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ABSTRACT

A data analysis program under terms of the
NASA Grant has been carried out to investigate the
intensity, propagation and origin of primary
Cosmic Ray Galactic electrons. Scanning was
carried out on two new balloon flight experiments
as well as the border area of previous experiments.
The identification and evaluation of the energies
of the primary electrons were carried out. A new
analysis of these data were incorporated into an
overall evaluation of the roll of electrons in the
problem of the origin of cosmic rays.

Recent measurements indicate that the earth may
be within the expanding Geminga supernova shock wave
which is expected to have a major effect upon the
propagation and the energy spectrum of galactic
electrons. Calculations with the Geminga model indicate
that the cut-off energy may be very close to the

observed highest energy electrons in our analysis.



I. INTRODUCTION

The discovery of primary galactic electrons by Earl
and Meyer and Voght in the year 1961 [l] opened up a field
of research which has been of great value in the study of the
origin of cosmic rays in general. In the 23rd International
Cosmic Ray Conference, Calgary, 19-30 July, 1993, there was a
good deal of discussion and papers on the possible origin and
spectrum of coamic rays. In the case of galactic electrons
knowledge of their energy spectrum, largely through our work,
is know to energies of about 2,000 Gev [2]. The problem of
the origin of galactic electrons has to be approached by way
of models dependent on the theory of energy loss and
propagation of electrons in interstellar space. Reasonable
assumptions on the energy loss make it almost certain that
electrons of energies of the order of 1,000 GeV must have
origins closer that 1,000 pc from the earth. The most likely
sources would be acceleration by shock waves from supernova
remnents. When these assumptions have been utilized in
diffusion and leaky box models (2], the energy spectrum at
the source is calculated to be N(E) ~ Ef = E~24, The research
conneted with our Data Analysis grant has been directed to
increasing the statistical precision of our data through
additional scanning and analysis. The most important
objective has been to determine if there is an upper limit

on the energy of galactic electrons.
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II. DATA ANALYSIS PROGRAM

The data analysis research for this Grant made use of
the Galactic balloon flight experiments listed in Table I.
All available area of the detectors have now been examined
and are complete for electron energies over 600 GeV. The
energy determination of each electron was made and treated

statistically as shown in Table II.

TABLE I

Balloon flight experiments for the study of Galactic Electrons.

FLIGHT Area Altitude EXPOSURE FACTOR* LAUNCH SITE
(year) m**2 mb (M**2) *hrs*sr -
1968 0.05 6.0 .51 Haranomachi, Japan
1969 0.05 7.0 .36 Haranomachi, Japan
1970 0.05 6.0 1.52 Sanriku, Japan
1973 0.20 8.0 3.37 - Sanriku, Japan
1976 0.40 3.9 19.7 Palestine, Texas
1977 0.78 4.4 44 .2 Palestine, Texas
1979 0.80 4.0 43.3 Palestine, Texas
1980 0.80 4.6 52.3 Palestine, Texas
1984 0.15 9.2 3.0 Sanriku, Japan
1985 0.31 9.5 9.6 Sanriku, Japan
1988 0.15 6.9 3.3 Uchinoura, Japan
1990 0.80 3.7 56. Fort Sumner, New Mexico
1990 0.24 3.0 78. McMurdo, Antarctica

The emulsion chamber type detector used in these experiments
provides the most suitable instrument to measure primary electrons for
the following reasons as described in the ref. [2]. Namely those are the
naked cye dectection with the aid of sensitive X-ray films. precise
incident particle idcntiticatioﬁ. accurate energy determination and large
effective area with the wide acceptance angle of the detectors. The flight
conditions and exposure factor excluding the edge area are summarized

in Table 1.



TABLE 1II
Energy bin  <E> st Nob N prt Flux (J) E3xJ
(GeV) (GeV) {m2 sr s) (m? sr s Gev)™!

