Young-Ho Park, Hyock-Jun Son, Jun-Young Moon,
Seongjin Heo, Haolin Liu, Ramzi Boussaid, Jongwon Kim

Rl Experimental Systems Team,
Rare Isotope Science Project,
~—  Institute for Basic Science (IBS)




Design parameter of EBIS at RAON

Operation principle

E-beam Simulation

Electron Collector Design
Electron gun Test
Superconductor Magnet

Vacuum system for EBIS Charge Breeder
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Works to be done this year
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Layout of RAON Facility

RFQ1 (500 keV/u, 9.5 p aA) -
A High intensity Rl beams by ISOL & IF

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

A High quality neutron-rich RI beams

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

A18.5 MeV/u, 9.5 p aA A More exotic Rl beams by ISOL+IF
Driver Linac High -E Exp. Facility (1)
1
SCL2 (~380 m) ] oSR I
gtt:ii?)rg:r A200 MeV/u, 8.3 p oA for U *78 : Bio-medical |
A600 MeV, 0.66 mA for p I /- Research |
1 (High-E) :
T
1 ce® ISOL I
\\I\g%/\,LQ&O}\/@{L \o\c’ & Target N =4 :
. . . . IF Target
SCL3 (18.5 MeV/u, ~100 m) ’L'\' ”: ;
__________ - L sysiem
i i Post & . 075mA) Y
S-NMR Fragment
: I Accelerator ~ ECRIS3 ISOL System Gas Catcher Separator
: Neutron [ e ——————
; Science Large !
1 Facility Acceptance & & mm L cmemee——m—mm el
: (SL%?/:/:-tIrEO)meter' | Acceptance
I : High - '} S ectr%meter
i precision Collinear Iy 1 =P f
I BI%medlcah| Rec0|l : Mass gasert Iy : (High-E)
I esearc ectroscopy !
L (Low-E) Spectrometer : LMeasurement P Py 'i : HEhZeRr%SBESgIe
-------------------- - o 1
Low-E Exp. Facility Ultra -Low-E L____ Spectometer |
Exp. Facility High-E-Exp" FaC|I|ty(
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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
0~3 A 500 A/lcm? 10 keV/u 6T

Alq Capacity Breeding time Breeding efficiency
<6 ~ 108ions/bunch 50 ~ 100 ms 15 % for 133C&7*

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

Collector
coil

Superconducting
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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
A Electron beam energy
A Electron beam current density




EBIS: Charge Breeding Simulation (CBSIM)

30
Electron Beam Energy : 20 KeV cios
E-Beam Current : 3 A 251 7
E-beam Current Density : 493.5 A/lcm? ook Ome MO0 a5 ms
X
o 4l _
Isotoes of Emittance = 15
) P with rfq without rfq o | i
interest 10
cooler cooler
1329, 142X e, 95Sr, 3 &mm 30 & mm S |
150, 126A] mrad mrad
%O 25 30 35 40 45 50
Charge States
- 30 | T | | |
Sn1+ C Xel t_ >

100 ms
50 ms 150 ms

Breeding time: 61 ms

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

\

0.000E+ L:[L
A . O E 4O

]

Ion trap region

-~

3.000E402

Z (mm}

Within ion trap region
- Electron beam radius : 0.45 mm

L 4 |
o e

- Electron beam current density : 500 A/cm?

- Longitudinal B-field : 6T

2.400E+0
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EBIS: Electron Collector Design

Electron dump simulation i enilbi————

7.00€+01
o PO OIS PRSP R

PIPPPE PIPLPL

600E-01

,‘-\
S00E+01

400€+-01
300€+01
200€+01
100€+01 |
N oAl
P “f":‘, ,')v'.'nv’»'.':‘\,."‘.‘A.‘.-v_../.»

Power Density(W/cm

000E+00

Z(mm)

Dissipated Flow Rate Flow Rate Temperature

Power (kg/s) (liter/min) Rise (0 )
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.
= 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, an
the repeller voltage were tuned to achieve
small power density on the surface as p
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EBIS: Electron Dump (Collector) Water line
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EBIS: Electron Dump (Collector) Magnetic shield

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

ibS | =B ere el .
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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)

o
1 7| =0t 13

Institute for Basic Science

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

43w

51w

—_ X ASTW
=4 5
— > 6AW
s X A
] A
5 x | A
S A
3
3 i ]
=
® £
Q 2
%
. ¢ o & ¢
1 ¥
*
0
0 5 10 15 20

Anode Voltage [kV]

Rare Isotope ,
Science Project



EBIS: Electron Gun Test

E-Gun
Solenoid

—p X

REF oA 25 2 &1

Collector
Solenoid
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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
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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 Bor e
. - Cyrocooler: 1.5W
i1 - Currnt: 96.3 A

8 - Homogeneity: 0.4%
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Superconductor Magnet : Inhomogeneity

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

r=0.0mm;98=0°
/ \ s

+0.4%

\l

c ann
FJBUT

-500 -400 -300 -200 -100 0 100 200 300 400
Cold Head End - Distance from centre of magnet (mm) - Service End
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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 100 A
: -
— 10
| —
— 4 4
= = g4
@ 1 ; Temperature inside switch heater
g 2 —4‘ PS output voltage H g‘ 6 T B I
= ] \ \ s
o T T T T T N N 4
100 1.5 ‘ ‘
< | % 1.0 -
g 50 } Actual solenoid current '7 “;" ‘ Pressure stabilizer power I
5 3 05
O ) o
o 0.0
2.0 = 2.0
i 8 ./
_. 15 % 15 / \
% 10 _4{ Voltage across the SC switch [ 5 1.0 e \
f=2] : 4 I (7)) . /
g 05 8 05— | Pressure inside LHe vessel | N
0.0 v v r r T T o 0.0 T T l T l T l T
o] 1 2 3 4 5 6 0 1 2 3 4 5 6
Time [h] Time [h]
100 A 100 A
45 ‘ 4, 59.7 - - 4,
Top of the solenoid - Shield end (Service turret) I .

43— ] T

50.3
i T T L _r*,

4.1 . . . . . . 50.1 . . .
< 433 ) ‘ < 575 ; ‘
) Cold head 1st stage ' © g Shield end (Cold head) I
=] > -
T 429 / \ ‘@ //\L'T'\T
8_ ] / \l\ 3 57.1 _.__.—-—-—J’//
£ e [ £ 4 .
8 425 . . . 8 569 . . .

45 54.1

|| Cold head 2nd stage ' 539 Thermal link | ) l\
= ]
4.3 S —— |1 //')J),

e —— 53.7 ——

4.1 . . . . . . 53.5 . . . . . .
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Time [h] Time [h]
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Superconductor Magnet : Energizing

° 200 | | | |
C\ 175 _J Pressure after run-up against solenoid voltage I P
8 N —&o— Ramp Down §—
| \ —o0— Ramp Up ~ 150
=
= 7 v 125 /
) ] \ gt
E 2
|_
6 L 1.00
= o
c
3 \ T
£ \o\ @ 075
5 o
@ \\ > /
© 050
4 = 5 O_O/ :
0.25 .
3 0.00 -
0.8 1.0 1.2 14 1.6 1.8 2.0 1.0 1.2 1.4 1.6 1.8 2.0
SC Switch Voltage (V) Solenoid Voltage (V)
16 I I I 281.0 | |
1 Self-heating operation I / ‘ Meam value = 280.5 I
14
280.8
g 4
o 12 = "
p=} —~
K | T 2806 O -
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lon Trap Section <

- Alignment, High vacuum, High voltage
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lon Trap Section: Chamber Baking -
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Control Unit

He compressor

Cryopump
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