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Rare Isotope Science Project (RISP)

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

* RAON: Pure Korean word meaning Delightful, Joyful, Happy
& Budget: US$ 1.44 B (1 B$~1T Won)

- accelerators and experimental apparatus : 0.46 B$
- civil engineering & conventional facilities : 0.98 B$ (incl. construction site purchase)

@& Period: 2011.12 ~ 2021.12 (10.1 years)

Future Extension
= Charged Lepton Flavor Violation

Accelerator complex

ISOL + In-Flight Fragmentation

Origin of Matter o ’

gn ' _ - Applied Science
= Nuclear Astrophysics !
= Nuclear Matter = = Bio-Medical Science
= Super Heavy Element Search & Propertles ofExotic Nuclei = Material Science
= High-precision Mass Measurement = Neutron Science

. = . = Nuclear Structure
' ,.d‘,'r TN = Electric Dipole Moment and Symmetry

F e V= = Nuclear Theory
N=2 = Hyperfine Structure Study
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History of RISP

1st International

ISBB plan Preliminary Design Study Conceptual Design Study Advisory Committee (IAC)
2009.01 2010.02 2011.02 2011.07
Rare Isotope Science Project (RISP) 2011.12
Launched
2nd RWAS
ond TAC 2012.12 2012. 2012.06 2005
2013.05 KoPAS 2nd JAC Baseline 1st RISP Workshop on
> (Particle Accelerator School) Design Summary Accelerator Systems (RWAS)
2013.06 1st Technical Advisory Committee (TAC)
Technical Design Report
() 2013.09
3rd JAC 25t PAC 1st Radiation Safety Review
‘ 2014.11 2014.11
2013.10 . 12 ‘ 5015.12
1st Program Advisory 2014.6 o .2014' 015.
Committee (PAC)  Sjte & budget Civil Engineering & Safety Analysis Report submission

Construction Project

finalized for RISP launched

Basic design CE&C completed
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RAON Concept

. Accelerator complex for producing rare isotope beams

O High intensity RI beams by ISOL & IF
ISOL : direct fission of 238U by 70MeV-proton cyclotron ~ 10 f/s
IF by 200MeV/u, 8.3puA 238U by a 400kW-superconducting LINAC

Injector :

d High quality neutron-rich RI beams
éz 132Sn with up to ~250MeV/u, up to ~108 pps
go

wn

More exotic RI beams by ISOL+IF

! IF (high E)

== LAMPS
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RAON Concept

. Accelerator complex for producing rare isotope beams

O High intensity RI beams by ISOL & IF

ISOL : direct fission of 238U by 70MeV-proton cyclotron ~ 104 f/s
IF by 200MeV/u, 8.3puA 238U by a 400kW-superconducting LINAC

Injector :

d High quality neutron-rich RI beams
éz 132Sn with up to ~250MeV/u, up to ~108 pps
go

wn

More exotic RI beams by ISOL+IF v

" IF (high E)
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Lineup of RIB production & separation

# [SOL->IF

: ISOL->SCL3->SCL2->1F
: ISOL->SCL3->KOBRA

# IF>Re-Acc (future upgrade) D
: [IF->stopped beam—>SCL /

KOBRA (low E IF) ISOL IF (high E)
Driver SCL3 or SCL1 Cyclotron SCL3-2>2 or SCL1-2>2
Post Acc SCL3 or SCL3->2

Production mechanism

Available RIB energy

Direct reactions
- (pad)a (3Hean) etc
, MNT

< atens of MeV/u

p induced U fission

> a few of keV/u

PF, U fission

< a hundreds of




Expected RIBs at RAON

(o)
o

| \ i T=E=EEEEm .
IFS: **U(200 Mev/u, 400 kW) + C i Stable line
80 " KOBRA: “°Ar(30 MeV/u, 12 kW) +Be :
70 | ISOL: p(70 MeV, 70 kW)+UC_
g | ISOL+IF: % e(222 MeV/u, 1E+07
—~ 60 L FisEeARRRRRRRNRRLRRARR LAt FHcciict:
S z=
o SERETEREISIEN §
& 50 |
IS | 1SOL+F
e 1.0E+11 1E+00
: oz e
= 1.0E+08 1E-03
2 1.0E+07 1E-04
ToEros [ 1E0S
1.0E+04 1E-06
1.0E+03 1E-07
1.0E+02 1E-08
1.0E+01 1E-09
- g 1.0E+00 1E-10

