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•  Motivation for mass measurements with a single rare isotope 
•  LEBIT facility at NSCL for rare isotopes by projectile fragmentation 
•  Single Ion Penning Trap (SIPT) project 
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Single Ion Penning Trap Mass Spectrometry 
(PTMS) of Rare Isotopes 

-Test with high-precision the most fundamental physics laws 
-What is the nature of the strong force? 
-Single particle structure and effective interactions in neutron-rich nuclei? 
-Why do heavy elements exist? 
-Why does matter exist? 
-How has matter been created? 

•  Synthesis of elements 
•  Doubly magic nuclei 

and their vicinity Wienholtz et al., Nature 498, 346 (2013)  •  78Ni & 100Sn and neighboring isotopes 
•  important for nuclear structure 

studies and nuclear model tests 

•  Mass measurements are challenging 
due to low production rates 

•  Production at NSCL: 1-3 per day 
•  FRIB will allow mass 

measurements further away 

Towards High-Sensitivity Mass Measurements far from Stability 

SIPT project at LEBIT: measure masses of exotic isotopes with very 
low production rates 



LEBIT (Low Energy Beam Ion TRAP) 
The only Penning trap mass spectrometer at a fast beam facility 

100 MeV/u 1 eV 

Gas stopping Ion  
detector 

Ø  Projectile Fragmentation  
    and In-Flight Separation 

ü  Fast 
ü  Universal  
ü  Chemistry independent 

Ø  Penning Trap Mass   
    Spectrometry  

ü  High-precision 
ü  High Sensitivity  

LEBIT has successfully performed 
mass measurements of rare isotope 
produced by projectile fragmentation 
M. Eibach, et al., Phys. Rev. C 92, 045502 (2015) 
K. Gulyuz, et al., Phys. Rev. Lett. 116, 012501 (2016) 
A. A. Valverde et al., Phys. Rev. C 91, 037301 (2015) 

Penning trap mass 
spectrometer 

72Br+ 

ground  
state 

isomer 

Next talk 



Weak  
Signal~fA 

FFT 

I 

Narrowband Fourier Transform – Ion Cyclotron Resonance (FT-ICR) to enable 
high-precision mass measurements of rare isotopes produced at low rates 

Towards Detection of a Single Rare Isotope 

typical cyclotron frequency: q  = 1+, m = 100 u, B  = 7 T 
            ⇒νc  = 1 MHz Amplify and  

supress noise 
Analyze Get ion frequency 
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Predicted Limit Matches Needs 
Size of Nuclear Structure Effects is typically > 100keV (δm/m=10-6 for 100Sn) 

High-Q 

Low T 

100Sn+ (T1/2 = 1 s) ⇒ S/N ≈ 12 
78Ni+ (T1/2 = 0.1 s) ⇒ S/N ≈ 4 

Q = 1000 
T = 20 K 

Conservative LCR circuit 
parameter estimation 

•  High sensitivity (1 ion per 
measurement) 

•  Low versatility (~10 amu range) 
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Analysis of FFT of simulated time domain signal + noise 

C = 10 pF 
ρ/ρ0 = 0.5 



The Single Ion Penning Trap (SIPT) Project 
Advancing Sensitivity of LEBIT 

9.4-T PTMS 

Ion  
detector 

7-T SIPT Magnet 

MCP in Daly configuration 4.2K Cryo cooler 
& detection electronics 
for FT-ICR 

Existing 

New 
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beam from 
gas stopper 

RFQ Cooler/
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Realization of the SIPT Project 

60keV rare  
isotope 
beam 

7 T SIPT 
magnet 

115° bender +  
2 quadrupole doublets 

9.4 T LEBIT 
magnet 

Beam detection 

Einzel lens 

RFQ cooler  
buncher 

MCP in Daly  
Configuration 

Off-line 
Ion sources 

Cryocooler 

60 kV potential 



SIPT Project Status 
Operational in 2017 

Ø Fabrication finished 
• Modifications necessary 
• Gold plating pending 

Ø Beam-line assembled and tested 
• Modification of existing beam-line 
• New beam-line up to the magnet set up 
• Transmission of >95% 

Ø Assembly of ion optics inside magnet 
almost finished 
• Alignment is going to happen this week 
•  Ions in trap planned for early October 
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Summary	

G.	Bollen	(FRIB/MSU/NSCL),			
K.	Gulyuz	(NSCL),			
C.	Izzo	(MSU/NSCL),		
M.	Redshaw	(CMU),		
R.	Ringle	(NSCL),		
S.	Schwarz	(NSCL)	

groups.nscl.msu.edu/lebit 

SIPT@LEBIT	Team	

Ø SIPT	is	designed	to	perform	mass	measurement	with	a	single	ion	
Ø Narrowband	FT-ICR	enables	high-precision	mass	measurements	
of	rare	isotopes	produced	at	very	low	rates	

Ø SIPT	will	become	operaLonal	in	2017	

Visit	us	at	
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Penning Traps 

Uniform Magnetic Field     +     Quadrupolar Electrostatic Field     =     Penning Trap 
(radial confinement) (axial confinement) (3D confinement) 

harmonic 
oscillation in 

the z-direction “cyclotron 
frequency” 

Resulting motion 
of ion in trap: 

Example ωc: 
•  Singly charged 
•  B = 7 T 
•  Mass 100 u 

ωc ~ 6 MHz  

L. S. Brown and G. Gabrielse, Rev. Mod. Phys. 58 (1986) 233. 


