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ABSTRACT

A soft X-ray survey by means of thin-window proportional counters on board a spinning rocket covered
a large celestial region with a width of about 60° in galactic latitude. In the galactic anticenter side the distri-
bution of the soft X-ray intensity is rather smooth and shows a gradual increase with galactic latitude, whereas
in the galactic center side the distribution is irregular and shows several enhanced regions. The overall distribu-
tion and the energy spectrum are accounted for in terms of a superposition of the following three components:
an extragalactic hard component with a power-law spectrum as established at energies higher than 2 keV, a
galactic soft component which has an exponential spectrum with an apparent temperature of 0.18 + 0.02 keV,
and an extragalactic component with a similar exponential spectrum.

Subject headings: spectra, X-ray — X-rays

I. INTRODUCTION

Observations of the diffuse component of cosmic
soft X-rays have shown a number of characteristic
features in contrast to those observed in the energy
range above 1.5keV. First, the distribution of the
intensity over the celestial sphere is not uniform but
patchy. Several enhanced regions have been observed
at low galactic latitudes (Bunner et al. 1972, 1973;
Davidsen et al. 1972; Palmieri et al. 1972; Yentis,
Novick, and Vanden Bout 1972), and there exists a
tendency that the intensity gradually increases with
latitude in the high galactic latitude region (Bowyer,
Field, and Mack 1968; Henry ef al. 1968 ; Bunner et al.
1969; Hayakawa et al. 1971, 1972). Second, the energy
spectrum rises more steeply toward low energy than
expected from an extrapolation of the power-law
spectrum above 1.5 keV.

Two apparently conflicting interpretations have
been put forward on the origin of the diffuse com-
ponent of soft X-rays. One extreme is to attribute it to
a galactic origin. Gorenstein and Tucker (1972), taking
for granted the absence of absorption by the Small
Magellanic Cloud (McCammon et al. 1971), assume
that the soft X-ray emission region extends to a height
of about 800 pc from the galactic plane. The other
interpretation is in terms of a superposition of galactic
and extragalactic components. This has been discussed
extensively by Kato (1972) and by Davidsen et al.
(1972). They consider the correlation of the soft X-
ray intensity with the hydrogen column density as
due to the absorption of an extragalactic component
and assume the emissivity distribution in the Galaxy
to be confined in the gas disk.

A sky survey was conducted with large-area pro-
portional counters on board a free-spinning rocket.
Preliminary results of the experiment for the diffuse
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component of soft X-rays have been reported else-
where by one of the authors (Hayakawa 1973a, b).
The present paper reports on details of the experiment
and results of further analysis.

II. EXPERIMENT AND DATA ANALYSIS

The X-ray experiment was launched with a Nike-
Tomahawk rocket from Barking Sands Range,
Kauai (22205 N), at 0010 local time on 1971 May 26.

The detector and the performance of the experi-
ment were described in detail in a previous publica-
tion (Bleeker et al. 1972). The X-ray detector consists
of 12 proportional counters, six of which were
equipped with 1 polypropylene windows and the
other six with 5 u polypropylene windows. The total
effective area was 357 cm? for the 1 p counters and
361 cm® for the 5y counters. Slat collimators in
front of the 1 x counters define a total geometrical
factor of 7.0 cm?sr for X-ray energies above 0.5
keV. At lower energies the geometrical factor increases
due to X-ray reflection from the collimator blades
and becomes ~10cm?sr at 280 eV (carbon-K X-
rays) and 12.5cm?sr at 180 eV (boron-K X-rays).
For the Sp counters, stacked-mesh collimators
define a geometrical factor of 2.8 cm?sr which is
energy independent since the collimators are essentially
“wall-less.” The energy dependence of the geometrical
factor for the 1 u counters has been calibrated at
several X-ray energies and is taken into account for
the spectral analysis of the diffuse component.

