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Abstract: We have observed cosmic-ray electrons from 10 GeV to 1 TeV with PEBSBby a long
duration balloon flight using Polar Patrol Balloon (PPB) in Antarctica. Th&eovation was carried out
for 13 days at an altitude of 35 km in January 2004. The detector is arinmaglorimeter composed
of scintillating-fiber belts and plastic scintillators inserted between lead plates.g@ometrical factor
of detector is about 600 ctar and the total thickness of lead absorber is 9 radiation lengths. We have
collected5.7x10® events over 100 GeV including nearly 100 candidates of primary electaring
the flight, sun aspect sensors and geomagnetic aspect sens@tedperdetermine the attitude of the
instrument. The arrival directions of high-energy electrons over@@g, together with the energy spec-
trum, are suggested to be a powerful probe to identify nearby cosayi@lectron sources. In this paper,
we present the energy spectrum and arrival directions of cosmyieteatrons from 100 GeV to 1 TeV
observed with PPB-BETS.

Introduction the Galaxy. Because of these radiative losses,

high-energy electrons from the distant sources c
Compared to cosmic-ray nuclei, high-energy elec- not reach the solar system. Hence, it has b
trons lose energy rapidly by the synchrotron and suggested that the energy spectrum of cosmic:
inverse Compton processes during propagation in electrons might have a structure in the energy
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gion above several 100 GeV due to the discrete

Count

effect of nearby supernova remnants (SNRs) [1]. 6ol
This means that we can identify cosmic-ray elec- r
tron sources from the electron spectrum above sev- 50

eral 100 GeV together with the anisotropy in ar-
rival directions.

In order to observe the higher-energy electrons
above 100 GeV, we have developed an advanced o
BETS detector [2] and observed cosmic-ray elec- :
trons by using Polar Patrol Balloon (PPB), which 100
has a capability to achieve a long duration balloon L e } N
flight for ~4 weeks at an altitude of35 km in 0101702 0:3' 04 05 0.6/ 0.7, 0.8.9.9,.1
Antarctica [3].

40 -

30 [

) Figure 1: RE distributions of the observed even
Instrument and observations (solid line) with 100 GeV electrons (hatched r
gion) and 250 GeV protons (dashed line) of t
Since the PPB-BETS instrument and observations CERN SPS beam tests.
in Antarctica are described in detail in a previ-
ous paper [2], we will briefly summarize the PPB-
BETS detector and the observations.

The PPB-BETS detector consists of 36 scintillat-
ing fiber belts, 9 plastic scintillation counters, and

14 lead p|ates with a total thickness of 9 radia- For the acquired eventS, we reconstructed the
tion |ength3 (rl) Each fiber belt is Composed of CCD images of showers to the fiber positions
280 fibers with a 1 mm square cross section and detector space by using the positions of each fi
the number of fibers is 10,080 in total. The ba- onthe CCD image. From the reconstructed sho
sic structure is similar to that of the BETS detector image, we determine the shower axis that is ¢
[4], but several improvements have been adopted cija| to determine the energy, incident directic
to observe high-energy electrons up to 1 TeV. and selection of electrons. The accuracy of an
The balloon was launched at the Syowa Station lar determination of shower axis ranges from 0.
(39.60°E, 69.0ES) in Antarctica at 15:57 on Jan- to 0.60 degree with electron energies in 10 Ge)
uary 4, 2004 (UTC). The level flight was started 200 GeV from the CERN-SPS beam tests [2].
at two hours after the launch and continued till A typical event of electron-induced show:
1:46 on January 17, 2004 at an average altitude of presents a narrower lateral spread concentr:
~35 km. The total exposure time was 296 hr. Dur- along the shower axis. On the contrary, tt
ing the observations, power supply system by so- of proton-induced shower shows a wider late
lar panels, telemetry System by the Iridium satellite Spread [2] We characterize this physica| prope
phone line, and auto-level control system by CPU by the RE parameter, the ratio of energy depo:
operated successfully. In order to determine the at- tion within 5 mm from the shower axis to the t
titude of the instrument, sun aspect sensors and ge+g|, as described in Torii et al. (2001) [4]. Fic
omagnetic aspect sensors also operated during theyre 1 shows theRE distributions of the observe:
flight. events compared with the distribution of 100 Ge
The number of acquired events wagx 10* above electron and 250 GeV proton beams at CERN-S
10 GeV with a trigger rate o3 Hz, and5.7x 103 The electron candidates were selected by Rtie
above 100 GeV with a trigger rate 8f0.02 Hz. distribution under the condition that tli&~ values
are greater than 0.75.

