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1. Overview Rare Isotope Science Project (RISP)

-
O Goal: To build a heavy ion accelerator complex RAON,
for rare isotope science research in Korea.

* RAON - Rare isotope Accelerator complex for ON-line experiments

O Budget: KRW 1,498 billion (US$ 1.23 billion, 1$=1,209krw)

- accelerators and experimental apparatus : 502.8 billion won
- civil engineering & conventional facilities : 996 billion won (incl. site 357 billion won)

O Period: 2011.12 ~ 2021.12

\_

J

System Installation Project

N\,
N,
N,
N,
Development, installation, and commissioning of the accelerator

systems that provides high-energy (200MeV/u) and high-power
(400kW) heavy-ion beam

ISOL: direct fission of 238U by 70 MeV proton
IF: 200 MeV/u 238U (intensity: 8.3 puA)

€ Providing high quality neutron-rich beams
e.g., 132Sn with up to 250 MeV/u,
up to 10° particles per second

Facility Construction Project

€ Providing More exotic Rl beam
production by combination of ISOL and IF

Construction of research and support facility to ensure the
stable operation of the heavy-ion accelerator, experiment
systems, and to establish a comfortable research environment

X Accelerator and experiment buildings, support facility,
administrative buildings, and guest house, etc.
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€ Providing high intensity Rl beams by ISOL and IF




1. Overview RAON Layout

Control

Utility ~

.......

B SCL1 has been decided to postpone
: SCL3 is going to be taking a role of SCL1 in the early operation
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NI/l  RISP Organization

[ Director ]

( Project Policy and
[ Project coordination ]_ ___Planning Team
L Department(12) [ Project Management )
Team )
| ‘ HR & General affairs )
Team )
Quality Control - Project Support [ Research Support
Department(4) L Department(12) ) { Team )
Procurement
_[ Management Team ]

[ Deputy IDirector ]

[ System Integration )
Team(7) )

Accelerator System ] [ Technical System ] [ Experimental System ] [ Facility Construction & ]

L Division(25) Division(21) Division(39) Infrastructure Division(15)
4 I

- Injector Team g?n(:r%n?gsstege??rr:am - Experimental System Team - Construction Management

- SCL Team ) Beilrg L ine Sy e T - RI Production System Team Team

- RF Team Y . . - RI Transportation System - Facility & Safety Management

- Beam Physics & Diagnostic
Team Team

\_ System Team
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RIBs at RAON

1. Overview
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1. Overview Project History

- System Installation - Facility Construction - Project General

Jan 2012 Established Master Plan for RISP May 2014 Finalized the Master Plan for the | June 2016 Constructed the March 2018

June 2012 Submitted Basic Design Summary Establls!'lment of the IBS SR tes.t. Facility Completed
(Heavy-ion Accelerator) at Munji the SCL3 HWR

(BDS) July 2014 Finalized the Implementation Plan prototype module
for the Construction of the Sep 2016 Started detail design performance test
Heavy-ion Accelerator Facility of facility construction
Dec 2014 Began the basic design of facility

construction

J?n 2.009 . June 2013 Completed Technical Design | April 2015 Revised the Master Plan (2") Feb 2017 Began the priority work of
Finalized the Comprehensive . . facility construction
- R Report (TDR) (period extension (~2021), y

Belt Plan (National Science & imol tati trat

Technology Commission) ) ) "::p ementation strategy May 2017 Successfully completed
Sep 2013 Revised the Master Plan (1%) change, etc.) the performance test of the

June 2010 (period extension (~2019), SCL3 QWR module

Completed the research to implementation schedule Dec 2015 Completed the basic design )

establish the Heavy-ion change, etc.) of facility construction June 2017 Completed the detail

Accelerator Construction Plan design of facility

construction

Feb 2011 . Sep 2017 Began the facility

Completed the Heavy-ion construction

Accelerator Conceptual Design

Dec 2011 Oct 2017 Successfully completed the

Launched the Heavy-in SCLdemo runs

Accelerator Project Dec 2017 Project review by TF

®
(o]
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Institute for Basic Science i

Science Project



1. Overview

Project Milestone

2021
(2018) (2019) (2020) SCI(.3 s )
SA3 manufacturing SCL3 Installation SC"?’ Beam eam
SCL2 Prototype SCL2 manufaduring
( )
18.5MeV/u 18.5MeV/u
ECR-IS beam & Sl beam Rl beam
ISOL beam (S| beam) SCL demo beam (Dec 2020) (Sep 2021)
(Dec 2015) (Dec 2017)
2014 2015 2016 2017 f 2018 2019 2020 2021
RFQ beam SCL ISOL SCL2
(Dec 2016) installation Commissioring EXPe"ment (Dec 2021)
(April 2019) (July2020)  (Jan2021)
. J
f [ Faciity Construction \
Completion of basic Completion of detail o Building
design design Supply of utilities Permit
(Dec 2015) (June 2017) (Dec 2018) (April 2021)
2014 2015 f 2016 2017 2018 I 2019 2020 2021
Beginning of priority  Beginning of construction Completion of Completion of inspection of
construction (Sep 2017) construction the radiation facility
(Feb 2017) (Aug 2020) (Dec 2021)
\ y,
1bS 7|xnetany 5-
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IO -IaVTVA  Progress Rate

_ _ As of Jul. 2019
B System Installation Project - (Planned: 68.78%,
Actual: 66.49%)

1

1

100% 1 X
90% !
80% I
70% '
60%
50%
40%
30%
20%
10% i
0% —
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

=O=Planned == Actual

As of Jul. 2019

i i - _e (Planned: 53.41%,
B Construction Project o e o

99% 100%
100% -
90% A
80% A
70% A
60% -
50% -
40% A
30% A
20% A
10% A 2.56% 3.67%

0%

39.00%

={F=Planned === Actual

2015 2016 2017 2018 2019 2020 2021

®
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Part 2. Construction
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Al e a8  Building Layout

B Building Layout
Campus Area : 952,066 m* (including the reservation area of 144,640m’)
Period : 2014 ~ 2021(8 years)

Assembly Bd.

