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500 MeV H- cyclotron
Capable of four independent 
users

1. 150 µA for µSR
2. 100 µA for ISAC facility
3. 80 µA for nuclear medicine 

isotopes production
4. Proton therapy (I ~ nA)
5. Proton hall not receiving 

beam in the moment, 
200 µA are available.

Owned and operated as a joint venture by 
a consortium of Canadian universities via 
a contribution through the National 
Research Council of Canada
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Physics at ISAC
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ISAC Facility

• Driver: H- Cyclotron 
• Operate in CW mode
• Proton Energy : 500 MeV
• Target station used modular 

approach that permits to operate 
at 100 µA.

• Target change in a hot-cell using 
manipulator.

• Minimization of the waste 
material.
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ISOL Target Development
• Target used at ISAC, 

refractory metals, Ta, Nb, ...

•  Foils of thin layers of 
refractory carbides (SiC, 
TiC, ZrC, LaC2 ~ 0.1 mm 
thick) deposited on flexible 
exfoliated graphite sheet 

• Development of the 
composite foil technique has 
allowed carbide target 
operation with up to 100 
µA proton beam.

Refractory Foils Composite Carbide Foils

Tantalum Container
20 cm long

20 mm Diameter
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Composite Targets
• To dissipate the power for the composite carbide target we 

developed a new technique. Using a slip cast method, the 
carbide target material is bounded onto an exfoliated 
graphite foil(0,13 mm thick). 

• The target is then cut out of the cast and inserted into the 
Tantalum target container.

 

Slip cast onto exfoliated graphite 
foil (0.13 mm thick)

 

Electron Scan of the LaC2 after slip cast and 
sintering at 1600 ºC.

20 µm
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HPT development
• Even though the ISAC facility has been designed for 100 µA, 

at the beginning (1998) it was not possible to operate the 
target with more than 1-3 µA.

• In 1999 a Nb foil target was operated with 10 µA.

• In 2000 both the Ta and Nb target were operated with 20 µA, 
and a SiC made from pressed powder into pellets was 
operated with 10 µA. 

• In 2001 the proton beam intensity was raised to 40 µA on Ta 
and SiC/graphite composite target. This was obtained by 
removing all the thermal heat shield around the target and 
by reducing the target heating, while maintaining the target 
central temperature at the same value.
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ISAC Target
Transfer Tube
Heater Connectors

Target current 
Connectors

Ionizer
Tube

Cu
Heat
Shield

Initial Design 
can only 
dissipate

 4-7 kW in the 
target.

• With this target design we can go as high as 40 µA.
• To go beyond this limit we have to add more effective cooling.
•We developed our own radiative cooling target by adding fins to 
the tantalum target container.

EURISOL User Group Workshop, Florence, Italy, 14-18 Jan. 2008



TRIUMF

Pierre Bricault, TRIUMF, 

High Power Target

We demonstrated that 
a target equipped with 
fins can dissipate up to
18 kW using electron 
bombardment .0
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Improve the 
cooling by adding 
fins onto the 
target container. 
Emissivity: 0,92.
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High Power Target

Fins
Ta
Tube

P. Bricault et al., EMIS XIV, Nucl. Instr. Meth. 

Contrary to other 
designs we can use any 
target material,
refractory metals or 
composite carbides or 
oxides, inside the Ta 
target container.

We demonstrated the 
operation of our HPT  
at 100µA level for a 500 
MeV proton beam.
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Non-Linear Yield vs Φ

• Evidence of Radiation 
Enhanced Diffusion 
with the increase of the 
proton flux density.

• This allow us to have 
very high yield of short-
lived elements.