1500~ 3000 2068 5.888 x 10> 10 5.6 (6.42 % 4.29) x 1072 57 t 38
1000~ 1500 1214 5.888 x 10> 14 7.6 (2.59 t 1.50) x 1078 46 t 27
800~ 1000 892 4.703 x 10> 15 9.6 (1.03 + 0.46) x 1077 73 + 33
600~ 800 690 8.011 x 10° 8 6.3 (3.96 + 1.91) x 1077 130 t 63
400~ 600 486  2.259 x 10° 7 5.0 (1.12 *+ 0.65) x 107 128 t 74
300~ 400 345  2.259 x 10* 9 6.4 (2.87 + 1.43) x 10°¢ 118 £ 59
200~ 300 243 8740 7 5.5 (6.32 + 3.30) x 107® 91 t 47
150~ 200 172 1679 3 2.7 (3.22 * 2.53) x 1075 164 128
100~ 150 121 1679 8 7.2 (8.61 * 3.45) x 107° 153 * 61

60~ 100 75.8 682 9 9.0 (3.30 £ 1.17) x 107% 144 t 51

30~ 50 37.9 69.8 6 6.0 (4.30 £ 1.92) x 1073 234 1105

Our emulsion chamber is consists typically of a stack of 24 detection
layers. Each laver is made up of an emulsion plate. X-ray films and a lead
plate. The emuision plate used for shower trace-backs. the identification
of incident particles and electron track counting under a microscope is a
plate of 500 um-thick acrvlic. coated on both sides with 50 pum-Fuji-
EET7B emulsion. X-ray tilins arc used for detection ot shower events. and
track reconstruction through the chamber. For this. we now use high
sensitivity screen-~type X-ray films. such as Fuji G8-. G12- and newly
provided GS-RXO [3] which are combinations of Gd»0,S:Tb phosphor
screen and a green sensitive Fuji X-ray tilm. The detection threshold of
these X-ray films is improved to about 150 GeV.

The thickness of the lead plates increases from 0.5 mm to 5.0 mm
with observational depth. A radio command flipper is used to keep the
detector inverted during ascent and descent of the balloon. The cross-
sectional area and total depth of the detector were 20 X 25 cm? and 8.2
radiation lengths [r. 1] until 1973. and increased to 40 X 50 cm? with the
same depth thereafter. The acceptance angle of our detector is as large

as 60° from the vertical direction so that the total analyzed exposure
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conditions that was not used in the analysis. The detection of shower
events is made by naked eve scanning on all lavers of X-ray {ilms. Those
detected showers are traced throughout the chamber on the
corresponding emulsion plates by microscope-scanning. ldentification of
the shower initiating particie is made by examining the dectails of the
starting point and shower development of the event under the
microscope {2]. The energy of the electron is determined by counting
the shower tracks within a circle of 100 micron radius as described in
the ret. [2]. The number of shower tracks is related to clectron cnergy
throuch the three—dimensionai shower theorv [4]. which is also
calibrated by the eicctron beam of FNAL. The crror ot this cnergy
determmauon as tvpically less than 1o 2o {2].

The contribution of atmospheric sccondarv clectrons is carcfully
examined under Approximation A of Cascade Theory {4) by using the
observed data of the atmospheric Y-ray spectrum. The observed

spectrum above 30 GeV {2) normalized at 4 gr/cm? is

FE) = {1.20 £ 0.20) x 10 *(100 GeV/E)**% /m* srsec GeV. (1)

This y-rav tlux is consistent with the 4 meson tlux observed at under-
ground bv assuming yY-ravs and u mesons arcA produced from the decay of
r® and =* mesons respectively. and assuming charge symmetrv for the
production of 7 mesons {2]. It is also to be noted that the method of

detection and energy determination of the y-rays are made in the same

way and in the same chamber as that for the electrons. and the relative
intensity of each flux is not subject to unexpected observational errors.
even if they exist. Then the relative error of the estimate of secondary
electrons to the observed electrons does not exceed that of y-rays. In
Table 2. the number of electrons observed by all of our experiments
(Nopb) and the calculated primary electron number (NV,r) and flux values
at appropriate observed energy intervals are listed according to their

flight conditions.



In Fig. 1. the primary clectron energy spectrum in the form of E* x
flux. derived from all of our data. is shown along with the data of Golden
et al. (5] and Tang (6] together with the resuits derived from the Galactic
radio wave intensities {7. 8]. The resulting primary electron energy

spectrum (J.{E)) in the form of a power law is well represented by

JAE) = (1.5 £ 0.3} x 107*(100 GeV/E)***®' /m? srsec GeV | (2)

and is consistent with our previous data (2].

