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Major RIB Facility in the A

sia & Oceania

@ Activities at RIB facilities
are growing rapidly
in Asian countries.

RIBF(RIKEN, Japan)

CRIB (CNS, Japan)

KISS (KEK, Japan)
HIRFL(IMP, China)
BRIF(CIAE, China)

IUAC (VECC, India)

Under successful operation

INDIAN

OCEAN

= ,.;,,f;;’; 0 = /_;—gﬁ, — Nib”
i D e TR
RAON (IBS[ RTSP) =
;\ﬂjj \“\ H
m 7 )
K
‘/:Fg )

ASIA &
PACIF'IC

Zta)

oy JARCTICY, = o OCEAN

“°X RIBF(RIKEN)
KISS(KEK)
CRIB(TS)

OCEAN

O’o
fiﬁw\

=1 \J w\ -
Y= 1&\ =0 }d
™~ S T

0
W s

' SE I
w E fj Ne$ Q\D\p } ““\‘ b
SOLEROO(ANU) - ™
¥ |

red : ISOL production %
black : IF production

[ ]
1S 21z ey
Institute for Basic Science




Major RIB Facility in the Asia & Oceania

& Activities at RIB facilities
are growing rapidly
in Asian countries.

HIRFL(IMP, China)
BRIF(CIAE, China)
IUAC (India)

are being successfully
operated.

The main focus of presentation
will be on four RIB facilities
under construction in
Asia/Oceania :

- RAON (IBS/RISP, Korea)

- HIAF (IMP, China)

- ANURIB (VECC, India)

- SOLEROO (ANU, Australia)
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“+ RAON
“ Deajeon
“ Institute for Basic Science /
Rare Isotope Science Project (IBS/RISP)
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@& heavy ion accelerator complex
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
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S Accelerator complex
= _ ISOL + In-Flight Fragmentation
"
Origin of Matter Nasoe =12
\ { Applied Science
= Nuclear Astrophysics :
=Nuclear Matter | ——r— \ = Bio-Medical Science
= Super Heavy Element Search E Properﬁes of Exotic Nuclei = Material Science
= High-precision Mass Measurement = Neutron Science
; BN | =Nuclear Structure
= Ao N=28 = Electric Dipole Moment and Symmetry
24y o N=20 = Nuclear Theory
AL = Hyperfine Structure Study
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Layout of RAON

O High intensity RI beams by & IF

. direct fission of 238U by 70MeV proton
IF by 200MeV/u, 8.3puA 238U

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

O More exotic RI beams by ISOL+IF

Extension for 400MeV/u High Eexp (I)
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O ECR-IS

- Output emittance: 0.12 x mm-mrad

- Beam current: 400euA for 23833+ + 23834+
- Output beam energy: 10 keV/u

- RF frequency : 28 GHz

- Magnets : Fully superconducting NbTi

1204

05+

1004

Preliminary test
at March, 2015

Beam current [uA]
f=2}
o

0.0 0.1 0.2 0.3 0.4 0.5 0.6
Q/A

d RFQ
- RF frequency: 81.25 MHz

- Output beam energy: 500keV/u
- 4 Vane types
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Superconducting Linac (SCL)

<—— Injector ——>»<—— SC Linac »<— |[F —>

SC cavity development

<«— SCL1 —> <«— SCL2 —>»

2K
2K-QD

o oaKst [
css | sciz1 | scizz [HesT| IF | -;iigg;gng -]
L N

p=0.047  p=0.12 p=0.30  p=051
QWR HWR SSR1 SSR2

(81.25MHz) (162 .5MHz) (325MHz) (325MHz)

10500 keV/u  0.5-185MeV/u " 18.5-200 MeV/u

RAON SCL Characteristics
«  Linac baseline frequency is 81.25MHz

6 3
. . .. . Eoec[MV/m)
«  Niobium Cavities operating at 2K 4 20 0 o0 50 100 120
3 H . Byear[mT]
¢+ Focusing by normal conducting quad doublets 5 n - = - - - "

