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1. Introduction - Nuclear Landscape
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2. How to produce Rl beams ‘ 1) In-flight fragmentation method |
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2. How to produce Rl beams ‘ 1) In-flight fragmentation method
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2) ISOL method |

(ISOL = ISotope On-Line)
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2) ISOL method (ISOL = I1Sotope On-Line)
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3) Combined method |
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3) Combined method | 4) Direct method
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3. Facilities in the World
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1) RIKEN RIBF (RIBF = RI Beam Factory)

Two injectors: RILAC & AVF
Four booster cyclotrons: RRC, fRC, IRC, SRC
=> p to U: E > 345MeV/u, cw-mode acceleration
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b SHARAQ
— (U. Tokyo)




World s first superconduting RING cyclotron ”
B..= 3.8 T, Total welght = 8300 tons |
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Recent results from RIBF
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(FAIR= Facility for Antiproton and lon Research)

International
project
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s S N FAIR

Future beams

Intensities: primary x 100
secondary x 10000 fold

Species: Z=-1-92

Energies: lons up to 35-45 GeV/u

I= == 1l —

CR

Beams today:
Species: Z=1-92
Energies: up to 2 GeV/u

Nuclear Structure and Astrophysics
Reactions (NUSTAR) (0 to 1 GeV/u)
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Austria China Finnland France Germany Greece India Italy Poland Slovakia Slovenia Spain Sweden Romania  Russia UK




GSI SIS18 — FRS - ESR

Complete kinematic reactions
Production technique:

Fragmentation and photo-fission '§ Sra SR
_ ALADIN LAND
Production target e - ﬁ‘f
- FRS el - %
/4 ESR ['_
Decay " " Schottky and TOF
spectroscopy ) mass measurements

Courtesy: W. Henning



GSI SIS18 — FRS - ESR

82
] r-process
path
[ |
|
. 126
[ |
rp-process
path
82
n
28 =
J ~ 350 new mass values
20 ~ 300 improved mass values
to5x10-8to 5x 107
8 28
_ 20
8

Courtesy: W. Henning



3) IMP HIRFL-CSR (HIRFL = Heavy lon Research Facility in Lanzhou)
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K=450
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Count