Building Area : 76,259 m* (11 Bds) SRF Test Bd.

High Energy B
Total Bd. Area :116,252m’ b

IF Separator / High
Energy A

L 2
L 2
€ Cost : 996 billion won (incl. 357 billion won for land)
2
L 4
*

Constructor : POSCO Consortium(11 comparri-ies)'?-:
Cryogenics Bd.

HQ bffice
Nl S

Lk a < s v D

Low Energy A,B

Control Center g : = = Utility Bd.

Electricity Bd.

1bS 7|xnetany
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ANt lails18 View of Construction Place

I View of Construction Place (19.3)

e

®
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Al I 3{[ailei¥ Conventional Facilities

SCL3 Bending Section SCL3-gallery
. Accelerator Bd. -
S 71z aeteize 14 R 3,::
Institute for Basic Science S?u,uel“lci?g:?ou



Al I 3{[ailei¥ Conventional Facilities

Assembly Bd. Control Center

HQ Office Bd. Utility Bd.

i | o] e o e ‘
1 7I—l— 'I'I- i | I___Ill-'lﬂ - 15 - Pa!elhuloﬁe
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A N i{IlaileiM Construction Schedule

B Construction Schedule

2014 2015 2016 2017 2018 2019 2020 2021
I i i i i i i i t i — i i i i i
s Land (Acc.) Land (rest) H
T L]
Land " {LH) — Take{}'.r;r Tat{ir{)ﬂ.rer Land Preparation & Levelingi(LH) " | 100
1 : : :
i Basic Design Bidding  Excuticn Design : X
Design W 2 ——y : :
R Y :
st sart zammon - 1o
irst Star farthwurk 4 Supplying utilify 15 Completion
. r18.12) : (1 (20.8)
Main F vy __ $------1
i ! : I
¥ base/structure finish iESI Run:{Begin I
SRF Test Bd./Assembly Bd. N e 4 1 &0
bas ish Test:Rup{Control Center Begi
Constr. Utility Bd./Electricity Bd./Control Center " s bl e --T-ﬂ-}--g-"-e-r-fET]- ---------- :
S " Beam SCL3 (193] ey 1y .
' B FuUcture mnis i
SCL3/150L/Low Energy AfCryogenics : = nE PR b -l
SCL2/IF/High Enegy AB/Low Energy B /amucel = i B i AR ! |
HQ Office/Guest House/Info Center mfﬂr”“”mm"”hﬁm”ﬁs.ma ______ .i
: i
o : . : 4
M . CM for Facility Design . CM foE Construction X 1 -~
itensing E
Preparation Review Start ompleted! .
13.1~'15.12 “18. :
Rad. t ) ! (1810 I. Preparation First Inspection(‘19.1~ )
Licensing adiological Analysis .t{HtEP Ipspection) ol 0(%)

7|xIsroie)
1 |-I_-I-I- 1 |_—_"I' — -16- Rare Isotope
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Part 3. System Installation
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3. Sys. Install. Accelerator System

) wem
G TRIUMF  £Fermilab  <{%> =2 QARIKH

KoBRA Beam Line

SCL2(SSR2)
o

200-400 MeV/u™ U beam

SCL3 SCL3
(HWR) (QWR) Cyclotron IF System

7| X pFstoi 12| .
1 I ,I .|_I-—.| ‘___I'" i - 18 - Rare |sotope
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3. Sys. Install. Accelerator System
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EOTCRUS I Accelerator System - Injector

€ Injector SC ECRIS
- Two ECR ion sources on high voltage platforms
14.5 GHz ECR ion source
28 GHz superconducting ECR ion source
- LEBT (E = 10 keV/u)
Beam energy — 10 keV/u, Dual bending magnet
Chopper & Electrostatic quads, Instrumentation
- RFQ (E = 500 keV/u)
Frequency 81.25 MHz, Transmission Eff. ~98%
CW RF Power 94 kW (SSPA: 150 kW)
- MEBT (E = 500 keV/u)
Four RF bunchers (SSPA: 20, 15, 4x2 kW)
Simple quadrupole magnets, Instrumentation

. SC ECRIS CommiSSioning . RFQ commissioning
- Beam experiment for the performance enhancement - RFQ has been conditioned to 40kW, sufficient to
- Basic metal beam experiment accelerate A/q=4.5 beams Amplitude control
o ¥ | e . of RFQ

Ar beam experiment
Charge distribution

Ar 11+ 70uA

ses

i A\ bl S
) - T . RFQ(TOF)
R 1 r T o | -
s f e _ ¢ d ) - ' o 5081(eV/U_
155 e | [ F Fl" J “ i : 3
gl LU LTV i - ﬁ‘ : Bending . - i
i g g e gy . . Magnety v-o T8 :
nnnnn - y :
» ¥ ; - Nl
o

1 7| = et -20-
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3. Sys. Install.

