for the RISP
e Project)

Hyung Jin Kim
Institute for Basic Science Project

2014/06/18
= -IPAG1fL Dresden, Germany




i

Rare Isotope Science

Conceptual Design Study
(2009.3 - 2011.2)

Rare Isotope Science
Project(RISP) launched
(2011.12)

Construction period: 2012-
2021

46B KW (~443M USD) from
central government for
heavy ion accelerator itself

62B KW (~597M USD) from

central government for
buildings and tunnel
construction
39BKW(~375M USD) from
central government for land
purchase
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RISP - Bird Eye View

Particle Proton Uranium RI beam
(Sn-132)
A/q 1 7(+33.5)—=3(+79) 7(+20)—3(+47)
Beam energy 600 MeV 200 MeV/u 180 MeV/u
Beam current 660 pA 8.3 puA -

Power on target

. 3
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Superconducting Linac

® RISP consists of Injector, SC Linac and IF systems.

® SC Linac comprises low energy linac (SCL1), charge stripper section (CSS) and high
energy linac (SCL2).

<—— Injector —>»« SC Linac »<— IF —>»
<«— SCL1 —> <«— SCL2 —>
ECR css | scr21 | sci22 [HEBT| IF
p=0.047  p=0.12 p=030  p=051
QWR  HWR SSRI  SSR2
(81.25MHz) (162.5MHz) (325MHz) (325MHz)
F > > } >
10-500 keV/u 0.5-18.5 MeV/u 18.5-200 MeV/u
SCL Characteristics e ' | | | | |
r risti
|2 |QWRHWR | SSRi
» Linac baseline frequency is 81.25MHz ! :
= 1.OF 1 I
. . e . — I 1 |
» Niobium Cavities operating at 2K and 4.5K = 08F | |
= 11 |
» Focusing by normal conducting quad doublets % 061 L '
0.4}
» Optimized geometric beta of SC cavities (0.047, 0.12, sl o
0.30, 0.51) L /i
5

» Employs larger aperture to reduce beam loss (4cm and

. 5-cm-aperture)
1b> 1= ad 5
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Layout of Driver Linac

MEBT

ECR (LEBT| RFQ

QWR HWR SSR1 SSR2
(81.25MHz) (162.5MHz) (325MHz) (325MHz)

@ @ 22 cryomodules — Output 2.7 MeV/u
22 3=0.047 QWRs, 44 quadrupoles

“ |Q')| 13 cryomodules — Output 6.0 MeV/u
‘ ‘ .‘ . QF |QD| 19 cryomodules — Output 18.5 MeV/u

98 =0.12 HWRs, 64 quadrupoles
Stripper: charge state 33, 34 — 77,78,79,80,81 for Uranium

@@@ QF |QD| 23 cryomodules — Output 56.5 MeV/u

69 3=0.30 SSR1, 46 quadrupoles

@@@@@@ @ @ 23 cryomodules — Output 200 MeV/u

138 =0.51 SSR2, 46 quadrupoles

ﬂ, Total 331 cav1t1es, 100 cryomodules, 196 quadrupoles, 122m (LEL,CSS), 181m (HEL) P




Beam Physics

Lattice Design Machine Imperfection Effects
 Transverse emittance increase is less + Beam centroid exhibits max orbit deviation
than 20%. of 8 mm.
- Longitudinal emittance is improved. * Itis expe.cted thafc beam loss will reduce
with orbit correction.
0.20
:EO.I
EO.IO =
Eo.o
&
000 50 100 150 200 250 300
s [m]
225 N a J
;2.0 WAVAYA Ve \\
IVAYR VY
%1.0 Y
g s
0'00 50 100 150 200 250 300
s[m]
2.0,
5 |
20
Eoo"': . IOOA"L"L' o o L il Cavity Misalignment Im Un!form
o] Tilt 5 mrad Uniform
_? Voltage, phase 1%, 1° Gaussian
§ 2.0
Eis Quadrupole  Misalignment 0.15mm Uniform
;2;2 Tilt 5 mrad Uniform
08 300 Magnetic field 1% Gaussian

L)
P -3 i g I -1
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What is considered in RISP design

» Linac operation cost
s The long-term operating costs of the accelerating linac are significant

= Superconducting linac operating costs are dominated by the cryoplant and
operating temperature.

= RISP is focused on a superconducting linac design.

= Components design is focused on optimization for reducing the cryogenic
equipment and their operating costs.