% Optimized geometric beta of SC cavities (0.047, 0.12, 0.30, 0.51) Epeat MV f]
< Employs larger aperture to reduce beam loss (4cm and 5 cm aperture)

Cryomodute

Ve

Flow rate
‘Static load

80

Flow rate (SLPM)
Heat load (W)

50

40 L L 1 L 1
° 0 100 200 300 400 500
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~Presented at poster session by JW. Kim

In-Flight separator

Primary F1
-—=> = ,
beam = ™= \ beam m
\\\\g\ T =
m= Dipole

mm Quadrupole
mm Sextupole

Dispersive focal plane:
F1,F3, F5, F7

Achromatic focal plane:
F2,F4,F8

degraéer

Pre-separator

Main specifications

Max. Bp

~10T-m

Ap/p <+3%
Angular accep. +40 mrad
+50 mrad

Max. beam power: 400 kW
238 beam energy: 200- 400 MeV/u

Main separator

1°
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TIS EBIS
Ion 1+ A/g <4

ISOL Driver: 35-70 MeV, H- 1 mA

cyclotron
E 40 keV | 10 keV/u
SCL2 Slkin smmr o [ Separator ]
m/dm = 300
|
[ MR-TOF ]

37 mm mrad, 1 eV

[ EBIS ]
(o]

[ RFQ Cooler/Buncher 1

Tt |
-

- 875m -

The layout still evolving

UCx target: 10 kW (Dia. 5 cm, 1.3 mm 19 disks)

Taoct ot A fra 1 .
|C3|.. S;Gnu IC r0n =

TS Z1xH a7 'U_end mass separator on HV platform:.:.
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Experimental Facilities at RAON

Fied | Faciity | Bxpball | Characteristics | Remark

High resolution, Large acceptance function,
RIBs production with in-flight method

Recoil spectrometer
- KOBRA

Large acceptance Spectrometer
— LAMPS(L&H)

F_'ure High resolution Spectrometer

science
Zero-degree Spectrometer
High precession mass
measurement system
Collinear laser Spectroscopy
B-NMR/pu-SR

Applied g, medical facility

science

Neutron science Facility

I 0.’ T T =
Institute for Basic Science

Low E

Low &
High E (1)

High E (1)

High E (1)

Ultra low E

Ultra low E

Low /
High E (1)
Low &
High E (1)

Low E

High efficiency for charged particle, n, and y

High resolution, Precise scattering
Measurement to the focal plan, Rotatable

Charge and mass separation,
Good mass resolution

Penning trap, Multi-reflection Time of flight

High Resolution Laser Spectroscopy System

High intensity éLi & muon production

Irradiation system
for stable & radio ion beam

Fast neutron generation & measurement

system of fission cross section
11

Mass resolution; ~ 200
Large acceptance; ~ 80 msr

High E: solenoid spectrometer
(TPC; 3z Sr), neutron wall,
dipole spectrometer (upgrade)
Low E: Si-Csl array, neutron
array

Momentum resolution ;
1.5x10*

Momentum resolution ;
1200~ 4100

Mass resolution ; 105~ 108

Spectral resolution ;
<100 MHz

8Li & muon > 108 pps

Uniformity ; < 5%

Uncertainty ; < a few %

Rare Isotope
Science Project ’



KOBRA (KOrea Broad acceptance Recoil spectrometer and Apparatus)

Main facility for nuclear structure and nuclear astrophysics studies
with low-energy stable and rare isotope beams

® Main Research Subject :
1) Nuclear structure of exotic nuclei near the drip lines
2) Astrophysically important nuclear reactions

3) Rare event study - Super Heavy Element (SHE), New isotopes
\_ 4) Nuclear phyiscs with polarized beam/target etc

= 600

O -RIBs production o

Wien
filter

4q F1
¢
FO '\
In-flight separation

or
Beam transport

F2

Big-bite Wien

~

Spectrometer filter ‘/ £3

F5 ‘

‘ r\‘ F4
N J
* Associate equipments

FO RI production target,

* Design Concept
1) Two stage

- Stage 1 (FO~F3) :

