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Abstract: We have proposed the CALET(CALorimetric Electron Telesapission to observe galac-
tic electrons and gamma rays at the Japanese Experimentlé(d8M) on ISS, and CALET has been
approved for the phase A/B studies by JAXA. In this paper wes@nt the measurements of long-term
and short-term variations of electron intensities in thigolsphere. Galactic electrons of 1-100 GeV en-
ergy range mostly have negative charges and the spectrgelylararies with solar activities. Thus we
expect the knowledge of the diffusion coefficient of elestroespecially its energy dependence, and of
the effectiveness of propagation models or the charge sigertience of modulation. We also expect
Forbush decreases in electron flux, since the large geanfiattior for CALET can compensate for the
low intensity of electrons. The ISS orbit severely restrictver energy measurements, and we have to
estimate in detail the variation of geomagnetic cutoffdityi.

Introduction ergies. In this paper, we discuss predictions
propagation models for electrons and Forbush
Scientific objectives for CALET mission above crease events for the CALET measurements.
100 GeV are to explore the electron sources near
the solar system and to search for dark mat-
ter signatures through electron and gamma-ray
measurements[1][2]. On the other hand, in the . . . o
lower energy below 100 GeV, we investigate the Cosmic rays diffuse in the s_,olar_ magnetlc_fleld a
propagation of charged particles in the heliosphere &€ convected by solar wind in the heliosphe
and will study interplanetary shocks and coronal The results of electron experiments on ISEE3/It
mass ejections responsible for Forbush decreases. SPacecraft[3] and on Ulysses[4] have shown t

The long-term measurements of electrons to date the intensity of a few GeV electrons varies large
have been limited below several GeV and have PS/een solar maximum and minimum period.
shown largely modulated intensities of electrons The simple diffusion-convection model with
by solar activity. Meanwhile, the influences above SPherical symmetric geometry, called the For
several GeV have not yet been measured. For Field(FF) approximation[5], has been widely us
these investigations, we have proposed the electronfor interpretation of modulated spectta(r, )
long-term observation for several years using the With energy E and the distaneefrom the sun. FF
CALET instrument, which has a large geometric &PProximation represents the magnitude of sc
factor and makes it possible to measure the elec- Modulation by potential energy MeV, which is

tron intensity over a wide range of 1-100 GeV en- generally used for estimate of the interstellar sp

Electron propagation in the heliosphere
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Figure 1. Relationship between modulation pa-

rameter® and Climax neutron monitor count rate

N. FF approximation curve and a curve expected

from drift model are shown.

trum J(oco, E') from data of primary cosmic-ray
experiments.

We investigated the relationship between the pa-

rameter® and the neutron monitor(NM) count rate

N, and found a specific relationship between them

at a response energy,,[6]. If the local interstel-
lar spectrum of protons with rest energyis ex-
pressed as a power law of momentum enersgy
J(c0, E) = Joyp~ 7, the relationship is represented

by

J (o0, E)
o = 2 (L0 E) o012 oy g
- (GO iy
1)
E, N,
~ ] Ty, E>® 2

in which the count rate ratidV,,,../N is substi-
tuted forJ (oo, E')/J(r, E) at the energy = E,,.

Noqe 1S the count rate parameter corresponding
to the interstellar spectrum, that is not affected by

solar activity. Approximate expression eq.(2) is

shown in Figure 1 and in good agreement with

a curve of eq.(1). If the proton spectral index is
v =2.70+0.05andFE,, = 11 GeV (Climax NM),
the slope becomes

—Ep/(y+2)/N ~ —2300/N,

and has the value of (0.5 ~ 0.7) in the range
of N = 4400 ~ 3500. The slope has an error of
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Figure 2: Modulated electron spectrum expec
from FF approximation with modulation paramet
100, 500, 1000 MV, if the diffusion coefficient he
the energy dependence with= 0.3, 1.

several percent caused By, variation and uncer-
tainty. It is important to realize that the slope
®-N curve does not include an ambiguous pare
eter,N,,qz-

CALET does not distinguish the charges of ele
trons, however electrons are mostly negative, wt
NM rate is approximately proportional to the pr
ton flux at the response ener@y,,. Thus we con-
sider®—N relationship, especially its slope, whic
shows the difference between the charge depen
model(drift model) and the independent model(
Approximation). Figure 1 shows the—N curves
expected from both cases: FF Approximation &
drift model[7]. If the drift dominates in the 2010
A>0 period, electron flux, namelyp, changes
largely andN little changes, so that the slope
d—-N curve becomes steeper with increasiMas
shown in Figure 1. The CALET long-term obse
vation will give a lot of (N, ®) data at various en
ergies, and the obtained slope ®+N curve will

give verification of propagation models.