• Release less sensitive to 
diffusion in the crystal.
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ALi charge radius
Nuclear Charge Radius of Lithium-11 3
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Figure 1. Experimental setup for the resonance ionization of lithium.

and quantum electrodynamic effects by perturbation theory. Results of
such calculations [5] are given for all lithium isotopes in Table I.1

3. Experimental Set-Up

In order to determine the nuclear charge radius of 11Li, the experimen-
tal setup was installed at the TRIUMF-ISAC facility in Vancouver,
Canada. There, one of the highest low-energy (≈40 keV) 11Li ion-
yields worldwide (∼ 30 000/s) is produced by bombarding a tantalum
target with a 40 µA, 500 MeV continuous proton beam produced by a
cyclotron. In our experiment (see Fig. 1) the 11Li ions are stopped inside
a thin carbon foil (thickness ≈ 300 nm). They are released as a thermal
atomic beam by heating the foil with a CO2 laser. The atoms cross
the focus of two overlapping laser beams. A titanium-sapphire (Ti:Sa)
laser at 735 nm induces Doppler-free two-photon transitions from the
2s ground levels to the 3s excited levels. The atoms decay then to the
2p levels, are resonantly excited to 3d levels by a dye laser at 610 nm,
and then photoionized by absorption of another photon of either one

1 After completing this proceeding, more accurate mass shift calculations have
been published by M. Puchalski et al. [6]. There results differ from those given in
[5] and slightly shift the nuclear charge radii. The largest difference is obtained for
11Li, where it accounts to -0.045 fm.

Sanchez-Laser2006b.tex; 9/09/2006; 9:30; p.3

6 R. Sánchez et al.

Figure 3. Root-mean-square nuclear charge radii of the lithium isotopes: · · ·•· · · this
work, · · · · · · ab-initio no-Core Shell Model [9], · · ·♦ · · · Large-Basis Shell Model
[8], · · ·! · · · Greens-Function Monte-Carlo Model [10, 11], · · ·" · · · (#) Stochastic
Variational Multi-Cluster Model [12, 13], · · · ⊕ · · · Fermionic Molecular Dynamics
Model [14], · · · ◦ · · · Dynamic Correlation Model [15].

−0.117(4) fm2, according to [18]

〈rc
2〉 = 〈rp

2〉 + 〈Rp
2〉 +

N

Z
〈Rn

2〉 +
3!2

4Mp
2c2

. (2)

The last term, 3!2/4Mp
2c2 ∼ 0.033 fm2, where Mp is the mass of the

proton, is the Darwin-Foldy correction which takes into account the
“Zitterbewegung” of the proton.

As shown in Fig. 3 most of the models give a good prediction in the
nuclear charge radius from 6Li to 9Li, however the prediction for 11Li
spread over a large range.

The No-Core Shell Model [9] ( ) and the Large-Basis Shell Model
[8] (♦) are essentially the same models. In both cases calculations have
been performed using realistic nucleon-nucleon potentials. While early
calculations for 7−11Li treated the three-body interactions as an effec-
tive phenomenological potential [8], the model has been recently been
revised for 6,7Li to include microscopic three-body potentials [9]. As
shown in Fig. 3, neither the absolute charge radii, nor the trend along
the lithium-isotope chain is in agreement with the experimental result.
The model predicts the 9Li and 11Li charge radii to be smaller in size.

Greens-Function Monte Carlo Calculations [10, 11] (%) are in good
agreement with the experimental results. The general trend from 6Li
to 9Li is reproduced but the halo nucleus 11Li could not be treated by
this technique so far. Due to the weak two-neutron binding energy of
only 375 eV [2] the calculated trial function in the variational Monte

Sanchez-Laser2006b.tex; 9/09/2006; 9:30; p.6

Nuclear Charge Radii of 9,11L: The Influence of Halo Neutrons 
R. Sánchez, W. Nörtershäuser, G. Ewald, D. Albers, J. Behr, P. Bricault, B. A. Bushaw, A. Dax, J. Dilling, M. Dombsky, G. W. F. Drake, S. Götte, R. 
Kirchner, H.-J. Kluge, Th. Kühl, J. Lassen, C. D. P. Levy, M. R. Pearson, E. J. Prime, V. Ryjkov, A. Wojtaszek, Z.-C. Yan, and C. Zimmermann 
Physical Review Letters 96, 033002 (2006)

