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Propagation of the Hard Solar X-Rays in the Atmosphere
Koichi Ocura* and Masahiro Kopama**

Abstract: This report briefly summarizes preliminary results of the Monte
Carlo calculations in order to simulate the propagation of the hard solar X-rays in
the atmosphere. The simulated results were compared quantitatively with the data
of the hard solar X-ray event of February 11, 1970, which was observed simulta-
neously at balloon and satellite altitudes.

According to these comparisons, the results simulated from the satellite data
are well consistent with the balloon data at the time of peak intensity, but show
higher fluxes by factor of 7 at maximum in the decaying phase of the event about
1 minute before the sunset for the satellite.

These suggest that the satellite-borne X-ray detector recorded a considerable
amount of atmospheric scattered photons with primary solar X-rays at a time just
before the sunset.
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Fig. 1.

Intensity-time profiles of the hard solar X-ray burst observed simultaneously
Energy spectra of X-rays, at the time (a),
(b) and (c) indicated in the lower part of the figure, are shown in Fig. 3, Fig. 4(a)

at the balloon and satellite altitudes.
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and Fig. 4(b), respectively.
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Fig. 2. Monte Carlo logical flow diagram of the penetration of X-rays through the atmosphere.
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Fig. 3. Observed and simulated differential energy spectra of the hard solar X-rays at
the peak of the burst between 0706 : 42 UT-0706 : 44 UT (at the time (a) indicated
in Fig. 1). Solid and dashed lines correspond respectively to the satellite and
balloon observations. Solid circles indicate the simulated flux at 7 g-cm™® atmo-
spheric depth. Solid circles and open triangles in the lower part of the figure show
the direct components which were deduced from the satellite data by means of
simulations and analytical calculations respectively, taking into account 14 g-cm™?
path of air.
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Table 1. Build-up factor of different energies at 7 g-cm™=2 atmospheric depth
deduced from energy spectra in Fig. 3.

40 keV 50 keV 80 keV 100 keV 150 keV

7.5 5.4 4.0 2.3 1.8

K2 [IROLNEND=RAF —F 4 VEAVRBEDOEF + VR D
BEHRALTL BEFOHER
Table 2. Ratio of direct and energy degraded photons from each energy channels

of satellite to total photons in each of balloon channels.

Primary spectrum E-2.2 E-5+4
Satellite (keV)
\ 28-55 55-82 82-111 111-141 141-168 168-200
Balloon (keV) -
25-50 0.68 0.18 0.04 0. 005 0.002 0. 0005
50-75 0.11 0.65 0.20 0.02 0.01 0.002
75-100 0.29 0. 61 0.06 0.04 0.006
100-150 '0.35 0.39 0.22 0.04
150-200 0.56 0.43




144 INEHE— « NEIEFL (A&
FEZRXVF —F 4 VENDOKFD, BERDED=ZAF —F 5 VEIALLEDLTE T 50
AN, SEROZTRLERDOF » VHEALLZDONT, HEBLRAZXETOLENTRATHEE%
K2EART. A XEOZFAF—ARZ PANRY 7 bk, BF ¢+ VEALEDEK2C
Zbhb X3, SKTHRUIN S =21 F — L BER UAH= 2L ¥ —HhrbDOHXFOHF
ERKREWC EDbhot. Lk 2T, H3DISLHELARD =X AF -2y b L
2y, BERLCEZXLTWAZ LItk b.

42. L 3al—% 3 (C&BBRAELBROFME

KEE XBOzx A F—2A7 b4 XV bATH 4 LB/ LT 572 (KODAMA et
al, 1971), ARZ ' VIR oY $ 2 V=Y g VEE T LEENEL D, £ T,
KRIBIZT7 5 » P A2 FL (20 keV-200 keV) TA &t L7 2000 D ¥FizonT, F0D
SEEETO=RAF —AN7 PARETY I 2v—FLTEL. ZOBRHEOHIE
TELZEO, EEOARZ vk ¥ 2 V= v THHEYRAVE.