Accelerator System — SCL3

€ SCL31(QWR) O et

- Designed performance was achieved with prototypes(2017.5) 10609 Streeas Lo "".‘,_:.,".: ¢ b

- Oxygen beam was accelerated with injector and one QWR module(2017.10) L0E408 :
500 keV/u = ~700 keV/u, Successful long-tem operation of cryomdoule & Loewr [ aweia

- Mass production was contracted with domestic vendor(2017.12) [t
Pre-production cavities and cryomodules passed qualification 10405 | ctuinis
Thermal load <20W@6.1MV/m, 4.2 K Loes Z'Q“’“:" —

= — Eacc [MV/m)]

250

al lood 8 6 1 Uvm

-_ | : I: | — .| A 1.0E+10
E 20 i 81 g B g
E g E
T o, R o et . . #5 unjacketed cavity ‘ RF system
%lao- ’ --' %m In the #5 modules ~ * ==
eomn o, anpnec . : o s vy, - SSPA (4kW) : 2018.07~2020.04
S e T ety Prototype performance test
QWR-CM-#3 QWR-CM-#5 1.0E+07 . . . ”
I T T TR T -HPRF transmission line (1-5/8")
QURCH31 17 " 49 77 Installation start (2019.08)
QWR-CM-13 121 34 a7 65 9 £ 4 B 8 hulm’:‘? ~
quinemwss || ish a5 & a8 - LLRF control system (2019.07~2020.06)

€ SCL32(HWR) - RF reference line (81.25MHz) : ~2019.12

- Designed performance was achieved with prototypes(2017.10)
Thermal load <14.1W@6.6MV/m, 2.1 K (HWR type A)
- Mass production was contracted with domestic vendor(2018.5)

Cavity #1 Cavity #2 RF stability test
& g e i , A ——— .
Taw’, i -
* Cremtden * S s "
ERE R “8 8w
Eacc (MVim) Eacc (MVIm)
Static Dynamic Total I
thermal load thermal load thermal load Iz
14 W #1 1.
66 W lcBviryEL) 128 W
4.8 W (cavity#2)

<141 W

Target total thermal load @ 2.92 MV, 2K
®

S Z1xmetazy

Institute for Basic Science
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3. Sys. Install. Accelerator System — SCL2

€ SCL21(SSR1) > 8.5MV/m

- 15t prototype was manufactured by TRIUMF(2019.6) e[ ] Sl
Balloon type(less multipacting, better mechanical characteristics) e =7 =
Accelerating gradient over 8.7MV/m, Multipacting below 2MV/m I s L

- 2nd prototype with domestic vendor is under fabrication i

-
]

8

8

e

€ RF System
-SSPA (8, 20 kW): 2020.01~2021.06
Requirement for RF power being optimized
-HPRF transmission line
3-1/8”, 4-1/16" rigid coaxial
@ SCL22(SSR2) - LLRF control system (2020.04~2021.06)
-RF reference line (81.25MHz) : ~2020.12

- 1%t prototype of cavity is under fabrication
Designed by RISP, being fabricated by domestic vendor
Balloon type, Deep drawing (depth ~280mm)

- 2" prototype with IHEP is in de5|gn stage
Cyllndrlcal type S

Parameters Value
B 0.51
f [MHz] 325

Leff(: PoA)mm] ~470
Beam tube diameter [mm] 50
Eqee [MV /m] 8.7
Vace [MV] 4.1

1. J| X Brerei gl RISP de5|gn(balloon type) s

Institute for Basic Science




cEOORGHEI I Cryogenic System

Now
Tasks 2019 2020
6 |7 | 8 | 9 [ 10 ] 11 ] 12 1 [ 2 [ 3] a4 5 | 6 [ 7 8 [ 9 [ 1011 ] 1211
SCL3 Cryoplant (4.2 kW) | Installation and Inspection >| Commissioning >
\
SCL2 Cryoplant (13.4 kW) | Design and Fabrication )| Installation & Inspection >
Fabrication (QWR) Fabrication
Cryogenic Distribution I:jl—‘mm““m“—r)
System (SCLs) Prototvpetest> Installation (valve boxes) > '"s'a"aﬁl?n"e)("a"s'2> SCL3 Commissioning
[
| Connection ( Valve Box — Cryomodule ) > Inspection )
\

LHe coaxjal
TiL and
return line

3c cryogenic
COMpressors

1 5 m 20M3

LHe dewar

SCL3 Cold Box (95 ton) SCL2 Cold Box (130 ton) QWR Valve Box

—

® w
(o) .
1 7|}_p-l-§'rﬁ__'lﬂ B 23 - Rduelwlo.\.e
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3. Sys. Install. Control System

‘ Integrated Control System

1 ’ e

= ‘7‘. ’W'T -;-I = - — ) e 2
A Fast Protection System
Timing System

l:l] | Local Control System

iy

ta Storage System
SCL3 Control System
®
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o) . PRIKEN

C @ riumr ([F]} ©OKEK

EAanjjl- ESX " @i REARE

BSOS GHCI B Rl & Experimental System

Bio-medical facility

Neutron Facility

Curved-edge bending magnet (D1)

Fo

. .
] E-3n] god Lo fm KX -
1 I . .LI-—| ‘___I'I'T_ - 25 - Rare |sotope
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3. Sys. Install.

ISOL system

TIS.L-> Pre-sep = HRMS - user

TIS.R—> Pre-sep. = Mass sep. 2 HRMS - user
TIS—> Pre-sep. 2 HRMS - EBIS = a/q—>post acc.
Test Facil. (low pow., non U) = Pre-sep = user

ISOL building ready by ‘19.12
- Ground floor: TIS, beamline,

12,000

experimental hall

- 15t floor: experimental hall,

Laboratory, utilities
- 2" floor: Control room, Analysis room

Early stage operation

Yield Target 1 kW

RIB
. (eps) | material | proton
I o seMi 1087 | BN sl
i _}‘ i | ®22Na | 1057 | MgO, SiC | sl
E — = : - | #¥Mg | 1087 | siC | SHLIS
| ]'%‘ e | mmAL | 105 sic | SBUS
1 I pe 126) 1087 La FEBIAD
at L[| TIS-R.  pre-mass vor | e | me | s
separato_;_room R e 105 LaC, s
t . ¢ - ” | wga | 10" | Lac, | .
pe—— "'EP i + wee | 1001 | L, sl

{200

7| X eI

Institute for Basic Science

A
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3.'Sys. Install. |ERIFEETEY )

In-Flight separator layout

target system

Configuring device list

Target system

.

bf.\ . I

- Beam dump system

HTS Qmagnet Collimator
- Q-pole magnet(HTS) 6 ea
- Dipole(MIC,NC) 8 ea

- Q-pole triplet(LTS) 13 ea

=

.;_ o I
IF separator Hall

-
High Energy
Experimental

| |
main s¢parator.
F5

'4

- Vacuum chamber

beam dump system

Hall +
!T' HRS. ZDS e

L__I .