» Linac hardware cost
m Superconducting cavity, cryomodule and cryoplant are complicated and costly.

o
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Design of SC Cavity

Optimization of Cavity Parameters Mechanical analysis

2r
‘ E Field[¥_per_n
6. 8047c 4083
- - gg 120 25607.002 % 1. 7586e+083
£ 10 - % 1.58675+082
g 0 < e 1. 24301001
3 4 —e—Epeak || @ .
E 20 _m-Bpeak || 5 O 1.118%+808
o 30 RQ G 0 9.5261e-002
P 2 -30 8.1725¢-083
50 ——Rs'Q L1725
= &0 i A 20 95 100 105 110 15 120 7oee-ant
20 30 40 50 60 70O 80 90 100 [

Stem top radius r (mm) Cavity outer radius R (mm) o 1pte_n05
0023308 " -

0017481

4, 42695-BR7

100 0011654 5. 79782-008
—_ 0005827
£ g 0 Min
o+ < 5
L2 | ey g g
I rg | = &
() 5 5 0
& Z g -50
[ ]
| )
L : -100
| —I—g 150 180 170 180 190 200 60 70 80 %
2R —sl
Liig Cavity bottom height h, (mm) Coax radius r, (mm)

I

RERRYERARRRANIN

Multipacting analysis Frequency shift

Frequency shift QWR
L0E+02 Nb(300°C baking)
Resonant Frequency 81.25MHz
woco Coz_a) Cavity length(upper) -67.1kHz/mm
@Iﬁ(be mport) Cavity | h 1.3kH
saurce type  race 39(Coax_max) avity length(lower) +1.3kHz/mm
Particle type  electron 106+00 -
:"'":._,... ;EE;;IZI:!:. e Welding (0.58mm shrink) +38.2kHz
T A Eacc[k\]‘m)
B o oo EP/BCP (125um) +267kHz
f...;'.:.. EEE . | External pressure(Vacuum, L-He) -4.6Hz/mbar
Cool down(293K=> 2K) +203kHz
Lorentz Detuning -1.7Hz/(MV/m)2

. 7 5 Rare Isotope
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QWR

SSR1
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Superconducting cavity

HWR
Parameters Unit QWR HWR SSR1 SSR2
By - 0.047 012 030 051
F MHz 8125 1625 325 325

Aperture mm 40 40 50 50

QR, Ohm 21 42 98 112
R/Q Ohm 468 310 246 296
V.. MV 0.9 1.3 1.9 3.6
T 5.6 5.0 44 3.9
Boeak/Eacc 9.3 8.2 6.3
Q..1/10° - 1.7 4.1 9.2
Temp. K 4.5 2 2

EM design optimization: Parameters sweeping

10 Rare |sotope '
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SC Cavity Prototyping

»CAVITY Manufacturing Process

DEEP DRAWING

0371772014 03:44 PM

3D SCAN (CMM) | BCP
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SPOKE | END COVER

BEAM TUBE 1 | j  BEAM TUBE 2 | VACUUM TUBE

X3 |-UI-01;I.° 3 P
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Cavity Prototyping - EBW Test

i p Edn il k] 13
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Prototyping SC Cavity

QWR Final EBW HWR Clamp-up Test

-02mm(A 748)  BOB3MHz
Upper end Scer®l  8092MHz(+90KH)

g
=
=
=
=
[
=
L _ | — - : |
Final welding will be done in June by Vitzrotech and SFA. WERRIO35(IPAC2014
ibS 71Verticaktests will be performed in 2014. » R



RF Coupler

*  Prototyping: SNU (Aug. 2013~Feb. 2014) *  Prototyping: IHEP (Mar. 2014~Dec. 2014)
— Performance test in progress . Frequency: 162.5 MHz
. Frequency: 325 MHz . Nominal Power: 3.7 kW

. Nominal Power: 14.5 kW

T-box

Window
assembly
with
inner
conductor

Outer
conductor

IBS Coupler

Window and Inner conductor with air
cooling is available.

RF power :4kW

1 271 7= Al
1#4Ea Mg Ol H
H|m

—S11-#1 40
—511-#2 1 —S11 - #1
—S$11 - CST MWS —SI1 - #2
225 245 265 285 305 325 345 365 385 405 42 225 245 Qm 28J 305 32.} 345 36.} 38J 405 42"
Frequency, MHz Frequency, M

o
e Sl m K ]
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Cryomodule

QWR Cryomodule HWR#1 Cryomodule = HWR#2 Cryomodule

Thermal load (4.5K equivalent, W)
Without margin

'
QWR 227 532 760
HWR1 389 557 945
HWR2 682 1,459 2,141
SSR1) 475 1,014 1,489
SSR2 790 5,009 5,800
Total 2,563 8,572 11,135
SSR#1 Cryomodule
et
X £0.25mm
Y £0.25mm
YA +0.5mm
Pitch +0.1°
Yaw +0.1°
Roll +0.1°

WEPRI035, WEPRI036 (IPAC14)

(]
1 7| =0 or i1 16 s ,
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WR Cryomodule

