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Abstract

We have evaluated the possibility of the Electron-Trackinghpton Camera (ETCC) to simultaneously operate as a pestion
camera. The ETCC consists of a gaseous micro time projedt@mber (micro-TPC) and a scintillation camera. Sevebpypes
of the camera were developed and their performance wasstuBecause the micro-TPC can detect a large number of mitgoi
along one charged particle track, has a good position résnlaf about 0.2 mm, and uses the filling gas as the scattenatgrial,
the influence of multiple scattering is small. This makesrtiero-TPC well-suited to detecting pair-creation evertge have
examined the performance of a camera of size115 cn?, using the pair-creation mode in the energy range of 10 - 160.M
Using this camera, we performed a proof-of-principle ekpent with laser inverse Compton gamma rays at the Natiorstitiite
of Advanced Industrial Science and Technology (AIST), aredswcceeded in tracking electron-positron pairs and im&cacting
10 and 20 MeVgamma rays. In this paper, we report the fundtahperformance of the gamma-ray camera with pair-creation
mode.
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In the MeV gamma-ray astronomy, some observations with 10MQ
telescopes using Compton scattering or pair-creatiorh) asc Vet ---- [ (x28)
COMPTEL and EGRET onboard the Compton Gamma Ray LV S—
Observatory (CGRO), have been successful [1, 2]. However,
the detection sensitivity and the angular resolution irethergy
range from sub-MeV to hundred MeV are worse than those of +Vypic - o-fing
detectors in the X-ray, GeV, and TeV gamma-ray regions.én th
low-energy region (sub-MeV — 10 MeV) where Compton scat- il
tering becomes dominant, the sensitivity is low since the te 3
scope sftfers from a large background. In the medium-energy Al 6.7mm

region (10 — 100 MeV) where pair-creation becomes dominant,
the angular resolution is much worse due to multiple scatter
ing. Currently, there are no plans for an all sky survey with a
satellite for the low and medium-energy regions. Althouug t
Fermi satellite covers the medium-energy region, the argul detection volume of 1010x10 cn? were developed, and their
resolution in the energy region below 100 MeV is still compa-performances, with Compton mode only, were studied in the
rable to that of EGRET [3]. Thus, a gamma-ray camera withow-energy region [4, 5]. As a preliminary step toward an all
both improved detection sensitivity and angular resofui®  sky survey, we are proceeding with balloon experiments. The
desired. first experiment in which we observed events of cosmitude

We therefore have developed an Electron-Tracking Comptoand atmospheric gamma rays with Compton mode was done in
gamma-ray camera for the energy range of 0.1 — 10 MeV using006, and its results were reported in [6].
a gaseous time projection chamber (micro-TPC) and a scintii Because the gaseous micro-TPC can detect a large num-
lation camera with the aim of conducting an all sky surveyhwit ber of hit points from one charged particle, has a good posi-
a sensitivity 10 times better than that of COMPTEL, and withtion resolution of about 0.2 mm, and uses the filling gas as
an angular resolution of1 degree. Several prototypes with a the scattering material, the influence of multiple scattgpiis

Figure 1: A schematic view of the micro-TPC.
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Figure 2: A schematic view of the gamma-ray camera for pm&mnn mode. 36xl04 us|ng these two dev|cesi thus fulf”“ng the gas galn re-
quirement. The position resolution of the micro-TPC wasubo
200um. The micro-TPC was installed in a vessel which con-

small. This makes the micro-TPC well-suited for the detecti ists of aluminum. Gl Fiber Reinforced Plastics (G
of pair-creation events [7]. Thus, we have developed a camz o Of aluminum, 151ass FIber Reinforced Flastics (G109, a

era of the same type as our Compton camera, with a size ?Q?.rbon Fiber Izemfgrced ZTSECS (C::Rpli.' In a<(jjd|t|on{tr_1tet_€|
10x10x15 cn? for the pair-creation mode. Then, using this ation camera based on a 64 channet mufti-anode postliai-sen

camera, we performed a proof-of-principle experiment withV® photomultw_)tl_ler (Ziplr:/'rr()j ;:)uplgd ton)iO_lgi%Zec)E_SC|ntd»ha
laser inverse Compton gamma rays at the National Institutd'' &Y' Was positioned benind the micro- - 'neative area

of Advanced Industrial Science and Technology (AIST), an iftithrllsiﬁa;rr:\era I:IZSOfC;T]COFFGiiEI?nt?I:g tor: Fr’S\F,’vMTls. f;t}erpo—
we succeeded in tracking electron-positron pairs and iarrec sitio € center otine scintillation camera was Iefetle

structing 10 and 20 MeV gamma rays. In this paper, we preser“1e escaping gamma-ray beams. The details of the sciratilat

the results of the first experimental evaluation of the gamaya carPher?riare (:?jsi”btedr :2 t[k11|0] VYe us;id tge ﬁcwmlﬁt'on ggme
camera with pair-creation mode. as Ihe rigger detecto S SEIUP. F1g. = SNOWS fhe S a

view of the MeV gamma-ray camera for pair-creation mode.