Owing to a relatively large coning angle (21°), a
wide galactic latitude band was scanned. The scan
path over the celestial sphere slowly changed with time
according to the coning motion. The whole observa-
tion period was subdivided into seven groups of scan
paths. The precession period was rather long, and the
field of view perpendicular to the scan path was large
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compared with the change of the scan path within
one group; consequently counts obtained for about
20 successive scan paths in each group are added and
are regarded as representing the X-ray intensity in
that celestial area.

Electrons above several keV penetrating thin-
window film have occasionally contaminated the soft
X-ray measurements, and the electron intensity in-
creases steeply with altitude (Hill ez al. 1970; Hayakawa
et al. 1973; Kohno 1973; Bunner et al. 1973; Seward
et al. 1973). In the present experiment the electro-
static field for the purpose of rejecting such electrons
apparently disturbed the ambient plasma and re-
sulted in generation of small pulses in the energy
range 0.16-0.37 keV. The contribution of an electron
component on the presented result can be shown to

be negligible on the basis of the following arguments: -

i) The observed altitude dependence in the 2-7 keV
range. The altitude dependence of the observed count-
ing rate between 122 and 209 km has been analyzed
in five altitude intervals in the energy band 2-7 keV.
The observed counting rates in each interval are
equal within 10 percent, which is consistent with the
fact that atmospheric absorption of X-rays is negligible
in this range. Observations of electrons in the same
altitude range show a severe altitude dependence:
Seward et al. (1973) measured a factor 5 intensity
difference between 122 and 209 km altitude for both
trapped and parallel components. If this is applied,
and considering the statistical weight of our altitude
dependence curve, the electron contamination be-
tween 2-7 keV cannot be larger than 6 percent
at 122 km and 30 percent at 209 km.

ii) The absolute intensity in the 2-7 keV range. The
measured flux of diffuse X-rays in the interval 2-7
keV agrees within 30 percent with the well-established
flux obtained by many other experimenters in this
range (for comparison we took 11E-!* photons
cm~2s tsr-1keV~?!). This 30 percent excess can
be due to electrons, which also cannot be excluded
by comparing the 5 u and 1 u counter data. Assuming
an electron contamination of 30 percent in the energy
range 2-7 keV, one can compute the electron spectra
at lower energy by means of a Monte Carlo method
(Hayakawa et al. 1973).

According to these calculations the measured elec-
tron spectrum flattens at lower energies, but even
when we extrapolate the 30 percent excess in the
2-7 keV interval to lower energies with a E~! law as
measured by Seward et al. (1973), the electron in-
tensity will constitute only 10 percent near 0.8 keV
and 5 percent (for galactic mid latitudes) near 280 eV.
Hence it has negligible influence on the measured
radiation distributions.

Considering that the counts in the energy range
below 0.37 keV could be contaminated with the small
pulses generated by the application of the electric
field, only data obtained while the electric field was
switched off—i.e., one-sixth of the total observation
time—are adopted for this energy range.

Our counters were also sensitive to ultraviolet
radiation. The bright B-type stars « Cru, 8 Cru, and
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B Cen exhibited pronounced peaks in the pulse-height
region below 0.23 keV. Contribution of ultraviolet
radiation above this energy is negligible. Observed
counting rates for these stars are roughly in agree-
ment with those expected from the laboratory-
determined ultraviolet sensitivity of the counters.
However, the correction for the contribution of
ultraviolet radiation is subject to a systematic error.
We therefore discard data in the energy range below
0.23 keV.

III. INTENSITY DISTRIBUTION OVER THE
CELESTIAL SPHERE

The intensity distributions over the celestial sphere
are derived for the energy ranges 0.23-0.37, 0.37-0.65,
and 0.65-0.9 keV, and are shown in figures la, 1b,
and l¢, respectively. Contributions of discrete
sources other than the Cygnus Loop and Sco X-1
are still included in the measured intensity. The in-
tensity in units of counts cm~2 s~ sr~! is represented
in several steps. One step corresponds to approxi-
mately 2 standard deviations. The counts are lumped
in 10° bins in rocket azimuth for figures la and lc
in order to obtain meaningful statistics. For figure
15 a cell size of 5° x 5° has been adopted. Only data
obtained with the 1 p counters are shown in figure 1.

a) Regions of Enhanced Radiation

We shall designate the longitude interval [/
270° —90° the center side and the interval [/
90° — 270° the anticenter side.

