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Many experiments at low energy radioactive ion beam facilities are currently limited by the :
available mass measurement methods and the amount of isobaric contamination. The multiple Envisaged applications: o 1000
reflection time-of-flight mass spectrometer (MR-TOF-MS) presented here offers a solution to _ Separation of isobaric reaction oroducts § o %p4
these challenges, due to the worldwide unique combination of mass resolving power (600,000 tp fliaht and 1SOL faciliti P <
FWHM), measurement times (~ ms), ion capacity (>10° ions/s), mass measurement accuracy (~ atin-fight a actities e ]
10”) and transmission efficiency (up to 70%) [1,2]. The system can be used as (i) broadband mass - Removal of molecular contamination ions g "
spectrometer with high resolving power (4,000 FWHM) for diagnosis of experimental setups created during ion stopping and 1_3 “Ad
located in front of the MR-TOF-MS, (ii) mass spectrometer for high accuracy mass measurements extraction in gas-filled stopping cells
and (iii) isobar separator with high ion capacity. The MR-TOF-MS is the first TOF-based system - 3 30 25 20 -5 -0 5 0 5
that has demonstrated spatial separation of isobars. The present MR-TOF-MS system is ) [I)i\llree gtnmags measurements of very-short- Mass Excess Difference .

. . s . uclides Expected mass spectrum of isobars at mass 94 u produced in
envisaged to be used at different facilities, such as the FRS lon Catcher, TITAN, SHIPTRAP or in the fusion-evaporation reaction *Ni(“°Ca, p3n)**Ag. The relative
the future at the LEB of the Super-FRS at FAIR. The online test of the system has been performed - lon identification and diagnosis by high-  gpyndances have been calculated with PACE4 and peak
atthe FRS lon Catcherin October of 2011 and summer of 2012. resolution broadband mass spectrometry shapes measured with the MR-TOF-MS for '*Cs have been

used. Itis apparent that a direct mass measurement of *Ag (t,,, =
K / \ 34 ms)would be possible with the MR-TOF-MS. /

3. Setup of the MR-TOF-MS / 4. Mass Spectrometer with Very High Resolving Power

Accumulation The ions travel for a selected number of turns inside the analyzer and impinge on the detector in the time focus.
Trap The mass range of an unambiguous time-of-flight spectrum is limited, but the resolving power and mass accuracy
Curved are very high.
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Mass Range Energy Time-obrightius Mass Excess - Mass Excess (“C_H,) / MeV
Selector (MRS) Buncher Time-of-flight spectra for mass 79 u of the mixture of benzene, ) 355 spectrum with logarithmic intensity scale of the mixture
pyridine and dichloropropane ionized by electron-impact ionization.  jiscyssed before at mass 78 u. The MRS is used to ensure a correct
(a_)an !dentlflcatlon of different masses is not possible because ions assignment of the peaks. Mass resolving power of 200,000 is
with different mass numbers have different number of turns. (b) : - -
_ o reached inlessthan 10 msflighttime.
Mass Range Selector (MRS) was set to exclusively transmit ions
. with mass 79 u. An unam_biguc_)_us spectrum is obtained and the Mass MeasurementAccuracy
MCP masses are measured and identified.
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! \ — -100 0 100200 300 400 500 The three main isobars (see top figure) are used to determine the
St (t-t.)/ns mass measurement deviations versus number of detected isobaric
Mass resolving power of 600,000 (FWHM) (measurement time: 49  ions per cycle (at mass 78 u). The inset shows a zoom of the lower
ms) is comparable to a 7 Tesla TOF-ICR-MS (measurement time: 1 left part. The intercept of the linear fit represents the residual

s). The peak has a Gaussian-like shape even at this high resolving  systematic error without ion-ion interaction. Note: One detected ion
powers. This allows the separation of nearby peaks with largely  at mass 78 u is accompanied by 45 ions of different mass ejected
Schematic figure of the MR-TOF-MS system. The main functional elements are shown different intensities. Inset; The measurement is independent of the  from the trap system. Thus, more than 10* ions per shot or 10° per
only. Overall height ~ 2 m, ion kinetic energy 750 eV number of detected ions, thus space charge effects do notinfluence  second can be processed and a mass measurement accuracy down
the resolving power in this measurement. to 10" has been achieved.

5. Broadband Mass Spectrometer 6. Isobar Separator D,

The analyzer is switched off and the time-of-flight detector is in the time focus. For isobar separation, the analyzer Is used as in the very high Dene % Dane
Because the analyzer is not used, the ions have an open flight path and the time- resolving mode, but instead of the detector a Bradbury-Nielsen gate % é

of-flight spectrum can be unambiguously converted into a mass spectrum. This (BNG) is placed at the time focus to convert the temporal dispersion |
broadband mode can be used for diagnosis of devices upstream the beam-line. into a spatial separation. The unwanted ions are deflected and the ions
A mass resolving power of up to 4000 (FWHM) has been achieved, which is of interest are delivered to other experiments following the MR-TOF- BNG

sufficient to resolve many molecularisobars. MS. - Detector D, _ Detector D,
1 - Gate off
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Mass /u Separation of close-lying isobars (4.164 MeV) with large intensity Measured mass spectra from a detector D, (left hand side) and Dy,
ratio (200). It can be clearly seen that the BNG deflects all “C,H, (right hand side). The spectra in the upper panels are taken with the

Measured broadband mass spectrum (pass-through mode) with logarithmic intensity scale of a without disturbing the "C"*C.H,. Note: The background is caused by BNG off and in the lower panels the BNG is switched off only while
mixture of benzene, pyridine and dichloropropane ionized by electron-impact ionization. electrical noise. the C,H,N ions pass through.
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