Mass measured for the 3 drip-line nuclei 3Ge, %°As, ’Se
with the life-time of 100ms
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4) FRIB & ReA3 at MSU (FRIB= Facility for Rare Isotope Beams)
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and Support
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_____ Facilities
~~~~~~~~~~~~~~ Driver Linac
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—————
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~~andAssembly @50

ISOL Targets (option) Swﬂchyard

«200 MeV/u — 400 kW U beam
provided with SRF driver linac

*Three stopping stations

*SRF reaccelerator up to 12 MeV/u




ReA3 at NSCL

lon sources development: SRF development:
charge state breeder ReA3 linac modules

= 3 MgV/u beams for heavy ions

= Up fo 6 MeV/u for light ions

w2 ReA3 beam
Distribution
line

Courtesy: O. Kester



5) CARIBU at Argonne ATLAS Facility

(CARIBU= CAlifornium Rare Isotope Breeder Upgrade)

Fragment
Mass Analyzer

\ Target
%, Area IV

e

Gammasphere

HELIOS

...:.

GP/Gammasphere
Beamline

“ split-Pole
_+" Spectrometer

CARIBU

FN-Tandem Injector
ECR I

lon Source

Target Area Il

ATLAS Linac

{}_ - — f[DERn e
T‘ - lon £ 0 Fera A PP P P TR
X2 T )i Source &

Large Scattering
Facility

.........................

Canadian
Penning Trap
Pl

& TR — '_ e ‘ ‘ ) E e __ e f\ / Spectrograph/GC-RFD

Injector Linac

-----

= — SC Solenoid/GC-RFQ

Conirol Room i Target Area Il 0 50

[
Approximate Scale
{in feet)



5) CARIBU at Argonne ATLAS Facility I

(CARIBU= CAlifornium Rare Isotope Breeder Upgrade)

ATLAS: Superconducting Heavy-lon Linac (up to 15 MeV/u)
DOE National User Facility at Argonne National Lab | -~
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5) CARIBU at Argonne ATLAS Facility I

(CARIBU= CAlifornium Rare Isotope Breeder Upgrade)

ATLAS: Superconducting Heavy-lon Linac (up to 15 MeV/u)
DOE National User Facility at Argonne National Lab | .~

M Target
%, Area IV

Gammasphere —

CARIBU: Neutron-rich beams from 2°2Cf fission source &
Gas-catcher / RFQ cooler / ECR charge breeder /
Acceleration in ATLA
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CARIBU
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CARIBU at ATLAS

Courtesy: W. Henning



252Cf source (--> 1Ci) ' .
(complementary to U fission) | |
in helium gas-stopper cell oo SEen
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252Cf source (--> 1Ci)
(complementary to U fission) |

in helium gas-stopper cell
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Acceleration in ATLAS: [T
<
High-quality n-rich beams

~ 65 species with > 10%/s &
> 150 species with > 10%/s

Courtesy: W. Henning



252Cf source (--> 1Ci)

(complementary to U fission) |
in helium gas-stopper cell

I
1
1

I
I
|
H

e
62

- 2 Limit of “known” masses

;,{, High-resolution
{ isobar separator

Setup completed

2.3mCi 2%2Cf source

g Presently being commisioned with

— Ty =

Acceleration in ATLAS: g

>
High-quality n-rich beams
~ 65 species with > 10%/s &
> 150 species with > 10%/s

L]

Courtesy: W. Henning



6) TRIUMF ISAC (ISAC = Isotope Separator and ACcelerator)
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6) TRIUMF ISAC (ISAC = Isotope Separator and ACcelerator)
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6) TRIUMF ISAC (ISAC = Isotope Separator and ACcelerator)
[l ! . o =

e-driver (1.3 GHz/50 MeV/10 mA) for 104 f/s




7) VECC RIB project (VECC = Variable Energy Cyclotron Center)

Schematic Layout

SC elLinac
30/50 MeV
K130
Cyclotron 100 kW CW

Thick-target & 1FENGEES

= jon-source BRUBONS

ECR ‘ urce VECC-
TRIUMF
collaboration

1.7 keV/u RIB

RFQ

100 keV/u

« RFQ (3.4 m, 100 keV/u) commissioned in
June 2008.

AT T — ; « Linac-1 & Linac-2 commissioned, Linac-3
under installation. Linac 4-6 designed &
being ordered.

415 keV/u

« SC e-Linac development started. 1st

LINACs 4-6 phase : 10 MeV Injector Cryomodule
| being developed in collaboration with
1.3 MeV/u TRIUME.

Courtesy: A. Chakrabarti



8) GANIL — SPIRAL Il Existing GANIL Accelerators

CIME Cyclotron
Acceleration of Rl Beams
E <25 AMeV,

1-8 AMeV for FF

Direct beam line CIME-

Existing GANIL
G1/G2 caves

Exp. Area

Low energy RNB
DESIR

p,d source I

LINAG Exp. Area (AEL)
ay




Driver linac of SPIRAL Il |

Heavy lons
0.75 MeV/n | Experimental Area

ECR Source \
Deuterons b
Beam Stop

\

- RFQ 88 MHz (a/A=1/3)

QWR 88 MHz (beta=0.07) 4 QWR 88 MHz (beta=0.12)

—

d*: 20 MeV/n X
Hl: 14.5MeV/n \

[ [E,ﬁﬁwsﬁ'g,’,‘fH RFQ 88 MHz {q/A:l/ﬁ)Jé"""

(optional upgrade) 5;7 / ra / Z

driver accelerator

ok -lr; i

< AAVAFENY i

P. Bernaudin et al., SRF2009 T. Junquera et al., LINAC2006



9) CERN — ISOLDE

- T

rget laboratory

77" WV platform
" ISOLTRAP

New hall extension
(2005)




9) CERN — ISOLDE

Hj .. ” xu_:___. rget laboratory
H “m
I Y

EBIS

S LINAC

SC solenoid 2T A GeV o b :
) . -. eV pbeam |
i;eia e time 3 to>200 ms h Length 11 m, Freq. 101 & 202MHz |
q =4 W 6 " Duty 100 Hz — 1ms (10 %)
lonisation X" E <3 MeV/u
REXEBIS — Alq 4.5 (2.2 MeV/u), 3.5 (3 MeV/u)
SEPARATOR

7-gap
resonators B g.gap

RFQ IH-structure

f'

ISOLDE
beam X'

m..m(EGJ

50 keV REXTRAP
Bunching

= HV platform
| %~ ISOLTRAP

~ REX-Trap
Cooling (10 — 20 ms)

108 ions/pulse " MISTRAL




3 stages installation

HIE-ISOLDE

l:lu:u IEIEEH HOEr

lwtcrs ' '

HO0-= OO0

S-gop Resnnutur

|| & e

O0-= 000,

B

-5 =-0000-= OAlNG =-G000-= &1

lcoslscolilcorlscol lcorlscolilcortscol

T

Low-energy Superconducting

High-ernergy Superconducting Secton

M. Pasini et al., HIAT2009



3 stages installation HIE-ISOLDE

-gap Resonotors

| | I?l O

RFQ IH—S‘tr'lUC‘tUF‘E S-gop Resonotor

Equipement Dépé6t Niobium
Cavités Supraconductrices HIE ISOLDE
P Te—

=

Ligne Mesure Alignement

G.VILLIGER ENMME




10) INEN — SPES l (SPES = Selective Production of Exotic Species
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10) INFN — SPES l (SPES = Selective Production of Exotic Species)
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4. Summary

New RI-Beam facilities ar

planned in the world.

A wide variety of technolo
facilities. They are rapidly
=>High-gradient accelerato

breeders, production

starting

gies is require
moving ahea
rs for high bear

‘uction an

lern RI-E

There are wide fields to explore in the nuclear world!

ts. ..

n power, charge
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