In the center side, the intensity in the energy
range 0.37-0.9 keV is enhanced at low latitudes over a
wide longitude range (see figs. 16 and 1¢). This is due
partly to the contribution of known discrete sources
mostly lying near the galactic plane, but enhancements
are observed also in several regions of few known
sources. Figure la shows that such an enhancement
toward the galactic center is not evident in the energy
range 0.23-0.37 keV. In figure 15 one notices several
regions of enhancement. The enhancement near
I =350° b = —5°is due to a soft X-ray source in
the vicinity of a bright B-type star, A Sco (Bleeker ef al.
1973). The other regions of enhancement are extended
and probably not due to single discrete sources. Such
an extended enhancement was also detected by other
observers (Bunner et al. 1972; Yentis et al. 1972;
Palmieri et al. 1972; Davidsen et al. 1972).

Regions of significant enhancement noticed from
figure 15 with intensities higher by 2 standard devia-
tions than the surrounding regions are:

A) 1 =20°-30°, b =10°-25°;
B) I = 320°-335°, b = 10°-20°;
C) I = 310°-315°, b = 20°-40° ;
D)l = 355°-10°, b = —10°-—-20°;
E)] =25°-35°, b= —15--25°.
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Region A coincides with the enhanced region near the
foot of the North Polar Spur reported by Bunner
et al. (1972). The observed excess is significant in the
energy range 0.37-0.65 keV, whereas it is not in the
0.23-0.37 keV range.

Region B includes the Lupus Loop. The Lupus
Loop (supernova remnant / = 330° b = 15°) has a
diameter of 4°5 in radio. The region of the soft X-ray
enhancement is much broader than the radio loop. A
similar broad enhancement in this region has been
reported by Palmieri et al. (1972).

Region C has a softer spectrum than other enhanced
regions and hence possibly located at a distance smaller
than 200 pc. The enhancement in region D is not
caused by the galactic center sources, because the
energy spectrum of this region is markedly softer than
that of the center sources. In fact, the intensity of
region D in the energy range 0.9-6.5 keV is smaller
by a factor of 5 than that near the galactic plane.

Contribution of discrete sources near the galactic
plane to region E is also negligible, since the intensity
increases with galactic latitude.

For the lowest energy range 0.23-0.37 keV the
intensity distribution is not available with comparable
angular resolution because of poor statistics, but local
enhancements do not seem to be pronounced in this
energy range. This indicates the distance of most
enhanced regions to be several hundreds of parsecs.
Accordingly their linear size may be as large as 100 pc
on account of their angular sizes of about 10°. Such
a large size may be hardly explained as due to a single
extended source. Objects such as the North Polar
Spur and the Lupus Loop may account for enhance-
ments A and B. The other enhancements do not seem
to be correlated with known radio spurs and supernova
remnants (Kato 1972).

b) Latitude Dependence and Correlation with
Interstellar Matter

The X-ray intensity distribution in the anticenter
side is much less complex than that in the center side.
The intensity increases toward high galactic latitude.
This feature is more pronounced as the X-ray energy
becomes smaller.

