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Rare Isotope Beam Science 

10/20/2011 

• Developing a unified theory of nuclei and hadronic matter 

• precision tests of ab-initio theory,  

• shell evolution with isospin, influence of tensor, 3N forces 

• limits of nuclear existence  

• Understanding the origin of the heavy elements 

• crucial reactions in stellar burning and explosions 

• identifying path and site of the r-process 

• properties of neutron stars 

• Testing fundamental symmetries 

• unitarity of the CKM matrix 

• Parity violation studies 

• EDM searches 

• double beta decay 

supernova 

nova 

x-ray 

burst 
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Actinide target development 

• Tests in 2008 and 2009 with UO2 surface and FEBIAD ion source 

• License to run with U targets at < 2μA for 1000 μA hr approved Nov 2009 

• Development and characterization of UCX target material in 2010 

 

           Dec 2010:  UCx with surface /TRILIS  ion source 

• Yield measurements Na,K,Rb,At,Fr,Ra leading to several experiments: 

      - laser ionization of 199,217-218,223At ,first measurement of isotope shifts 
          - β-decay studies of 221-225At with 8π, a precursor to Rn EDM 

      - β-decay  of neutron-rich 94-102Rb: shape coexistence at N=60 

      - mass measurement with TITAN for neutron-rich  94-98Rb/Sr isotopes 

      - collinear laser spectroscopy of cooled and bunched  Fr: A<209 

      - long-lived 225Ra source for off-line setup of Fr atom trap 

 

License to operation with U targets at 10μA for 5000 μA hr  Nov 28, 2011 

 First UCx at 10 μA started running Dec 1.  Expected increase in yields observed  
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Fr and Rb yields measured from UCx target Dec 2010  
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   Yields are more than sufficient for the Fr program: 

•     Collinear laser spectroscopy 

•     Anapole moment and atomic PNC 

Alpha decay of 

laser ionized 199At 

detected in  8π 

SiLi array PACES 

Dec 10,2010 
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Collinear Laser Spectroscopy with cooled bunched beams 
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Fr PNC program at ISAC 
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New fully shielded (E&M) laser 

room now installed (University 

of Maryland-DOE funded 

including laser equipment) 

Next steps: Trap Fr in MOT laser 

trap and prepare for PNC 



The 8pi Spectrometer at TRIUMF 

Sensitive Decay Spectroscopy 

Fast, in-vacuum tape system 
Enhances decay of interest 

SCEPTAR: 10+10 plastic 

scintillators 
Detects beta decays and 

determines branching ratios 

Zero-Degree Fast scintillator 
Fast-timing signal for betas 

PACES: 5 Cooled Si(Li)s 
Detects Internal Conversion 
Electrons and alphas/protons 

8pi Ge: 20 Compton-

Suppressed HpGe 
Detect gamma rays and 

determines branching ratios, 
multipolarities and mixing ratios 

DANTE: 10 BaF2/LaBr3 

Fast-timing of photons to 
measure level lifetimes 
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Sensitive station for 

studying radioactive decay 
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Shape transition and coexistence at N=60: 
Structure of 96,98,100,102Sr from decay of Rb beams 
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Using implantation/decay cycle times to identify 

gamma transitions in isobaric decay chain 

Measurement of E0 transition strengths can 

provide insight into the nature of, and mixing 

between, the underlying configurations 

Gamma gated conversion 
electron spectrum for 98Sr     
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– First time online mass measurement in 

Penning trap at this high charge state q=+15.  

 

– First direct mass measurement  

of 98Rb 

– Uncertainties reduced of  

all other masses 

(94,97,98Rb and 94,97,98Sr)  

 

mass measurement for nuclear astrophysics  

of n-rich 
94,97,98

Rb and 
94,97,98,99

Sr 

r-process path 

V.V. Simon et al. in prep for PRC 

TITAN: TRIUMF, UBC, Manitoba, SFU, Stanford, Yale, TU Munich, U Muenster 

M-Planck Heidelberg, Orsay, Ganil 



New mass measurements for Ca (Summer/ Fall 2011) 

Reached up to Ca-52, K-51 and found ~ 2 MeV deviation; 

AND, new calculations show: 

repulsive 3N contributions key for calcium ground-state energies 
Holt, Menendez, Schwenk et al., 
 

 

 

 

       possible to extend with UCx  

                                                                                                                                                Run planned 14-16 Dec 2011 
 

 

 

 

 

 

 

 

behavior of S2n and n agrees with NN+3N calculations 

Evolution to neutron-rich calcium isotopes 

A. Gallant et al., in 

prep.  for PRL 



 
Vud: the responsibility of  low-energy nuclear physics 

High precision measurements of superallowed β-emitter 74Rb 

In Nov 2010 three experiments focused on the study of β-emitter 74Rb ( T1/2=65 ms) 

      (1) a high precision measurement of the mass of 74Rb8+ with TITAN and HCIs 

      (2) a high precision branching ratio measurement using the 8π spectrometer   

 (3) a measurement of the charge radius of 74Rb using collinear laser spectroscopy 

on cooled and bunched beams from the TITAN RFQ: to reduce the theoretical 

uncertainty in the nuclear structure correction δC  

P. Finlay et al., PRL 106, 032501 (2011) T&H PRC 79, 055502 (2009) 

For (1) 

For (2) 

For (3) 

ISAC with 100μA p-beam 

on Nb target.  