- Vacuum pump

- Valve, pipe. tube etc.

- Radiation shielding block
Total length~ 120 m

Focal plane chamber

1bS 7|xnetany -27-
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Layout of Experimental System at RAON

® Nuclear science - KOBRA, LAMPS, NDPS, MMS, CLS (based on atomic physics)
® Applied science - uSR (Material science), BIS (Bio & Medical application)

m) 7 (at the beginning of RAON operation) + upgrade + ?? (in the future, space reserved)

_ o P by~ =
[ o g - * i g === £ N Rl g
|/ =i Al oS B Pl Al
“—"'_'. Towm “‘TI ?? ) - ) 1 PN VELL00E |0 EE N, I

L CLS
NDPS

3= g [£5] . = N 1
* Y o =
[ AW

"") = :

Low Energy Exp. Bldg ul SRS

KOBRA

1bS 7|xnetany -28-
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3. Sys. Install.

Current Status of Experimental System

4 N
KoBRA stagel (RAON) KoBRA stagel
. g
. + stage2 (RAON)
(KOrea Broad acceptance Recoil spectrometer & Apparatus)
rEsie-ER s —uly
- Research Studies of nuclear structure and nuclear T ST e S
astrophysics in the energy range of < a few tens of MeV/u Layout Improve a mass
resolution &
- Current status Under fabrication (start installation from Sep. 2019) Py be‘f'tT
i Magnetic Rigidity 0.25 - 3.0 Tm cl’:ﬁ‘u:’:e":t'ion
b o 4 Water cooled Rotating target system (Prototype)
e ol 0 “'?& ~® % T, e Max. Electric Rigidity 20 = 185 MV
Rt d mmem e ‘a = Wi = Spectrometer Length 38 m _(Undgr
s | T L e Discussion)
-  H g - q Angular Acceptance 80 mrad (H), 200 mrad (V)
e G e £ Energy Acceptance 16%
w Mass Resolution = §50
Primary Beam Rejection > ~10713
k e P POy —— j
( 2
2. LAMPS | = Solenoid Spectrometer
(Large Acceptance Multi-Purpose Spectrometer) - Max. 1T solenoid magnet
. . -TPC(~3 t harged particle tracki
- Research Studies of nuclear matter and nuclear reactions C N (" 3m st acceptance, charged particle tracking)
. . ] . =t - ToF & Trigger
with stable and Rl beams at intermediate energy regime
I = Neutron Detector Array (neutron tracking)
- Current status Under fabrication (start installation from Jan. 2021)
|
Neutron Detector
-
k . Upihumviw Downstream view Co )
®

-29-
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3. Sys. Install.

Current Status of Experimental System

-

3. MMS (Mass Measurement System)

-Research High precision mass measurement of
short lived rare isotopes

- Current status Under assembly and test
(start installation from Feb. 2020)

RV

4. CLS (Collinear Laser Spectrometer)

- Research Model independent Studies of
nuclear ground and isomeric state properties

- Current status Restart development
(start installation from Jan. 2020)

lon bearn Soparated ions aser ionged atom

's N

5. NDPS (Neutron Data Production System)

- Research Measurement of neutron
induced reaction data for nuclear science

- Current status Restart development
(start installation from Jan. 2021)

6. |.ISR (Muon Spin Rotation/Relaxation/Resonance )
- Research Studies of local electromagnetic structures and
exotic properties of material by using polarized muons

- Current status Restart development
(start installation from Nov. 2020)

ae o s an
‘ se aloms PMT Drateice
~6.67x107 S Py Pprel )
- J— — % |2 .
------ - o
— A A Ty,
F )
Dafioctor  Neutralizar Elaaids) Dafiact
Mrror
| S | ) SR SR -, | SR
Defloction & Charge Light Lasor ionization DoBection &
Heam opiics  eachange callaction | Oplical pumping ton datection
call & Kicker region [ To -NMR
= \_ J

7. BIS (Beam Irradiation System)

- Research Biomedical studies such as cancer treatment,
human body effect by space radiation and cell mutation

- Current status Restart development
(start installation from Feb. 2021)

;

. il ‘ contents e Uniformity on sanple < 3%
b Species and polaization 1", - 100% . B
: i | 2 : Dose rate on sample 2Gy/mun ~ 2000Gy/min
] : d | Yield on Sample - 10° pps .
| N |___ s FOR— E— Trradiation area on saniple < 20em 20 em
iy j __________ F ol Beam cnerey (primary besm) > 500 Mev Primary Beam energy 310 MeVhu for 126+
\. 4 = Beam cwment (primary beam) > 006 mA P : B 1 I]A fOI eal’ly BIS‘
B - : — Sy rimary Beam current :
7 | Transport efficiency (surface muon beamline) > 1.5% m - r}‘ E nlmeased up tO several puA
' + syslom spechtaron
7 & . z 4
o b
e b RISP
Science Project
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Goal: Construction of multi-purpose experimental instrument using stable
or Rl beams for studies of the nuclear structure and nuclear astrophysics, in
the energy range of about 1 — 30 MeV/u

€ Rl beam productions at a few MeV/u and at about 20 — 40 MeV/u using a
stable beams from ECR ion source

@ Recoil mass separator at less than few MeV/u for direct measurements of
radiative-capture cross, using a Rl beams from ISOL facility

Low energy
experimental hall B

NG|
N

TR

‘T
X L

o T e =
i ¥

Ll 1 M
: High energy
experimental hall B

_...
—-—— -
CI-i-ra

d
:
|
q
q

[T}

Low energy
experimental hall A

High energy
experimental hall A

& Q)}&tll--lu.