The soft X-ray intensities in the anticenter direction
are compared with the hydrogen column density Ny
derived from 21-cm radio observations. At low lati-
tudes where Ny varies steeply with latitude, the value
of Ny is averaged over the field of view according to
the collimator response function. The averaged
hydrogen column density is denoted by {Ny). For the
correlation study, the X-ray intensities in different
regions having the same value of {Ny) are averaged,
since the dispersion of these intensities is found to be
within the statistical fluctuations. In figures 2a and 2b,
{Ny) dependences are shown for four energy ranges
of the 1p counters and for 0.23-0.37 keV of the
5 u counters. In the range 0.23-0.65 keV, a tendency of
decreasing X-ray intensity with increasing {Ny) is
observed for the range of (Ng), (1-10) x 10%°
atoms cm~2. This is consistent with the interstellar
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absorption of the X-rays originating outside the ab-
sorption layer of the Galaxy, whereas the plateau at
larger {(Ngy values should be attributed to galactic
emission.

IV. ORIGIN OF THE DIFFUSE COMPONENT OF
SOFT X-RAYS

As mentioned in § I, two different models have been
proposed on the origin of the diffuse component of
soft X-rays. Since most of our scan paths are nearly
parallel to the galactic equator and the latitude range
covered is not too wide, the present result is not par-
ticularly suited to distinguish between these two
models. We shall consider here a two-component
model, i.e., a superposition of an extragalactic com-
ponent which is isotropic and a galactic component
associated with the gas disk of the Galaxy.

The correlation function of the soft X-ray intensity
with the hydrogen column density is interpreted in
terms of two components; an isotropic extragalactic
component [,, and a galactic component I,. If the
volume emissivity in the Galaxy is assumed to be
proportional to the interstellar hydrogen density, the
relation I, vs Ny is expressed as

I(E) = [q(B)/o(E)][1 — exp(—o(E)Ng)], (1)

where 4nq(E) and o are the emissivity and the ab-
sorption cross section per hydrogen atom, the latter
being adopted from Brown and Gould (1970). Hence,
the superposition of the extragalactic and galactic
components gives the Ny dependence,

I(Ny) = I, exp (—oNg) + (g/o)[1 — exp (—oNy)].
@

We further assume that the extragalactic component
I, consists of a soft component (I,;) and a hard com-
ponent (,;). The hard component is taken to be the
extrapolation of the diffuse X-ray spectrum estab-
lished in the energy range 2-10 keV which can be
expressed as (Bunner et al. 1969)

I, = 11E-**photonscm™2s~*sr~*keV~!. (3)

Since the contribution of the extragalactic component
is negligible near the galactic plane at energies below
0.65 keV, the volume emissivity per hydrogen atom
of the galactic component 4=g(E) can be estimated
from the measured energy spectrum. Using equation
(1) and assuming an exponential type emission
spectrum,

4mq(E) = 4.5 x 10718 E-Yexp (— E/kT)
(hydrogen atom)~!s~1keV~! (4)

with k7 = 0.18 + 0.02 keV.

Figure 3a presents the fit of the spectrum measured
with the 1 p counters for the low-latitude region, b =
0°-30°, in the anticenter side. The measured flux
values given for the 1 u counters are not corrected for
the energy-dependent geometrical factor, since an
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(5° bin), and (c¢) 0.65-0.9 keV (10° bin). The intensity in units of counts cm~2s~*sr~?! is represented in several steps, one step
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accurate correction requires the incident spectrum
to be known. Instead, the energy dependence has
been incorporated in the computation of the model
spectra to make the comparison with the observed
results appropriate. The averaged hydrogen column
density is taken to be (Ng> = 30 x 102°cm~2
Values of kT outside 0.18 + 0.02 poorly fit the
observed spectrum.

The extragalactic component is obtained by sub-
tracting the galactic component given in equation (1)
from the observed spectrum in the high-latitude re-
gion, b = 50°-65°. The result requires an excess soft
component I, in addition to the extrapolation of the
power-law spectrum, I, given by equation (3). I,
can be fitted reasonably by an exponential spectrum,

IL;=5x 102 E-*exp (—EkT)cm~2 s~ sr~* keV~?
)

with a kT value of 0.18 keV. The resultant spectrum,
I=1,+ I+ I, reproduces the observed one in
the high-latitude region with (N> = 3 x 10%° ¢cm~2
as shown in figure 3b.

