopump

2nd Baking Pump (Dry Pump)

-Ultimate vacuum : 8x107 Torr

itﬁ 7|-*-3|'a—'.'ﬂ:|19.ﬂ 27 Rarelsutlnpe
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Vacuum System : Ultimate pressure

Final pressure
Staged vacuum test (Gauge 01 / 02) Remarks

TMP only 1.42E-09 / 1.84E-09 torr 150°C, 72hBaking

st
stage | Tandem TMP system & Cryopump 1.21E-09/ 9.96E-10 torr

Chamber Baking 3.66E-10/ 6.72E-10 torr 150°C, 72h Baking
After 1st Baking (450°C) 8.89E-11/ 1.45E-10 torr 450°C, 78h Baking
2nd
stage
Afte 2nd Baking (550°C) 3.60E-11/ 2.08E-11 torr 550°C, 143h Baking

®
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’ Steerer

Extraction ""w..
Electrode Einzel Lens &

Steerer
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EBIS Floor plan at Korea University

solation

E-gun/Collector
section " g

5 Gauss gdA
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‘Cooling Water

°

Chiller (20RT)
- WxLxH:
1000 x 2070 x 1752

- Cooling Power : 65.11 kW

- Flow Rate : ~200 LPM

Collect
or
Power

Supply

7| X eI

Institute for Basic Science

Gun Coil
Hak: 3.8 kW
Lak: 75
L/min

Cry.P. He Comp #1
HEF: 6 kW
L2k 7L/min

Collector
HZF: 20 kW
Collector Coil oak: 28 L/min
A2k 7.7 kW
Steering Coil ®&: 6L/min
HZF: No dat
S2: Nodat
L}
25 e e AR
0] B w1 H] sc He comp e £
1 i ¥2F: Nodata K "
| Al 9% 5.7 L/imin

31

Cr
[o ]
=
o
T

ry.P. He Comp #2
ZF: 6kw
Zk: 7 L/min

Cry.P. He Comp #3
2.6 kW {HT -
38L/m|| .
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EBIS: Power Supplies System

EBIS L - J -
PLATFORM IEINZEL| I STEERER |
|LENS 2| | 2 |
—_—— e — - — —_— ) R —_
| H | DT
pT1||DT2 | |DT3|| DT4567(TRAR) | |DT8 | |DT9 || 4o
L I

—

I
= ! 1 r1tr1tr1+rrririt./ ~1_ 1 ___.

| —
N Y
STEERER | | EINZEL |

1 | T lens
| | DC OUTPUT L I B
ELECTRON -1 —'—
| | ANODE | — — - PULSED QUTPUT COLLEGTOR | |
CATHODE L—— cRIO ION |~ 1
HEATER EXTRACTOR |B:‘T:Eg$g§| HEATER Ell:ﬁil-
I ELECTRON GUN PLATFORM I L |
™ ION Rl
sc TRANSVERSE EGUN GUN COLLECTOR SOURCE cRIO
SOLENOID | MAGNETS |7 Y[/ PLATFORM | | SOLENOID | | soLENOID PLATFORM
BIAS
L i
EBIS
PLATFORM | M T - I_ . T T AAAY
BIAS ~Y || 10N ION Y
A:;‘:gfé'f'r‘; | SWITCHYARD || SOURCE || SOURCE ION ;‘Ii‘;RCE
L || QuADS || STEERERS
GROUND —_——— —
PLATFORM |

CRIO
o
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Power Supply System

* Power Supplies #1
- E-gun & Collector section

- DT section

Control Units A
CoIIector PS

Voltage Distribution

20

Ancde, 16

DT#1, 14

15

DT#2, 12
D783, 10 DTHE, 10

10

OT#4, 8 DTH5, B DTH6, B DTH7. B

DT#10, 4

ollector, 0

Voltage [kV]

0
. o

-5 Cathode, -4

-10
Repeller, -12 l
3 3 Rare Isotope
Science Project
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Test Ion Source

e Testion source
-Cs+1 0|2 &AA

- NIA = - Power Supplies - Test ion beam line part #1

28 kv 27.5 kV 26 kV 15 kV oV

= Emittance (RMS)
8.5 T mrad - mm
= Emittance (Normalized)
XX :0.00876 mmrad - mm
= Average Energy : 26.84 [keV]

Test lon Source

7|Xx toroi1el
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Test Ion Source

o
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Beam Diagnostics

Pepperpot Assy

CCD Camera
< CCDsie: 2/3”

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

— 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

7| X aete1el 36 ]
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“ Detailed design of EBIS CB was finished.

“ Superconductor Magnet was procured.

“ Test ion source Is being built.

< Beam diagnostics (pepperpot, FC) were manufactured.
< Vacuum conditioning of DT chamber was performed.

“ Electron beam extraction test was performed. The anode
structure will be improved.

“ Injection/extraction beam line and ToF charge state
analyzer will be manufactured soon.

“ Hope we will be able to perform the 1st charge breeding
experiment at the end of this year.
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