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ABSTRA CT

We are developing Monitor of All Sky X-ray Image (MAXI) which will be mounted on the JapaneseExperiment
Module of the International Space Station. MAXI is an all-sky X-ray monitor which scansthe sky in every 90
minutes. The sensitivity will be ashigh as7 mCrab (5 level) in onescanand 1 mCrab in one-weekaccumnulation.

The GSC (Gas Slit Camera) instrument consistsof twelve one-dimensionalposition sensitive proportional counters
using the Xe+CO, gas and the carbon b er anodesof 10 m diameter. The window sizeis 272 190 mm. The
position is obtained by the charge division method. It is usedto identify the sourcein the long rectangular eld-of-

view (1.5 80 degrees). Three cameraswill be setto cover the 1.5 160 degreesarc. The position resolution is
essetially important, which becomesbetter in the higher gasgain. We have tested gas mixtures of Xe+CO , with

CO; = 0.2%, 0.5%, 1%, and 3%. The CO, = 0.5% shawved the most uniform gasgain, but has a little after pulses.
We chosethe Xe (99%) + CO, (1%) combination for the ight courters. It can achieve the uniform gasgain in the
cell and negligible after-pulse in high operating voltage. The engineeringmodel of the counter (EM1) was build. We
have tested the position resolution and the energy resolution acrossthe counter. The position resolution and the
energy resolution depend on the X-ray energy On the basisof theseresults, together with the collimator response,
we performed a realistic simulation.
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1. MONITOR OF ALL-SKY X-RA' Y IMA GE (MAXI)

Monitor of All-sky X-ray Image (MAXI) is the rst astronomical payload to be placed on the International Space
Station (ISS)'s JapaneseExperimental Module (JEM) in 2005 (Fig. 1 left) [1, 2, 3, 4]. MAXI hasthe size of 0.8
1.2 1.85m and the weight of 500kg. Power, communication, and cooling uid are supplied from the JEM/ISS.
MAXI hastwo X-ray obsenational instruments, Gas Slit Camera (GSC) and Solid-state Slit Camera (SSC, Miy ata
in this meeting). The GSC usesgas cournters which is sensitive in 2{30 keV. The SSCusesX-ray CCDs sensitive
in the soft X-ray (0.5{10 keV). Both instruments are slit-cameras and have a long rectangular eld-of-view (FOV)
(Fig. 1 middle). With the combination of one-dimensionalX-ray detector, the positions of the X-ray sourcesin the
FOV are determined (Fig. 1 right). The narrow FOV scansacrossthe sky with the 90-minute orbital rotation of the
ISS. The GSC hastwo identical FOVs, oneis facing forward and the other zenithal. The forward FOV is tilted up
by 6 degreesto avoid the earth and the atmospherecompletely. There are non-operational periods in the orbit, such
asthe South Atlantic Anomaly and the high-radiation polar regions. Although one FOV cannot obsene the portion
of the sky which to be obsened from there, the other FOV can cover that region after or before 21 minutes, because
it is o set by 84 degrees.Thus MAXI can monitor almost the whole sky in every 90 minutes, twice in most part.

As an all-sky monitor MAXI hasunprecedened sensitivity in the hard X-ray band (0.5{30 keV). The purposesof
the all-sky monitor are not only the discoveriesof new X-ray sources,but alsothe challengeto the cosmologymodels
by measuringthe large scalestructure of the universevia the distribution of distant active galaxiesas well as the
cosmicX-ray background. The sensitivity is 7 mCrab (5 level) in onescanand 1 mCrab in one-weekaccunulation
[1, 3]. The former is as sensitive as can detect the X-ray afterglow of the gamma-ray burst if it scanswithin 290 s
after the burst. The latter is as sensitive as can detect hundreds of faint extra-galactic objects (AGNs and galaxy
clusters). The AGNs (quasars,BL Lac objects, Seyfert galaxies) are variable in a time scaleof 100s years. It is
the rst experiment to monitor the variabilit y of the extra-galactic sourceswithout a bias.