0 20 40 60 80 100 120
Number of Neutron (N)

= RAON will provide access to unexplored regions of the nuclear chart !
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RISP Milestone Schedule

Subject

Accelerator Systems

SCL Sl Beam

IF Systems

ISOL Systems

. Cyclotron . ISOL Rl Beam

Experimental Systems

DAY-1 Experiment

Cryogenic systems

Start Utility Sup

Bldgs & Conventional
Facilities

|ColmplletilonI

I: Conceptual Design ~ [: Technical Design [ | Prototyping & Test ~ [I: Fabrication & Test [ Installation & Commissioni

L]
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Project Status

Status of RAON

32 contributions in this conference from RISP!

L
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~~ Layout of RAON

Injector
SI: Stable ion beam *MMS - Mass Measurement System
: i i * (LS - Collinear Laser Spectroscopy
bl Rare {or Radioactive] Isotope beam KOBRA - Korea Broad Acceptance Recoil spectrometer & Apparatus
sm_ : Superconducting linear acce|erat0r * I.AMPS . Large Accema"ce MU"I'PU[DUSE SDECtmther
é ISOL: |SDtUDe SBDaratinn On-line * NDP§ : Nuclear Data Production SVStem
SCL1 F :in-flnt Fragnenta +BIS - Beam Irradiation System
BIS &
SCL2 SR
o] o S mu

3 HPMMS
4 - & CLS I5==

KOBRA ISOL

b

=

® IF (high E)

1579 : Cyclotron, ISOL, SCL3, KOBRA, MMS, CLS o ko
259]: SCL2, IF, LAMPS LAMPS
| | 3%9]:SCL1, NDPS, MSF, BIS
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Accelerator systems

10Tm
28-GHz ECRIS —r~r——————— 3
(A/g<7 10keV/u) a0 IF SYSTEM

TN

81.25MHz 4-vane RFQ
(500keV/u)
‘7

Injector

k| RILIS/SI
EBIS
MR-TOF

70-MeV H- cyclotron
Cyclotron | ~10% fis/s

Charge Stripper

SCL2 (SSR)

Warm sections for focusing components inbetw. CMs

L
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Experimental Systems

A

La  aom
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Defioctor  Neutralizer ool Deflector
IR
Deflecton &~ Charge Lght  Laserionizaion  Deflection &
Beamopics  exchange collection / Optical pumping  lon detection
coll & Kickor rogion 1To f-NMR

HPMMS

S1& RI beams from acc

Stage 2

1
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Low Energy Exp.

18

High Energy Exp. 11
N

Solenoid

/Diplole magnet us R

I Quldrulole doublet \

600-MeV proton

Quadrupole triplet

ZDS

Quadrupole Triplet
Maanet

p-decay spectroscopy
B delayed y-ray spectroscopy
In-beam 7-ray spectroscopy

Breakup reaction Decay
Missing mass spectrometer Station

Target  gj.cgl

Neutron
Detector
Scintillation i Array
Counter  Solenoid 15 m away from target

|

|
Razre Isotope
Science Project




ISOL System




Project Status

Demonstration system

@ off-site test facility SRE-TF

L
1hS Z1xaeraze
Institute for Basic Science



~ SRF Test Infrastructure

Remodeling design: 15.06 ~ 15.08

Remodeling construction: 15.11~ '16.02

He Cryoplant (300W) comissioning is under way. (2016,5-)
From June, 2016, the operation (VT, HT) will start.

Current status of construction

(~2015. Dec.)

Cleanroom Horizontal Vertical test
area test area area

o S0

=l T LTI
-“

o Lo
el ©

]

(A) Cleanroom area,

(B) (B) Horizontal test area,

(C) Vertical test area,

(D) Cryoplant area (300W + 9ooW to be upgrade),
(E) Demonstration area
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Field profiler (completed)
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Liquefier (completed)
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Demonstration System

O Goal
A/q = 7.2, beam energy = 530 keV/u

- ECRIS beam energy :10 keV/u

- RFQ beam energy : 500 keV/u

- QWR beam enegy : 530 keV/u

Beam spec.