Fig. 1
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The observed spectrum is analyzed by referring to both the. Leaky Box
Model and Nested Leaky Box Model with the following assumptions:
1. Cosmic ray particles are produced in the source region with power law
energy spectrum of the form: N(E) dE = E~7 dE.
2. Energy loss of cosmic ray electrons above a GeV can be written as
dE/dt = - b E?, with b = 1.02 x 10" ' (W, + <H *>/87) [GeV sec] .
We take for the most probable value of b as 1.97 x 10~ 16 {GeV sec] ', by
adapting 6.7 pG, (1.11 eV/cm3), for the Galactic magnetic field (8], 0.26



eV/ecm3, 0.31 eV/cm?3 (9], and 0.25 eV/cm?3 for energy density of visible,
infra-red and 3 K microwave respectively.

In the Leaky Box Model, the leakage life time 1 is related the bending
point, E¢ as

Ec=[ly- Nbto5°1"""™ 7, with t=1,(5 GeV/E)®’. (3)

The spectral index of the electrons far beyond the bending point is
y + 1 in this model, which is 3.3 * 0.1 from the observed spectrum J.(E).
However the energy range where we fit the spectral index is not far
enough from the bending point. After correcting this factor we have the
spectral index of 2.4 + 0.1 for low energy side. The spectral index at the
low energy side derived from the Galactic radio waves is 2.1 + 0.1 [7]. We
assume that § = 0 in the energy region of a few GeV as in the case of
heavy primaries, and then we have 0.3 £ 0.14 in the energy region above
several GeV. This value is a little smaller than those recent observed
values of 0.4 - 0.6 derived from the protons and heavy primaries in
cosmic rays [10, 11]. However, we have still reasonable agreement for
the observed spectrum as shown in Fig. 1 by taking the following
parameters of y =2.4,5§ = 0.4 (E 25 GeV), § =0 (E <5 GeV), 1o=1.3X
107 yr. b=1.97 x 107 !¢ [GeV sec] ' and Ec= 12.8 GeV.

Since synchrotron radiation by high energy electrons is observed from
supernova remnants, it is quite plausible to assume that most of cosmic
ray electrons are produced from SNR. In this case, we need to freat the
propagation of electrons by the Nested Leaky Box Model. In order to see
the effect of energy loss inside the source region, we introduce the
parameter a, which indicates the degree of the energy loss inside SNR
compared with that of Galaxy. Putting suffix s and ¢ to those parameters
in the SNR and Galaxy respectively, « is defined by bsts= a bstc, When

a is much smaller than unity, the bending point of the spectrum inside
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the source (E ¢s) is larger than the bending energy (E ¢cc) due to the

cnergy loss inside the Galaxy. In this case. the Leaky Box Model still gives
a reasonable rcsuit up to a certain limmited energy region below Ecs. Then
the value of a is crucial in the trcatment of the propagation for the
Nested Leaky Box Model. The evaluation of @ was made by Komori and
Nishimura (8], by assuming that the electrons produced from SNR is in
cquilibrium to the leakage of the electrons from the Galaxy.
Ns(E)/ts=NalE)/1q . (4)
where N{E) is the total number of electrons inside in each respective
region. The ratio of total radio lux from each region, Fs{(v}/Fs{v). is
calculated. by using the magnetic ticld strength of each region (/. and

Heoas

Fsiv) ___f Ns(E) } H s Iifr.n/'z =%r_-il{ hil‘"“/z
o) | Ne(B) | e L To il Ho i
_ Qﬁ .I___{_i (ye 1172 _ li’ ﬁ_s_]'z'l"””
—a[bs][uc “ He (5)

Komon and Nishimura made careful analysis fcr the obscrved ratio for
Fs(v)/ F.. (v). obtaining the value of about 10 -2 Since the estimated
maximum value of [fs is of the order of 10 ™" Gauss. the valuc of Hy/Hg is
esumated withun the range between 1 and 100. Then we have a value
ranging a= 0.01 to 0.1 referring to the formuia (5).

In the casc ol Nested Leaky Box Model. we have more free parameters,
giving better agreement with the observed data than in the case of the
Leaky Box Model. As an example, we show a good agreement with

observed spectrum in Fig. 2, in which we take

y= 2.2, a= 0.05, Hs/He~ 10,
§56=06 (E25 GeW), Toc = 2x 107yt
S5c6=0 (E <5 GeV). Ss = 0.2 - 0.6.