Further author information: T.M.: E-mail: mihara@crab.riken.go.jp
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Figure 1. left: The MAXI payload hastwo scierti ¢ instruments, GSC and SSC. middle: Both instruments have
two eld of views (FOV) which cover the one's dead area due to the South Atlantic Anomaly by the other. right:
One-dimensionalX-ray detector is usedto determine the sourcepositions in the rectangular FOV.

2. GAS SLIT CAMERA (GSC)

GSC consistsof twelve cameraswith proportional counters. Two camerasare setin a 'pillar' (a unit) asarrows in

Fig. 1 left indicate, and watch the sameFQV. The triangular part above the counters cortains slats collimators to

limit the FOV to 1.5 80 degrees.There is a slit on the top of the triangle to transmit the X-ray from the sources
onto the counter. Three units (i.e. six cameras)are placedto cover 1.5 160degrees.The 10 degreesfrom the edge
are abandoned,becausesomeof them are shadoved by other modules on ISS.

Fig. 2 is the top view of one GSC ight model counter. The window sizeis 272 190 mm, which is about
A4-paper size. The opening areais 445.9cm?. Twelve counters make 5350cm? in total. The gasis the mixture of
Xe and CO, with total pressureof 1.4 atm at 0 C. The carbon b erswith 10 m in diameter are usedfor anodes.
The resistancesare about 33k, and the length is 333mm. The position is obtained by the charge division method.
The preampli ers (A225 hybrid IC) are connectedto both ends of the anode. The pulse height from the left L and
that from the right R are obtained. The position measurePM isdened asPM = (R L)=R + L). The incident
X-ray position is determined by PM using the calibrated curve.
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Figure 2. Top view of the MAXI/GSC Flight Model courter. The unit is [mm]. Gray parts are Be window, which
is supported by the beamsof 1.4mm width and 17mm height. The Be window areais 445.9cm?. There are 6 cells
with carbon anodes, which are surrounded by the 10 veto cells. Each cell hasthree beams. The counter is made of
titanium. It waschosenbecauseit has a similar expansioncoe cien t with beryllium.



3. ANOMALOUS GAS GAIN

To obtain the good position resolution with this proportional courter, high pulse height is needed. The noise is
dominated by the Johnson noise of the resistive anode. Therefore the position resolution has X=X / PH R%®
relation. Thinner wires with higher resistancecan improve the position resolution, but 10 m is almost the limit of
the handling. As will be shovn in x4, the GSC will be operated in rather high gasgain ( 6000), compared with
that of the usual proportional counters (gas gain of 1000). When we raised the high voltage, we encourtered the
hard tail problem.

3.1. Hard tail with CO, = 3% gas

A hard tail asshown in Fig. 3 emergedat high voltage (1600V) with the common Xe + CO, = 3% gas. The pulse
height ratio of the hard tail to the normal peak becamelarger at higher voltage. It exists when we irradiate X-ray
near the anode wire, and not exist o the wire (Fig. 3). The proportional counter of the samegasbut with metal
anode also showed the hard tail in the high gasgain. Thus, it is not the problem of the anode wire, but the gas.
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Figure 3. Hard tail appearedwhen operating in rather high gasgain (HV = 1600V). It exists only when the X-ray
is irradiated near the anode (left: o -wire, right: on-wire). The gaswasCO, = 3%, and the X-ray was Mo-K.

3.2. Slant beam metho d

To investigate this phenomena,we usedthe slant beam method. We tilted the X-ray beam within the plane which
the anode and the beammake. Fig. 4 shavsthe casewhen the beam crosseghe anode wire. Weused = 45degrees.
Let X the direction of the anode and Z the depth from the window. By using the one-dimensionalposition sensitive
courter, we know X for eadh X-ray evert. SinceX and Z correspond to ead other in the slant beam method, we
know the depth Z, where the X-ray is absorbed.
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Figure 4. Slant beam method: When the beamiis tilted, the detected position X correspond to the stopped depth
Z. One-dimensionalposition sensitive courter can tell the position X of eat X-ray, and we can know the depth Z.