EURISOL User Group Workshop, Florence, Italy, 14-18 Jan. 2008

http://dx.doi.org/10.1103/PhysRevLett.96.033002
http://dx.doi.org/10.1103/PhysRevLett.96.033002


TRIUMF

Pierre Bricault, TRIUMF, 

MAYA at TRIUMF
H. Savajols (GANIL) & I. Tanihata (ANL)
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High precision superallowed ft  

Precision Branching Ratio Measurement for the Superallowed + Emitter 62Ga and Isospin-Symmetry-Breaking Corrections in A62 
Nuclei
B. Hyland,1 C. E. Svensson,1 G. C. Ball,2 J. R. Leslie,3 T. Achtzehn,2 D. Albers,2 C. Andreoiu,1 P. Bricault,2 R. Churchman,2 D. Cross,4 M. Dombsky,2 P. Finlay,1 P. E. Garrett,1,2 C. 
Geppert,5 G. F. Grinyer,1 G. Hackman,2 V. Hanemaayer,2 J. Lassen,2 J. P. Lavoie,6 D. Melconian,2,4 A. C. Morton,2 C. J. Pearson,2 M. R. Pearson,2 A. A. Phillips,1 M. A. Schumaker,1 M. 
B. Smith,2 I. S. Towner,3 J. J. Valiente-Dobón,1 K. Wendt,5 and E. F. Zganjar7, Phys. Rev. Lett. 97, 102501 (2006) 
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Ion Sources Development
• The requirement for an ISOL ion source diverge from to a 

certain degree from the ones for an off-line ion source;
• Because the production rate is somehow limited, We need 

highly efficient ion source,
• Ionization efficiency most be independent of the pressure 

fluctuation,
• Ion source free of instabilities in order to prevent reduction 

of the mass resolving power,
• Has to operate in high radiation field and at high 

temperature to avoid condensable element to stick on the 
walls,

• Maintenance free and long life-time,

• Small size to avoid large nuclear waste inventory.

EURISOL User Group Workshop, Florence, Italy, 14-18 Jan. 2008
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RIB Development

Symbol in white: element has no stable nuclides

Alkali metals

Alkaline earth metals

Transition metals

Other metals

Other non-metals

Halogens

Noble gases

Lanthanides

Actinides

Ion Source Development at ISAC
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Laser Ion Source

17

AI
IP
Ryd

Resonant Ionization LIS 
  -> element selective
  -> isobar free beams

Desired nuclei

Isobar chain

Isotopic chain

R =
m

δm
=

A

1

To separate isobars for different mass region;
A~ 60 => R = 20 000 to 25 000 at least!
A ~ 120 => R = 30 000 to 60 000 at least!

 Advantage in RIB production using 
Resonant Laser Ion Source (RLIS)

EURISOL User Group Workshop, Florence, Italy, 14-18 Jan. 2008
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Resonant Laser Ion Source
• Laser requirements

• Laser must be applicable to a wide range 
of elements

• For selectivity at least two resonant steps 
are required and third one is even better.

• High repetition rate to ensure that the 
atom sees at least one laser pulse while 
traveling inside the transfer tube.

• Need to focus the laser beams into a 3 mm 
diameter hole, ~ 25 m away
• Good laser beams quality is required.
• Large optics elements.

• Need to synchronize the laser pulse such 
they arrive at the same time inside the 
transfer tube.

18

Lasers located 25 m away

3 mm
hole

E
 (e

V
)

Principle of the Resonance Laser Ion Source (RLIS)
2) Two resonant
steps and one 
non resonant step.

1) Resonant
steps and populating
an auto-ionization
level.

3) Three resonant
steps to Rydberg
level and Field 
ionization.

4) One resonant
step and to continuum
non resonant  
ionization.

I.P. E. F. G.

