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I. Overview of KBSI Accelerator

Motivation 28 GHz ECR IS
® Fast neutron radiography facility

: : ° ® SSOIENOIGSHITHEXapole SCmiagnet
® Achievement: High-yield neutron flux ® [LHe re-condensingicryostat
® Implementation: Inverse kinematics ® 20 GHZ-10 KW ory;ormm
O_Requwements: high beam current + 9 [Large boreplasmalchamper:
windowless hydrogen target J QJunoie ezignls 12 KV

® Pros.: compact size

LEBT System Linear Accelerator
® to separate the ions from IS ® Reference particle: Li®*
® to satisfy the RFQ input condition: ® Freq.=165 MHz
beam acceptance, current, size and etc. ® Output beam :
® 1dipole+3solenoids+2quadrupoles ~ 500 keV/IU@RFQ
® 2 diagnostic chambers ~ 3 MeV/u@DTL



I. Overview of KBSI Accelerator K:

(Li2~3* production >1pmA)

Acceleration ~500KeV/u

Ac_c_eleration ~3MeV/u



I1. A goal of KBSI accelerator: K:SI

Neutron facility

Concept of fast neutron production
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Normal kinematics: the produced
neutron will be go to all direction.
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Inverse kinematics: the produced
neutron will be go forward.
Production angle is limited about 30
degree compared to forward direction.
High intensity neutron beam.

Va

Concept of the heavy ion linear accele
rator based neutron production.



I1. A goal of KBSI accelerator: K:

Neutron facility oo
Requirement of KBSI Neutron Facmty'

- Beam intensity: Li2~3+ higher than 2pmA -
- Beam energy : ~2 MeV/u
> Gas target : >350 Torr wo |
- Neutron detection : High efficiency for fast neutron |
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Y : Neutron yield (MeV/u) yield (deg) energy (MeV)
F; : Beam flux

8.5x108 ~few deg. 1.88
p : Density

10

N, : Avogadro constant 1.9 1.7x10 4 21
A : Atomic number 1.92 3.6x1010 7 2.3
L : Target length 2.5 1.0x1012 28 4.0

o : Cross section



ITI. The current status of KBSI ECRIS IK:Sh

Layout of KBSI ECR 1ion source




3.1 Plasma Chamber & Extraction System

K:5l

Connected high voltage power

(max. 30kV)
TMP 1100 L/sec

Connected high voltage power

Plasma Chamber (max. 304V)

TMP 1100 L/sec

Moving System
for bias disk
and oven

/

Electrode System

Extraction Chamber
(Grounded)

Moving System
for Electrode
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3.2 28 GHz microwave system

Vacuum Window
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3.2 28 GHz microwave system: K:
MW transmission test at end of each component

()utput: 2kW Mode Converter
Arc Detector TE, to TE,
90° Corrugated

28 GHz ' Bend Waveguide
10 KW TEOI
- —-—|—|—|—|—- E —|—%
Vdcuum Wmdow  —— e
Gyrotron Bi- Dlrectmndl Mode Filter . 4
Coupler
. [E—— + 'I ——————————————— —
‘ ————"]
High VOlt«lge Waveguide <)
TE, DC Break Launcher =

Plasma Chamber

Transmitted power (kW)

Test condition: Gyrotron output = 28 GHz, 2 kW
Default Directional coupler 1.9

1 Default+mode converter 1.891
2 1+mode filter 1.886
3 2+ 90° bend 1.886
4 3+dc break 1.877



3.3 Superconducting magnet system: K:SI
Design results

Two candidates considering domestic vendor technology

= Saddle type is the best but it difficult to make a winding by domestic supplier

= We've invented the step-type hexapole modified from racetrack and sa
coils
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3.3 Superconducting magnet system: Design resuK:BI

B ~36T ---- Br(z), Hexapole
inj
B (z), Solenoid

Bmin< 1T
1 | n 1

-
| I T =

1000 -500 0 500 1000

Axial position (mm)

3 Solenoid + 1 hexapole magnet (6 step-type coils)

« The axial field: ~3.6 T at injection, ~2.2 T at extraction.
 The minimum axial field (variable): 0.4 ~ 0.8 T.
- The radial design field on the plasma chamber wall: 2.1 T