[ ] -
o L
jpS 71z Rz 31 "3’:'
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v" Wien Filter will be
added later

]
]
]
i
' Contracted on April 2018
]
]
]

Consortium

HAN MAC (Korea)

Project management

DANFYSIK (Denmark)

Project management
Designs of all magnets
Productions of bending magnets and swinger

(£) KR TECH (korea)

Productions of quadrupole and sextupole
magnets

VITZRO TECH (Korea)

Designs and productions of diagnostic chambers,
beam pipe, beam dump, and etc.

Removable
scattering o = *
chamber

€ F3 chamber

1bS 7|xnetany
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¢ Small
quadrupole
magnet
€ Sextupole
magnet ¢
Empty space for

¢ Swinger

Si-detector array
or IC chamber

€ F2 chamber L 2 F1 chamber
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PPACs
® Six 10 x 10 cm?, two 20 x 20 cm?, two 40 x 20 cm? active area PPACs
e Position resolution: < 1 mm in FWHM, (C,H,, gas, '°0 beam at 2x106 pps)

Large area PPACs

Use Bp-ToF-AE technique

HPGe gamma array . .pe .
for Rl identification

Plastic scintillator detectors
¢ One 10 x 10 cm? active area, 100 pm
thick both side readout plastic detector
® One 10 x 10 cm2 active area, 100 um
thick one side readout plastic detector
¢ Time resolution < 42 ps for 5.486 MeV
a in vacuum

HPGe gamma ray detectors
¢ 32 segmented HPGe detectors (6set)
e Compton suppressor BGO crystals (6set)
e Complete set of TIGRESS electronics

SSD s
e Two 5 x 5 cm? active area, 50 o
pm-thick, 16 channel SSD I

e Energy resolution ~ 0.7%, S/N ~ - .‘ u
272 for 5.486 MeV o in vacuum “Silicon detector"'-"--l

e All of detectors are fulfilled KoOBRA detection system requirements

e Complete KOBRA detection system including spare detectors, lon Chamber, HPGe gamma array and DAQ system will be
ready by the middle of 2019

®
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3. Sys. Install. | LAMPS

Main facility for nuclear matter and nuclear reaction studies with stable and rare isotope beams at intermediate energy

® Main Research Subject
Study of nuclear symmetry energy at supra-saturation density via heavy-ion collision experiment using rare isotope

beam with varying beam energies and collision systems
(e.g. measure n/pratio & collective flow at the same time in the combination of °%>4Ca+4°Ca, 6870.72Nj + 38Nj,

106,112,124,130,1325n + 112,118,124Sn)
B " Beam Energy: up to 250 MeV/u for *32Sn (< 10° pps)

: | = Solenoid Spectrometer

- Max. 1T solenoid magnet
- TPC (~ 3= sr acceptance, charged particle tracking)

- Scintillation counter (trigger & ToF)
= Neutron Wall (neutron tracking)

Solenoid magnet

/ ToF

== TPC

Target = N
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q%;; = Fine tuning on the design
parameters by experts
— Cylindrical SC magnet
— Dim.: 3300 mm (L) X 2200 (W) X
2600 mm (H)
— Fit into the pit
— Diameter of bore = 1600 mm
— Max. B-field>1T
— Variation of B-field over TPC
volume = £0.94%
— Passive quench protection
— Conduction cooled with 4K vessel
thermal shield and vacuum vessel
= Contracted with Tesla Engineering
Ltd. UK by RISP magnet-vacuum
R&D group in Feb. 27, 2019
= Production design is ongoing

Rare |sotope '
Science Project



e Pad dim.: ~3X10 mm?

e # of Ch.: 2,618/sector X
8 sectors = 20,944

e FEE: 11 AsAD/sector X
8 sectors = 88 AsAD

= Final design of readout, gas vessel, and field cage is in progress
— Readout will be only at the upstream end
— P20 gas with vg,¢r > 6 cm/us meets entire readout time of GET electronics
over full drift length (120 cm)
— Octagonal outer barrel and circular inner barrel
— Inner radius: 150100 mm, Outer radius: 500535 mm
— Maximize the active region for R = 105 ~ 503.5 mm
=  Test of the real-size GEM foil is underway
— If gain is too small, an option for quadruple GEMs may be explored
= LAMPS TPC will be constructed in 2019 and tested by 2020 Er

®
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Installation of all modules

(160 neutron detectors + 20

veto detectors) in the frame

were completed in December,

2018 trrmn il _ [ : _
Preparation of cosmic muon T = = m —
test is almost ready -, £ J b z
Detector operation will be ' '

done remotely at Korea

University Lab. in Seoul
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3. Sys. Install. MR-TOF

Rl beam of A < 150 and E = 40 ~ 60 keV requires windowless Gas catcher/Differential
pumping system (similar beam condition to KISS ).