In-Flight method with high intensity
SIBs from SCL

- Stage 2 (F3~F5) :

gas-jet target, gamma-array,

X detection system, B-NMR

-> large acceptance

F5 Focal plane detection system

Production and separation of RIBs via

Big-bite spectrometer with Wien filter

=) & 5o |V o
- . - Som E . _:_': sa0 b TR
via low-E in-flight Z ., = . AP 3% S
method by multi 7} e o b s w2 B
nucleon transfer ~ *»- I e B
reaction (ex. #Ti) o s0 b
026 55{) 54‘0 5{‘5{) 5;«) 600 i ,j‘gu J‘UO rl) J[I)() 2(‘)0
/ {1+ (vl / (vI8)} TOF,, x position ar F1 (mm)
- Main Specification
Maximum magnetic rigidity (Tm) =3}
Mass resolution (m/4m) @ stage 1 ~700
Dispersion (cm/%) @ stage 1 4.2
Momentum acceptance (%) @ stage 1 4
Angular acceptance (mrad) @ stage 2 40 (H) and 200 (V)

- lon optics calculation was done using K-trace code (ray tracing)

- Rotation of ‘stage 2°, variable position of Q-magnets in ‘stage 2’
are under consideration

- Technical design is in progress

- Design of associate equipment

l\ i
/ ) N\ 6as out

Cathode (X]

[PPAC]

[Gas-jet target]

1

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

Main Research Subject:

Study of nuclear symmetry energy at supra-saturation density
via heavy-ion collision experiment

80 " T g T T

MDI interaction . /_'

(p) (MeV)
<
~
\
\
\
\

40 o270

sym

E
\

20 - o |

L.W. Chen et al., Vol
PRL 94, 032701 (2005) W~

0 "' T T T T

Optics calculation is on going for
reducing the length of focal plang

Focal-plane detector

\

Target

Si-Csl

Dipole Neutron
Quadrupole z Detector
Scintillation — Array
Counter Solenoid 15 m away from target
Solenoid Spectrometer Dipole Spectrometer Not Scaled

(rotatable, Ap = + 20%, acceptance = 50 msr, Focal plane <1 m)

0.5 1:0 1.5
P/,
* Beam Energy: up to 250 MeV/u
» Solenoid Spectrometer
- Max. 1T solenoid magnet
- TPC (~ 3m sr acceptance,
charged particle tracking)
- Scintillation counter (trigger & ToF)
- Si-Csl (measure heavy fragment
using AE-E method)
« Dipole Spectrometer
- Rotatable dipole magnet and
focal plane detector
(capable to study nuclear reaction)
» Neutron Wall (neutron tracking)

.

2.0

)
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“* Heavy Ion Research Facility in Lanzhou (HIRFL)
“ Lanzhou
“ Institute of Modern Physics (IMP)

“ Beijing Rare Isotope Facility (BRIF)-II
“ Beljing
< China Institute of Atomic Energy (CIAE)
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Beljing
BRIF, BRIF 11,
Low E HI, RIB, 2014
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s Status of BRIFI|

TRRF R PALIE

=2

BRIF-(Beijing Rare Ion beam Facility)
1987:. Operation & Experiments 2001-2002: update to HI-15

ISOL

—
7F 2% F L % 4 G 2%
Tandem

&~

P —
BRFTRE (15%) j q, ,ﬂ;g jpre h
Lo -

SCL

[

200 pA compact proton cyclotro -
ass resolution ISOL
] super-conducting LINAC

Brlef |dea N 1990
Supported in 2009 (0.36B), Tandem HI-15
First beam in 2014
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Status of BRIFII

I Trim Coil Helium Cooling Top Yoke Central Centering Phase Vacuum Return

System Cryopanel Region Cail

Probe

Chamber Yoke

Combination

Magnet

Stripper /e

ydrern Plused Beam | High Current

lon Source arld lon Source apd
Radial Probe/ Generator Injection Line | Injection Llne\