3.3 Superconducting magnet system: Design resuK:Sl
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Hexapole coil SLlj SLZJ‘ SL3j
SL1 SL2 SL3 Hexapole
Axial position of center (mm) -250 +250 0 0
Inner diameter (mm) 442 442 442 207
Outer diameter (mm) 540.8 540.8 540.8 394.96
Depth (mm) 49.4 49.4 49.4 75.6
Width (mm) 252 128.8 145.6 53.2
Hexapole length (mm) - - - 1066.4
Hexapole inner radius (mm) - - - 30
Conductor size (mm) 0.95x1.4 0.95x1.4 0.95x14 0.95x1.4
Cu/NDbTi ratio 4.9 4.9 4.9 2.32
Turns/cail 9360 4784 5408 2304
Wire lengths/coil (km) 14.5 7.4 8.4 4.9
Current (A) 197 198 197 263
By (T) 5.98 5.35 4.72 7.65
Inductance (H) 39 13.5 16.5 23

14



3.3 Superconducting magnet system:
4 step reinforcement for superconducting magnet

= 6 Titanium wedges insertion
between step-type coils in
hexapole magnet

= 6 GFRP supports to guide
the edge of step-type coils

= 2 Metal (stainless-steel) clampings to

= Final assembly squeeze the return-end section in
hexapole magnet

= 3 Stainless-sttel tension wiring on the
outer-most layers of solenoid magnet




3.3 Superconducting magnet system: IKCSI
Structural improvement after reinforcement/support

Before reinforcement/support After reinforcement/support

3.2633
0.16811 Min

3.4395
0.35792 Min 0.37403 Min
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3.3 Superconducting magnet system: IKCSI
Initial performance test of superconducting magnet

Magnet test at open—type cryostat

« Separate coil performance was checked before final assembly
« Vertical cryostat(open type) was prepared for convenient test
» Magnet status, temperature, magnetic field were observed




3.3 Superconducting magnet system:
Separate performance of superconducting magnet
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« Solenoid coils satisfied the requirements of operating current.

- Hexapole have not reached the final values yet (83% of I

Op)'

S

 Further training has not carried out due to the shortage of LHe supply



3.3 Superconducting magnet system:
SC magnet assembly at LHe recondensed cryostat

/cryocooler

r.t. feed through

Cryostat

B 4 GM cryocoolers

B 4 LHe recondenser

B HTS current lead:

300 A (6 ea), 500 A (2ea)

B temperature monitor: 7
Cernox sensors

M level monitor: 2 LHe level
Sensors

B Several normal
conducting joints (18ea @SC
magnet) @

acCCess por

HTS
lead

er

Magnet
support bar




3.3 Superconducting magnet system:
Cooling margin of LHe recondensed cryostat

« Cooling margin at the first stage > 74 Watt
« Cooling margin at the second stage > 1.4 Watt (assuming 3 Watt x-ray heating)




3.3 Superconducting magnet system:

The comparison of magnet field between design and experimental values

Magnet current |_HP_| Sol_

6 38A 20A
%‘ From bottom 51A  40A
g to Top 78A  60A
X 100A 80A
o

-% Blue: HP,
§D Reds: Sol.
= Solid lines: design,

Symbols: experimental

-1000 -500 0 500 1000

z (mm)