Separator with R=4500  
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σstat≈ 4.1 keV 

 

Factor of 100 increase in precision possible 



74Rb Branching ratio Measurement using the 8π spectrometer 
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beta-coincident Si(Li) spectrum beta-coincident gamma-ray spectra 

Goal: reduce uncertainty in BR by factor of 3 
 

• previous value 0.5 +/- 0.1 % obtained using only 

one HPGe detector and two Si(Li) counters 

 

Data obtained in Nov2010 with HP Ta and 100uA    

• ~ 10000/s 74Rb 

• 74Rb/74Ga ratio increased by ~ 150 



74Rb Branching ratio Measurement using the 8π spectrometer 
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•High Q-value leads to feeding of many high-lying 1+ levels 

•The low-lying 2+ and 0+ levels act as collector states and enable a measure of total decay 

strength 

•Present experiment confirmed previous decay scheme 

• 47 new transitions and 14 new levels were identified. 

• comparison with theory for estimate of unobserved gs decay strength should lead to 0.03% 

uncertainty in BR 



Determination of the charge radius of 74Rb through  

collinear laser spectroscopy of cooled bunched beams 

Charge radius determination ! 

Reduction of 20% of δc2 

E. Mane et al. 

accepted at PRL 

TITAN/Laser-spectroscopy: TRIUMF, McGill, Manchester UK 



TRILIS beam development 
new beams in 2011: Ca,Tc, Ge, In, At, and Ac  
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solar n spectrum  
(Bahcall-Pinsonneault) 

Water-Č 

71Ga (ne,e-)71Ge 
 

Q=232 (0.4)keV  

Expected rate: ~ 74.6 SNU 

SAGE/GALLEX: 66.1  3.1 SNU 

 

(ne,e-) 

pp 

8B 

hep 

Difference due to wrong 

Q-value? Check needed! 

neutrino experiments: 

SAGE & GALLEX 
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electron beam 
70 mA 
2.0 kV 

Ge delivery from ISAC required Laser Ionization 
 clean 71Ga21 if Laser OFF (Ga produced through surface ionization) 
 clean  71Ge22 if Laser ON (Ga not breeded to q=22+) 

Special Thanks 

to 

Jens Lassen & 

the TRILIS team 

71Ge-71Ga both from ISAC 
Isobaric separation by charge breeding to atomic shell closures 

clean Ge22+ 

mixed 

Ge21+ Ga21+ 
clean Ga21+ 



Separation of isobars by use of threshold 

charge breeding: Z of Ge and Ga is different 

and e-binding is Z-dependent (both Ne-like) 

m~0.5keV 

m~0.5keV 

Q=233keV(~0.5) 

Q-value confirmed: 

Need different explanation 

for n-disagreement! 

Frekers et al., prep for PRL 
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Nuclear astrophysics facilities in ISAC-I 

10/20/2011 SCNP -  October 2011 28 

DRAGON 
Astrophysical 

capture reactions 

TUDA 
Astrophysical 

charged particle 

reactions 

 medium energy  

~ 0.15 -1.7 AMeV 
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Data taken Nov 2011 
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ISAC-II science program 

• First experiment with MAYA in  fall 2006 

• TIGRESS commissioned in  summer 2007 

• TUDA moved to ISAC-II in  spring 2009 

• SEBT 1 to HERACLE completed and 

commissioned in Nov 2010. 

• High-beta cavities   provided 12 A MeV  20Ne 

beam to HERACLES in Dec 2010. 

• IRIS  to be commissioned  in spring 2012 

• SEBT 3B to EMMA to be built in  fiscal 2012 

• EMMA to be commissioned in 2013 

• A > 30 RIBs available in 2012-3 
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TIGRESS  γ-ray Spectrometer 

• An array of up to 16 highly-segmented high 
efficiency HPGe clover detectors  

• Reconfigurable Compton suppression shields 

• Fully operational digital acquisition system 

• Position sensitivity of first interaction for 
Doppler correction 

 

• A variety of auxiliary detectors available or 
under construction including:  

      -charged particle detector arrays : BAMBINO 
and SHARC 

       -  neutron Array DESCANT  (2012) 

       -  electron spectrometer SPICE (2012) 

       -  Plunger TIP  (2012) 

       -  CSI Array  (2012) 

       -  Bragg Detector (2014) 

       -  Recoil separator EMMA (2013) 
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Silicon Highly-segmented Array 
for Reactions and Coulex 

Close to 4π solid angle coverage of silicon 

 

Excellent energy (25keV) and 

angular (0.9-1.5º) resolution 

Optimized for transfer and Coulomb excitation studies for 

Nuclear Structure and Nuclear Astrophysics 

University of York, UK 

Colorado School of Mines, USA 

Louisiana State University, USA 

TRIUMF 

SHARC 
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Testing Ab Inito calculations of light nuclei: 
Coulomb excitation of 10Be  
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Coulomb Excitation of  11Be on 196Pt  

First TIGRESS Experiment to use 12 detectors 
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The one neutron halo nucleus 11Be has the strongest  E1 

strength known between bound states                                                 

 Strong soft-E1  transition strength to the continuum peaks at~0.8 MeV and the 

energy weighted E1 strength up to 4 MeV exhaust  70% of the cluster sum rule. 