RF Coupling
Support \ Amplifier

Combination
Magnet

North Beam Extraction
to North Beam Line

g

Bottom Yoke

Elevating
System

Pole

RF Cavity

i\ﬁ,

o\
3

2015, May 4, ISOL sep

* First beam in 2014111

arated 38K RI delivered

—

i X 4 \
i 1 - ) ondR
4 L/ i L -,
T ———
>~

Dia.: 6160 mm
Height: 2820 mm
Weight: 435t

Magnet design and fabrication




Status of HIRFL

Heavy lon Research Facility in Lanzhou (HIRFL)
National Laboratory of Heavy lon Accelerator in Lanzhou(1991)

SSC (K=450)

100AMeV (H.1), 110MeV (p) AMSVFC (K=69)
,1988 € (H.!I-.;,6]é7~35 MeV (p)

.........

......

LSRm

1000 AMeV (H.1.), < 2.8 GeV (p)
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- Status of HIRFL Main Setups

E - wExperiment
for DR resemrch

SSC(K=450)
100AMeV (H. 1.),110MeV(p)

SFC(K=69
1938"5{ # lli (1"9%?') 10AMeV (H(nw_asmvrn)n .
‘ uilt up in 1962 2 & (“~5") CSRe
pe ] Built up in 1962 2007 5 # ik (“NA")
s Built up in 2007
C?c‘ts Filked Reconl O ‘
% ¥ e I ! =

Separato'lj‘

1000AMev(H.),<2.868v(p)......

2007 5 # ik (“NLE")
Built up in 2007

| Héavy ion related _
Application and

interdisciplinary

£
Proton Induced
Spallation g

0 apparatuses for heavy-ion physics and applications



> Status of HIRFL

HIRFL statistics

ation time >7000hrs/year, target time ~5000hrs$dyRrFL

Wr
applied for beam time >1400hrsly

7051 h Q0L
TIoLTt rOJVUIl

8000 -

7000 - 7.2%

1.1% 4.2%

6000 -

5000 -
4000 -
3000 -
2000 -
1000 -

0

2011 _ 2012
m Total operation time

lrrTarget beam time

2013

Atom and
Nuclear
Physics

Agricult
e and
Biology

edical

Space Material

Science

Atomic
and
nuclear
physics

Research

\

1439.08h

28.78%

563.67h

Material 11.27%

and space
science Life
science ] ]
Average beam time distribution
Internation

Compaies al users

Universities

Hospitals

Research
1 nom'}nn

Distribution in Research Fields

Distribution of ~200 Users Units



> Status of HIRFL

Typical beam

p ~ U, Total accelerated elements: 21

B CSR: 9ions

Cyclotrons: 12 ions
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Status of HIRFL

Highlights progress

Synthesis of New Isotopes

25‘)Db ZGSBh
’

IZlCC, llSNd' 128Pm’
l29Pm’ lZ‘)Sm’ lSSGd'
137Gd. |3‘)Tb’ l}‘)Dy,
”2“0, “9va

‘75Er.. ISSqu lx(ny’
l‘)ZOS. 2()8Hg' 2()‘)ng
e | 237Th. ZSSTIL 239Pa

—p v

5 s - Stable nuclides
oo =

2 More than 20 new isotopes synthesized
at IMP since 1992

F 1l = N— E& p emission

Nuclear Astrophysics

Studies of key (a,p) reactions in Type I X-ray bursts at RIBLL
and CRIB \ b ]

\ Neutron star (core)

¥_ Accretion disk

Companion star

5

RIBLL1@IMP

Publications

1.1.J. He et al., Eur. Phys. J. A47(2011)67

.J.J. He et al., Phys. Lett. B725(2013)287

. 1J. He et al., Phys. Rev. C88(2013)012801R

.J. Hu et al., Phys. Rev. C90(2014)025803

. LY. Zhang et al., Phys. Rev. C89(2014)015804
Secondary (Rf) baam F3 6.1.J. He et al., Nucl. Instr. Meth. A680(2012)43