£t AQEOE AL | AGMEM  AGMOl AGME  AGNE - w MRTOF-MS System
Connection with CLS is Differential pumping  Gas cell I
et 1 . . stage (He gas of ~ 2 mbar) 'on trapbody | li5
. now on the discussion »
Rl beam |
ﬂl
Mq (BBIS) N s _ - il
’ T E0UR High Th, TMP 2 ; .
“Floor plan for ISOL beam line” j k '
0 [ 0 B
e - |.117.5,
ECR-CB L
e A/q (ECR) | sgeg g“.,. -
i
MRTOF main body - I

L s e
L
g by ,H‘Jf’ ﬁ i | e Low energy beam of < 60 keV
A it~ 7/ , * Differential pumping stage
\}* Eﬂi':" K orh Tas « Windowless helium gas catcher
' \_.-' = e D . & e Trap and bunching system

e MRTOF reflection chamber
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MR-ToF-MS can provide a high mass resolving power of > 10° even with short measure

ment time of 10 ~ 30 msec Potanial disiribution
It is more suitable for the short-lived nuclei region _ om e
“Fast and Precise” !
2 .2000 +
Mass measurement, but also Beam purification g o |

lon trap & Lens so00 L

2000 3000 4000 5000 6000 7000 8000 9000 10000

Pulse Drift Tube
o Ve Mirror electrodes

f" | .

ToF [ms]

. After some laps, the ions become
. Lens time-focused. (P. Schury et al, NIM B 335 (2014) 39)

2
ty — ¢
m1=m2(g) =mzp,
2 0
t\2 . ti(ti—t2) (tn)z
=[— 2————=°f o|—=1 .
p (t2) + 5 0o+ t

Mirror electrodes

=
=“\\1\‘t
£ ARl ]

St

-y

a few hundreds laps
~ a few hundreds meter :

Mirro

t "
Typically, R,, = ZZJ; > 150000

Assuming mass resolving power (Rm) of 1.5x105
and total counts (N) of 100 :

— ~6.67x10-7 1: mass of interest
m R VN 2: mass of reference
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R 1 |l Scientific program at early phase operation(candidate)‘

Subject for early phase operation

- Transfer reaction measurements in inverse kinematics (2°p(d,p)3°P, 26AI1(c, p)2*Si)
- Radiative capture reactions using batch mode Rl beams (2Ai(p,y)?si)
- Rl beam production via quasi-projectile-like fragmentation for 160 or 4°Ar

Facility

KOBRA

- Ar+KCl or Xe+Csl in case of IF separator commissioning not completed

- Isomer separation with using 26&-s-Al and 26™mAl beams

CLS - Laser ionization and measurement of isomeric property for 26Al

- Activation experiments with a quasi mono energy neutrons for light and heavy nuclei
- Surrogate reactions for fission

- One of research areas of superconductivity and quantum magnetism with their
scientific significance at the time of the uSR instrument completion

- Physical dose distribution and linear energy transfer measurements with a 12C*¢
beam (310 MeV/u)

H.: H
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Mternational Cooperation (MOUs with 17 Intl Institutes)
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Part 4. Radiation Safety
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Radiological Features of the Facility

= High Power Targets

e |F:400kW, ISOL: 30~ 70 kW
* induce high activation in concrete, air, cooling water, machine parts
 need robust remote handling in target areas

= Use of Uranium Material

e fission products contaminate ISOL target system, IF beam dump, etc.
e generation of radioactive waste containing actinides-> need a long-term storage
space of the waste until ready to transfer to the national site

I T

= Various Reactions to analyse

IF 0, Cy,. . Sn, Xe, U, C
. . . ~20 speC|es
e various beam and target combination oL "
. . p
* wide energy range (low 18~40MeV/u, high
KOBRA He, B, O, Ar, U Be, Cu
200~320 MeV/u, 600 MeV p) . .
i . . Bio-medical C Fe
 need to find correct simulation codes and « , .
- mu
conditions .
LAMPS Ca, Ni, Zr, Sn Ca,....
Neutron Exp. p, d C

]
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4. Rad. Safety

= Preparation

. many domestic experts joined
radiological analysis

. facility basic design by a experienced
company

= Documents for Review

radiation safety report

(shielding, activation, env. Influence, RMS/PSIS,
exhaust, accident analysis, radioactive waste, etc..)

e  description of accelerators and
experiments

e details in radiological analysis (codes,
input/output)

e geological survey report

e  stability assessment of building and
ground

e quality assurance plan/procedures

e fire hazard analysis

= Extensive Reviews

. by more than 30 KINS reviewers

. 382 cases of answers/further
assessment/correction/design improve and
changes

. multilevel review(KINS, NSSC, Advs..)

1bS 7|xnetany
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Radiation Safety Licensing : Completed!! (18.10)

RISP KINS NSSC

(~3 years) (~27 months) (~8 months)

Radio]og.ical Organized Review Board Report to Commissioners
Analysis,
Facility Design
Review Documents el t(.} Local
Committee
el el Re\._riew Advisory Committee
and Inquiry

Documents

Preparation, Recheck by Independent .

submission Committee Final Approval

History of efforts to obtain the permit, from the preparation to the final approval

NSSC

(Nuclear Safety and Security Commission)

License Submission Technical Review Request
& Approval & Review Report

RISP Technical Detail KINS

Inquiry & Answer

(Korea Institute of Nuclear Safety)
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ZNUELRRETCAA  Plan — First Facility Inspection

= mandatory step before operation (every year after the first inpection)

1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q
- @ -
Arranged with KINS o ” 4 X
. . — on Source e.
to make 3-steps inspection SCL3, KOBRA, 1SOL SCL2+IF, h.e.Exps

= check items

* safety organization / manpower

e record of quality assurance activit Environment Monitor L2
9 y Y Area Monitor 94

e performance of all RMS & PSIS systems Area Air Monitor 1
* implementation of fire protection Stack Monitor 6
* performance of exhaust/draining/remote system Hand & Foot Monitor 11
. . . . Nuclide Analyser 6

* readiness of preventive and mitigative measures for e — 58

possible accidents of more once in 30 years CCTV camera 101

e procedures to handle radioactive wastes Emergency Stop & Alarm 174
° etc.. Vehicle Radiation Monitor 2

D 4

Safe Facility for workers & vistors & citizens !

