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Introduction: The main purposes of planetary ex-

ploration are to understand the formation and evolu-
tion of planets.  The Moon in particular is of the prime 
importance to ravel questions on the formation and 
evolution of the Earth. One of the main approaches to 
them is to measure the global elemental composition of 
planetary surfaces. Furthermore, the local mapping 
such as chemical compositions inside and outside cra-
ters greater than 30-40km in diameter provides deep 
insights into the internal planet to investigate. 

Gamma-rays in MeV region are produced by nu-
clear interactions by cosmic rays on planetary surfaces 
[1]. Expected gamma-ray lines from the Moon are 
listed in Table 1. 

Actually gamma-ray spectrometers have achieved a 
successful outcome for the global mapping of elemen-
tal distribution [2, 3]. However, those gamma-ray 
spectrometers carried on planetary missions are omni-
directional. The spatial resolution of those gamma-ray 
spectrometers depends solely on geometrical condi-
tions of the orbiter altitude and the planet size. The 
spatial resolution is about 150km for both Lunar Pros-
pector [4] and the future SELENE mission [5, 6, 7] at 
the orbital altitude of 100km. 

High Pressure Xenon Time Projection Chamber 
(HP-XeTPC), which we propose, allows us to simulta-
neously determine the arrival direction and the energy 
of individual incident gamma-rays. The gamma-ray 
spectrometer has the spatial resolution as a function of 
the altitude as shown in Fig. 1 with a parameter of the 
angular resolution. Suppose the angular resolution is 
10 deg, a HPXe-TPC can distinguish chemical compo-
sitions inside a crater greater than 30-40 km in diame-
ter from outside.  

Detection principle: A tentative schematic draw-
ing of HPXe-TPC is shown in Fig. 2. The HPXe-TPC 
consists of a tracker and an absorber chamber. The 
tracker and the absorber are filled with xenon gas. 
Both the tracker and absorber consists of cathodes, 
position sensitive electrodes (PSEs) and photodiodes 
or avalanche photodiodes (PDs).The pressure in the 
absorber (about 4-5MPa) is larger than that in the 
tracker (1-2MPa) to increase the detection efficiency 
of photoelectric absorption. 

An incident gamma-ray interacts with a xenon 
atom by mainly Compton scattering in the tracker. PDs, 
which surround the effective volume of detectors, de-

tect VUV scintillation light around 175nm and trigger 
a circuit for drift time measurement of electron-swarm. 
PSEs detect the deposit energy, the 2D image of the 
electron charge distribution, and the drift time. We 
reconstruct the 3D trajectory of the recoil electron and 
the Compton vertex from the acquired information. 
The absorber stops the scattered gamma-ray due to the 
photoelectric effect and measures its energy and the 
interaction point. Thus we can derive the arrival direc-
tion of the individual incident gamma-ray using the 
kinematics of Compton scattering. Presently, we are 
investigating the basic properties of high pressure xe-
non such as ionization and scintillation efficiencies, 
and spread of electron swarms due to diffusion in pure 
xenon and xenon doped with minor molecular gases. 
Table 1. Major gamma rays expected from the lunar 
surface. 
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Fig.1 Spatial resolution as a function of the altitude in 
the lunar orbit.  

Measurement: To measure the electron diffusion 
in high-pressure xenon gas, we have developed a Par-
allel Plate Drift Chamber (PPDC) [8]. The sizes of 
electron-swarm in Xe and Xe+H2 at 1.0 MPa have 
been determined from the results of measurements [9] 
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(see Fig. 3). It is found that Xe gas doped with H2 sup-
presses the spread due to electron diffusion.  

We have also developed an ionization chamber 
equipped with a scintillation detector[10] and meas-
ured relative yields of light produced by alpha-
particles from the decay of 241Am (5.49 MeV) in Xe 
and Xe+H2 at 2.6 MPa. The scintillation signals in gas 
mixtures are large enough to use as trigger signals in 
TPC.  
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Fig.2 A schematic drawing of HPXe-TPC gamma-ray 
imager. 
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Fig.3 The size of electron-swarm in gas mixtures. 
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Fig. 4 Relative light yields in gas mixtures as a func-
tion of reduced electric field strength. 

Computer simulation: The Monte Carlo simula-
tion has been performed to estimate how accurate we 

can determine arrival directions of incident gamma-
rays by using Geant4 code [11]. These simulations 
include the energy resolution of HPXe-TPC, the Dop-
pler broadening effect, the position resolution of PSEs, 
and the multiple scattering of a recoil electron in xenon. 
According to our simulations, the angular resolution is 
mostly related to the multiple scattering of a recoil 
electron in xenon [12]. The maximum value of the 
angular resolution is shown in Fig. 5 as a function of 
gamma-ray energy in the three cases of the pitch be-
tween each PSE of 0.5, 1.0 and 1.5 mm. In the case of 
a pitch of 1 mm, the angular resolution is within 9 deg 
for 2 MeV gamma-rays with 50% probability. This 
value is equivalent to a spatial resolution of 16km for 
Lunar observations at the orbital altitude of 100km. 
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Fig. 5 The maximum value of the angular resolution as 
a function of  gamma-ray energy. 

Conclusion: the electron diffusion is suppressed 
when Xe gas is doped with a little H2. The scintillation 
signal is large enough to use as a trigger signal in TPC. 
Furthermore, it turned out the good angular resolution 
of HPXe-TPC imager is obtainable from simulations. 
The results shown above seem to make it possible to 
investigate chemical compositions inside and outside 
craters greater than 30-40 km in diameter. 

The planetary surface imager based on HPXe-TPC, 
which we propose, will precisely provide global map-
ping of various chemical compositions in future mis-
sions.  
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