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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 
at the balloon and satellite altitudes. 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) 
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. 

141 

-t: L--C, �r�i?J(O) (1)-(4) O)\,,-f:h,iJ:.0)�1rvc-t:O) history �;�;t, ?j(O)� L,\,,�-=fiJ; 

56�--t Q. 

(1) �ffl:�JJ::z��t,t Q 

(2) *�J}vc�vr�Q 

(3) *�O)�� 30 g/cm2 �;®� L--C L "i ? 

(4) .:r..:f1v#'-iJ; 15 keV t'--flctii;)Q. 

t.i::to, ttJliOcJ:lh ,f-::±t.i:��vc--:> \, ,--c �i appendix --c-JZt� Q. 

4. � � .'.:?. V - � 3 :,,- C fiJUfllJO) Jttx 

4.1. l:-?%1Jl�O)�{iffi 

"t."- ��O) 1 {7U c L--C, � 1 O)q:t--C· (a) --c-� Lt-:�JU 0706:42-44 UT vctmmU�:htdti&c 

�3*--C·O) .:r. *iv:¥...:.. .7' � � r 1v� � 3 vc�--t. ffi£0) .7' � � r 1v�i 82 keV Ll r--c· E-2- 2, -t: 

;h,LlJ: --c- E-s. 4 O)� � ��ffll.�� L --C \,' Q. -t:;:. --c-, -=E- './7 7J iv P H1$:--C-�i�r0) .:r..:f iv:¥ 



142 

-� 22-82 keV c 82-250 keV 0) 200).:i::..:f11,,:¥-iJ:1gx;v::..5tvt, .:z:-.n:t:\h2000{1filf00)J1t;-=f 

Kffi£c�C.:i:.-*�:¥-���r��tk�����v-�s��fi0k. 

0706:42-44 UT 

SATELLITE 
\ 
\ 

\ 

tel 
=,:--

10 1 \ 
\ 

\ OC/l 
\ -l> 
�-4'-:-: :::0 -I 

rr, rr, Or -tr 
o-

u BALLOON o-1 
41 3: 1'11 VI "O � 0 

z ' z en -t 
0 

10 1 10 ° 
0 
::r: 

"O Cl. 
0 

0 0 
..J z 
0:: en 
<( 

z <.> -•- C"I 
0 

UJ 3 

g I- MONTE CARLO ·"' 
V, 

..J z 
<( 0 * al :::E � 

1 0
° 

20 40 60 80 100 200 
ENERGY C keV l 

!&I 3 X .... � -A r 0 l::.0 
- � �It�, 0706: 42-44 UT (� 1 0 (a) '"('jf- l, t.:��U) tc:tovt 

�--�lryv��v-r�htXa0a�=*��-A��r�. T�0�-� 
�3*rlel?lt--C'0@�nlt�0=*'v�-A�� r ,v. - ffi£08il!Ufil[, ---- �3*0 
Bil!Ufil[, -8- v � � v-v 3 :/, 6 :k�JJiiJ� G 14 g-cm-2 0��9'10 path �� 
r11..,--c, ffi£ :Y-!J n� GWtVr1¥J�c>.I<210t.:wr�rnt�. 

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-2 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-2 

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 80keV 100 keV 150 keV 

7.5 5.4 4.0 2.3 1. 8 

� 2 �3*0).:Z:..h,.f.h,O).:r..:f iv:¥�+�:/* 1HC.1tj£0)-*+ � :/ * 1vi1� G 
1.i�J6A,"t;'< Gjc-=fO)Jt� 

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 I 
£-2,2 £-5,4 

Satellite (keV) 
I 28-55 55-82 82-111 111-141 141-168 

Balloon (keV) 
25-50 I 0.68 0. 18 0.04 0.005 0.002 

50-75 I 0.11 0.65 0.20 0.02 0.01 

75-100 I 0.29 0.61 0.06 0.04 

100-150 I ·o. 35 0.39 0.22 

150-200 I 0.56 

168-200 

0.0005 

0.002 

0.006 

0.04 

0.43 
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Appendix 

-'E- '/ T  n 1v P H� v::::.ffl 1, ,t-::±:tJ:�A��§JH:� L --C  .to < .  ts: t.3. L ,  t.J,T � !i3�-c �iJGr � .:c. 