3.3. M-curv es

Fig. 5 upper is the event plots by the slant beam method in Z and PH plane. The PH changedwith the depth Z.
The gasgain is normal at the window and the bottom of the cell, risestowards the anode, has maximum at 3mm
from the anode, and then goesdown. The hard tail was due to the dierent gasgain on the position where the
X-ray wasabsorbed, The Y-scan of the slant beammethod can make a gain map in the cell. It shoved that the gain
variation is symmetric on the anode and very similar to the shape of the electric eld [5]. We de ne the anomalous
gasgain factor g, asPH = Qg ( 1+ g), where Qg is the pulse height of the normal peak. The g is the function
of Z, and the maximum of g is denoted as gmax - What causesthe anomalousgasgain ? Fig. 5 also shows the HV
dependency The anomalousgasgain factor increasedwith high voltage. Actually it was proportional to the normal
gasgain Qo itself [5]. This meansthat the additional pulse height of the hard tail from the normal peakincreasesas
/ Q3. We usedMo-K X-ray becauseTi-K and Cu-K cannot penetrate very far. The X-ray mean free path in Xe of
1.4 atm is 4.7 mm for Ti-K, 8.0 mm for Cu-K , and 28.8 mm for Mo-K
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Figure 5. The upper is the M-curveswith 1400V, 1500V, 1600V of the Xe + CO, = 3% gas. The gasgains of the
normal peak are about 1600,4000, 8500. The bottom is the spectra obtained by integrating the M-curvesover the
depth. The X-ray is Mo-K . The “soft tail' in the spectrum is the cortinuum which is left over after the Zr lter.
We de ne the anomalousgasgain factor g as shown in the gure. Qg is the pulse height of the normal peak. The
pulse height at depth Z is written asQp ( 1 + g ), whereg is the function of Z.



3.4. Ar + CO, and Ar + CH 4 combinations

We investigated this phenomenonwith Ar + CO, and Ar + CH,4 gasesin the gas- ow courter. Fig. 6 upper shows
the M-curveswith CO, = 3%, 5%, 10%, and 20%. M-curve is also seen,but higher density of CO, is neededto have
the similar M-shape (10% in Ar instead of 3% in Xe). Moreover, the CO, = 3% showed V-curve. The V-curve can
be understood as the expandedM-curve. The position of gnax iS expandedoutward in the smaller density of CO,.

We alsotried Ar + CH4 = 5%, 10%, 20% combinations. All of them showed V-curve (Fig. 6 lower), although the
depth of V-curve s shallow in the high CH,4 density. Higher density of CH4 (30%) and higher total pressure(7atm)
can make the curve M-shaped [7].

Thus the M-curve is the common phenomenonin the cylindrical proportional counters operating in the high gas
gain. However, the extent of M-shape and the amount of gmax in the samegasgain are di erent with the combination
of the main gas(Xe or Ar) and the quenching gas(CO, or CH4). They also depend on the density of the quending
gasand the total pressure.

Ar + CO2 mixture

LI

T

T T T

'g‘ _.
E 14
L
a
(0]
©
25 i ,

Kt i ra TS, RSP R N, | AN i AN ST W
1000 2000 3000 1000 2000 3000 1000 2000 3000 1000 2000 3000
pulse height [ch]

Ar+CH4 mixture
5% 10% 20%

0 —| Be
= |
£
£ 14 Anode
o [ )
3

25

1 1 1 1 1 1
250 750 1250 1750 500 1000 1500 2000 500 1000 1500 2000
Pulse height [ch]

Figure 6. upper: The M-curvesof Ar + CO, = 3, 5, 10, 20% gases.The curve changesfrom V-curve to M-curve
with increasingCO.,. lower: The M-curvesof Ar + CH,4 = 5, 10, 20% gases.The high voltage is 1380,1488,1640V,
which are chosento have the similar gasgain. The Ar + CH4 always shows V-curve, but the depth changes. The
X-ray is Cu-K. The counter is HETE gas- ow type (1 atm). The cell sizeis almost the sameas MAXI courter.



