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What is a
Multi-reflection time-of-flight Mass spectrometer
and why do we want one?



ISOLTRAP’s MR-ToF MS
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ISOLTRAP’s MR-ToF MS
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ISOLTRAP’s MR-ToF MS
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ISOLTRAP’s MR-ToF MS
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ISOLTRAP’s MR-ToF MS

Counts

Different

ion species

Time-of-flight separation of the ions

Ion detector

- D
‘ Second electrostat\c
Drift—tube S evor

(__——————-""”.
First electrostatlc

MoRbauer spect . 11SDyield checks
20 : : : : e ' LR
¥cefo 135N e ww . 61Mn 42Cal9F ':%' .
135) 5160 1355 16 or iers p+ ir'ﬁpact I'\ '
15} - K
. 1“" L .
After 1000 rgvs in MF e A=70 beam analyses — 70Ni Collaps
10+ = _ : : : : :
18 4 .
[T - Release N 100revs in MR-ToF
[ Collection of me w] T 4] primect 1ms bg, 0.5% efficiency )
o 1 A -8 around 2E6 per p+ pulse
133,164  TOFSp 1404 S 12 1
o 2 1000 1 05
120 4 - .%g pt+ impact
100 - _,./ \/. g
3 10'} S & L
O 40_- L ! l I AL
1 it 0 2000 4000 6000 8000 10000
20__ N . A time/ms
0 'k.\.l‘.' ‘eee®® e i e - -w -m jl
10° T S0 1000 1500 200 250 3000 3500 4000
29401 29402 time after p+ (ms) 8

Time of flight /



ISOLTRAP’s MR-ToF MS
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ISOLTRAP’s MR-ToF MS
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The MR-ToF-MS at ISOLTRAP

1120 1 Al |l' 3. 2050 counts
I :NH (] ’ |I") I“ 0 445
. . N I I 0
» capture and ejection with one electrode + ." IJ | i ,,!.IJJ"M' 1 3F
=> simple technique, stable mirror potentials 2 109 |~ ||" .||”,.|,'| RS T P
. . ) 0 \ I I 0T 2
» decouple MR-ToF-MS and adjacent beamline ;g’) + \,,,,:ﬂ e + &
. e . . e T ||| u I ! I|| T W
=» independent optimization g 1070 w 2100 B
. . ) 1.- . £ - 5 [ 0 )
» adjust ions’ kinetic energy 2 T wM l' i ! 1;; 3 .
. ° fae 1 | 1 =
=>» ToF focusing, max. mass resolving power  z . - \'l'm o £
+ 3
=>» only one parameter to adjust + *W I"rl' e F
1020 & i ' | H‘m ‘n Mn |'\'\ M 2150 1
0] 1 2 3 4
. . (time of flight - 30032us) /us 133CS, 1000 rev.
in-trap lift 5004+ Ty
Irrrrred lxrreml | in-trap lift !
JLLLLixy [ELLLLL 100 N peak voltage Uy V' Rewsw |
(2) 1 1047.5 61000

................ *—> T 2 1072.5 195000 |

niection /N /T N\ 2 ]

200+

3 1097.5 64000 T

counts

....................... o~ > 1004
025 050 0.75 1 OO 125 1560 1.75

Ejection /\ yd A AN A
(time of flight - 30032ps) /us

Wolf et al., IJMS 313, 8 (2012) 11



Necessary mass resolving power for separation of n-rich Zn beams
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The MR-ToF-MS at ISOLTRAP - Performance

lon energy: 2.1keV
Max. mirror potential: 4kV

Pressure: 5E-9mbar
Longitudinal emittance: 100nseV

lon energy: 30keV
Max. mirror potential: 60kV

Pressure: 1E-8mbar
Bunching with ISCOOL:

Transversal emittance: 5t mm mrad Longitudinal emittance: 500nseV
Transversal emittance: 2-4 T mm mrad
mass resolving power (FWHM) Chopping: has to be tested
m/Am=100000 at 18ms
m/Am=300000 at 35ms Decrease time needed for separation by

about factor 4

transmission o )
= Transmission should be improved

=50% at 30ms

ion capacity for multiple species —> Optimize mirror electrodes and ion

~100000 per second optics for large transversal emittance
contamination suppression (BNG) — Increase ion capacity
4 orders of magnitude

operation and tuning
only one parameter to adjust

=>» simple operation
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Tests with the ISCOOL and ISOLTRAP

Shoot the ISCOOL beam through the ISOLTRAP buncher (transmission mode)

Perform beam diagnostic with ISOLTRAP’s tools
* Minimal longitudinal emittance / ToF peak width?
* Investigate fast ions?

Determine the transmission
* through ISCOOL - 50%?
e through ISOTLRAP buncher?
e through MR-ToF MS?

Inject ISOOL bunches directly into the MR-ToF MS
* Time scale?
 Maximal R?
* Mirror retune?
e Efficiency of the hole process?
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Limitations — peak coalescence
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 “Many” ions in one bunch can lead to peak coalescence due to Coulomb interaction
* ToF mass measurements difficult BUT separation still possible
e Example: A=152 beam
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“Many” ions in one bunch can lead to peak coalescence due to Coulomb interaction

* ToF mass measurements difficult BUT separation still possible

Example: A=152 beam
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* “Many” ions in one bunch can lead to peak coalescence due to Coulomb interaction
e ToF mass measurements difficult BUT separation still possible
* Example: A=152 beam
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Resolving power <-> cleaning of the Zn-beam
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Mass resolving power — neutron rich Zn beams
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Mass resolving power — neutron rich Zn beams
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In-trap potential lift time focussing
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In-trap potential lift time focussing
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In-trap potential lift time focussing

ion source M1 in-trap lift M2 detector
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In-trap potential lift time focussing
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