Measured Coulex on 196Pt at bombarding energies of 19, 23 and 42 MeV at 106 pps to 

determine the E1  strength to the bound state  and continuum to 5%  

Comparison to ab inito no-core shell model + resonating group method 

                                                                                         (Navratil et al ) 

   

 



EMMA: ElectroMagnetic Mass Analyzer 

Recoil Mass Spectrometer for ISAC-II 
Length = 9 m; 1st order mass resolving power = 500 
Solid angle: ± 4˚ by ± 4˚ = 20 msr 
M/q acceptance = ± 4%; Energy acceptance = ± 20% 
±350 kV TRIUMF-engineered high voltage power supplies built and tested 
Electromagnetic elements under construction by Bruker Biospin, 
Delivery expected in 2012 
Commissioning complete in 2013 
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Commissioning in 2012 



Advanced Rare Isotope Laboratory 
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42 

 expand RIB program with:  

• three simultaneous beams 

• increased number of 

   hours delivered per year 

• new beam species 

• enable long beam times             

(nucl. astro, fund. symm.) 

• increased beam     

   development capabilities 
 

 New electron linac driver 

   for photo-fission 

 New proton beamline  

 New target stations and 

   front end 
 

 staged installation 
Cyclotron 

ISAC II 

ISAC I 

New  

Targets 

New Mass 

Separators 

New 

Front End 

New 

Accelerators 

e
-l

in
a

c
 

ARIEL Project 10-Year Plan: Motivation 

ISOLDE Workshop 2011 12/7/2011 



ARIEL science reach 

New proton spallation beam line on UC 

Photo-fission on U-target 

Reaching the r-process path: 

• masses, T1/2, 

• (d,p) reactions  → (n,g) 

• decay spectroscopy 
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ARIEL CF Schedule 
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Main ARIEL Construction – 16 months 

Tender 

Design – 12 months 

Oct 1, 2010 

March 31, 2013 

Aug 
2011 

Design 

Consultants 

Selected 

Excavation 

Oct 
2011 

Tender 

Oct 
2011 

Dec 
2011 

Sep 
2012 

Electron 

Hall 

occupancy Jan 31 
2012 

Cyclotron  

vault 

RIB front end 

Electron Hall 

ISAC 

Target Hall 



• many world class experimental facilities in operation or 
under development at ISAC to address key questions in 

        nuclear structure, nuclear astrophysics, fundamental 
symmetries and material science 

• Availability of n-rich beams from UCx target has started 
new era for ISAC experiments, highest production yields 
with 10 mA protons 

• beam development  remain crucial to remain competitive 
     -  photo fission of U will yield intense neutron-rich beams with 

significantly reduced isobaric contaminants   

• ARIEL will provide RIBs for two and eventually three users, 
simultaneously, to exploit the scientific potential of ISAC 

       

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

Propriété d’un consortium d’universités canadiennes, géré en co-entreprise à partir d’une contribution administrée par le Conseil national de recherches Canada 

Canada’s National Laboratory for Particle and Nuclear Physics  
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et en physique des particules 

Thank  you! 

Merci! 

TRIUMF: Alberta | British Columbia | 

Calgary | Carleton | Guelph | Manitoba | 

McMaster | Montréal | Northern British 

Columbia | Queen’s | Regina | Saint Mary’s 

Simon Fraser | Toronto | Victoria | York A special thanks to those who contributed to this presentation 
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GRIFFIN installation in 2014 

Upgrade the 8pi to 16 HPGe Clover detectors and high-rate digital DAQ 

8pi: 1% efficiency at 1.3MeV, GRIFFIN: 17% efficiency at 1.3MeV 

8pi: Study beams of >1pps, GRIFFIN: Study beams of >0.01pps 

SCEPTAR: 80% solid angle coverage 

PACES: 7% solid angle coverage 

DANTE: Lifetime sensitivity down to ~100picoseconds 

DESCANT:  neutron array 25% solid angle coverage 
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ISAC-II Super Conducting LINAC 
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Phase I

Phase II

 ISAC-II goal is to boost the energy 

of the heavy ions above the Coulomb 

barrier for all masses  

 Phase I section (20MV)   

commissioned in 2006 

 Phase II upgrade – commissioned in 

spring 2010 added 20MV of voltage 

gain for a total of 40MV  
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ISAC Implantation Station 
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