3.5. Xe + CO, combination

First wereducedthe CO, asmuch aspossible. The results of CO, = 0.2%is shown in Fig. 7 left. It shoved V-curve.
Howe\er, this gas has another big problem of crosstalks (x3.6) and cannot be used. We increasedCO, density as
0.5, 1.0%, and took the M-curveswith a similar gasgain. CO, = 0.5% gasis almost free from the crosstalks. But
nally , we took CO, = 1% asthe gasfor the ight counter. It is the safety side of the crosstalks problem. It has
M-curve, but shows better spectrum than the CO, = 3% (Fig. 7 lower).

Figure 7. The M-curvesof Xe + CO, = 0.2, 0.5, 1.0, and 3.0% gases. The gasgains are adjusted to be similar.
The X-ray is Mo-K. The lower is the spectra obtained by the projection of the upper curvesto the PH axis. The
“soft tail' is obviousin CO, = 0.2%, and the hard tail is in CO, = 3%, which originate from V-curve and M-curve.

3.6. UV lights and quenching gas hyp othesis

As cited in x3.3, the additional pulse height of the hard tail is proportional to the squareof the gasgain. It suggests
a secondarymechanism which is causedby the gasampli cation. For example, UV light is one of such candidates.
(2) If the amount of the UV lights would be proportional to the gasgain, and (2) if extra electronsare ejectedby the
UV lights from the quending gas, the number the extra electronsis proportional to the gasgain. Those electrons
are also gas-ampli ed at the anode, which end up as the additional chargesproportional to the square of the gas
gain. In this case,ejection of the extra electrons must occur in the vicinity of the anode, becausethe rise-time of
the pulse was faster than 0.5 s, and the ejection of the photo electron from the Be window was rejected.

With Xe + CO, = 0.2% gas, We had another big problem of crosstalks. When Mo-K X-ray was irradiated in
one cell, the crosstalk appearedin the next cell. The crosstalk pulsescomein seweral micro secondslater than the
main pulse. The after pulsesin the samecell were also seen. The crosstalk is consideredto be an after pulseto the
next cell, which is causedby the photo electrons ejected from the Be window by the UV lights. The sewral micro
secondsis the drifting time from the Be window to the anode. The pulse height of the crosstalk is not constart, but
1% of events showved more than 3.7keV pulse heights for Mo-K (17.5keV). The pulse height of the crosstalks was
roughly proportional to the squareof the gasgain. If we considerthat the UV lights can reac the Be window, it is
the samestory asthe hard tail. At least, the above hypothesis(1) was proved.

Further study with the Y-scan of the slant beam method reveiled follows. The pulse height of the crosstalk
dependson the X-ray absorbed position in the main cell. When the X-ray stopsin the closerside to the Be of the



next cell, it has large crosstalk. When it stopsin the further sideto it, the pulse height of the crosstalk is very
small. This would be explained by the shadowv of the UV lights by the anode. Then the UV lights would be created
in a very small region comparableto the anode diameter (10 m), and the avalanche would occur in one side, not at
all around the wire.

The gnax Canbeunderstood asthe typical position wherethe most of the UV lights are absorbed by the quending
gas. It is a natural supposition from the fact that we had crosstalks and after pulsesin the V-curve gas,and not in
the M-curve gas. The V-curve happensin the insu cien t quending when the UV lights can reach the Be window.
There is not a proof for the hypothesis(2), but someof the quencing gaswould eject electrons, or excited quending
gaswould have smaller work function to produce electrons and eject electrons with smaller collision energy This
could be an explanation candidate for the anomalousgasgain.