CRIB@University of Tokyo 7.8S.Z. Chen, Nucl. Instr. Meth. A735(2014)466

Secondary target.
cetaccors

O S ]

/ \ /
(in a collision between H," projectile used as a“r\’:’
double slit and helium target atoms using The resolution of dielectronic recombination

q,(au)

RIB physics

RIBLL Collaboration est:

)

ablished in 2011, including >16 institutions

—Phys. Rev. Lett 112,162501 (2014)
—Phys. Rev. €90, 014606(2014)
—Phys. Rev. (87, 024312 (2013)
—Phys. Rev. €87, 044613 (2013)
—Phys. Lett. B727, 126 (2013)
—Phys. Rev. (84, 037603 (2012)
7 —Phys. Rev. €85, 024621 (2012)
.. —Phys.Rev. C81, 054317 (2010)
=== 1 aﬂlﬁEH’N;’) "")h\f' —Phys. Rev. (82, 064316 (2010)
L ssmmmmmm _phys, Rev. €80, 054315 (2009)
—Phys. Rev. €80, 014310 (2009)

Atomic Physics

.uv'/' é;d 'me

DERE crin

Two-center interference observed /‘f)ielectronic recombination spectroscop;\?“-\
at cooler storage ring \
kinematically complete technique spectroscopy is of 100meV. Paved the way
. to precision spectroscopy at CSR.

IMP and MPIK collaboration
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- Phys. Rev. Lett. 112, 023201 (2014)
- Phys. Rev. A 90, 022706 (2014)

- Nucl. Instr. Meth. A736, 75 (2014)
- Phys. Rev. A 87, 062510 (2013) J
- Phys. Rev. A 86, 012709 (2012) /
- Phys. Rev. A 84, 042710 (2011) g




w- Status of HIRFL

Highlights progress

¥ Mass Measurements

B. Mei et al., NIMA A 624, 109 (2010)
X.L. Tu etal., PRL 106, 112501 (2011)
X.L. Tu et al., NIMA A 654, 213 (2011)
Y.H. Zhang et al., PRL 109, 102501 (2012)

H.S. Xu et al., IIMS 349, 162 (2013)

Primary Beams: °°Ni, 78Kr, 86Kr, 112Sn

X.L. Tu et al., J. Phys. G41, 025104 (2014)

1
2
3
4,
5. X.L.Yan etal. APJL 766, L8 (2013)
6
7
8. W. Zhang et al., NIMA 756, 1 (2014)
9
1

56

54

52

s 50
. B. Mei et al., Phys. Rev. C 89, 054612 (2014) T 48
0. P. Shuai et al., Phys. Lett. B 735,327 (2014) 44
Ni[l
Co 42
Mn 40
IMP,GSI,MSU,MPIK,RIKEN... G [ Re-measured at CSRe
. . P Ti 36 with improved precision
Precision achieved: 10 CESC L g Measured for the first
K 32 time at CSRe
c T T30
S H 43 masses are measured -
AP H 28 Measured for the first time: 16
Mg| 26

10 12 14 16 18 20 22 24

Precision improved: 27



Nuclear physics road map in China

1986 1988 2008
Beijing Tandem Lanzhou cyclotron Lanzhou storage ring

HI-13 SSC CSR

2015 2020 5025
Beijing rare ion beam Heavy ion application Beiing 1SOL
BRIF HIAF Beling
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%% Perspective-New proposal HIAF project in China
r High Intensity heavy ion Accelerator Facility

HIAF: One of 16 large-scale research facilities proposed in China in

order to boost basic science, now under design optimization and technical
R&

Next-generation high intensity facilities are required for advances in
nuclear physics and related research fields:

Isotope-discovery technique

clogy. Some Il Light particle reactions B Neutron reactions
dicted to exist. Fusion [ Fragmentation/spallation
T2 D reemmmm e R R R R
E—— Fascinating and crucial questions
Q@ -++ivssosssvvvisusisns existing radioactive  [—

isotopes

* To explore the limit of nuclear existence
* To study exotic nuclear structure

* Understand the origin of the elements
T * To study the properties of High Energy
...................................................... unconfirmed. isotopes and Densi ty Matter

>
<
L
)
o
®
—
o
o
Q
<

Number of protons
o0

0 20 40 60 80 100 120 140 160 180
Number of neutrons
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%g’ Perspective-New proposal HIAF project in China
m:: Multi-purpose facility

with unprecedented parameters

ERL: Energy Recovery Linac = CRing: Compression ring
electron machine — - - - @hrttimfergnce: 880 m

- g = Mz/* Rigidity: 43’3’;71
- __Barrier bucke¥ stacking

. Beam comprgssion

" ~ Beam accelgfation
/ e G In- beam expenment
MM v""!..'u. : " t / st 'r‘ ""'../. ’.Q“...'/” L
ol Se Y T
P, T i st SRing: Spectrometer ring

BRing: Boosterring &
Circumference: 440m =
Rigidity: 34 T g
Beam accumulation
Beam cooling
Beam acceleration

EIectron/Stochastlc cooling

: .» o ", »  Circumference:188.7m
M’: Q‘ ngldlty 15Tm 1

——e Two J@F detectors

\‘ l-wngc// Three operation modes

[ . '/*/
’ B ‘

iLinac: Superconducting linac
¢ Length:180 m
—_— Energy: 25MeV/u(U34)
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fi&a? Perspective-New proposal HIAF project in China

mtl-purpose facility with unprecedented parameters

Unprecedented beam Intensity( Comparison with HIRFL):

— Primary beam intensity increases by x 1000 — x 10000
— secondary beam intensity increases by up to x 10000

Precisely—tailored beams

— beam cooling (Electron, Stochastic, laser: high quality, very small spot )

— Beam compression (Ultra—short bunch length: 50—100ns)

— super long period slow extraction (Super long, high energy, quasi-continuous beam )

Wide beam Energy:
— heavy—-ion energy : x 10 = x 15

Versatile operation modes:
— parallel operation, beam splitting ( /ncrease of target time, high integrated luminosity)

Low energy RIB

High-E -D ity Matt
collection and purity fgh-tnergy-Jensity Matter

Application in bioscience & Material

— 1180 energy RIB purity

Ions Energy Intensity rl\gzs;er::nsuremem m— E|ectron beam
SECR U 34+ 14 keV/ u 0.05 p mA irradl-it:gue:teerrg:l - QualriitgthT;:i;‘t‘a%ion
iLlinac U 25 MeV/u  0.028 pmA W
BRlng Us4s 0.8 GeV/U ~1.4x101 PPP Low energy CDII::CB’C.::ISZ);Eztur:I:]Ie
il -
U 11GeV/u ~50x10" ppp "
CRing ~2.0x1011

Us2+ 4.1 GeV/u

— p p p _ Material irradiation

27 space electronic device




@@ Perspective-New proposal HIAF project in China
S Schedule for the HIAF (15t phase)

O nnnOnOnnonanaan

Critical Points Plan Approval T Comm|33|on|ng |
construction Operation

Key technologies R&D

Idea design
) Conceptual design
DESIQn Design report
preparation, Detailed d
submission, esign &
approval prototype

) Civil construction
Construction

and
Installation

Equipment construction, Fabrication ssssssssssssssssssssss—
Installation sssssss——————

iLinac, BRing, CRing commissioning

... Combined commissioning ——
Commissioning

Start of operation

~ Budget periods BP3 BP4
28




“ Advanced National facility for Unstable and Rare
Isotope Beams (ANURIB)

“ Kolkata
“ Variable Energy Cyclotron Center (VECC)

[ ]
1b§ 7|2 dfer A2 29
Institute for Basic Science



Main features of ANURIB facility
(Green field project costing around 200M USS)

. 50 MeV, 2 mA electron linac photo-fission driver for production
of neutron-rich RIBs