®
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Part 5. Summary & Outlook
e ——————————C
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5. Summary Summary & Outlook

=  Accelerator

*  Mass production for SCL3 is under way
e SCL2 is under pre-production phase

*  From April, 2019, installation for SCL3 has been started

= By the end of 2021, we will achieve

e Sl beams: Stable ion beams (10, 4°Ar) from ECRIS = SCL3 - low E exp hall
* Rl beams: RIBs extraction from ISOL = re-acceleration through SLC3 = low E exp hall
e  Stable / Rl beams will be delivered to low-E experimental hall
e  Early phase experiments are going to be performed using KOBRA
- RIBs production at KOBRA (A<~50, beam energy < 20 MeV/u) using Sl beams from SCL3
*  Beam commissioning starts for SCL2
. Installation and commissioning for IF, LAMPS, Neutron, bio-medical and muSR
- Collaborative works with RUA (RAON Users Association) via RULC (RAON Users Liason Center)

= Post RISP (2021 ~ )
e Beam acceleration for ISOL = SCL3 = SCL2 - IF (ISOL+IF)

. Beam commissioning and experiments for IF, LAMPS, Neutron, bio-medical and muSR
*  Ramping-up to get the 400kW beams (more than 5 yrs)
e  Energy upgrade to 400MeV/u (requires budget)

®

S Z1xmetazy a7-

Institute for Basic Science




5. Summary News

= The 15t CM is ready for installation in the tunnel.
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Sys. Install.

ISOL system

10 kW Ucx target system design

Temperature of the target

Temperature of the chamber

B: Thermal-Electric
Temperature 5
Type: Temperature
Unit: °C
Time: 1

2098.7 Max
I 20493
19998
- 19503

19008
— 18513

1801.9
I 17524
1702.9

16534
| 1603.9

1554 4
1505
14555

1406 Min

In-target fission rate

Production rate (particles/sec)

| | ] T
107101 51010 100 510° 10° 5108 108 5107
o
Py
5 E
e &
3 D
2 o
= £
2 3}
2
£ w
90
30 60 70 80
5 ber
Neutron num

Release time of 132Sn

B: Thermal-Electric
Chamber

Type: Temperature
Unit: °C

98.692 Max
I 94.492
90.293

52 499
48.3
44101
39.902 Min

Temperature distribution

Temperature as a function of z-position

Thermal stress of the target

C: Static Structural

Maximum Normal Stress.

Type: Maximum Principal Stress

Unit: Pa

Time: 1 <

P Maximum stress

I 1.4726e8
1.3068e8

= 1.1409e8

9.7503e7
8.0916e7
6.4329e7
47742e7
3.1155e7

1.4568e7
-2.0194e6 Min

Maximum thermal stress

350
—®—Von Mises stress

2000 |- 300 F —=®— Maximum normal stress o
18001 o &, F 50t

g -0—0—0—0—0—0—0-0-0_ t{\ . s
16001 & o7 by, | 2

. r‘/‘*/ -~ @ Center of Disk \ Dt‘g ﬁ 200 - )
ool o /“' ---®-- Edge of Disk Y ]

y --0-- Garaphite container 150 - Fracture
1200 | / —0— Ta heater —

° . I L 1 N I . I I s 100 * ! . L * L +
0 5 10 15 20 25 3.5 4.0 4.5 5.0 55

z-position (cm)

+* benchmarking SPES 8 kW target system
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Beam diameter (mm)

Energy
Power

Beam size

Material
Density

U weight

# of disk

Disk thickness

Disk diameter

Total length

Expected In-target fission rate

=1.6x1013/s

-51-
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STRLGHEIE  ISOL system

ISOL Test Facility

lon beam extraction experiment
¢ SIS: Cs and Rb ion beam extraction
¢ RILIS: Sn ion beam extraction

Diagnostic chamber 90° bending magnet

* lonization efficiency measurement Wire canner / .
* Mass resolving power M/AM > 400 Emittance scanner '
|
M ra
L - 1
i
1
|
S _ ._ I : I EQT
vy n |
‘am Wl
|
I
s I
. o ey 1ol I
: B ttance & Phase Space Scanner System I : I Steerer
F A & JHiEBE Sypen |
I
| 1
' I Extraction
: . electrode
'
%f TIS
i chamber
TIS cham : 1 ot e 1= : : : g
".-','HIE - T - i o G :..- e =, i 1 l R T :
o Emittance measurement
1 7| = 0per 1l -52- pg '
Institute for Basic Science Science Project



Sys. Install. ISOL system

= Hot cell : TIS replace, maintenance
- four manipulator, two module driving system, TIS exchange device
- TIS chamber insert to pail and the pail move to storage
= Remote crane for module & TIS transfer
- three hoist : 20 ton(module transfer & shield block removal) / 7 ton(TIS pail transfer) / 7 ton(maintenance)
- position accuracy : <5 mm

= On manufacturing
MSM Service Door

Wall Tube

TIS Module Driving Systgad

QT

‘ 0 Ton 0|st ' .
_ (TIS Module) 7 Tofi*Hoist
: 7 Ton H0|st (TIS Pail Lohnected)
(maintenance) TIS
Crane gujde —> fr/ ', .