glwng Ece = 10.5 GeV, Ecs = 306 GeV - 18.7 TeV.
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Taking this value tor a. the bending point inside the source. Ecs, is
expected to be much larger than the bending point in the Calaxy. Ecc.
The Leaky Box Modecl gives the rcasonable results below Ecs. and the
arguments for the Galactic confinement time discussed by using the
Leaky Box Model are justified.
The bending point of the observed spectrum. E . locates in the region
ranging from 10 to 40 GeV as scen from Fig. 1 and 2. In this energy
region, the Simple Leaky Box Model is still applicable. since the effect of
the cnergy loss inside the source region is not appreciable as mentioned
above. Assuming §4 is 0.4 - 0.6. we have a relation of the cosmic ray
continement time in the Galaxy to bending energy as shown in Fig. 3,
where we assume b= 1.97 x 10~ '° [GeV sec| ' and v = 2.7 - dq.
We then have the values of the confinement time of
Toc = (0.7 -2.2) x 107 yr for 6c = 0.4 - 0.6.

Toc=(1.3-22)x 10" yr for 8¢ = 0.6.

It is to be noted that the confinement life time obtained by the
clectron spectrum is accurate enough when compared to other isotope
measurcements. The results of the confinement time observed by the
ratio of '°Be/ ?Be arc ranging 6 < 10 6 vrto 2.2 % 107 vr (12]. A recent
summary by Shapiro et al. suggested the most probable vaiue of the
confinement time to be (0.79 - 1.43) x 107 vror {0.64 - 1.28) x 107 yr
(13]. The results on *®Al/ 7 Al (4.1 £ 2.4) x 107 yr. still sulfers from large
errors in the observed data.

The existence of electrons bevond 2 TeV indicates that they should
have been produced within the past 10 5 years or less since the energy
loss of those electrons. It would then be expected that at higher energy
regions beyond a few TeV, the primary clectron spectrum has some
bumps because of low probability of the supemova occurring in such

short time intervals and at short distances for the solar svstem, if we
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assume that the origins of such electrons are supernova.
Therefore, there is a possibility to identify nearby supernova
sources from the high energy electron flux in this case [14].
III. DISCUSSION

One new idea for the origin came from data on the
distance and age of the supernova remnant Geminga. Since
Geminga may be only about 100 pc from the earth, the earth
may actually be inside the expanding shock wave of the
Geminga supernova explosion [15]. The study of Galactic
electrons con;idering the Geminga model is especially
important since the resulting flux is very dependent on the
diffusion within the Geminga bubble. Although the bubble
is about 100 parsec in diameter and the shock is probably
now decaying, the calculated [15] energy spectrum of particles
near the earth is close to that which is preséntly observed.
However the maximum energy expected from acceleration by the
Geminga shock is about 1,000 Tev for protons. Since all
singly charged particles are accelerated to the same
velocity by a shock, the maximum energy to be expected for
the cosmic ray electrons would be about 0.5 to 1.0 TeV.
The model leads to anisotropy of the particles in addition
to a sharp cut-off in energy. The summary of our data to
date [16] extends to an energy of 2 Tev with no sign of a
cut-off. Cosmic ray electrons should be a good test of the
model since they lose energy so rapidly that at 1 TeV they
could not come from distances rrom the earth greater than

about 1,000 pc.
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Energy Spectrum and Continement Time of Cosmic-ray Eisctrons
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ABSTRACT

The opservations ot primary electrons have been pertormea with emuision
chambers by 11 balloon thghts since 1968. Incluging new aata. we nave an improved
opservea spectrum,. ranging tfrom 30 GeV 10 a tew TeV, which is consistent with our
previous data. Combing with other aata. we denve the continement time of electrons in
the Galaxy. The result i1s [0.7-2.2)x107yr, which 1s consistent with the recent observed
data py ranio 1solope. For more oetaled anaiysis of 1he electron SDecirum. we gIScUss
the constraint of the model basedg on the possibie ong:n ot super Nnova sources.

1 INTRODUCTION

Cosmic-rav electrons are reveaiing severat impanant aspects ot astroonvsical
siomicance. At a3 higher energy sioe bevond 1TeV. electrons can not travel tar aistance
pacause of the syncnrotron and inversa Compton 10sses. They must be prooguced
within the past less than about 105 years and the sources shoulg be nearby the solar
systems. Extenading the opservations 10 tunther high energy side. it mMignt be possibdle
10 10entity the nearpy sourcas. If electrons are in tact proguced trom tne navidual
sources [1]. In the magium enargy reqgions, say 10 1o 100GeV, the specirum benas by
the syncnrotron iosses which givas us a clue tor the confinemant tima  of electrons
inside the Galaxy. However pecause ot the ditficully ot the obsaervauons. the getiniive
conclusion was grtticutt 10 be cenveaq.

