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Fig.1. Observed Spectrum of Cosmic Ray Electron.
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Fig. 2. Starting point distribution of electron showers observed in emulsion chamber.

An analysis with threshold of 600 GeV with X-ray film scanning is made in half an area at the time of
thie writing. We found 4 electrons beyond 800GeV and 6 beyond 600GeV, being consistent with the
spectrum so far obtained. The observed spectrum including new data is shown in Fig. 1. We also make
an analysis of electrons around 100GeV by microscope scanning, since this is an excellent exposure.
The statistics of electron data at 100GeV region will be much improved by the time of this meeting,

The most important point of the electron observation is the identification of electron initiated showers
from those initiated by cosmic ray protons particularly in TeV region. For a cross check of our
wentification, we see the starting point distribution of electron initiated showers. The starting point
distribution, P(t)dt, in which the first pair electron appears between t and t+dt are given by,

-2¢ In(Eo/E) ’
P(tydt=e 2 ¢ tin(Eo/E)dt,
where G is the cross-section of pair creation, Eo the energy of incident electron, E the threshold of pair
clectron energy and t is measured in radiation lengths (Nishimura et al., 1980).
In the energy region of 100GeV, the Bethe-Heitler cross-section is applicable. However, in TeV region
the reduction of the cross-section by LPM effect (Migdal, 1956, Fowler et al., 1959) changes the
distnbution of the starting point of the showers. We calculate of the starting distribution including LPM
cttect. Comparison of the observed data with theoretical expectations in both 100GeV and TeV region
are shown in Fig. 2. We see clearly LPM effect in TeV region. We believe that these agreements with the
theoretical prediction indicate the consistency of our identification of the electron initiated showers.
One of the difficulties of emulsion detectors is the accumulation of the background tracks, which limits
the exposure time. Also it has usually no timing information, and can not be used to observe the
anisotropy of the electrons. To resolve this problem, a new detector is developed with scintillating fibers
by replacing the emulsion plates in the emulsion chamber. This can be used for observations of long
cxposures. The profiles of the electron showers are observed by image intensifier, and the data are

234




development stage, we put emulsion plates with scintillating fibers to see the completeness of the
identification of electrons by this scintillating fibers. We found that the identification was almost
complete. Preliminary data obtained by the test flight with this chamber is also shown in Fig. 1, which is
consistent with the data so far obtained. To improve the system of this detector we schedulc experiments
using accelerator beams of high energy electrons and protons and further tests flights by balloons.

A final target is to perform long exposures for many days or a few yrs with space station and/or very
long duration balloon exposures to observe electrons beyond 1 TeV of high statistical significance.

ASTROPHYSICAL SIGNIFICANCE OF HIGH ENERGY ELECTRONS
So far it has been recognized that the acceleration of the high energy electrons is related to Super Nova
explosion. Strong evidence of SN origin of high energy electrons is given by ASCA observations of
non thermal X-rays from SN1006 (Koyama, et al.,, 1995). Combining ASCA data with the data of soft
X-rays and radio, it was concluded that the high energy electrons are accelerated inside SN 1006. The
energy is extending up to 100 TeV with a power law spectrum of spectral index of 2.2 (Reynolds, 1996,
Willingale et al., 1996). In this case we would expect TeV gamma-rays from this SNR through inverse
Compton process with cosmic background microwave (Pohl, 1996, Mastiachiadis & de Jager, 1996).
Recent observations of Cangaroo group have succeeded the detection of the TeV gamma rays from SN
1006, and proved the existence of high energy electrons up to around 100TeV (Tanimori et al., 1997).
The total flux of high energy clectrons, Qe, in this SNR beyond 1GeV is estimated as:

Qe - 1.5x10* erg (d / 2kpc$ 2 (10pG / B) ',
where d is the distance of SN 1006 from our solar system, and B the magnetic field in the SNR
(Reynolds, 1996, , Mastiachiadis & de Jager, 1996, Ozaki, 1996, Komori, 1996). Long et al. estimated
distance, d , is ranging from 1.7-3.1 kpc (Long et al. 1988). According to the preliminary data by
Cangardo group, B is estimated a little bit less than 10uG. The total output energy of electrons from SN
1006 is estimated as the order of 10* erg,
The energy loss by synchrotron and inverse Compton process is proportional to the square of the

electron energy (-bEz), and the life time of electrons of energy E is biven by

T ~ 1/(bE) = 2.3.10° yr/E(TeV),
where we assume < B?>'?=6.7uG, taking into account of the depression of the cross-sections of the
Compton effect at high energies (Van der Walt, 1991).