Galactic electrons diffuse in the solar magne
field, and the diffusion coefficient is considered
be smaller than that in the interstellar space by s
eral orders of magnitude. In the FF approximati
the diffusion coefficient is separated into two pa



30TH INTERNATIONAL CosMIC RAY CONFERENCE

asD « D;(r,t)Do(E,t). We will investigate the
energy dependent terf, (E,t) = (E/1 GeV)?,
namely its spectral index. The modulated elec-
tron spectrum is calculated and shown in Figure 2
with @« = 0.3, 1.0 . Figure 2 shows that if the
value of« is smaller, the spectrum is more influ-
enced in higher energy region. The observed data
below 10 GeV seem to be good agreement with a
curve having the index af = 1.

Forbush decreases
Galactic cosmic ray decreases following a coro-
nal mass ejection(CME), called Forbush de-

dipole ap. lat = 50
quiet time Kp=0 lat=50
active time Kp=5 Dst=—300 lat=50
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creases(Fds), generally have a two-step de-
crease through the passage of forward shock and o o ]
ejecta[8]. Some Fds, however, are not accompa- Figure 3: Longitudinal variation of vertical cu

nied by the shock or ejecta, therefore Fds are vari- Off rigidity. Latitude: SON and 50S; altitude:
ous and complex events. 400 km; Employed models are Dipole approxir

The number of Fds confirmed by both Izmiran NM g?nnaar:it-ircsﬁgee;gfennk:erﬁ?sglf\é,vrltzglgga[;_q?[t;_c;r]]al ¢
located at 55N and Climax NM at 40N in the 9 ’

period of 2000 to 2004 is-5 eventst-4%)/year

(7-10 events in the solar maximum period)[9][10], Field for 1995 calculated in both quiet and acti
so that more than several Fds are expected in thetimes[11][12]. Figure 3 shows that curves in qu
CALET experiment. Fds in negative particle flux  times roughly agree with the dipole approximatic
might be different from Fds observed by neutron e consider, therefore, dipole approximation gi

monitors. We will investigate the difference be- the upper ||m|t, and a cutoff energy remains bel
tween them. It also seems to be valuable for esti- g Gev.

mation of the background intensity of anti-proton
measurements below 10 GeV.

Galactic electron intensity is very low and, in ad-
dition, is limited by the geomagnetic rigidity cut-

off determined from the ISS orbit. However, the
CALET has a large geometric factor and a part of

Figure 4 shows variation of the geomagnetic c
off rigidity every 46 min measurement at latituc
50°N and 50S. Marked points represent alte
nately 50N and 50 S measurement, where we u
the dipole approximation of geomagnetic field.
we observe GeV electrons within the zenith

whole exposure time is enough to measure Fds aSg|e 30, the cutoff energy Successive|y Changes

shown in the next section.

Measurement of electron intensity be-
low 10 GeV

The ISS orbit with an inclination of 51°6Geverely
restrict low energy measurements of electrons be-
low 10 GeV. However, we can measure them at
the highest latitude for several minutes. Figure 3
shows the variation of vertical geomagnetic cut-
off rigidity with geographic longitude at the lati-
tude £+ 50°. In Figure 3 two kinds of geomag-
netic field model are shown: the central dipole
approximation[13] and more realistic Tsyganenko
model with International Geomagnetic Reference
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tween 1 and 5 GeV.

The influence of geomagnetic cutoff to electn
measurement causes the decrease of observed
tron flux. Even if the measurement is performed
highest latitude for several minutes, we can ol
obtain several 10% electrons in the range of
4 GeV and all events are obtained above 6 G
However, we get sufficient data in the accurnr
lated observation time. If the exposure factor
40 nPsr-min and the modulation parameterdis=
500 — 1000 MV, the observed number of electror
is estimated as- 17000 in the energy range of 2-
12 GeV. We divide this region into three ener
ranges, and can obtain the intensity at three el
gies with a statistical error of 1-2% per day.
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Figure 4: Time variation of cutoff rigidity when
the ISS passes through the highest latitudeNs0
and 50S every 46 minutes at the altitude 400 km.
"az” means azimuth angle of incoming electrons
within the zenith angle, 30 The cutoff is higher
from the west direction, 270 for electrons.

On the other hand, for Fd observation, successive
measurements are required. Five minutes measure-
ment of 2-12 GeV electrons will be performed
alternately at 50N and 50S. We will get 2000
events in each measurement, and the total number
of electrons observed in the northern and the south-
ern hemisphere will be enough to get a statistical
error within 2%.

Summary

The CALET measurements of lower energy
electrons€10 GeV) will be performed in a re-
stricted time period, because numerous back-
ground protons in this energy range have to be
eliminated. CALET, however, has a large geomet-
ric factor to observe electrons, and can give suffi-
cient statistical data in GeV energies. As a result,
we expect new information of electron propaga-
tion in the heliosphere. We consider the correla-
tion between electron intensity variation and neu-
tron monitor count rate is useful to distinguish dif-
ferences of the propagation models.

The Forbush decreases are also expected in suc-
cessive measurements of electron flux , though it is
severely restricted by geomagnetic cutoff rigidity.
At the highest altitude of the ISS orbit, the cutoff
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6 energy changes in the range of 1-5 GeV. We v
measure the flux at this altitude. Ten minutes «
servation will results in the intensity with a stati
tical error within 2%.
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