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MATS Collaboration
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Canada TRIUMF

France Paris, CNRS
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effective use of rare species

extended observation & interaction time

High-quality q/m selection 

manipulation of charged particles at low energy

accumulation & bunching 

charge breeding

polarization

EFFICIENCY
ACCURACY
SENSITIVITY

Mass measurements and 
trap assisted nuclear spectroscopy

MATS – Ion Trapping:
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MATS – Setup:
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MATS – Experiments with Exotic Nuclei
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Design parameters:

Overall efficiency 1-5%
Maximum resolving power 108

Accessable half-life 10 ms
Relative mass uncertainty 10-9

Mainz, Greifswald, GSI, MSU, Stockholm: Penning trap system
Orsay, Jyväskylä, Gießen, Huelva: RFQ cooler and buncher
Heidelberg, Livermore, Stockholm: EBIT
Greifswald, Mainz, PNPI: Detection system and electronics
PNPI, Munich, Jyväskylä, Huelva: Trap assisted spectroscopy

Organisation and responsibilities

Preparation
Penning trapMass Analyzer Precision

Penning trapEBITRFQ

Technical Specifications
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Applications of Mass Spectrometry

MAtom = N•mneutron + Z•mproton + Z•melectron
- (Batom + Bnucleus)/c2

= N ·

– binding energy

+ Z · + Z ·

High-accuracy mass measurements allow one to determine the atomic 
and nuclear binding energies reflecting all forces in the atom/nucleus.

K. B., Phys. Rep. 425, 1-78 (2006)
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Applications of Mass Spectrometry

High-accuracy mass measurements allow one to determine the atomic 
and nuclear binding energies reflecting all forces in the atom/nucleus.

δm/m

General physics & chemistry ≤ 10-5

Nuclear structure physics
- separation of isobars

≤ 10-6

Astrophysics
- separation of isomers 

≤ 10-6

Weak interaction studies ≤ 10-8

Metrology - fundamental constants ≤ 10-9

CPT tests ≤ 10-10

QED in highly-charged ions
- separation of atomic states

≤ 10-11

K. B., Phys. Rep. 425, 1-78 (2006)
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Pushing the Half-Live Limit

Measurements of 11Li 
(T1/2=8.5 ms) with 
the Penning trap 
facility TITAN 
(TRIUMF) courtesy of J. Dilling and R. Ringle
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TRIGA – Trap
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Example 1:
α, γ – decay spectroscopy with unambiguously identified ions

e- e-
Identification

MCP

Si - detector

ion

In-trap decay
• source without backing, i.e. no 
straggling, no energy loss

Decay behind the trap:
• pure ion ensemble (even if low
lying isomers were present)

New Application: α–Spectroscopy

Ge - detector

α
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New Application: α–Spectroscopy
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Example 2:
Life-time measurements of 0+- or 2+-states populated by α-decay
τ(2+) → Q0,  τ(0+) → ρ2(E0)

α
e-

e-

Si detector

In-trap decay
• source without backing, i.e. no 
straggling, no energy loss

Decay behind the trap:
• pure ion ensemble (even if low
lying isomers were present)
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Latest News

Setup of a Penning trap prototype system at 
the nuclear research reactor TRIGA Mainz
New MR-TOF-MS developments (Gießen)
Finland: start to finance FAIR-projects
TDR – submission date 2008/2009
Readiness to move the equipment to the 
building in 2012/2013
Readiness for beam in 2013/2014
IMoU ready and signed
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