. Proton-rich nuclei will be produced using a 50 MeV proton
Cyclotron

. Neutron & Positron Beam Facility
. Both ISOL and Projectile Fragment Separator type facility

. Will accelerate both radioactive and high intensity stable isotope
beams

. Fragmentation /fusion of radioactive ion beams to produce near
drip-line n-rich /p-rich nuclei.
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Schematic layout of ANURIB facility

Advanced National Facility for Unstable and Rare |sotope Beams

_—__—_-—_—_—-—_—_—_—_—_—_\

SC electron LINAC
50 MeV, 100 kW

Spectroscopy of r-process, n-rich
exotic nuclei

Actinide Target

ol B

Atoms

Radioactive

1+

1+ RIB

e- n
I >| Neutron Beam Facility |

LEEF

High resolution

Ion

Source
F 3

7-I_________

V4
B+

Target

separator ~»_RFQ Cooler + MR-TOE

LASER SPECTROSCOPY
—-— e s s . - = -

I
l
7 I
|

1 I

ECR lon Source | ~

I 50 MeV proton driver I n+ RIB

| Low Energz Positron Facifig |

EFNA

Nuclear Astrophysics |

0.1 MeV/u
LINAC

Stable isotope

{ High current Injector | \

injection

Separator I . Material Science &

biological studies with
1.5 keV/u stable & RIBs

_RFQ_| i

1

.0 MeV/u

Nuclear structure, Elastic/ Inelastic
scattering, Coulomb barrier physics,
Super Heavy Elements

7 MeV/u

ECB

Studies on drip
line & near drip
line nuclei

fragm

Stable

Exotic Isotope

ents Beam

RIBI

RIB

Secondary
target

100 MeV/u

Next phase

Stripper
D Accelerators

D Experimental Facility

Ring Cyclotron

LEEF: Low Energy Expt. Facility
EFNA: Expt. Facility for Nuclear Astrophysics
FCB: Facility for Coloumb Barrier physics ,

7’

_—_—_-—_—_—_-—_—_—*




Pilot for ANURIB

K130 Vault




RIBs produced so far \

RIB Prod. route T1/2 I(pps) @ I{pps) @ after Applications
before RFQ RFQ

N(p, n) 5.0x10°® 3.2x10° super-allowed beta decay, test of
standard model: break-out reaction
from hot CNO cycle to rp-process

“Aar(a,pn)  12.36 hr bio-medical tracer
4OAr(a,p) 22.3 hr bio-medical tracer

“Ar(a,2pn) 109 min tracer used in engineering ; wear studies

natAg(a,xn) 2.8 days Perturbed angular correlation
spectroscopy, medical radio-tracer

1.46 MeV %K 2.31 MeV 0 Optimized parameter value

(baEkground} ¢ beam 1402+

|
MML&WNW *FM"FMW& MTW F“M WW«T‘W‘W f‘i RFQ power 10 kW cw

Gamma-spectrum for 14-Oxygen RFQ vane vol. 27 kv
RFQ parameters for 14-Oxygen

II
ECR ext. vol. 12.3 kV I




“ SOLenoid Exotic Rare iISOtOpe separator (SOLEROO
Separator)

¢ Canberra
“ Australian National University (ANU)

[ ]
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Australian N C R IS

%, National National Research

University Infrastructure for Australia

An Australian Government Initiative

SOLEROO separator — solenoidal exotic rare isotope separator

 ANU 15 MV tandem electrostatic accelerator

571 ibeams 10 to 60 MeV; °Be production target 2.8 mg cm™
e Superconducting solenoid: beam rejection and RIB refocusing
* Tracking detectors: trajectory reconstruction and particle i/d

6.5 Tesla superconducting

Primary solenoid with iron yoke Secondary
beam ("Li) target chamber
: and detectors
\,‘: {RA = ‘
Primary f i i
production T
target ) fi
chamber v L
f 5 WV m
Axial blocking discs r .
Rare isotope PPAC tracking
trajectories detectors