iy,
Ro t'51or

. Manipulator

Lead Glass & Frame

\“,

odule coupllng
system

Controller

! : %—ms Pail

v V< Guide pin
(to module)
Twist Lock
(to Module) TIS Chamber Exchange Table
< Remote crane & interface system > < Hot cell & remote handling system >

®
(o]
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Sys. Install. ISOL system

TIS Bunker/Module

< Modulanzation =

Nuchear
Vertilation 4y Line High active vacuum s
o trostment coom

v

Target Station  Tasget Station
B

Proton Beam

< TI8 Bunker >

= Primary & secondary vacuum zone -» prevent contamination
spread
= Two special all metal gate valves
= @0 kV High voltage platform
- HV tray Insulation : BN or Alumina powder
- Insulator & HV feedthroughs & Quick connectors

< Pillow seal test of TIS Module>

* Module Interface. Pillow seals
fleak rate © < 1 2F-12 Pa-m¥sec)

Remote Handling

Hot cell : TIS replace, maintenance
- four manipulator, two module driving system, TIS exchange device

- TIS chamber insert to pail and the pail move to storage

= Remote crane for module & TIS transfer

- three hoist : 20 ton{module transfer & shield block removal) / 7 ton(TIS pail transfer) / 7 ton{maintenance)
- position accuracy : < 5 mm
On manufacturing

Crane gulde ——= -
¥ - \
gduu eouplln'e g L
system &—TiS Pail
Rotator 4 ]
B
* Y W Guide pin
(te module)
st Lack L
(ta Module) TIS Chamber Exchange Table

< Remote crane & interface system > < Hot cell & remote handling system >

S Z1xmetazy
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fl Repair Space

IS pail
storage

63 m(W) x 11.5 m(L) x 18 m{H]

Mock-up test was
performed, het cell
and remote handling
system

TIS module system
proven at mock-up,
allowing for repair and
maintenance of
critical components
Remote maintenance
and repair of modules
in hot cell

Operation scenario for
TIS & modules
including risk analysis
created and is being
upgraded

Module beamline
remote
connect/disconnect :
pillow seal (test
completed at mock-up)

Two Target Station

- Proton beam inlet module

- TIS module
- RI beam Module

= TiS chamber exchange device > &

=< TIS pail & storage >

Rare |sotope
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Sys. Install. IF system

Ion optics of In-Flight separator Ion optics of In-Flight separator Target/beam dump system

= Standard ion optics of IF separator ® Projectile fragmentation mode

. = Target system
pre-separator Main-separator pre-separator main-separator P 2200 [ o grbenie e i varget | T
30 mrad (V)

Result of thenmal analvsis g | = ke 02 single et | o]
¥ o 1. 1 « -0 Mosrestiun scceptance : S e ot e w2 S
| | i i - I I i - . = b Asngular acceptance

. 5 1 Momsenam resolving power
- LR B L r—
A H A T H | £ B
- "~ - Ll L2MdF
F1 23 s F s i (2] B omwar Y umg e
Fl F2 F F4 2] Fé F7 F

£ 10 uwad (H)

B
Degposison powes in taiget ()

Standard mode (**Kr, serming on *Cu™) PF mode (MR, setting on *Cu . . . E i .
T - . - - When the deposited power at target (thickness © 1.6 mum} is 19 kW, the maxinmm temperature is about 1900 °C
» - f et . 1 . —_
Man, magnetic rigdit 15 Tm | F1 F 1 2] | Fé FS F§ F | 1] . Toral coumt rate !
px | s | e | en | e | a0 | e | e | e 08 pps
Aomentum sooepiamos £ L ] s s o i
Al | ke | ose | 00 | wed TN T T u" countrate

1leibpps 22000 pps

Angular scceptasce 240 mrd (1LY

i3

(D) | 28 | oee | x| e 27 | ww | o | em HOu™ iramumbien

0 tragmivien
Frres

Moménrum reselving | 11405 FL 530 F5

My | 4% | am | x| e LU T R TH R ¥

Total conmt rase ~ Inthe case of the beam power 15 less than 30 kW, the single laver target can be used
740408 & : )
CRr— Target Hickeasis (41,85 glean!, 184 o) the specification of target

e P, 200 M
/ Material | Graphite (p=1.85 gien)
T I | Thickness I
|

| 1™

£
! 1 1 Puriry of Meu® Furiry of ®¢: - Smgle layer (1.6 mo)
pomer (XD [XX]) | 2308 B, 0008 F7 wE | ee [om | ww | e | we | e | e ibﬁ Ades e 2 bl
4 1 p x & sattiater

H Dhameter 350 um

5 = 47} oty e 12 4 ) Rotating Speed | Up to 5000 rpm

F | | single Layer taeget (1 6 man} i | -

Max. primary
g <. Lp. to, S
= e .

Magnet to be combined with IF
slide * Target system

IF target room Target clizmber

-

{1.5m)

Tron shislding block (1.5 m)

: 5 Targetsystemn Collimator
80 kW target system e

5 TiERe:

. N . Rare |sotope
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Differential pumping section : 450L/sec x 2, two rooms (w/ @ 8 mm aperture)

Gas catcher : 2 mm aperture, 2190 mm x 250 mm (cylindrical), RF carpet + DC cylinder

Triplet trap system : Linear Paul trap x 2, Flat trap x 1
MRTOF analyzer : Au-plated Al electrodes (18), 520 mm (including base)

Others : quadrupole ion guide, channeltrons x 3, IS x 2

/

%Y
i
e

\\ Differential pumping

hsectlon Gas cell

l‘\‘l\“
RS
-y

‘rm“.“

M

. I
o
£, -
= = = =
- -
i chhely
F ey

ion from
the gas cell .8

. Performance test for |nd|V|duaI parts is completed
 Tuning of total system is ongoing 3,,
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