3.7. Shape of electron cloud hyp othesis

An interesting relation wasfound betweenM/V-curv esand the shapesof electric clouds. Fig. 8 upper is the simulated
distribution of the electrons when the rst electron reachesthe anode (by the gar eld software). In the Ar+CO ,
= 3% gas, the near-anale evernt has round shape, but the window event has an elongated shape along the wire
(wide), which has consideredto have lessspace-targe e ect. Then it had V-curve. In the Ar+CO , = 20% gas,
the near-anade event has round shape as well, but the window evernt has an elongated shape vertical to the wire
(high), which is consideredto have more space-tiarge e ect. Then the curve is M-curve. By the mecdhanism of the
space-bargee ect the gain curve may be related to the width/heigh t ratio. Fig. 8 lower are the graphsfor Ar+CH 4,
Ar+CO », and Xe+CO,. Comparedwith Fig. 6 and Fig. 7, the curvesare very similar. Howewer, the relation between
the space-tiarge e ect and the width/heigh t ratio is not clear.

Figure 8. upper: The simulated image of the electron cloud when the rst electron reachesthe anode in Ar+CO ,
= 3% and 20% gases.1000electronsweretried. lower: The simulated width/heigh t ratios for various gas mixtures.
Y-axis is the position where the X-ray is absorbed.



4. PERF ORMANCE OF THE ENGINEERING (EM1) COUNTER

As discussedn the previous sections,we decidedto useCO, = 1.0 % for the igh t counter. The engineeringcounter
(EM1) was built by Metorex Company, Finland, and deliveredto RIKEN in April 2001. It is called “engineering’,
but actually the rst courter of the igh t model. It hasthe ight quality and have a little possibility to be launched.
The results are shown in the gures; the Energy linearity (Fig. 9 left), the HV-PH relation (Fig. 9 right), the Energy
resolution (Fig. 10 left), the Position resolution (Fig. 10 right), the Position error (Fig. 11), and the Gain uniformity
(Fig. 12). P3 and P4 are points on the counter; P3 (X= 5mm, Y=0mm on-wire), P4 (X= 5mm, Y=14mm o -wire).
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Figure 9. left: Energy linearity was measuredat P3 (Ti-K, Fe-K, Cu-K) and P4 (Mo-K) in 1500, 1600, 1650,
1700V. The measuremen at P4 is usedfor Mo-K to getrid of the hard tail e ect. For the others the e ect is small,
sincetheir X-ray stops very closelyto the Be window. The curveis the t with the E = aPH 2 + bPH. right: The
HV-PH relation at P4 with Mo-K. The six anodeshave similar gain. The curvesstart to bend at 1550V.
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Figure 10. left: Energy resolution at P3 (Ti-K, Fe-K, Cu-K) and P4 (Mo-K). The energy linearity in Fig 9 left
is considered. The data points roughly on the line of / E %%, which is the casedominated by the statistics of the
primary electrons. In higher voltage, gain di erence in the cell or other reasonsdegradethe energyresolution. right:
Position resolution. The data of Ti-K and Cu-K has the relation of / E *. This is when the position reolution is
dominated by the noise(mainly Johnsonnoise). Actually it is/ PH *. The position resolution saturated at 1.0mm.
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Figure 12. This is the gain map of EM1 courter obtained by Mo-K at 1600V. X-ray was irradiated in every 2

1 mm grids. The color level is 10 stepsin 1000{2000ch. The gain was uniform within 5% in one cell. The gain
di erence of the anodeswas 7%. We selectedthe carbon wires of similar resistancesand mounted them in one
counter to achieve a uniform gain. The right is the crosssectionat X = 5mm (P3). The high gain near the anode
is due to the hard tail.



5. OBSER VATION SIMULA TION

Based on the obtained performance of the test and EM1 courters, we performed the simulations of MAXI/GSC

obsenations [8]. First, we considerinstrumental properties for the whole assenbled system (x5.1). The secondpart
dealswith scanningof any sourceswith given celestial coordinates in the sky by consideringthe ISS orbital motion
and integrating all the GSC units (x5.2). Simulations of X-ray badkgrounds by the cosmic X-ray background and
the cosmiccharged particles are described in x5.3.