The average distance of R from the source traveled by an electron during time t is: R~2(Dt) 2. Taking

the case of E=1TeV, and assuming the diffusion constant is D ~10*(E/GeV) ® cm¥/sec, R is given by
R~300pc  for §=0.3, R~1lkpc  for & =0.6.

Then it is clear that only nearby sources contribute to the high energy electrons.

Spectrum of Electrons from nearby Sources

We can estimate the absolute flux of electrons by assuming that the total output of electrons from each

super nova is almost the same as that of SN 1006. Taking SN explosion rate is 1/30yrs in the Galaxy,

and other parameters as;

e (>1GeV) =1.5x erg / . alo thickness: h =3kpc,
Qe (>1GeV) =1.5x10" SNR, Halo thickness: h =3k

D=1.0x10" (E/1GeV) %cm? /sec  with §=0.3,
spectral index : y=24,
b=1.3x10"® (GeVsec)’.  for E>500GeV,

b=1.97x10"* (GeV.sec) T for around 1-100GeV,
we calculate the absolute flux of electrons. The result of the calculated curve is also shown in Fig.1. We
see fair agreement not only in the shape of the spectrum but also in the absolute flux.
Only few SNRs can contribute to the high energy electron flux in TeV region,, and one would expect
large fluctuations of the spectrum in this energy region. (Shen, 1970, Nishimura et al., 1979, 1980,
1995 Aharonian et al., 1995, Atoyan et al., 1995).We calculate the spectrum by using data of SNRs and
pulsars at a distance within 1kpc with ages less than 4x10° yrs listed in the Table 1.

Tabie. 1 List of Nearby SNR and Pulsars

SNR Pulsar Distance Age Emax Ref.

SN 185 0.95 kpc 1.810°yr 136 TeV (Strom, 1994)

S 147 0.8 4.610° 53 (Braun, et al., 1989)
G65.3+45.7 0.8 2.010* 12 (Green, 1988)

Cygnus Loop 0.77 2.010* 12 (Miyala, ct al., 1994)
Vela B0833-45 0.5 2-310° 8-12 (Lyne, et al., 1996)
Monogem 0.3 8.6 10* 2.8 (Plucinsky, et al., 1996)
Loop 1 0.17 2.010° 1.2 (Eggar & Ashenbach, 1995)
Geminga 1E0630+178 0.4 3.410° 0.7 (Caraveo, et al., 1996)
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D=10*(E/GeV)** cm¥/sec -

Fig. 3. Possible contribution of nearby sources to the high energy electron spectrum.
The curve is calculated by assuming that Qe (>1GeV) of each source is 1.5x10‘8erg.

Asgerding to the new data, the contribution of Vela becomes more dominant in TeV region and
Qummaga is less contributing than those we had estimated at the time of Rome Conference.
Cemnbutions from each source also depend on the propagation parameters. We illustrate the change of
e spectrum with diffusion constant in Fig. 3. If we have enough statistical data in TeV region, we can
pedge which supcmovac give major contributions. Moreover, we can estimate the probable value of the
@ffusion coefficient in this energy region. If the diffusion coefficient D is about 10*cm®sec at around
I TeV. our obscrvation is already at the high energy edge of the electron spectrum. Then it is possible to
Mad the cffect of the nearby sources by increasing the statistics of electron data at a few TeV regions.
Asdsotropy of high energy electrons is another important subject to clarify the sources of those
edectrons. The anisotropy is due to the ncarby sources and/or the aligned magnetic field in the Galaxy.
(Part & 1enchek, 1969 Shen & Mao, 1971). Ptsukin and Ormes reported that Vela is the most
peosntung candidate to show a large anisotropy of 20 %. This value could be reduced by a factor of 2
w3 by taking the recent values of age of Vela. Still we would be able to observe this anisotropy, if the
ffusion constant is large enough as shown in Fig. 3 (Ptsukin & Ormes, 1995). )

ia ttus respect, the new detector of BETS seems to be the most promising to detect such anisotropy by
petfoemming a long exposure for many days or a few years.
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