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Operational Concept 

1. Cool ions in buffer gas filled trap 

2. Open front end of MRTOF and eject from trap 

3. Close front end 
Ions will reflect between isochronous mirrors 

Next batch of ions can accumulate and cool 

4. Open back end 

5. Measure TOF 



Motivations 
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Comparison to PTMS 

Isochronous! 

Rm=100,000 

N≤400 

δm/m~0.5ppm 



Ion preparation prior to MRTOF  

Gas catcher 

RF carpet 

Carbon OPIG 

Quadrupole Mass 

Separator (QMS) 

Ladder system 

  Up: RFQ 

  Down: CEM & IS 

RFQup 

RFQdown 

Detector 

 Online: SSD 

 Offline: CEM 

Tapered-RFQ 

pre-cooler 
Preparation 

trap 

RI beam 

To MR-TOF 
Pulse 

beam 

Gas filled region 

(He: ~10-3 Torr) 

DC beam 

Transport to trap within >1 ms 

Cooling time ≈2 ms 

Efficiency, extraction to detection: 

ε(7Li+) = 2.4% 

ε(8Li+) = 2.9% 

ε(23Na+) = 12.1% 
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First Online Test - 8Li+ (T1/2 = 840 

ms) 

• 13C ions at 100 A∙MeV were fragmented by Be target (1.86 

g/cm2) 

• 8Li ions were selected by RIPS fragment separator 

• Ions were stopped in 20 mbar He and extracted by RF-carpet, 

transported to MR-TOF preparation trap 

• ToF-MS measurements of 8Li+ were interleaved with ToF-MS 

measurements of 7Li+,4He2
+, 9Be+, 9BeH+, 12C+ 

• 8Li+ could also be sent straight through trap to SSD for 

efficiency measurement 



Online commissioning with 8Li 

8Be α-decay spectrum at 

SSD 

SSD DC rate  ~  18 cps 

453.91 s 

MCP rate  ~  0.26 cps (2x at n=0) 

for DC 8Li RI beam: 

ε@MCP = 2.9 % *ε@MCP(7Li) = 2.4% offline 

8Li beam 
To MR-TOF (MCP) 

SSD 

(normalization factor 

for trapping efficiency) 

To SSD 

8Li+ ToF spectrum 

T1/2 ~ 838 ms 
8Li(β-)8Be(2α) 

~1.5 MeV 



Online commissioning with 8Li 

Fitting function 

(Gaussian with Exponential tail) 
At tm+tc, the differential is connected smoothly. 

The tc and σ determined by reference ion 12C+. M.J. Koskelo et al., Comp. Phys. Commun. 24 (1981) 
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MRTOF-MS Relative Capability 

MRTO

F 

D. Lunney 



ESI for SHE calibrants 

• Small RF-Carpet enhances 

yield and improves 

differential pumping 

•SHE do not have 

atomic isobars 

•Need to use 

molecular reference 

ions 

Poster 

S. Naimi 

•SHE do not have atomic isobars 

•Need to use molecular reference ions 



ESI for SHE calibrants 

-SHE do not have atomic 

isobars 

-ESI will be used for isobaric 

molecular calibrants 

S. Naimi et al., submitted to IJMS 



Toward SHE mass 

measurements 

Foil 

Preparation 

Trap 

MC

P 

3 m 

beam from GARIS(~ 

MeV) 

OPIG 
1. He Gas Cell Stopping 

2. Extraction via RF-Carpet: 0-5 ms 

3. OPIG Transport: < 1ms 

4. Ion Cooling: ≈2 ms 

5. MRTOF ToF-MS: 2~10 ms 

≈100% 

≈50% 

≈100% 

≈50% 

≈100% 

Process Efficiency 

Total: ≈20% ≈5~20 ms 

Candidate Nuclei: 
252-254No: ~6 cps 

255-257Rf: ~0.04 cps 
etc ... 

GARIS (RIKEN Gas-filled Recoil Ion Separator) + MR-TOF 

RF carpet 

Carbon-OPIG 

Electro-spray ion source for calibrants 



MRTOF-MS @ GARIS 
Measurement candidate rates 

※Evaluate performance of GC, trap, MRTOF w/ 

source 
※Using beam from 

GARIS 

※Begin w/ accuracy check using Penning trap measured No isotopes 

MRTOF-MS SHE campaign 

schedule 

•Start with verification of No isotopes 

previously measured by SHIPTrap 

•Rf, Sg and maybe Bh feasible in first effort 

- ≲2 days observation required for each 

•For heavier, even one count is a 

measurement! 

GC Construction 

Offline testing 

Online testing of GC 

Online experiment  

w/ MRTOF 

Fiscal Year 2012 2013 2014 2015 



Summary and Outlook • Ion preparation trap working well 
- Fast cooling, Tcool ≈2ms 
- High efficiency, anticipate 50% for SHE 

• Online MRTOF-MS commissioning successful 
- δm/m < 5x10-7 

• Preparations for SHE campaign underway 
- New α/β/ToF detector under development (F. 

Arai) 
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Tapered RFQ pre-cooler 
Paralleled RFQ pre-

cooler 

Efficiency Gain: 

 x10 or more 

Tapered-RFQ effect 

IS-CEM: 

□ εstraight = 

Iflat/Itaper  

  = ~80 % 

Efficiency 

CEM 

(normalization factor 

for trapping efficiency) 

To MR-TOF (MCP) 

To orthogonal-CEM 

for DC 7Li beam: 

□ εMCP = 2.4 % 

□ εortho-CEM = 5.1 %* 

for DC 23Na beam: 

□ εMCP = 12.1 % 

□ εortho-CEM = 

26.7 %* 

 (*detection efficiency gain) 

Itaper (pA) 
Iflat (pA) thermal IS 

(Li, Na) 

CEM 

23Na+ 
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Stability of MRTOF 

• Drift is of similar order to 

field decay rate in PTMS 

• “Fast” component 

consistent with ΔT~0.5oC 

in Ti support structure 

• Unlike PTMS we can 

rejigger 



Vacuum / emmitance 