5.1. Simulations of source scanning with GSC

Let's consider a source moving into the FOV of a slit collimator asthe cameramoving acrossthe sky. Exposure
T is de ned as the time duration betweenthe source moving into and moving out o the FOV ( 3deg) in the
direction (for the simple casefor the certral GSC units, T 3deg/! 45s where ! is the angular velocity of the
ISSof 4arcmin s 1). The Monte Carlo simulation was designedfor the scanningprocessef a sourcewith constart
X-ray ux density fy, at elevation angle , and with exposureT.

Firstly, a seriesof incident photons onto the GSC slits is simulated within time T, in a way that the time interval
t of two successie photon events following exponertial distribution, as expected from the Poissonianstatistics of
photon emission/absorption processes.Each photon is registered with the arrival time t;, energy E;, and incident
position on the slits. E; is drawn from the ultimate spectral energy distribution of the X-rays before detection. The
azimuth anglesof the incident photons can then be determined from their arrival time t;. With the photon incident
aspect and energyknown, we cantrace eat photon alongits path into the collimator, and subsequetly, the detector
window and gascourter. A photon is discardedif it either fails to passthrough the collimator, or is absorbed in the
Be-window, or penetratesthe anode cell. Survival photons are taken as “detected' X-ray everts.

Laboratory calibration data for the energy{pulse height relation and the energy resolution (pulse height uctu-
ations) were usedfor converting the photon energyto pulse height in the gascounters. The position dependenceof
the gasgain or “hard-tail e ect' (x3, [6]) was taken into accourt properly. The ‘measured'absorption positions of
photons are corverted from the “actual' position X in ray-tracing by using the calibrated position measurevs. X
relationship.

5.2. Putting all together

Next we calculated the tra jectories of stars moving acrossthe FOV of slit camerain the scanningprocessedor both
the forward and the zenithal views, using the information of the ISS orbits and the attitude of the GSC units. This
enablesus to determine, for a star at any given celestial position in the sky, the time of starting to move into the
FOV, the exposure T, and the elevation angle , i.e. the parametersneededas inputs for the simulations of source
scanning/detection. As a useful example,we show in Fig. 13 the exposuretime of sourcesas seenby the three GSC
units in one FOV. For the two side GSC units, the exposuretime dependson the latitude of a star in the orbital
coordinate systems,but it is constart for the certral unit.

By combining theseresultswith the above scanning/detecting processeswe are ableto simulate completescanning
processe®f the whole sky with the MAXI/GSC, by assuminga population of celestial X-ray sources.The simulated
“obsenational' data comprise photon registration time, left and right pulse heights (th us the position measure),the
detector and anode IDs. The spatial and energy information of the X-ray sourcescan be re-constructed by analysis
of thesedata.

5.3. Backgrounds

There are two methods for the simulations of the cosmic X-ray badground (CXB). One is to divide the whole sky
into grids with elemeris which are much smaller than the point spreadfunction of the GSC, and then to treat each
elemen as a point source;however, this is CPU-time consuming. Alternativ ely, we used another method by taking
the advantage of the CXB isotropicity. The idea is that, during the scanningprocessesthe detectors are seeingthe
di use badkground emissionwith the sameX-ray brightness , regardlessof which part of the sky is actually being
seen.The expected photon ux density at the slits within a solid anglein any direction in the FOV can be obtained
and the above simulations of photon detection are used.

In fact this is not the caseasthe CXB is modied by Galactic absorption in the soft X-ray band. However, this e ect is
not signi cant in the whole MAXI/GSC energy band for most part of the sky, and, if needed,can be compensated ultimately
by using Monte Carlo drawing if the probabilit y of absorption, or optical depth, is known.



MAXI/GSC: source scanning time 2—GSC unit (averaged over scanning)
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Figure 13. left: Sourceexposuretime as functions of sourceorbital latitude for three GSC units in one ( forward
or zenith ) view. A sourcecan be seenby one or two units depending on the orbital latitude and is scannedtwice
by two FOVs successiely in one complete orbit. The exposuretime is the full width at bottom of the scanpro le.
right: E ectiv e areaof 1 certer unit (2 cameras),averagedwhile a sourcemovesacrossFOV by the scanning. is
the photon incident anglerelative to the detector normal. The low energytransmissionis limited by the Be-window.
The di erence of the e ectiv e areasin 2-15keV is by the decreaseof the slit areawith . The di erence becomes
smaller at higher energiesby the compensatione ect, i.e. the stopping power increasesat larger becausethe travel

length in the gasis longer.