Cryogenic valve

Level gauge
Reservoir

Feed-through
4K module line
Safety valve

Chamber

Magnetic shield
View port

Thermal shield

Support part

Gate valve Dummy cavity

Coupler

4K He line

Material : STS316L

Pipe inlet Size : 32A Sch5S
Pipe outlet Size : 50A Sch5S
Gasket : Helicoflex

40K He line
Material : Cu
Pipe inlet Size : 3/8" Tube
. Gasket : VCR fitting
Reservoir

Vacuumline

Material : STS316L
Pipe inlet Size : 65A Sch5S
Gasket : Helicoflex

Safety line

Cavity

Material : STS316L
Pipe inlet Size : 65A Sch5S
Gasket : Helicoflex

ibs P EJn L K] 17
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Stress (Condition : Vacuum)

A: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

S 78.14 Max
69458
60.776

52.094

43411

34729

26.047

17.365

86823

r 2.8728e-6 Min

Displacement (Condition : Vacuum)

A: Static Structural
Total Deforrmation

Type: Total Deformation
Unit: mm

Time: 1

0.80769 Max
071795
0.6282
053846
044872
0.35897
026923
017949
0089743

0 Min

Rare |sotope
Science Project



Charge state[Q]

kin. E MeViu]

Q evolution of 18 MeV/u U™ in C

al
A

i i i i H
07 08 Dl‘J 1 11|1.2 1.3

% 3 ; 75 2 7
Thickness [mg/em’]
beam energy change
2 - -
) R S kin. Energy [MeViu]
* 16 * 165 17
20 ©175 <18  + 185 o

1

2 25
Thickness{maiene]

Charge state evolution(top left), charge state
distribution(top right), energy loss(bottom left)
and 5Q+ populations for Uranium with C foil

| X B2
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5Q+ populations through 1 mg/cm® C

0sL

155

185 19 18.5
Charge slate[Q]

18

(a) Fixed C stripper

Schematic drawing of C stripper

(b) Rotating C stripper

1

i
Rare |sotope
Science Project
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of Li Charge Stripper

Q evolution of 18 MeV/u U™ in Li

CGharge state(Q]
=]
T

" in Energy g

[ E ] i e N -

v e 175 2 18 @ 185 e
B

7! i
09 1 11 12 13 14 15 :
- 0.5 : 1‘5 2I 2. - 84
e, B e - 7 72 74 76 78 80 82 84
Thickness [mg/cn?] Charge state[Q]
beam energy change 5Q+ populations through 1.26 mg/cnt Li
=7 : ; s ¢ 1 i 1 T : J
i.f Kin. Energy [MeViu] e
2k v Kin.Energy [MeVAu . g
i 8 <16 - 165 - 17 B
=z 20:_

2 25 55 16 165 17 175 18 185 19 195
Thickness[mg/em?] Charge state[Q]

Charge state evolution(top left), charge state
distribution(top right), energy loss(bottom left) and
5Q+ populations for Uranium with Li

Design of EM pump

Cold trap of Li purifier

Rare |sotope
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Cryogenic System

I
[
i B Total HL = SCL1,2,3 + Distribution + IF + Beam Loss + ZDS
: " =110+ 1.0+ 05 + 0.2 + 0.1 = 12.8 (kW)
: 0O m Cryoplant Capacity : 19.2 kW (with 50% margin) > “18 kW Plant”
1 =
I
[
:
! SCL 2
| [ e e e e e e e e e e o e e o e e
: I SCL 3
|| Prmmm
DB 28 || sont Cryogenic * Coldbox (4K-CB, 2K-CB)
| ] Svst = Distribution Box (DB)
4K. ; : Warm y's em * Dewar
LHe’ 4K-CB Return Building . control Room (CR)

Comp. - IF_{R Hg Comp}sB/ ORS
. - ec- OmpS ags
BS:;:J:?“" « HGMS / Purifier
r|P UR1|_| 9

O = Pure / Impure He Buffers
(%% (5%) % Yard | N2 Tanks
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Helium Distribution System

