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In-flight and 1SOL @

“ISOL: Such an instrument is essentially a target, ion source
and an electromagnetic mass analyzer coupled in series. The
apparatus is aid to be on-line when the material analyzed is
directly the target of a nuclear bombardment, where
reaction products of interest formed during the irradiation
are slowed down and stopped in the system.

H. Ravn and B.Allardyce, 1989, Treatise on heavy ion science
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@ ISOL: History
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ISOL: The reaction products
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The ISOL driver

 Proton or ion machine
— Cyclotron
— Synchrotron
- Linac
- Tandem
- Reactor

e Critical parameters

— Cross section for $PS (4)
reaction products and
“good use” of proton
beam

e <2 GeV total energy
e High intensity
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The I1SOL |
@ e ion source

B decay of 2*5Pb
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The 1SOL separator

High resolution mass spectrometer, 4 dipole magnets

Simulation without beam cooling: &=
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I The | L Post-A | @
@ e ISOL Post-Accelerator

e Challenges when T Préduction
accelerating 3.1n|\(j|e|$/r/]lljza‘”'i:
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@ The Nuclear chart according to 1SOL(DE)
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I1SOL: Geography

World Wide Radioactive Beam Facilities

ISOLDE+
REX-ISOLDE

2003
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First generation 1SOL RNB facilities
B virsto

Location RIB Starting Date Driver Post-accelerator
Louvain-la-Neuve 1989 Cyclotron Cyclotrons
Belgium p, 30 MeV, 200 pA K =110, 44
SPIRAL: GANIL 2001 2 cyclotrons cyclotron CIME
Caen, France heavy ions up to 95 A MeV, 6 kW K =265, 2-25 A MeV
REX ISOLDE: CERN 2001 PS booster Linac
Genéve, Switzerland p, 1.4 GeV, 2 pA 0.8-3.1 A MeV
EXCYT 2004 K=800 cyclotron 15-MV tandem
Catania, Italy heavy ions 0.2-8 A MeV
HRIBF Cyclotron
Oak Ridge, USA 1997 p, d, &, 50-100 MeV, 10-20 pA 25-MV tandem
ISAC-I: TRIUMF 2000 Cyclotron Linac

Vancouver, Canada

p, 500 MeV, 100 pA

upto 1.5 A MeV
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@ First generation 1SOL facilities
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@ ISOLDE
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q/A-selector REXTRAP
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Charge breeding of Uranium and
963I’15+, 94ARp15+
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HRIBF Oak Ridage
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I ISOL RNB: Int diate faciliti
@ ntermediate facilities

Location RIB Starting Date Driver Post-accelerator
SPIRAL-II: GANIL SC linear accelerator LINAG cyclotron CIME
Caen, France 2008 deuterons up to 40 MeV K =265, 2-25 A MeV
’ heavy ions up to 15 A MeV s
MAFF 2008 Reactor Linac
Munich, Germany 10 n/cm?.sec up to 7 A MeV
SPES 2008 . .
Legnaro, ltaly (Initial phase) SC proton linac ALPI linac
ISAC-I1I 2007 Cyclotron Linac
TRIUMF p, 500 MeV, 100 pA up to 6.5 A MeV
ISOLDE upgrade 2008 PS booster Linac
CERN p, 1.4 GeV, 10 pA up to 5 A MeV
EPAC-04 ISOL facilities
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Proton number

Driver

rwnNE

Experimental area
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‘ power in target: 3 kW = 200 MeV - 10! fissions/s ’

' for 10" fissions/s and 1g 2°U ’

' Ineed 10%/5=600 barn- 6 - 10%/235 - 6 -10¥/em?/s neutron flux ’
burnup of 233U after 52 days = 17%

'*/ =exp(—700barn - 610" fem? {5 -52 days) = 0.83
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ISAC-2

e End of 2005: Beam to
experimental hall

e April 2006, 5.3 MeV/u
for most masses
— Phoenix chargebreeder

— Any mass that can be
stripped to A/g=3 to 10
MeV/u

ISAC—Il — 2005

b

e 2007, 6.5 MeV/u
 Next five year plan:

Service Annex

- 2 new target stations
— One high power target

station (shielded for
100 kW)
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Future RNB facilities
©

. . Fragment -
Location Driver Post-accelerator g Type of facility
separator
synchrotron,
Europe: GSI (Germany) heavy ions: - ‘Super-FRS’ In-Flight
1.5 A GeV
. protons, 1 GeV, CW Linac, i
Europe: EURISOL 1-5 MW up to 100 A MeV/ ISOL
USA: RIA 900 MeV protons Linac a-dipole
Rare Isotope heavy ions: ISOL, In-Flight
Accelerator 400 A MeV, 100 kw up to 8-15 A MeV Separator
Ring-cyclotrons 3 fragment
JAPAN: RIKEN up to 400 A MeV (light i Separators In-Fliaht
RIB Factory ions); up to 150 A MeV storage & cooler g
(heavy ions) rings
EPAC-04 ISOL facilities
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@ EURISOL DESIGN STUDY PROPOSAL
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|@ EURISOL : The ultimate neutron converter 5 MW
i
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The EURISOL yields

100
Sn 132Sn
EURISOL: 0.2/s EURISOL: 2x10' /s
FAIR: p.2/= FAIR: 1x10°fs
48 it
M
EURISOL: 77
FAIR: B65/h
78__.
i
f »
L e EURISOL: 20/s
! al Nl FAIR: 8fs
EURISOL: 1x10' /s
FAIR: 1x10'’s
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E@j RIA - Optimum Mechanism for Each Isotope @

Optimum production
method for low-energy beams

[ Standard ISOL technique
I Two-step fission ISOL
1 In-flight fission + gas cell

Mroton Number

Neutron number

I Fragmentation + gas cell

Both IF and ISOL

(Beam power compromise)
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RIA Layout

* Intense source of rare isotopes

MeV/nucleon.

» High power primary beams protons to U at 100 kW and E > 400

Driver Linac (to 400 MeV/nucleon)

.1 Target/
Driver

lon Source  podules
(H through U)
Isobar
Separators

Post Accelerator RFg’s

1

2

3

Experimental Areas:
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lon Source

*

Fragmentation
Production Target
/

Fragment
4
Separator

Gas Catcher/
lon Guide

1: <12 MeV/u 2:<1.5MeV/u 3: Nonaccelerated 4: In-flight fragments

®

» Possibility to optimize the production method for a given nuclide.
e Four Experimental Areas (simultaneous users)




Th - P MOPLTOO7/
I@ e beta-beam, see Poster MOPLTOO

®

AIM: provide beams of electron (anti) neutrinos by decay of beta active ions.

Proton Driver
SPL

lon production
ISOL target &
lon source

Beam preparation
ECR pulsed

lon acceleration
Linac

Acceleration to
medium energy

Bunching ring
and RCS ‘
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Acceleration to final energy
PS & SPS

IF of RB?

ISOL facilities

Experiment

).

Neutrino
Source

Decay
Ring

¢

Decay ring

Bp = 1500 Tm
B=5T

C =7000 m
L, =2500m

6He: vy =150
18Ne: v =60




Conclusions @

 First generation ISOL and IF facilities are absolutely needed:
- Teasibility test
- develop new detectors
- perform physics experiments
- complementary aspects

e Push for the most exotic, short-lived, species:
- I1SAC2
- RIA
- FAIR
- EURISOL

. Towards even more exotic nuclei

ISOL (high intense easy beam (e.g. 132Sn)
+ post-acceleration up to 50 MeV/u (and higher)
+ IF
versus
direct IF
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