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World ISOL accelerated

beams

FACILITY DRIVER POWER | USER BEAMS MAX ENERGY
ACCELERATED
HRIBF 50-100 MeV | 1.5 kW 7.10Bg, 17.18F 26/ 76-79Cy, 67.83-85Gg 5-15 MeV/u
Oak Ridge (USA) | p,d, a 78,80,82-86G o 6IAg 83,84Gp 992Gy, tandem
1997 (-ve ion 117,118,120,122,124,126A g
source) 126,128,130-136gy 129G], 129,132,134,136T¢
(44)
ISAC 500 MeV 50 kW 8.9,11Lj, 10.11Bg, 18F, 14 MeV/u
TRIUMF protons 20,21,25,29N 5,23\, 26 A\l linac
(CANADA) 2000 (12)
SPIRAL 100 MeV/u 6 kW 6.8He, 14,15,19-22Q 18F, 10-25 MeV/u
GANIL (FRANCE) | heavy ions 17-19,23-26N g, cyclotron
2001 33-35, 44,48\ T4TTK
(25)
REX ISOLDE 1.4 GeV 3 kW 8.9,11Lj, 1012B¢, 10C, 17F, 3 MeV/u
(CERN) protons 24-30Ngq, 28-32g, 61-63)\n, 61.62F ¢, 66,68, linac
2001 67-71,13Cy 74.76,78,807y 70Ge
88,02,94,96 | 965 108|, 106-110Gp
100,102,104,122,124,126C, 138,140,142,144% o
140,142,148 5 148py 153Gy 156Ey,,
182,184,186,188 g 200pq 202,204R)
(72)




Next generation ISOL facilities in Europe
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HIE-ISOLDE

Increase in REX energy from 3 to 10 MeV/u
(first step in increase to 5.5 MeV/u)

lonisation X"
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RFQ
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50 keV REXTRAP 0.3 MeViu 1.2 MeViu 2.2 MeViu 3.0 MeV/u

Bunching \

Increase proton intensity 2 - 6 pA (LINACA:,
PSB upgrade); target + ion-source upgrade

Solid state laser ionisation v

REX-TRAP, REX-EBIS upgrades

RFQ cooler, Super-HRS for isobaric separation




SPIRAL-2 GANIL

GANIL/SPIRAL 1 today
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CIME cyclotron RIB at 1-20
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RIB production SPIRAL-2
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el 4l Reference planning and phases

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Reference
Project
Def.

Safety Buildings _ _
authorisation construction Possible scenario

Construction
of LINAG
e
Y

__‘..A.___

Stable ion beams from LINAG
RIB from non - fissile targets

RIB of fission fragments > 1012 fiss./s

Reference Planning Go: i ::>

RIB of fission fragments
10 fiss./s

31/05/06 M. Lewitowicz




SPES LEGNARO

Neutron Facility: BNCT — LENOS
Thermal neutrons 10°n cm-2 s-1
= Fast neutrons 1014 n s-1

~A TRASCO RFQ: protons 5MeV 25mA

/% Direct Target 10" f s' Mass Separator
¢/ (on HV platform 250KV)

SPES

EK!!'C beams for science

Charge Breeder (10KW) installed over HV
platform (250KV)

N8

Cyclotron: protons g
70 MeV 0.75mA /

Cryopanel 7

‘General SPES layout
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accelerated RIB pps
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Future Upgrade Plans

 SPIRALZ2 — post-acceleration to ~ 100 MeV/u

 HIE-ISOLDE - replacement of PS Booster by
SPL (10 kW — 30 kW — 100 kW — ...)