Substituting the above derived energy spectra in
equation (2), we obtain the intensity for a given value
of {Ng). The dependence on {(Ng)> thus calculated is
shown in figure 2. The contributions of respective
components are given separately. The summations
of these components are in general agreement with
the observed result.

Figures 4a and 4b also show the energy spectra
measured with the 5 u counters for the same regions.
The dashed curves represent the calculated ones for
the same input spectra as derived above. The agree-
ment between the measured and calculated spectra
are consistent for both types of counters. This demon-
strates that the assumed input spectra are appropriate.

The differential emissivity adopted in equation (4)
gives the energy generation rate of the galactic X-rays
with energies greater than E,,

O(Ey) = 4n Lw Eq(E)dE

= 1.3 x 10727 exp (— E,/0.18 keV)
ergs s~* (hydrogen atom)~!. (6)

If most of the galactic X-rays are absorbed by inter-
stellar matter, then several percent of the ionization
rate required for the heating of H 1 clouds can be
accounted for (Hayakawa 1973a, b).

The apparent absence of the absorption by the
Small Magellanic Cloud (McCammon ef al. 1971)
could be accounted for in terms of the soft X-ray
emission therefrom, if the emissivity per hydrogen
atom is about 3 times higher than that given
in equation (4). Even if such high emissivity is
assumed for galaxies, a superposition of soft X-rays
from individual galaxies still falls short of the in-
tensity of the extragalactic soft X-rays as given in
equation (5).

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1975ApJ...195..535H&amp;db_key=AST

*AjoAn30adsar ‘syusuodwiod 18103 pue d1oe[es ‘paey onoe[eseIixs jos onoejedenxs ay) jussaxdar soull (°F + “o7 + *°7) pHOS pue ‘(°7) paysep-10p ‘(*°1)
PoNOP “(*?7) paysep oYL ‘seSuer ASIOUS 92IY) UI SIQJUNOD 71 [ oY) YN S)nsax oyl — (743514 (q) A LE0~€7°0 d8urI £310ud oY) Ul PaIeduwIoo dIe SISUNOD (912410
uado) 7 ¢ pue (370412 payrf) # 1 241 Yym symsax oy — (7)) (v) ‘CEND ANsuop uwinjod usSoIpAy 98eIoA® oy} Ym AJNsuojul Ael-X dU) JO UOHEB[OLIOD—'T Ol

z-Wd swoyo o, Ol ‘HN

zOL oL 1
T™TT T T T T T T T T L
e
~
n \ .
67 .~ P
~
L - + + 4
W ..:..+++0 +|0 i
o *I. + .
- A9 ¥1-60 b
C 11 1 L 1 L 'S LAl 1 1 L 1 A OP
TV 71 0 1 T T ..” V. T 1 7 T T T T —.
! - el YT ]
—T— | 175 oy ¢ e ¢ i
SR IATAL
F AP160-590 )
TR 1 1 1o 11 1 1 1 1 oL
LB T T T L] T —.«..—.q T T Al T L} P
\ v/
// .\ ......
- . . N S Yer n
@ G90-LE0 \ .
A "
- ///.\ .
i 61 ]
L + 3 \.\ ////// mOH .
'l+ J—— I:ﬁ\* + + + Tl b
5 + 4
- ++ /‘MO/OP+ ¢ ]
TR | 1 L | T S ST R S LA S ] oL

|- 45 -39S z-WD sjunod

z-W> swojo 4, Ol ‘HN

zO0L oL l
LA L T T T T — LI R L] T L) PIOF
Y 1
//
R . i
\
L \ J
| //mOH \ ]
L o \ 6 - 1
- \ B
L Q \ s E
L L e E
[ 1< -
|- \
L \
-_— =]
l/ //
/ - //
| +/+ * // g
NERN o
N o
5 . i e
/ . S
R N 4 v
A ! ! 1 Lag 1 0 0 3 1 + . w
)
2
Tr T 1T T T T rrrr 171 T T [N
. N
\
AY \
o / \ b
\ e
I \ ~ ]
- m \ .\ -
I <
o — N .
Y S R .
- J o7 :
i X S [
japunod M O
[lajuno> L @ ]
» J
5 A3 LEO-ETO E
TR I T | 1 | P IO T B 1 L