λ 2 λ 2

λ 2

λ 1

λ 3 λ 3
λ 3
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TRIUMF Ti:Sa Laser
• We built our Ti:Sa laser using 

U. Mainz design. J.H. Yi et al, Japanese 
Journal of Applied Physics Part 1, Vol 42, Issue 8, p. 
5066-5070 (2003)

• We simplify the design to make 
fabrication more cost effective 
using CNC machining.

• Improve cooling, better 
thermal stability

• We upgrade the laser system by 
double side pumping.

• More than double the output 
power.

• The laser room is 
located just above 
the mass separator. 
L ~ 25 m

Laser beams from
above

On-Line Laser Laboratory

Ti:Sa3

Ti:Sa2

Ti:Sa1

-meter
Pulse Sync

Nd:YAGNd:YAG

3

Laser Beam Transport
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Laser Ion Source

20
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RIB Development

Symbol in white: element has no stable nuclides

Alkali metals

Alkaline earth metals

Transition metals

Other metals

Other non-metals

Halogens

Noble gases

Lanthanides

Actinides

Ion Source Development at ISAC
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FEBIAD-Mk-XI

New magnetic 
coil; 1200 A-t=> 500 G

grid

12,7 mm diameter Ta, 
1 mm thick

FEBIAD invented by
 R. Kirchner and E. Roeckl, Nucl. 
Instr. and Method 133 (1976) 187-204.

Our FEBIAD uses similar scheme as 
developed by S. Sundell and H. Ravn,
NIM, B70 (1992), 160

High power
Target

New extraction system

Hollow cathode

EURISOL User Group Workshop, Florence, Italy, 14-18 Jan. 2008
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FEBIAD-Mk-XI

New magnetic 
coil; 1200 A-t=> 500 G

FEBIAD invented by
 R. Kirchner and E. Roeckl, Nucl. 
Instr. and Method 133 (1976) 187-204.

Our FEBIAD uses similar scheme as 
developed by S. Sundell and H. Ravn,
NIM, B70 (1992), 160

High power
Target

The extraction electrode
after run.

New extraction system
Fresh electrode with new

tartget/ion source assembly

Hollow cathode

EURISOL User Group Workshop, Florence, Italy, 14-18 Jan. 2008
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RIB Development

Symbol in white: element has no stable nuclides

Alkali metals

Alkaline earth metals

Transition metals

Other metals

Other non-metals

Halogens

Noble gases

Lanthanides

Actinides

Ion Source Development at ISAC
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Electron Cyclotron  Resonance 
Ion Source

Magnetic field distribution

Target

Coils

Extraction
Einzel lens

TRIUMF ECR-1

EURISOL User Group Workshop, Florence, Italy, 14-18 Jan. 2008

Design of an electron cyclotron resonance ion source for the isotope separator and accelerator at TRIUMF

D. Yuan, K. Jayamanna, M. Dombsky, D. Louie, S. Kadantsev, R. Keitel, T. Kuo, M. McDonald, M. Olivo, 
and P. Schmor
Rev. Sci. Instrum. 71, 643 (2000)

http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ALL&possible1=McDonald%2C+M.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ALL&possible1=McDonald%2C+M.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
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Ne ionization 
efficiency versus the 
Xe flux injected into 
the ECR-1.
Gas flux found to be 
incompatible with 
on-line operation.

EURISOL User Group Workshop, Florence, Italy, 14-18 Jan. 2008

Recent Results with the 2.45 GHZ ECRIS at 
TRIUMF-ISAC. 
Bricault, Pierre; Jayamanna, Keerthi; Yuan, 
Dick He Ling; Olivo, Miguel; Schmor, Paul. 
AIP Conference Proceedings, 2005, Vol. 749 
Issue 1, p143-146
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New ECR Ion Source

27

• MISTIC new ECR ion source, Collaboration between GANIL and TRIUMF, 

• ECR with longitudinal and radial magnetic confinement.

• Operates at 3 - 6 GHz, N. Lecesne, P. Bricault-TRI-DN-05-23.