The simulation of detector background (DBG) causedby cosmic charged particles is straightforward, but is
uncertain due to the unknown intensities of these particles in orbit. We assumedin our simulations a power law
spectrum for the DBG with a photon index =0 in 1{30keV and normalization astwo times asthe room badkground,
whichis 2 (45 10 %) cs 'cm 2keV ! at 1keV. This is the value after the anti-coincidence between carbon

anodes, and carbon anode and veto.

6. RESUL TS OF SIMULA TIONS

The rst-hand outcomesare simulated photon events data resenbling the read-out given by the on-board processors,
namely, the time and the IDs of detectors/wires of photon, the pulse height channels of left and right readouts,

which can be used asinputs for the MAXI data analysistools. Moreover, the simulation code can also be usedto

examineand quantify someinstrumental characteristics, and to produce anticipated “scierti ¢ results' by analysis of

the simulated data.

6.1. Eectiv e area and point spread function

The detection e ciency, or e ective area A, for the assenbled system can be obtained by a direct comparison of
the detected and sourcecounts. It is dependert on photon energy E and photon incidenceaspect, i.e. A (E; ; ).
SinceMAXI operatesin a scanningmode in which a sourcemovesacrossthe FOV with  variesfrom  jax 10 max,
it is more meaningful to usethe e ectiv e area averagedover , i.e. PA. i(E; ). We show in Fig. 13 the averaged
hA¢ i(E; ) for aunit asa function of photon energy at seweral angles. The virtue e ectiv e areawith respect to
a given sourcedependson the number of GSC units (either 1 or 2, seeFig. 13) which are actually seeingthe source
aswell asthe respective angles,both determined by the sourceposition and the ISS orbit.

The point spreadfunction (PSF) can be derived by mapping the spatial distribution of detected everts from an
input point sourceon the detector X (anode) and Y (scanning direction, or time) space,and much meaningfully,
de-projected back onto the { space. Fig. 14 shows the PSF at 8keV photon energy for sourceswith incident
angle = Odeg (left) and 20deg (right), respectively. At large incident angles,a tail emerges(right panel) with
the extent increasingwith , which results from slant incidenceof photons and becomesprominent for photons with
higher energies,i.e. larger mean free paths in the gascounter.
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Figure 14. Prole of the GSC responsefunction for a point sourceon the orbital longitude (vertical) { latitude ( ,
horizontal) plane for 8keV photons, derived from the simulations. Left panel: = 0deg. Right panel: = 20deg.
at large atail appearsin the direction for high energy photons causedby slart incidence of photons.

6.2. Crab count rate and in-orbit data rate

One good indicator of the capability of X-ray detectorsis the yielded court rate in observingthe Crab Nebula|the

standard calibration sourcein X-ray astronomy. As a useful example,we listed in Table 1 the simulated Crab count
rate asobsenedwith oneGSCin the 1{30 keV band for various o -axis angle . For on-axisscanning( = 0deg)this
yields 10cs ! per GSCin 1{30keV when averagedover the scantime. Note that 4 GSC obsene the source,if the
orbital latitude is within 40 degrees.Then the averagecourt rate is  40cs !. Incorporating the sourceexposure
in Fig. 13 one may have a rough estimate about sourcecounts accumnulated in the scanningwith the MAXI/GSC.

Then by scaling the source uxes to that of Crab (1 Crab = 4 10 8 ergs ! cm 2 in 1{30keV), we can know the

ux of the source.

