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As part of its infrastructure HRIBF has a variety of equipment for beam transport 
and analysis ideal to do AMS 
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ORNL 25MV Tandem Accelerator 



Stable Beam Injector 
Safety 

Specialized equipment used in the  
accelerator facilities include high 
voltage platform systems, ion 
sources, high-current power supplies.  



Accelerator Mass Spectrometry (AMS) 
AMS	   is	   the	   most	   sensi-ve	   technique	   for	   isotopic	   analysis	   in	  
which	  atoms	  extracted	  from	  a	  sample	  are	  ionized;	  accelerated	  to	  
high	  energies;	   separated	  according	   to	   their	  momentum,	  charge	  
and	  energy;	  and	  then	  individually	  counted	  a?er	  iden-fica-on	  as	  
having	  correct	  atomic	  number	  and	  mass.	  
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Accelerators	  and	  AMS	  pioneers	  



AMS and Radioactive Ion Beams (RIB) 

•  Common	  problems/
needs:	  	  
–  Produc-on	  
–  Isobar	  removal	  
–  Stable	  machine	  opera-on	  	  
–  Low	  intensity	  beam	  
diagnos-cs	  

•  Good	  detec-on	  
tools	  
–  Bragg	  Detector	  
–  Projec-le	  X-‐ray	  
–  TOF	  
–  Gas	  filled	  magnet	  
–  Beam	  monitors	  

Most interesting RIBs are short-lived  
17F (t1/2 = 65 s)   

Development of AMS methods; methodology; pilot experiments; 
proof-of-principle tests; detection systems for heavier species; ion 

optics; transmission 

In AMS: long-lived species 
36Cl (t1/2 = 3.01 x 106 a)  

We have concentrated in: 



RIBs 

1) Intrinsic magnetic 
analyzer (180 deg. magnet) 

2) Early molecular 
destruction followed 
by reacceleration 

3) Source and 
detection system at 
ground potential 

AMS10 
Pushing the Limits of 
AMS - Measurement 
of 36Cl in seawater 
samples  

AMS 9 
Opportunistic mass 
measurements at the 
HRIBF  
77–79Cu and 83–86Ge  

AMS Setup at HRIBF 
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 P. A. Hausladen et al., NIM B 223 (2004) 176  and IJMS 251, 2-3 (2006)119 
 

Known and unknown 
mass isobars 
dispersed in mass at 
the image of the 
energy-analyzing 
magnet 
Δy = 2ρ(Δm/m) 

77–79Cu and 
83–86Ge  



AMS setup at ORNL 

36Cl- 

36Cl+10 

36Cl+17 

Pushing the limits of accelerator 
mass spectrometry by an order of 
magnitude  
 
Measurement of 36Cl in seawater 
samples  
 
A. G-U, et al.  NIM B 259 (2007)123 

36Cl	  	  in	  	  seawater	  samples	  from	  around	  
the	  world:	  Comparison	  



International Interest in 
ORNL results  



Study of 12CH2
2+ and other doubly charged molecules 

NIM B5 (1984) 208 

Beams of doubly ionized molecules from a tandem 
accelerator, A. G-U et al. J. Chem. Phys. 83(1985)1 

Small doubly charged molecules: 10B11B, 10B2, 11B12C, 
9Be14N, 12C13C, 12C13CH, 12CN, 12C2H, 12CH2, 9Be16O,10B16O 

Exponential destruction of molecules 
in the gas stripper at the HV terminal 

Atomic 14C+2 

About 3 cases  reported Molecular Spectra …G. Herzberg 



à	  Development Small AMS Machines 	  
(e.g.	  Zurich:	  0.5	  MV	  and	  0.25MV)	  



AMS Today 

0.25-MV Tandem at ETH 

14C+1 

> 110 AMS Facilities 

ORNL 

ORNL HRIBF 25-MV Tandem 

Highest 
operating 
voltage    
in the 
world 

100x 

14C+6 

14C-1 

14N-1 



Tests of 26Al with Low-Energy Test Stand  
Use of AlN- 



Low-Energy Experiments 

Low-
energy 
analyzing 
magnet 

Negative 
ion source 

Tandem 
Accelerator 

27Al- 
27AlO- 

27AlN- 
 

FC-I13 

Cs Sputter Negative Ion Source 

§  Cathode= 3 kV 
§  Ionizer= 27 Amps 
§  Cesium oven= 200°C 
§  Source voltage= 20 kV 
§  Acceleration voltage= 200 kV 



Search for neutrinoless double beta decay:  
ultra low background requirement 

0νββ  (x10) 

Backgrounds 1 kg surface-based Ge 
detector shielded by 12” of clean Pb 

2νββ 

238U 
232Th 

A 76Ge 0νββ experiment funded 
by DOE-NP and NSF,  



Atoms, Molecules and Clusters 



Mass spectra of negative clusters 

? 



Cluster beams 
How big? 
Can we form cluster beams of negative ions? 
How intense? 
At what energy? 
How fragile? 
Can we form clusters of same isotope? 
Do the intensities reflect some structure? 
How fast the current drops as a function of n? 
How do the atoms organize? 
Samples of Cu, ultra-pure Cu, 63Cu, 65Cu, Au, C 



Cluster	  vs	  Atom	  spu[ering	  



Extra	  Material	  



AlN	  
•  Nitrogen	  has	  a	  low	  

electronega-vity	  
•  R.	  Flarend	  et	  al.	  

(2004)Preliminary	  study	  of	  AlN	  
as	  a	  novel	  source	  material	  

•  G.	  Selvaduray	  and	  L.	  Sheet	  
(1993)	  Synthesis	  methods	  for	  
AlN	  from	  Al2O3	  

AlF3	  
•  W.	  E.	  Kieser	  et	  al.	  (2012)	  Fluoride	  
matrices	  for	  enhanced	  anion	  
produc-on	  

•  L.	  Wacker	  et	  al.	  (unpublished)	  The	  
poten-al	  of	  Be	  fluoride	  compounds	  

•  X.L	  Zhao	  et	  al.	  (2012)	  Studies	  of	  Pu	  
AMS	  measurements	  using	  PuF4	  

•  Useful	  carrier	  for	  other	  elements	  
such	  as	  Be,	  Ca,	  Pb,	  Sm,	  Nd	  and	  Pu	  

A sample material such as AlN or AlF3 is 
expected to perform better  



Accelerator Mass 
Spectrometry (AMS) 

Mass Spectrometry 
(MS) 