540

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1975ApJ...195..535H&amp;db_key=AST

. . *sjusuodwIod 959} JO SUONNQIIIUOD JO SWnS oY)
wmomoaou SaUI| PIOS 9Y [, "A[2A[300dsax “sjueuodiod 3J0s SIOBR[ESEIIXS PU. “PIey Onoe[eSeIIXs Onoees o) Jo suonnqrIuod jussardar saulj (*?7) paysep pue (¥?7) panop
D PSYSEP-10p Y], *SINUNOD 7 | 9} YHM PIINSLIW SINISUSIUI [EIUSISYIP oY) jussordor spuowerp oy, “(,0LZ >/ > ,06) 9PIS I9IUSONUL 9y} JO SUOISPI opMINE|
(.S9 = ¢ = ,06) yS (¢) pue (L0 S g S ,0) MO () oY) UI SyHEUOdWIOd 9911} 03UI SINUNOD 7 | Y} YIIsm PAIMSEIW e13oads £319Uo oy Jo uonisodwosa—'¢ Ol

(A1) AD¥INI (A91) ADYINI
10t 00! 1Ol L0l
T T T T T 1 T 0 B B B T 10 T T -0
— — OOP H OO—
L I 0
4 3 1 ©
(e C
z b
— —
- — o — w»
[a) [a)
3 3
— ks o - o
. % 8
? 1 A
L by - @
- = — o
— ® — )
- < - <
— 0L = —1 .01 -
X
\ )
- - . A
/ .\.
L - - / —
<@
— - . 7 —
N~ -
— omwv&voOm - oomv&voo |
- o0LZ > [ > 506 .00 C 00LZ> [ >506 .0
I | | 1 I I | | I O | | ] I | ] |

541

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1975ApJ...195..535H&amp;db_key=AST

*¢ Sy ur se wWnI)oads JuIpIoUl Swes Y}
(9) pue Mo[ (v) oY) Ul SIIUNO0D (spuowvip usdo)

(A3Y)

AOYINI

Ol

T

TTTT

059 v& >,08
00LT v% >o06

rrrr T 1 1 I

184unod Mg <>
18unod 1| @

-0l

0Ol

=]

20t

AR |-451-3852.WD SINNOD

-

(A1)

AD¥INI
00t

YIM paje[nores eIyoads oY) jussardal seul] poysep pue pIjos YL SPIs Iojusopue oY) ul suorda1 opminie] snoejes ysiy
1 ¢ pue (spuowpip pajjf) 7 1 941 YIIM pomseow sfel-X Jo juouodwod 9snyIp 9y} Jo e1oads A310ug—p "o

I

T

rTTT

o0€ v& >,0
o0LZ> | > 006

L1t

|

Ot
— T -0t
J84unod g <> N
183unod 1| <@
o0t
0
O
c
z
—
w
[a}
3
o
o
&
q
Y
2
-3
<
oL =
— z0L
| | |

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1975ApJ...195..535H&amp;db_key=AST

J. - CI95. 535H

R

rT975A

DIFFUSE COMPONENT OF COSMIC X-RAYS 543

The authors acknowledge discussions with P. A. J.
de Korte on the data analysis and express their thanks
to Professor H. C. van de Hulst for his efforts in
arranging the present experiment and to Professor

D. Mori for his advice on the mechanical design of the
payload. They also thank the Royal Dutch Academy
of Sciences and Toray Science Foundation for financial
support.