EURISOL User Group Workshop, Florence, Italy, 14-18 Jan. 2008
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New ECR Ion Source

28

Axial magnetic field Radial magnetic field

N. Lecesne, P. Bricault-TRI-DN-05-23.
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Better electron confinement will 
yield to better on-line 
ionization efficiency
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Radiation damage

Ta target after receiving 
3.2x1020 protons

X50
EURISOL User Group Workshop, Florence, Italy, 14-18 Jan. 2008
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Radiation damage

Target container damage leads to reduced 
yield!
Cannot operate the target for long period!

EURISOL User Group Workshop, Florence, Italy, 14-18 Jan. 2008
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ISAC Measured RIB

8 20 28 50 82 126 N

20
28

50

82

Z

8

RIB Yield measured at ISAC
http://documents.triumf.ca/docushare/dsweb/Get/Document-10962/ISAC-RIB-List20071108.pdf

EURISOL User Group Workshop, Florence, Italy, 14-18 Jan. 2008

http://documents.triumf.ca/docushare/dsweb/Get/Document-10962/ISAC-RIB-List20071108.pdf
http://documents.triumf.ca/docushare/dsweb/Get/Document-10962/ISAC-RIB-List20071108.pdf
http://www.triumf.info/facility/
http://www.triumf.info/facility/
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ISAC Facility
8π 

γ-array
- 20 HP Ge Detectors
- 20 Plastic Scintillators
- Tape system
=> High precision T1/2 and 
Branching Ratio 
measurements.

EURISOL User Group Workshop, Florence, Italy, 14-18 Jan. 2008
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ISAC Facility
Polarized Beams 

- Neutralization Na cell
- Co-linear laser beams
- He gas cell ionizer

- βNMR, high B field (8 T)
- βNQR, low B field
- β decay of polarized 
beams, ALi, ANa, ABe, ...

EURISOL User Group Workshop, Florence, Italy, 14-18 Jan. 2008
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ISAC Facility
TITAN

It utilizes an EBIT charge 
state booster and a Penning 
trap to measure mass with 
high accuracy of short lived 
exotic ions.

EURISOL User Group Workshop, Florence, Italy, 14-18 Jan. 2008
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ISAC Facility
TITAN

It utilizes an EBIT charge 
state booster and a Penning 
trap to measure mass with 
high accuracy of short lived 
exotic ions.
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ISAC Facility
TRINAT

The TRINAT facility utilizes 
neutral atoms, cooled and 
trapped by laser beams to 
perform β-ν correlation 
measurements.

EURISOL User Group Workshop, Florence, Italy, 14-18 Jan. 2008
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ISAC Facility
• Nuclear astrophysics

• DRAGON

• Windowless gas 
target

• γ- array detector

• E-B recoil 
spectrometer

• Rejection ~ 10-15.

• TUDA

• Large Si Array

EURISOL User Group Workshop, Florence, Italy, 14-18 Jan. 2008
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ISAC Facility

• Nuclear Structure

• TIGRESS

• γ- array detector

• 12 Ge clovers 

• Large Si Array

EURISOL User Group Workshop, Florence, Italy, 14-18 Jan. 2008
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ISAC Facility

• EMMA

• Electro Magnetic 
Mass Analyzer

• Can combine 
TIGRESS and recoil 
mass spectrometer

EURISOL User Group Workshop, Florence, Italy, 14-18 Jan. 2008
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Future perspectives
• TRIUMF wants to increase the number of experiments at 

ISAC. 

• Provide two accelerated Radioactive Ion Beams at the 
simultaneously:

• A second RFQ in parallel with the actual RFQ injector.

• A Low ß SC QWR LINAC to match ISAC-II SC LINAC

• Proposal for the next 5-YP (2010-2015) to build two new 
target stations for:

• up to 400 µA proton beam at 500 MeV; (200 kW),

• 1 MW-class electron driver (20 mA at 50 MeV) for 
Uranium photo-fission.