Another operating mode of SOLITAIRE (gas-filled fus-ev residue spectrometer)



Australian

& National
=23 University

NCRIS

National Research
Infrastructure for Australia

An Australian Government Initiative

PPAC Tracking detectors: time, 1mm position resolution

AE2

AE1
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. m . mz?
ToF oc\/; AE }T

PPACs handle rates > 10° /sec
Provide tagging of desired RIB



Australian
& National

d
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ey Universit
Yun oG <

RIB Intensities:

5He > 10°/sec
8Li > 10%/sec

Tracking detectors:
Particle i/d: AE, ToF (DC or pulsed beam)
Reconstruction of trajectories:

Focal length =»energy resolution <1 MeV
Secondary target interaction position < 2 mm

Physics: compact DSSD 512 pixel detector array

First physics experiment April 2015
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“* We can expect a fantastic landscape of RIB facilities
in Asian within a decade, hopefully allowing our
access to the edge of a large unknown area on the
nuclear chart.

“ Facility itself does not mean the success of science
research: User-oriented management and
organizations highly required and should be more
largely expanded in Asia, starting from Japan to
China, Korea, India, Australia ...

1S JIEAeany 38
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ToeERENGRD
RAON(IBS/RISR)~ -

e~y N 3

HIRFLAMP) N\ -

v HIAF(MP) L “§7K RIBF(RIKEN)
SO A KISS (KEK)
e | CRIB(CHs)

OCEAN

[ S

" ANURIB(VECC)
INDIAN ‘ 7-‘,:_'“ 2 ,J;_a;_tf_, o

OCEAN N

SOLEROO(ANU)

ASIA & \ ]

PACIFIC [ 3

m red : ISOL production
black : IF production

Korea: Yeong-Kwan Kwon (RISP)
China: Jiancheng Yang (IMP), Weiping Liu (CIAE)
India: Alok Chakrabarti (VECQ)
Australia: David J. Hinde (ANU)

jpS ZIxaerany and others =l

t
Institute for Basic Science Science Project




Facilities under construction at a Glance

- Institution . . RI
-acc. Operation .
Facility (Country) Driver Post-acc perati sroduction
SC-Linac (IF)
IBS/RISP up to 200AMeV (238U) 5071
RAON (Daejeon, SCoLi ISOL+IF
Korea) Cyclotron (ISOL) . _ZOIXI?ACV
proton, 70MeV, 70kW ul;)ptoozoo Al\je’\/
IMP i-Linac
(Huizhou, up to 25AMeV (%8U) 2024~
HIAF Guangdong BRing — CRing Synchrotron (Phase D IF & ECS
China) up to 4.1AGeV (238U)
VECC Linac booster
ANURIB (Kolkata SC electron Linac up to 7AMeV 2017~ ISOL
Indi ! Electron, 50MeV, 100kW Cyclotron (Phase I) (photo-fission)
ndia) up to 100AMeV
ANU Tandem
SOLEROO | (Canberra, 10 to 60 MeV (7L
Australia)

1S Z1xzeraze

Institute for Basic Science
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PN,

Thank you for your attention!
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Closing by Bird’s-eye site view...

Site for ANURIB- New campus at Rajarhat (5 Km from VECC)

e
| ANURIB
| Accelerator

2 | Complex —future
llliﬂ:fmlfl.;‘ | exPanSIon
RUITR Rl T

?}*’ suse |

>
>

ANURIB
ph-1
building

UGC-DAEF

n I e-rl‘,..“;’ .

€ Towards Airport

MASTER PLAN

Guest-house

)

7| X oL 9l

Institute for Basic Science
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RAON Site :

/ Current RISP 0ff|ce

SRR /,', ./

\..‘

Area (Lot/Bldg) 952, 066 m2 /130,257 m?
iy
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é;% Perspective-New proposal HIAF project in China

r

Site of HIAF project-new campus
Huizhou, Guangdong
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Perspective-New proposal HIAF project in China

Site of HIAF project-new campus