Wae tirst gescribe our recent observauons an the eiectron spectrum Anatvzing
the spectrum compining with other data. we gerive the connnement time on the basis
ot Leaky Box Mode! However. since synchrotron ragiation by high energy electrons
trom Suoer Nova Remnants (S obsarved. it 1S quite possIble that at ieast a cenan
tfraction ot the etactrons 1s procuced trom SNR We then estimate th:s eftect in the
scneme of Nested Leaxy Box Moae! by anaivzing the retative imtensily ot the ragio tux
trom SNR ana the Galaxv The resulls incicate the eftact 1s minor 1c CiSCUsS the
continement nme ot electrons in the QGaiaxy

2 OBSERVATIONS

Atner our previous paper {2]. we continued the observalon O! priMary eleclrons
by balloon—-borne emuision cnamoers. Summarnzing 11 thghts since 1968. the total
effective exposure tactor becomes 588,848 Im< sr seci exciuging ecae area 1hat was
Nnot useo In the analysis. The emuision champer used In these expenmaems proviaes
the most suitahie instrument to measure pnmary electrons. Namelv. it pefmits etticient
detaction of events with the aid ot high sensitive X-ray films. Also it allows precise
ncigent particte wentitication. accurate energy dsiermMNation ang a Ltarge eftective area
of the detectors with a tarae accaptance. Qur emulsion cnamper consisis typicaily of a
stack of 24 detection 1avers. Each layer 1s maoe up an emutsion plate. X-ray hims and a
lead plate. We now incorparate nigh sansitivity screen—-type X—ay tums, such as Fui
GB~. G12- ana newiy provided GS-RIO [3] which are comprnations ot Gdp02S:Tb
phospnor screen and a green sansitive Fun X~ray tim The getecticn thresnoid of
inese X—ray tims is imoproved to apout 150 GeV.

The contnbution ot atMospnenc seconaary electrons Is caretully examined under

Approximation A of Cascade Theory by using the observed data ot the atmosphanc 1-

ray spactrum (2]. In Frgure 1. pnmary electron energy spectrum in tne form of E3xFiux,
oefived trom all of our 4ata. 1S Shown along wath the daia ot Golden e1 al.(4} and Tang (5]
logetner with the results gerved trom the Galactic raqio wave mntensnes (6].
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The resulling pnmary electron energy spectrum , J(E)

represented by

- 14 -

. in the form of a power iaw 1s weil

J(E)=(1.530.3) x 10°*{100GeV / E]3-310-1 |m-2sr-isec 'GaV'!|,

(1]

and is consistent with our previous data (2).

LR IIITIT LIRS ITII]{ i . AIITI[ . 1 BRI ARL
- - ® Qurdata :
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10° 0’ 102 10° 10*
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Fig. 1 . Observed Spectrum ot Cosmic-ray Electrons. Sohd hine 1s gue 1o the LBM.

3. THE CONFINEMENT TIME OF ELECTRONS INSIDE THE GALAXY

From tne spectrum shown in Fig. 1, :11s most hkely the benaing of the spectrum
exists between 10GeV and 40GeV. althougn the siatistics ot the caia are not good
enough. Assuming the leaky box model, we have a relation ot the cosmic ray
continement nme in the Galaxy to thus benaing energy as shown in Fiqure 2.

Here we assume

1. Cosmic rav elecirons are proauced in the source reaion win power 1aw
enerqy spectrum ot the torm: N(EJdE = Z-YdE

2. Energy loss ot cosmic ray electrons above a GeV can be wriflen as

dE/dl = -DES.  with b=1.02x10"'6 (Wph +<r<>/8 1) {GeV secj'

We take tor the most probable vaiue ot b as 1.97 x 10716 {GeV secj!, by acapting

6.7 uG[1.11 eV / cm3] for the Galactic maanetic tieid {6]. 0.26eV /cm3. 0.31eV /em3 (7],
and 0.25 eVv/cm3 for energy density of visiole, nira-red and 3 K microwave respectiveiy.

in the Leaky Box Model. the leakage nfe time t 1S related the bending point. Ec as