EURISOL User Group Workshop, Florence, Italy, 14-18 Jan. 2008
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Future perspectives

• Provide more beam to users by 
adding two new target stations 

• Use of BL4 can provide up to 
400 µA proton at 500 MeV,  
(200 kW beam on target)

• Add a SC e-LINAC, 20 mA- 
50 MeV, (1 MW),

• Second front end for the 
accelerator system will allow two 
simultaneous accelerated RIB 
for physics.

41

Two New Target 
Station

RFQ’s+
LINAC

ISAC-I

ISAC-II

E-LINAC 500 MeV H- 
Cyclotron

BL4N extraction port

EURISOL User Group Workshop, Florence, Italy, 14-18 Jan. 2008



TRIUMF

Pierre Bricault, TRIUMF, 

Photofission
• Fission can be induced by photons exciting 

the giant dipolar resonance (GDR) of the 
nucleus. This process is called photofission.

• Proposed by W. Diamond and Y. Oganessian 
as a mean to produce Radioactive Ion Beam.

• 91Kr production rate provides a reference 
point between Diamond’s estimate and 
meaurements at Alto using LIL (LEPP 
Injector Linac at Orsay)

Giant Dipole Resonance

238UHigh energy
Photon

Fission
fragments

Fission
fragments

neutron

neutron

neutron

J. T. Caldwell, E. J. Dowdy, B.L. Berman, R. A. Alvarez and P. Meyer,  “Giant Resonance for the actinide nuclei: 
photoneutron and  photofission cross section for 235U, 236U, 238U and  232Th”, Phys. Rev. C,  vol. 21, April 1980, p.1215.
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Basic Parameters
Item Value Units

Electron energy 50 MeV

Total power 0,5 MW

Electron current 0,01 Ampère

Target, UC2 50 g/cm2

• A 500 kW electron beam 
could produce 1014 fissions/s 
from  a 238U target, leading to 
copious neutron-rich isotopes.

• We will utilize the same 
target/ion source and remote 
handling technologies in use 
at ISAC

Front-end

Electron Beam

Converter

Collimator

Target

Ion Source

Mass Separator

Gamma rays

Cooling Circuit

RIB to users

EURISOL User Group Workshop, Florence, Italy, 14-18 Jan. 2008
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eLINAC 
L-band SCRF technology provides cost effective approach to MW-
class fission driver.

There are cell, cavity, input coupler, HOM damper, tuner, klystron, 
IOT, cryostat and BPM designs all pre-existing – eliminates substantial 
R&D & cost.

EURISOL User Group Workshop, Florence, Italy, 14-18 Jan. 2008



TRIUMF

Pierre Bricault, TRIUMF, 

Summary
• Development of high power target allow us to operate routinely at 70-80 µA. 

Next year with the new rotating proton beam device we will operate 100 µA.

• A program to equip the TRIUMF-ISAC RIB facility with ion sources that can 
efficiently ionize nearly all elements is underway

• Resonant Laser Ion Source is quite advanced, 

• New generation of Ti:Sa solid state lasers.

• FEBIAD ion source is being developed on-line. New design will incorporate 
a new radiation hard coil.

• ECR (MISTIC) prototype is ready for tests,

• ISAC-II superconducting LINAC is in the commissioning phase. We reached 
accelerating field gradient larger than the expected one; 7.5 MV/m.

• New ISAC-II facilities, TIGRESS (γ spectrometer) commissioned and 
EMMA (recoil mass separator has been funded). 

• Next 5-year plan propose to equip ISAC facility with new target stations to 
allow 3 simultaneous RIB to experiments.

45
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Summary
EMMA
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New Target Stations

Electron LINAC
~ 1 MW

BL4N proton 
(200 kW) BL2A (50 kW)

BL1A

ISAC-I

ISAC-II

Actual Target 
Stations

Mass Separators • Three Radioactive 
Ion Beams at the 
same time
•One form BL2A 
•Two from BL4N
• Electron  for 

photo-fission
• proton 
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