2. MeV gamma-ray camera for pair-creation mode 2.2. Data acquisition system for tracking

A dedicated readout system for the micro-TPC was devel-
oped [11]. We have improved this system for tracking in or-

For a proof-of-principle experiment in pair-creation mopde der to increase the number of hit points. The output signals
we constructed the same type of MeV gamma-ray camergead by 256 anode-strips and 256 cathode-strips werezdiditi
as the one for Compton mode. The camera consists of twp amplifier-shaper-discriminator (ASD) chips [12], andith
components. One is a gaseous micro-TPC with a volume ofynchronized in a position encoder system with a 100 MHz
10x10x15 cn (fiducial volume: %9x13 cn?) filled with an  clock. The resulting hit information was recorded by a VME
Ar and GHg (90:10) gas mixture at 1 atm. A schematic view of memory board module. Each signal is given by a data set of
the micro-TPC is shown in Fig. 1. The micro-TPC detects thquax, Xerin, T) OF (Yiax Yarins T), WhereXmax and Xpin are the
tracks of the electron-positron pairs created from thenmiog  maximum and minimum positions of the anode stril¥gax
gamma rays. Electrons released through ionization are mujnd Y., are those of the cathode strips, afids the clock
tiplied by a micro pixel chambey(PIC) [8] with an éfective  counter. When the trigger signal from the scintillation eaen
area of 1&10 cnt and a gas electron multiplier (GEM) [9]. The s fed to the position encoder system, the clock countetsstar

p-PIC is our original gaseous two-dimensional imaging detecand the data sets &f andY are independently recorded during
tor with a pixel pitch of 40Qum. The maximum stable gas gain an 8usec time window.

of the u-PIC is about 6000. However, a gas gain of1®" is

required to obtain clear tracks of electron-positron paitsus,

a GEM, manufactured by Scienergy Co. Ltd. in Japan, was in3- First beam experiment

stalled 4 mm above the PIC as a pre-multiplication device for ,

the micro-TPC. The thickness, hole diameter, and the hatapi 31+ Experimental setup

of the GEM are 5@m, 70um, and 14Q:m, respectively. A drift We performed a proof-of-principle experiment with a laser
voltage of—5.53 kV was supplied to the drift plan&/{ix = inverse Compton gamma-ray beam at the National Institute of
5.53 kV), creating a drift electric field of 0.32 kéfn. The  Advanced Industrial Science and Technology (AIST) [13]. A
voltages of the top and bottom planes of the GEM were set tquasi-monochromatic gamma-ray beam was produced by the
—830V and-530V (Veemt = 830V, Veems = 530 V), respec-  collision of laser photons with a 760 MeV electron beam ac-
tively. Theu-PIC voltage of 430 V was supplied to the anode celerated in the storage ring TERAS. A Nd:YY@ser with
electrodes\(,-pic = 430 V). We achieved the stable gas gain of wavelengths of 1064 and 532 nm and a power of 1 W was used.
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2.1. Instruments



This system produced 10 and 20 MeV gamma rays, respec- > | TR T —
tively. The experimental set up in the beam line is shown in : HE % : :
Fig. 3. We aligned the gamma-ray camera on the beam axis. | - . , ....... P i
The distance between the gamma-ray camera and the point of : 3
origin of the beam was 13 m. In order to make the gamma- f S yy .
ray beam monochromatic and to focus it, lead collimatork wit = 400 : ‘N
a thickness of 20 cm and of 15 cm, and with a hole size of k=] :
1.8 mm diameter were put between the entrance of the beam ~ © 130~ A - :
and the gamma-ray camera. The diameter and the divergence :
of the beam at the micro-TPC were estimated to be 1.8 mm and e R N LI rasesees
80urad, respectively. gamma ray :
50 ordiiies CEEEERLIEE TRtk , ........ , ........ :
3.2. Analysis ! : : : : :
. . +)| SNV RN (13N I I
The tracks 01_‘ the electrorj—posnr_on pair were megsur_ed for & = S5 asm Be
the reconstruction of the pair-creation event. The dicectf ,
L S Strip number
the incident gamma ray is given by
Ee€: + Ep€p Figure 4: Typical tracks of an electron-positron pair.
S = TEVE, @
er =P =30 30
where &, &, andg, are the unit vectors of the incident gamma §=

ray, of the electron, and of the positron, respectivelyhia éx-
periment, we could not measure the energy of the electron and
of the positron, because the energy loss in the vessel wall wa
significant. Therefore, a simplification for Eq. (1) was negd
and the following simplified method was used:

Bnc > &+ é)p~ (2

Fig. 4 shows typical tracks of an electron-positron pair mea
sured in the micro-TPC. If the observed track pair had a large
opening angle, it was fitted with two straight lines. Using th
fitting lines, we calculated the vertex point and the unittees

of the electron and of the positron. On the other hand, if the
track pair had a small opening angle, it was fitted with one sin
gle straight line. For the current analysis, we selecteahtsve
with the vertex point in the fiducial volume. In addition, for
small angle events, we required that both the electron aad thall reconstructed events, was 7.7 degrees for the 20 MeV beam
positron track were consistent with a "V shape. To find "V In Fig. 7 the angular resolution is shown as a function of the

(degree]

Figure 5: The obtained image for 20 MeV gamma rays.

events, we used the selection paramdgedefined by: energy of the incoming photons. For comparison, the angular
o4 resolutions of EGRET and MEGA [14] are also shown. We
R= o (3)  also simulated the ideal angular resolutions using Eg. ritl) a

Eq. (2), and these are shown in Fig. 7 as well. We can see that
whereoq and o, were the root mean squares of the residuakhe measured angular resolutions are better by a factorsof 1.
distributions from the single-line fit for hit points on thewn- compared to the results obtained with the silicon strip ctete
stream side and on the upstream side of the center of gragf MEGA. When we further develop the pixel readout system
ity for the electron-positron track, respectively. Rf> 1, the  and improve the analysis method, the angular resolutioas ar
event was considered to be "V'-like. For the selected eventsexpected to be close to the ideal ones using Eq. (2). Further-
we calculated the unit vector of the incident gamma ray usingnore, we expect that by mounting the scintillation camera in

Eq. (2), and we obtained images of gamma rays with 10 andide the vessel, we can make the resolution close to the ideal
with 20 MeV, respectively. Fig. 5 is the reconstructed imfime  one using Eq. (1).

20 MeV gamma rays. The detection fiiciency was estimated as shown in Fig. 8.
The gamma-ray flux was examined in a past experiment un-
3.3. Results der similar conditions [15]. Using this result, we calcetit

Fig. 6 shows th&-square distribution for 20 MeV gamma the detection €iciency for 10 and 20 MeV gamma rays. The
rays, where) is the angular deviation between the measuredstimated detectionfiéciency for 20 MeV gamma rays was
and the real direction of the incident gamma rays. The angut.4x10°°. Compared with the probability of pair-creation in
lar resolution, given as the half-angle cone containing 68f% the micro-TPC, the obtainedfeiency was smaller by an order
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of magnitude. This is because the area covered by the scin-
tillation camera was not large enough and the influence of the
multiple scattering in the vessel was large. With the dgwelo
ment of a larger scintillation camera and of an improvede&kss
we expect to achieve a detectioffigiency close to the pair-
creation probability. Furthermore, we expect that the claa
efficiency will be higher using a larger micro-TPC and selecting
a gas with high Z, such as Xe.

Now, to obtain better angular resolutions and highii- e
ciency, we are improving the gamma-ray camera and the anal-
ysis method. If we make the gamma-ray camera with a volume
of 1 n?® filled with Xe gas, and if we mount the scintillation
camera inside the vessel, the camera should achieveo: e
tive area of about 100 chrand an angular resolution of less
than 1 degree. Those performances are similar to EGRET and

Fermi at energies below 100 MeV.
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Figure 6: The distribution of the angular deviation betwéss measured and
the real origin for 20 MeV gamma rays.

o
% - :
g MEGA
§10 " _ EGRET
- e S b s
é o= [}
£ D g
£
B
8 N\ \\‘\
R P
:g _Eq.(1) Eq.(2) '\
T 1= % : s
s F —
= I NG
2 ¢ s
L
] X
— L -~
. -
g
10-1 | . 1
10 2
Energy[Me\}f

Figure 7: The angular resolution of the gamma-ray camer&{@8ntainment)
as a function of the photon energy. The filled circles repretiee measured
values. For comparison, the resolutions of EGRET, of MEGW[&nd the
resolutions simulated with Eqg. (1) and Eq. (2) are also shown
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Figure 8: The estimated detectioffieiency of the gamma-ray camera (filled
circles). The solid line and the dashed line are the proitiabilof pair-creation
in the micro-TPC with an Ar and £Hg gas mixture (90:10) and with Xe, re-
spectively.

4. Summary

We have evaluated the possibility of our Electron-Tracking
Compton Camera (ETCC) to simultaneously operate as a pair-
creation camera. We performed a proof-of-principle experi
ment with a laser inverse Compton gamma-ray beam, using the
gamma-ray camera with a volume ofsxd00x15 cn? (fiducial
volume: %9x13 cn?¥) in pair-creation mode. The tracks of the
electron-positron pairs were detected, and the incidemingza
rays of 10 and 20 MeV were reconstructed. We obtained an
angular resolution of 7.7 degrees for 20 MeV incident phston
and we estimated a detectiofieiency of 1.4107°.
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