Detailed action item

Oxygen 0.01 mA

SCL Demo ;: Hardware installation

2016.12 | (A/q ~3) ECRIS : beam extraction (Oxygen ~1
mA)
SCL Demo : Beam acceleration
Oxygen o0.01 mA | (Oxygen)
201712 1 (A/q~3) ECRIS : metal ion extraction
(Bismuth 0.1 mA)
Metal 0.01 mA . .
2018.09 | (A/q ~7.2) SCL Demo : metal ion acceleration

]

JEFUEIT =L

Institute for Basic Science
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Injector Specification

Q ECR-IS

- Output norm(rms) emittance

- Beam current
- Output beam energy
- RF frequency
- Magnets
O LEBT
- Pre-bunchers
- Two Bends
U RFQ
- RF frequency
- Output beam energy
- 4 Vane types
U MEBT

- 3 Re-bunchers RF freq.

ol

MEBT

0.12 T mm-mrad
400euA for B8U33+ 4 23834+
10 keV/u

28 GHz
Fully superconducting NbTi

Multi-harmonic buncher, Velocity equalizer
9o deg.

81.25 MHz
s500keV/u

81.25 MHz

24




28 GHz ECR lon Source

Superconducting sextupole and solenoid prototypes
were tested and achieved > 30% margin.

* Superconducting magnet assgmbly (sextupoles 4 100pA
solenoids) was completed. m

[uA]

80 -
 Beamtestisin progress(Ogg, 1¢

Beam curr

o7+
08+ & H,+

0.0 0.1 0.2 0.3 0.4 0.5 0.6

SC Magnet training Six 4K cryocoolers,
One single stage cryocooler

18]
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' PARAMETER

VALUE

Beam Properties:
Frequency
Particle

Input Energy
Input Current
Input Emittance
Output Energy
Output Emittance

81.250 MHz
H* to U,¢*33
0:312 .cm. mrad i Prototypé]‘g Z |
0.507 MeV/u ‘!1
0.0125 .cm. mrad a1
~26 keV/u-Degree

Transmission ~98 % : -
Total Power 94 kW S
Duty Factor 100% :

. . =

RFQ Fabrication is under way: fabrication, low-power tuning complete in 2016.08
Frequent RISP staff visits & risk mitigation (contacted with domestic vendor)




Vertical Test of QWR Cavity

S 10}

B W 4K-1st | ]
A A 4K-2nd |- 5
¢ ¢ 4K-Bake| 1

Epeak[MV/m]
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]

Static Load of Cryomodule

(=2} = [==]
[= = [=1

wn
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Flow rate (SLPM)

=
o

0 100 200 300 400 500

PR P RN N L
Static load 1 3.9W -1

e M

Time (s)

2=, _ | _
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Heat load (W)

14

Level (cm)
) N}

(oo}

28

L.IN2 dewar

P
Vacuum pumps:-9,000 L/min ‘oil- pump + dry pump

Low P return :line

- —

—n— Level of 2 K reservoir (1)
—0— Thermal load of 2 K part (1)

i‘ —eo— Level of 2 K reservoir (2)
~g'l- —0— Thermal load of 2 K part (2)

Time (min)

Rare Isotope ’
Science Project



Circle pattern
target

‘ llluminator
-

B Reflector

Adjust alignment
between
telescopes

Set alignment Adjust reference
systems line

Beamport 2

Beam port
12

©

Beam'port 1

|
| Beamaxis

Position of open target

1bS 1= zeraze

Institute for Basic Science

Right

=

Alignment test of a cryomodule

Displacement (mm)

o

MAT + open target

w

N

-

Vertical displacement
warm_1 cool_1 warm_2 cool_2 warm_3 cool_3

Condition

Good repeatability:
less than *0.044mim

Rare Isotope
Science Project



= Prototyping of major accelerator parts has been in
progress since 2013 through domestic vendors.

- ECR ion source cryostat was fabricated (2014.09)
- RFQ prototype fabricated successfully (2014.10)

. SC cavity prototypes were delivered for test (since
2014.05)

- Cryomodule prototypes were delivered for test (since
2014.12)

L
(]
) S ke 30
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= Some prototypes are In testing stage.
- ECR ion source, RFQ, MEBT buncher
- High power RF and low-level RF

. Superconducting cavities and cryomodules (QWR,
HWR)

= Plan for proceeding the procurement of cavities,
cryomodules in 2016.4Q

= Ready for bidding the cryoplant and contract award
at 2016.3Q

= SRF test facility is under construction and will be
ready for installation in Feb. 2016.

L
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