REFERENCES

Bleeker, J. A. M., Deerenberg, A. J. M., Yamashita, K.,
Hayakawa, S., and Tanaka, Y. 1972, Ap. J., 178, 377.

Bleeker, J. A. M., Deerenberg, A. J. M., Heise, J., Yamashita,
K., and Tanaka, Y. 1973, Nature Phys. Sci., 241, 55.

Bowyer, C. S., Field, G. B., and Mack, J. 1968, Nature, 217,
32

Brown, R. L., and Gould, R. J. 1970, Phys. Rev., D1, 2252.

Bunner, A. N., Coleman, P. L., Kraushaar, W. L., and
McCammon, D. 1972, Ap. J. (Letters), 172, L67.

Bunner, A. N., Coleman, P. L., Kraushaar, W. L., Mc-
Cammon, D., Palmieri, T. M., Shilepsky, A., and Ulmer,
T. M. 1969, Nature, 223, 1222.

Bunner, A. N., Coleman, P. L., Kraushaar, W. L., Mc-
Cammon, D., and Williamson, F. O. 1973, Ap. J., 179, 781.

Davidsen, A., Shulman, S., Fritz, G., Meekins, J. F., Henry,
R. C., and Friedman, H. 1972, Ap., J., 177, 629.

Gorenstein, P., and Tucker, W. H. 1972, Ap. J., 176, 333.

Hayakawa, S. 1973a, Proc. IAU Symposium 55 on X- and
Gamma-Ray Astronomy, ed. H. Bradt and R. Giacconi
(Dordrecht: Reidel), p. 235.

———. 1973b, Proc. [AU Symposium 52 on Interstellar Dust,
ed. J. M. Greenberg and H. C. van de Hulst (Dordrecht:
Reidel).

Hayakawa, S., Kato, T., Kohno, T., Murakami, T., Nagase,
F., Nishimura, K., and Tanaka, Y. 1973, J. Geomag.
Geoelectr., 25, 113.

Hayakawa, S., Kato, T., Kohno, T., Nishimura, K., Tanaka,
Y., and Yamashita, K. 1972, Ap. and Space Sci., 17, 30.
Hayakawa, S., Kato, T., Makino, F., Ogawa, H., Tanaka, Y.,
Yamashita, K., Matsuoka, M., Miyamoto, S., Oda, M., and

Ogawara, Y. 1971, Ap. and Space Sci., 12, 789.

Henry, R. C., Fritz, G., Meekins, J. F., Friedman, H., and
Byram, E. T. 1968, Ap. J. (Letters), 153, L11.

Hill, R. W., Grader, R. J., Seward, F. D., and Stoering, J. P.
1970, J. Geophys. Res., 15, 1267.

Kato, T. 1972, Ap. and Space Sci., 16, 478.

Kohno, T. 1973, J. Geomag. Geoelectr., 25, 131.

McCammon, D., Bunner, A. N., Coleman, P. L., and
Kraushaar, W. L. 1971, Ap. J. (Letters), 168, L33.

Palmieri, T. M., Burginyon, G. A., Hill, R. W., Scudder,
J. K., and Seward, F. D. 1972, Ap. J., 177, 387.

Seward, F. D., Grader, R. J., Toor, A., Burginyon, G. A.,
and Hill, R. W. 1973, preprint.

Yen;i7s, 3D65 J., Novick, R., and Vanden Bout, P. 1972, 4p. J.,
177, .

S. Havakawa, T. KaTo, and Y. TANAKA: Department of Physics, Nagoya University, Chikusa-Ku, Nagoya,
Japan

J. A. M. BLEEKER, A. J. M. DEERENBERG, and K. YAMASHITA: Cosmic Ray Working Group, Kamerlingh Onnes
Laboratorium, Nieuwsteeg 18, Leiden, The Netherlands

© American Astronomical Society * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1975ApJ...195..535H&amp;db_key=AST

J. 2 I195. J535HD

fal)

rt

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1975ApJ...195..535H&amp;db_key=AST