Ec = ((Y-1)btosé) 1(1-8)  with T = 10(5GeV/E)S.
Taking the vaiue of spectrat exponent, Y  as ¥=2.7 - 5. we have tne confine time of
=(0.7-2.2) x 107 yr for 5=04-06
10 =(1.3-2.2) x 107 yr tor 5§=06

it 1S 1o be noted that the confinement life time obtained by the electron spectrum
IS accurate enougn wnen compared to otner isotope measurements. Observatons ot
the ratio ot ' Be / Ige have been performed by various authors, ana results of the
confinement ime are scatiered ranging 6 x 108 yr 10 2.2 x 107 yr {8]. A recent
summary by Shapiro et al (9] combining ail observed data by putting appropriate weignt
lo each daum suggested the most probabte value of the continement 1tme to be

(0.79-1.43) x107yr or (0.64-1.28) x10/ yr
depenaing on the crass sections of this reaction. The continement ume as gerved
from 26 ats 27 Al (4.1% 2.4) x 107 yr, still sutters trom large errors 1n the observed data.
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Fig. 2 The Relation ot the continement Time and the benaing energy
4. PROPAGATION MODEL

4.1 Leaky Box Model :
As tor tne spectral iting . we have a reasonabie agreement {or ihe observed
spectrum as shown in Fig. 1 by taking the tollowing parameters o!
Y=24 5=04 70 =1.3x 107 v
b=1.97x10"'6[GeV sec| ! - yielding Ec = 12.8 GeV

4.2 Elecirons trom SNR

Since the synchrotron radiation py high energy electrons 1s observed trom
supemova remnants, 1 Is plausible to assume that at least a cenain fraction ot cosmic-
ray electrons i1s produced from SNR. In this case. we need 10 treat the propagation of
electrons by the Nested Leaky Box Model. ana need to 1ake into account ot the eftect
ot energy loss nsige the source region. in oraer 1o see the eftect clearly. first we
assume the extreme case that all cosmic-ray electrons are proguceg insige the SNR
and diftuse oul to the Galactic space. The impornant parameter 10 tnis case 1s @ which
ingicates the gearee ot the energy ioss insidge SNR compareo win the 10ss insige the
Galaxy. Putting suttix S and G to those parameters 1n the SNR ana Galaxv respecuvety,
a 1s detined by

DS TS = ObG TG (2)

When a 1s much smaller than unity, the benaing point of the spectrum inside
the source (Ecs ) 1s larger than the bending energy (ECG 1 due 10 the energy loss inside
the Galaxy. In this case, the Leaky Box Model still grves a reasonable result up to a
cenain limited energy region below Ecs Then the value of a 1s crucial to estimate the
eftect of the propagation inside the source in the Nested Leakv Box Model. The
evaluation of a was made by Komort and Nishhmura (6], by assuming that the eiectrons
produced trom SNR is in equilibnum to the ieakage ot the electrons from the Galaxy.

NS(E)/ 1s=NG(E)/ 1G. (3)
where N(E) is the total number ot electrons insigde each respective region. The ratio of
total radio flux from each region, Fs(v) /FG(v) 1s caiculated, by using the sirength of
magnetc fieid of HS and HG ineach region as
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Fs (v FG(v) = [NS(E) / NG(E) [Hs / HG) (r+! V2 a(TS 1 TG )(HS/ HG) (r+1V2
= afbG /bs) (HS / HG)(Y*1V2 2 afHs 7 HG) "2+(y+1)2 (4
Komon ang Nislumura maoe caretul anatysis for the observed ratio tor the radio tlux ot
Fs(v) /FG(v), obtaining the vaiue of about 10 ~ 2 _ Since the esumatea maximum vaiue of

Hs is of the order of 10 ~* Gauss, the vaiue of [Hs / Hg } is esumated within the range
between 1 and 100. Then we have a vaius of @ = 0.01- 0.1 referring to the formuta (4).

in the case ot Nestea Leaky Box Model. we have more free parameters, giving
befter agreement with the observed data than in the case of the Leaky Box Model. As
an exampie. we Show a gooa agresment with observea spectrum in rig. 3.

Taking this estimated vaiue for a of 0.01 to 0.1, the bending point inside the
saurce, Ecs ¢S much targer than the bending point in the Galaxy, EcG The Leaky Box
Model gives the reasonable results below Ecs and the arguments tor the Galactic
continement time discussed by using the Leaky Box Model are jusiitied.
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Fig. 3 : Spectral Fiting by the Nested Leaxv Box Moge!
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