K10 (a), (b) T LcEE% 0707:00-10 UT & 0707:30-40 UT 129\~ C, ¥ % = L — |
LESHEETO= AL F —AX7 PARFRELIKOARZ pLELELICK4a, b TR,
Lrl, -7k (M3) &87%Y, Kda, b FhoBagd, [KIIMKOBAEMBEEL >3 2 v—
Va VBE—HLTWRW. Fh, TOERIIN4a LY X4bORIDOHRAE LT
%.

#= ¢, 0706:00 UT 2 & 0708:26 UT 23T, BED XHHHE Ns ivbv 3 2 v—
P L7 7 glem? ORZDOFEX TOFHE Ny L [IKCBMI NI HE Ng DIt Nu/Np %
RDTZIz. 7272 L, Ns, Ng OfEiz 0708:20 UT LARTCIXI0BE 0 FHET, +hLKEI
2 DO FHER Ao, Nu/Np ORFEZE{L%Z 25-50 keV & 50-100 keV 1224~ T, Ng, N
LEBIESITRLE.

Y, BRLZHROBUEMEYRS T2 b L, 0707 UTEHZ CRIBERLEA A2 7 e 7 »
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RLTWA., —F, NpiZWWiFho=2AF 1T, FEEI R4 CHL LT, 0707:
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Fig. 4. Differential energy spectra of X-rays in the decaying phase of the burst. Solid
and dashed lines correspond respectively to the satellite and balloon observations.
Solid circles indicate the simulated flux at 7 g-cm™2 atmospheric depth.
(a) 0707 : 00-0707 : 10 UT (at the time (b) indicated in Fig. 1).
(b) 0707 : 30-0707 : 40 UT (at the time (c) indicated in Fig. 1).
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Fig. 5. Time profiles of counting rates of X-rays (10-sec mean) in four different energy
ranges at the satellite and balloon altitudes: —— 28-50 keV, 55-111 keV for the
satellite (Ns), ——-- 25-50 keV, 50-100 keV for the balloon (Ng). In the lower
part of the figure, time variations of ratios of simulated counts (Nm) to observed
(Nz) at the balloon altitude in two different energy ranges: —— 25-50 keV, —@—
50-100 keV. The ratio represents a kind of build-up factor of satellite observation.
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Appendix
TvF BT ERRBROFBEEY LTk, EL, UToRRTINFo=
ANF—13BFOHIL=2 L F -2 EMZE 723D ET 5.

1. XFOEIHTHIHERERK
KGO HTF OEEDER L FEBIERE Y Ko 512k, KFOESFTOAERERIE M
HUENHDH. F, KERE, Rayleigh &L= LT Compton EE.OBEREFRE X Th
Zh pp, pr o £ T B L, 2HEBRERE pr X
pr=pp+prr+ o
THEZbh2. 3BHA, THALDREINTO=rA¥— E LHHOEREFT 2.
T, BR, BRER IO T7A T VT HEEMENE (Davisson, 1965) v, k5
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REEBLT, 10keV 25 300 keV DXTFDOLRKRFD pp, ptr, #e XitE Lic. ZTofERC
fit @A PURERITTRT.
pp=1.151 X105 E-8.29¢,
pr=1.8Xx10"4 E-1.81,
#c=a(0.2419+ E+0.05641 E?)-1/2 2=0.09855
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DOBGRAESHD, E b LI ¢ oL Thhr EthiiffifcekEs. -7, XFOoHK
FLFEZR1Z, ¥ % Klein-Nishina DX & FEIE N 5 7 B ELETER & £2MEE L Dl TR
RTWarb, ThE2EH R EFLVWEEL. LirLl, Thab E' LR ¢ BN
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¢ =cos(*/a+3+v/B)—R(1 —R)(220E +5.0).
a=3[—(BR—4+ v (8R—4)*+4]
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(2) 100 keV<<E<300 keV @ & ¥

CasaweLL and EVErReTT (1959) 12 kX 2 XY BE LT,

E'=E[14+S-R+QE—S)R®*]-1+(0.0043—0.17E)R*(1 — R?).
S=F(1+0.5E)"

DELRE B, ZOMRER, AL X 38BZEX (1) B4, 0keV OXRFTRATHAE
TO05°, =% A ¥ —1zLTO00lkeV THDH, (2) DEAE, 150 keV DXFTERFh 0.8°
L 02 keV 2 Laig bigue.



