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Introduction:  Solar-gas-rich regolith breccia from 

asteroids has been studied [e.g., 1, 2], which were irra-
diated by solar wind (SW) on the parent body surface. 
Regolith breccia was lithified by compaction process 
from regolith soil. There is a direct link between aster-
oid formation and regolith one because regolith layer 
is universally covered with asteroids [3]. To figure out 
the SW distribution in the breccia high spatial resolu-
tion is required because SW implanted layer is less 
than 100 nm [2]. Noble gas abundances and a degree 
of mass fractionation, for example 3He/4He, 4He/20Ne 
and 20Ne/22Ne ratios, will be analyzed to reveal behav-
iors of regolith grains in the parent body.  

Instrument:  LIMAS (Laser Ionization Mass na-
noScope) [4] is a time-of-flight sputterd neutral mass 
spectrometer (TOF-SNMS) with non-resonant laser 
post-ionization system which can observe in-situ dis-
tributions of all elements in solid materials down to 
tens nm level. Figure 1 shows photograph and sche-
matic drawing of LIMAS. LIMAS is mainly composed 
of Ga focused ion beam (FIB) for sputtering, femto-
second laser for post-ionization of sputtered particles, 
and multi-turn mass spectrometer (MULTUM II). 

As can be seen Fig. 1 (b) aberration corrector is in-
stalled in a FIB optics column which is consisted of 
eight dodecapole electrodes and corrects chromatic 
and spherical aberration. The beam diameter of the Ga-
FIB is down to15 nm at 1 pA beam current. 

The laser system can produce a 40-fs pulse width 
beam. The spectrum of the laser has a center wave-
length of 800 nm and a spectral width of about 50 nm. 
The pulse energy is ~3 mJ and the repetition rate is 1 
kHz. The laser optics consisted of an oscillator (Ti-
Light,  Quantronix, USA), a laser amplifier (Integra-C,  
Quantronix, USA). The laser beam is introduced into 
the sample chamber through a quartz glass view port. 
Ebata et al. [4] have reported laser post-ionization effi-
cient, which are  ~10% and ~100% for He and for Ne 
in the focused laser beam region (~50 �m in diameter), 
respectively. 

The multi-turn TOF mass spectrometer ‘MULTUM 
II’[5] can increase mass resolving power with increas-
ing flight cycles. Figure 2 shows TOF mass spectra of 
m/z = 4 for 4He implanted Si-wafer. Mass resolving 
power after 90 flight cycles (Fig. 2) is 8,500 for full 

width half maximum which obviously distinguish 4He+ 
from the other interference ions. 

Ion detection system is constructed for high speed 
data acquisition and processing using NI PXI-platform 
[6]. Two-steps MCPs and preamp amplify the intro-
duced electrical signal. The input signal is split by a 
distributer. The output signals are recorded by using 
two NI PXIe-5185s. One is for recording the analog 
output, another is for pulse-counting. The 5185 digi-
tizer aquaires mass spectra in high precision by ultra-
fast sampling rate (8-bit vertical resolution and 12.5 
GS/s). High data transfer speed (300 MB/s) by using 
PCI Express bus provides real-time data acquisition. 
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Figure 1. (a) photograph and (b) schematic diagram 
of LIMAS. Primary Ga ions are pulsed for post-
ionization and TOF-MS. Aberrations of the primary 
beam is corrected by the aberration corrector. The 
pulsed beam sputters a sample in ultra-high vacuum 
chamber. The spurred particles are ionized by a fs 
laser. The ionized particles are introduced into 
MULTUM II. Mass-separated each isotope is detected 
by using MCP system. 

2285.pdf44th Lunar and Planetary Science Conference (2013)



Helium depth profile: An n-type Si wafer, which 
was irradiated by 30 keV 4He of 2 × 1016 ions/cm2 was 
used to evaluate and confirm sensitivity for He. Figure 
3 shows a He depth profile of the Si-wafer.  The sput-
tering crater was 6.4 × 15.2 μm2 and measurement area 
is 2.1 × 4.1 μm2 of the center. A simulated depth pro-
file under tha implantation condition calculated by 
SRIM code [7] is also shown. 

The detection limit of the present system is about 
1018 ions/cm3 for 4He The parformance of LIMAS 
should be inproved towards higher sensitivity and 
lower background noises because bulk concentrations 
of solar-He in gas-rich meteorite is 10-2–10-4 cm3STP/g 
[e.g., 1] which can be translated into 1016–1018 at-
oms/cm2 for rocky material (density ~ 3 g/cm3).  

For these directions, we are improving two param-
eters; 1) optimization of geometrical alignment among 
positions of sample surface, primary beam, and laser 
beam-path and 2) optimization of pulse timing control 
for primary beam, laser shot, and MS introduction. In 
case of the alignment, a solid angle of laser optical 
path against plume of secondary neutral particles is 
optimized. An ideal ionization rate for single laser shot 
is 20–30% for the opitimum geometry if the secondary 
particles in the focused laser region are totally ionized. 
An ideal useful yield of the LIMAS would be ~10% to 
take account of ion transmittance of MULTUM II and 
detection efficiency of MCP.  

The present useful yield is ~0.1% for Si under the 
condition of He depth prolfiling shown in Fig. 3. We 
expect that inprovement of at least one order of magni-
tude for LIMAS is plausible, which level is minimum 
sensitivity to analyze He microdistribution in gas-rich 
meteorites.  
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Figure 2. TOF mass spectra of m/z =4.. 
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Figure 3. Depth profile of 4He. Blue and green lines 
correspond to measured value and simulated one, re-
spectively. Helium-4 of 2 × 1016 ions/cm2 at 30 keV 
was implanted into n-type Si wafer. 
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