3.4 Remote control program

2014-07-29 2= 2:07:14

Gas Main : (CO2) Gas Sub : (Xe) Extraction Position(C) Bias Disk(M) Oven
FOR  OUT  ERR FOR ouT  ER FOR ouT  ERR FOR  OUT  ERR FOR ouT  ERR
0.000m | . - 0.000m S . - 0.000m | . - 0.000m | . - 0.000m | . -
[ on | [ cose | [ smwe | [ oen | [ cose | [ sewe | oo | [~ ] [ sew ] [ow | [Lm ] [sme | o | [.m ] [ smw ]
28GHz Gyrotron °" || Extraction PS o' || Bias PS o || Accel/Decel PS °" || Oven PS 2
[— Jo—| [— Jo— el
[ RF ON ] [ LOWER STATE
Measured Voltage 0.39kV/ Measured Voltage 0kV Measured Voltage -0.52kV| Measured Voltage 0kv
EBMON(kV) IBMON(A) EFMON(V) MAGIMON(A)
Measured Current -0.18mA Measured Current OmA Measured Current -0.18mA Measured Current OmA
0.00kV/ 0.00A 0.00V 0.00A :
= Set Voltage OkVZ} Set Voltage OkV Set Voltage OkV= Set Voltage OkV
Set RF Power 0.000kW = f” s
Power FWD 0.00kW 2 8z
1 / 10 ¥
e REy 0.000kW 0 [ on | [ or ][ s | [ on J [ o ][ s | [ on | [ oe ] [ s || [ o ] [ o® | [ sewe |
SC Magnet  Nocurrentchange [l RUN [l Alarv LEBT Magnet Faraday Cup Slit & Wire Scanner
[Qur [quz [su [s2 [s [su |Ps-A [psB [psc [BM | SETUP
SET(A) CURRENT(A) VOLTAGE(Y) CC CV ) 7 <l Upiper Position 20.871mm
= Gain
SL1 0.0A @ @ 0.0A ooV @ @ o cc SWP EN swp ON ERROR i -
< [—] J— po——] po——] Jo—| pa— | Sign © Positive © Negative Slit Lower Position 20.871mm
s12 00Af 5 & 00A| o0V @ @
o 0.000V et 0.000A : it 20.871
= 0.0AF @ @ 0.0A ooV @ @ oltage urren Slit Left Position mm
= Voltage SV 0.000V Current SV 0.000A it Ri i F
sL4 0.0A = 0.0A ooV @ @ Massured Dats 2 Slit Right Position 20.871mm
Ramp Stage OPoint| Current Stage OPoint Set Current O-OOOA“:V 8M Ciirrent 0 Wire Scanner Position: 20.871mm
. — ON OFF SETUP ;
[ammon] [[rom | [Lzwo | [rem | [Lamw ] I ] [ [ N J I out } I GRAPH ] Emittance 20.871
Vacuum @ i [ ALARM w } Capture Screel
cG1 161 cG2 162 : .
ECR 8.66E02TorT 1.10E03Torr 6.59E02Torr 1.10E03Torr [ amo | [ Aempeset | [ 2¢HGeph | ® i
Pump/Valve Control
LEBT 3.50E00Torr 110E03Torr 7.73E00Tor 110E03Torr [ wanua | [ Bumerstop | | 72HGraph @ Aam




VI. The first plasma ignition




VI. The first plasma ignition

Current status of ECRIS for first plasma ignition

as of August 2014

Gas type Ready Ar

Solenoid was qualified
SC magnet |Re?d>(/j 4

(limiteq) HP was limited yet (83% of design)

~ 108 Torr (Before gas injection
Plasma chamber Ready ( 2 , I,J , 'on)

~ 107 Torr (After gas injection)
Microwave Ready 28 GHz, below 1 kW

X More training of superconducting magnet (HP magnet) will be required




VI. The first plasma ignition

€ The first plasma ignition was
performed on 14 Auqust, 2014

€ 28 GHz ECR ion source developed at
KBSI has been started to operate.




The magnet value of plasma ignition
(preliminary)

4.0

X More training of superconducting magnet (HP-magnet) is planned.

35¢

B ~3.6T
inj

- --- B (2), Hexapole
— B(2), Solenoid

Axial position (mm)

Location

Birj (T)
Bin(T)
Beyi(T)
B.(T)

Design

values

3.65
variable
2.24
2.2

Plasma
ignition
condition
2.3

0.48
2.02
1.3

Black lines: Design values, Blue lines: Plasma ignition condition
X Training of superconducting magnet has been much delayed due to LHe shock.
X Solenoids performance is now limited by yet-trained Hexapole-magnet.



V. Future plan K-SI

®More training of superconducting magnet (HP)
@Operational condition establishment of ECR ion source
® Beam extraction from.ECR ion source (Sep:,:2014)
@#Beam diagnosis under LEBT operation (Sep., 2014)
®Fabrication of RFQ LINAC (Dec., 2014)

®Engineering design of Drift Tube LINAC

@Design of neutron facility



Thank you for your attention.