HWR2 HWR1 QWR
Value B8x Ve B Vatue Bax Vil B Vs B .
i (1 i ey | At [ ittt | - 1 ZC°T 50K GHe Return
n T T T n L i 1t
MTL ¢ 1 ! I — — : — —= | :?(KRE::?"SUPPU
#1 I T H ] T i T | | H & el
! I . : - ! - = T ! i T+ ) 45K SHe Supply
. . B3I | B RRRR | B s T H}wﬁ' 5|
90° Bending Section L - LI L i LI A -
Wekding
Wacuum barries
EE B BREE B
—1 ||| eenge
]
HWR2 #13 HWR2 #2 HWR2 #1 HWRL#13  HWRL #12 HWRL#2  HWRL #1 QWR#22 QWR#21  QWR#Z QWR#1
2680 1800 1130
< ECRIS
SSR1 SSR2
Vake Bax Wale Bax Valve B Walve Box
jmememeee !  ekmiuiieieinte | ntataiainieit Y it T e T e 50K GHe Return
T T r T ; T 40K GHe Supply
MTL ; 1 1 1 1 : SK Return
#2 45K SHe Supply
i i 2K Return
) ] 3 Welding __ ]
180° Bending Section
Vacuum barrier
HRS —— HDS
! ]
T pnl
bR B BRE B L L e AUl
H it
==
[ | SSR1 #1 SSR1 #2 SSR1 #23 SSR2 #1 SSR2 #2 SSR2 #23
1 L[ b AT E—
=] 2672 5210
i W ) » tolF
HWR2
’ = - 50K GHe Return
1 40K GHe Suppl
MTL : — — : = il
#3 i I . L [ i M 5K Retum
T O R— I ! = 45K SHe Supply
R R R 37 I T
O i Y T L _f L
Vit B
L L
conmecinn
& S ,
HWR2 #18 HWRZ #2 HWR2 #1 HWRL#13  HWR1 #12 HWRL#2  HWRL#1 QWR#22 QWR#21  QWR#2 QWR #1
2650 g 1150
<+ 0 - ECRIS
- Beam Direction
TITLE DRAWN CHECK
el
SRF TFCS P&ID EPCROVED ]
A A 1 =
A A\ A WG, TG, SCALE
A N N _ _ -
DESCRIPTION DRAWN | CHECK | REVIEW | APPROVAL || REV. DESCRIPTION DRAWRN | CHECK. | REVIEW [APPROVAL || REV. DESCRIFTION DRAWN | CHECK | REVIEW [APPROVAL T B0 IREAEY [
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1 7'—*—31-.6—"!'%;[% 21 Rare |sotope

Institute for Basic Science Science Project



B RF system

®. {81.25 MHz ] T » 81.25 MHz
Clock signal LLRF [ Freq. doubler Freq. multiplier | —» rr
generator L 162.5 MHz | 325 MHz Beam
[ N e o o LLRF ] o 00 LLRF ] o 0o
PID
Feedback
loop
7 QWR q P S
m Control
system RAON

TS 21xneraza
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* ?
EthernetJ d RAQN(-) mode

LLRF

Epics1oc [

LLRF

OPI

|| I\t Local operation mode

LLRF

LLRF

LLRF

22

---z3 Measured RF amplitude
Measured RF phase
Tuner position

—3 RF on time
Target RF amplitude
Target RF phase

— Motor control informatitfg
Rare |sotope
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SSPA Test

Output (dBm)

Output power (dBm)

23

641
1 —e— Unit #2 4
62 —a— Unit #3 /
. —v— Unit #4
60 /
58 /
56
o

70

2 kKW SSPA Unit Test

—a— Unit_#1

-18 -16 -14 -12 -10 -8 6
Input (dBm)

7 KW Full Power Test
] 4

-
]

-

60

-16'-14'-12'-10' -8 ' -6 ' -4 ' -2 ' 0 ' 2
Input (dBm)



= Setup

LLRF
Clock signal _
@ RF input RF output
=>|Internal trig. -3dB Signal
Ch.A FPGA analyzer
LLRF
RF peak controller 3B
power-meter 3dBl-3qg Ch-B
-64.7 dB coupling
“_%A ><
Dummy foad v" With feedback control
v LLRF+SSPA
= Long Term Test Result v" 3 h CW operation
OGE — T 0.5
0.4 e _ 5 min| 104 5
- 02 = T e
S Wi, . = . af03 D @ 3 kW Innzll
g 0.0 : o REPEET o2 T
§ 02¢ : B B 17 ° § Power 0.06%
2 04, oo 101§
206" Tt e .o e o o B Phase 0.02°
“ ED o © o700 5
2 08¢ e ° 3 =
2 b +-01 3
° F oo o 701 o
o -1.0 ro o T g
. +-0.2
-1.2 5 1 o
44—t e L L 11 10,3
0. 0.5 1.0 1.5 20 25 3.0
. SSPA output power (kW)

1 JI=I, _,

Institute for Basic Science
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SRF Test Facility

®m It will be ready for operation in
2015.

2 vertical test stands

3 cryomodule test benches

1 buffered chemical processing
2 high pressure rinsing

1 high temperature furnace

1 ultrasonic clean

Cryogenic system

New building

Cryogenic system

ECR test

Horizontal test SCmagnet test Vertical test

1 2| =0l 25
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® Superconducting linac has been designed to meet the requirement of
science goals and various users.

® Superconducting cavities have been designed for four different types, and
their prototyping is done and under cold test.

® Cryomodules have been designed, and their prototyping is under way.

® Budget of thermal load and requirement of cryogenic system are
documented.

® RF power sources (SSPA) are prototyped and being tested.

® SRF test facility will be completed in mid 2015.

11)S7I*LIQ _?J 26
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