Table 1. Simulated GSC court rate for the Table 2. Simulated in-orbit GSC data rate (one orbit, 1{30keV)

Crab Nebula (1{30 keV)

counts? CRP units®
angle (deg) court rate (cs 1) (10*c)  (cs b
0 9.9 Crabd 0.33 8.1/9.7  cenrallleft x 2 views
10 9.6 Sco X-1°¢ 3.0 71.4/87.1 cenrallrigh t x 2 views
20 9.1 CXB 10.3 1.6 all (6 units)
30 8.1 DBG 87.7 135 all (6 units)
Total | 104 16:0 all (6 units)

When the Crab passesn a GSC camera. Av-
eraged over the scantime. The peak court a. The total counts accunulated in one orbit.
rate in the triangular scanpro le is double of b. The mean count rate per GSC, averagedover the scantime.
the value above. ¢. The unit with which the sourceis in FOV. One unit has2 GSC.
d. Assuming an orbital latitude -29deg.
e. Assuming an orbital latitude 32degand Crab-like spectrum.
f. CXB+DBG+HEA O-1 sourceswith Crab-like spectra assumed.



The estimation of data rate is important in designingthe on-board signal processingelectronics and telemetry,
as well as estimation of the dead time for strong X-ray sources. This can be easily obtained from the simulations.
We shaw in Table 2 the estimated data rate for the total 12 GSC for one orbit data-taking. It should be noted that,
however, since the “detected’ counts are dominated ( 85%) by detector particle badkground, the estimated total
courts depend strongly on the assumption on the DBG rate. The valuesgiven in the table 2 were obtained based
on the above DBG model in x5.3, and should be taken as a referencevalue only. More accurate estimation has to
rely on more realistic modeling/measuremern of the DBG.

6.3. Simulations of scientic results of MAXI

For demonstration purpose we show here examplesof simulated obsenational results of the MAXI/GSC. Fig. 15
shows simulated X-ray light curves of the Galactic neutron star binary (burster) X1608-52 (left) and the Seyfert
galaxy MCG-06-30-15(right) for one month data-taking. A power law photon index of 1:9and 1:8 wasassumed
in the MAXI band for X1608 and MCG-06-30-15, respectively. The detector backgrounds were subtracted. The
input data are from ASCA obsenations of the two sources,respectively.

Fig. 16 shawvsthe all-sky X-ray imageobtained with the MAXI/GSC for v emonths data-taking, with the detector
particle badkground subtracted. The input X-ray sourcesare from the HEAO-1 sourcecatalog as well asthe CXB.
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Figure 15. Simulated X-ray light curvesfor the X-ray burster X1608-52(left) and the Seyfert galaxy MCG-06-30-15
(right) for one month data-taking. Sourcesare assumedto be at orbital latitudes of 10 degreeand the precessionof
the ISSorbit is not takeninto accourt. For X1608-52,the time bins represen data samplingsin ead view (two views
in one orbit). X-ray bursts and orbital intensity modulation are seen.For MCG-06-30-15ead time bin represens 8
ISS orbits. Each are and the long-term variation are seen. Input data are from ASCA obsenations (X1608: data
credit Dotani; MCG-06-30-15: data credit Negoro).

7. SUMMAR Y

The MAXI mission was introduced and the design of the GSC igh t-model counter was shown. The detailed
investigation on the hard tail was explained. The M-curves of Xe+CO,, Ar+CO ,, and Ar+CH 4, were presered
with various CO,/CH 4 densities. The anomalous gas gain might occur when the quending gas absorbsthe UV
lights near the electron-avalanche region. Or it might be by the space-barge e ect depending on the shape of the
electron cloud. The engineeringmodel counter (EM1) was made and tested. The various results were shovn, which
was almost as expected. We are ready to move on to the production phaseof GSC ight model. The obsenation
simulation was performed and the current results were summarized.



Figure 16. All-sky X-ray image (Galactic coordinate) obtained with the MAXI/GSC for v e months data-taking,
with the detector particle badkground subtracted. The inputs are the HEA O-1 X-ray sourcecatalogueand the cosmic
X-ray background. The absorption and di use emissionof the Galactic plane werenot included. Instrumental e ects
such as aspect-dependert exposure and e ectiv e areawere not corrected.
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