Data analysis

Electron selection
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35 v P— 100 GeV for the CERN-SPS electron beams the

------- Electron (simulation, normalized) consistent with the simulations [2].

““““ - Gamma ray (simulation, normalized) |

From the electron events, with the above select
and energy determination, we derived the cosn
ray electron spectrum by using the following fc
2| ] mula;

30 H

25 H

Events/bin

NeCRECeg
mcenh - C2nd)0atm7 (1)

where N, is the number of electron candidate
SQ the effective geometrical factof]’ the ob-
served live time A E the energy intervalCrg the
e ek s L correction factor of the proton contamination
0 = 10 15 20 the RE-cut with energy dependenc€, the cor-
Distance to the luminous fiber (mm) rection factor of the gamma-ray contamination
the gamma-ray rejection with energy depender
] o _ Cenn the correction of enhancement of flux due
F|gure 2: Observed distribution of the nearest hit the energy reso|utiorc2nd the flux of secondary
fiber pOSitionS from the ShOWer aXiS (Sohd Iine) (atmospheric) e|ectrons at the Observation |e\
compared with the simulated distributions of elec- and .., the correction factor of energy loss
trons and gamma rays. primary electrons in the overlying atmosphere.
Figure 3 presents the electron energy specti

As for the separation between electrons and Multiplied by the cube of energy, in comparist
gamma rays, electrons could be identified by the with other electron observations. The PPB-BE
presence of hits in the scintillating fibers at 0 r.. SPectrum represented by a single power-law fu
along the shower axis. Figure 2 presents the ob- tion is given by

Jo(E) = (

15 HI™

10

served and simulated distributions of the distances E .
of the nearest hit fiber position from the shower Je = (1~83i0-65)X1074(m)73'0910'3"
axis at the top layer. As incident electrons leave (2)
signals on the fibers along the shower axis, the dis- (m%s !sr 1 GeV ).

tribution of electrons is concentrated around the in- The energy spectrum is consistent with the extr

cident point. On the other hand, as incident gamma olated spectrum of the BETS [4] at 100 GeV a
rays leave no signals except for the back-scatteredthat of ATIC-2 [5] within statistical errors in the
particles, the distribution by gamma rays becomes 100 GeV — 1 TeV region.

much broader. We judged electrons as the events
whose distances are less than or equal to 5 mm. ) ) )
Gamma-ray events are rejected by 90 %. As a re- Arrival directions of electrons
sult, the number of the electron candidates above
100 GeV is 84 events among thg x 10% analyzed
events.

Incident directions of electrons on the PPB-BE
detector are determined by using the shower ¢
with an accuracy of around 0.5 degree. Since
attitudes of PPB-BETS instrument are determir
Energy spectrum of electrons with sun sensors and geomagnetic sensors, we

, . determine arrival directions of cosmic-ray ele
Since the number of shower particles at the shower ;.o\« For the determination of attitudes with c

maximum is nearly proportional to the energy of ,magnetic sensors, we referred to the Internatic

incident electrons, we determined the electron en- Geomagnetic Reference Field (IGRF) model. T

ergies by using the number of particles at the gierence of the attitudes between sun sensors
shower maximum in the transition curve with plas- geomagnetic sensors is6 degree in r.m.s. Fig

tic scintillators. The energy resolution is 12 % at .o 4 presents a ratio of the observed distribut
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Figure 4: A ratio of the observed flux to th

Figure 3: Electron energy spectrum observed by isotropic flux along the Galactic longitude.

the PPB-BETS (solid circles) in comparison with
the energy spectra of other observations.

search on Priority Area A (Grant No.1403921
and Scientific Research C (Grant N0.165402

above~100 GeV to the isotropic distribution along N0.18540293)

the Galactic longitude. As shown in Fig. 4, the ar-
rival directions of electrons are consistent with the

isotropic distribution. References
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