« EURISOL — 4MW Hg converter



ISOL In North America
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CARIBU: Californium Rare Isotope Breeder Upgrade @ ATLAS

Transport ialdi
caale ’ Shielding

RFQ
coolers Quadrupoles

> High resolution
Cf source mass spectrometer

CARIBU upgrade

Low ener gy beam

To ECR charge breeder

Isotope | Half-life Low-Energy Beam Accelerated Beam
(s) Yield (s™) Yield (s*)
1047y 2 1.5x10° / 4.8x104/ 6.0x10% | 5.3x101 /1.7x103/ 2.1x104
143Ba 143 | 3.0x104/9.6x105/1.2x107 | 1.1x10%/ 3.4x104/ 4.3x105
b 4.0 1.4x104/ 4.4x105/ 5.5x10¢ | 5.0x102/1.6x104/ 2.0x10%
1308n 222. | 2.5x10%/7.8x104/9.8x105 | 9.0x10" / 2.9x103/ 3.6x104
25N 40. 9 ax1D° /3 0x10° [ 3 7x10° | 35x10' [ 1°1x10°/ 1.4x1D"
138Xe 846. |2.5x104/7.8x10%/9.8x10% | 1.8x10°/ 5.8x104/ 7.2x10°
%Mo 2.8 1.6x10%/ 5.0x10%/ 6.2x104 | 5.8x10°/ 1.8x102/ 2.3x10°
1Mo 0.5 8.3x10°/2.6x102/ 3.3x10% | 0.3x10°/9.6x10°/ 1.2x102

Fall 2009: 2 mCi source =2>|tests

lekds studies

/\/

urc

Winter 2009 — Spring 2010: 80 mC|

-2 1stexpts.

Summer 2010: 1 Ci source = Full research program




Proposed ATLAS efficiency and intensity upgrade

Increase intensity of stable beams from ATLAS by factor >10
Increase intensity of CARIBU reaccelerated beams by > 5-10

Increase intensity of in-flight radioactive beams by >100 A\f
lon trap

2 new B;=0.062

cryomodules,

12 cavities

2 Booster +
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10 Year Plan

5 Year Plan
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TRIUMF e-linac

Stage 1 - 2011 ﬁl-:wl %DHW |F1u1(led and under construction |
v v
Gun Bunch
SN 20kW = B
InJECtOr o CFIfunded awaiting matching funds
Sk 15kW 15N 15K\
Stage 2 - 2013 1 1 L
v v
== — SEISEISEISES
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— 1 30MeV
SKNV  15KW 10 MeV 15N 15K i
Injector Linac Module 1
Hi-power target R&D required
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Comparison of proton, photon and neutron-induced fission

101 - AAAA
= | Snin Z*U(n@), ) A aal A
10°F | A E =10 MeV A/:/AA A A
10" | | —A—E=15MeV /o’ ‘\AA\
o ¥ o’ \ A
€ 10% s A\
- E \
= F /A AA
S 10k }/ \\
" . A
& 1 Photo-fission A\
g 105 E AA
(] . A \
10 . .
: / Neutron-fission }
1
10'3 PR T / |||||||||||||||||||||| 1
115 120 125 130 135 140

High yields and fewer -
isobaric contaminants . A




Accelerated 132Sn yields (per second)
(fission factories only)

HRIBF 10° 4.5 MeV/iu (now)
REX-ISOLDE 106 3 MeV /u (now)
CARIBU 5.104 10 MeV/u  (2010)
TRIUMF p-driver 107 5 MeV/u (2010)
CARIBU phase 2 106 14 MeV/u  (2013)
HRIBF HDU 2.108 4.5 MeV/u (2013)
HIE-ISOLDE 108 10 MeV/u  (2014)
TRIUMF e-driver  5.108 5 MeV/u (2015)
SPES 5.108 9 MeV/u (2015)
SPIRAL-2 2.10° 7 MeV/u (2015)

EURISOL 101 150 MeV/u  (2025)



Comments

Only ISOLDE and HRIBF have
accelerated fission fragments

Maximum energy trade-off for intensity,
particularly for ECR charge-breeder

ssue of iIsobaric and charge-breeder
packground

ssue of target size for extraction of short-
Ived radionuclides
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