* � � - �-r � D�.:c. * � � - 'i'$&K� � � t � c -t 0 . 

1 . jt-J-O)�� tr.Jti"° G if  _m.M�f*� 

:k�4t � :J't-=f � fjj� � :rit2¥��J@]fg/�1B:· >J<c;b 0 }::Vi , 7GT ���4t-e � �·i%X:1rt1*�'i'�O 

0 &fjfiJ�ti; 0 . I. ,  i ,  :J'tC��*· Rayleigh ff:fc§L.:C L--C Compton ffx%L� �:l:�1rt1*� 'i' -t  ;h, 

,f;h, µp, µR, µc c -t 0 c ,  ��·��{*� µT vi 

-r:::lj-Jz. G ;h, 0 . t 't:> 0  ,Z, ,  � ;h, G � 1*� vi:J'tr �  .:c. * iv=¥' - E c 4?a � � '.f!J H::::.�f¥-t 0 . 

-t Ct:', �* • �*.'to ,J: Lf 7 ;v ::z'' Yv::::.x;j"-t0fjj� ltfrffi]ffl (DAVISSON, 1965) 'i'JfJ ',,, :k�ffl_ 
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nx;��lt l., "'C ,  10 keV '/J, G 300 keV O)�-yO)��q=tO) µp, µR, µo �H� Lt-: .  --z.:-0){@)::. 

fit � 1:tt-:�-ftlA�?x v::.�-t. 

µp = l . 151 X 10-s £-3,294, 

µR = l.8 X 10-4 £-1 ,81 , 

µo =a(0.2419+ E +0.05641£2) -112 a =0.09855 

kt-3. L ,  µo ��x. � �-ftlAfi FESSLER et al. ( 1961 )  '/J; r tJilO) .:i:. * 1v =¥ -�-e,ffl 1.t ,f-:'!J; , t. 

t. -e vi, 1*� a 0) f@� 1 oo ke V 0) �-=f 0) µo 0) f@'"t:'!t:m.1� L "'C ;J< ob t-: . 

2. Compton 'ltfc!U:& 0) jt-=f O) ;c.-* 1v =¥' - c ;ifgfi1JITTJ 

.:i:. ;t. 1v =¥ - E O)�-y'/J; Compton ft!L��vtt-:{f0).:i:. ::f 1v =¥ - E' cft!L� ¢ O)r1m::.vi, 

cos¢ = 1 + 1/£- 1/E' 

0)'*1f*'h;jS tJ ,  E' cb L < vi ¢  0)1.t ,fn'!J,'/J;1*i: nviftl!1fvi1ffiltiv::.;J<i: Q .  -1f , �rO)ft 

!Ll?i$vi, 1.t ,;b� � Klein-Nishina O)A c U¥vin� �Jtft!LWTOOfl c �Wrffiffi: c 0) .l:t'"t:'� � 

;h, "( l.t \ G '/J, G '  L ;h, � !L� R C � l., l.t \ C ii: < . l.,'/J, L ,  L ;h,'/J, G E' cb l., < vi <p �WHJr8'9 

v::.;l<ob � 0) viffl�'"t:'jS G .  

k t. �. tta�O)�-yO).:i:. ;t. �=¥ - E � 2 �0)-eK:bvt t , E cb L < � ¢ ��TO) C 

c < � 1tl8'9 v::. ;J< ob ts: . 

(1)  10 keV<E<lOO keV 0) c � 

�+ keV ��O) .:i:. ;t  1v=¥ -'"t:'vi, Compton ft!Lvi Thomson ft!L '"t:'�ftl'"t:' � � '/J, G ,  i: f  

Thomson ft't5LO)ft't5L��;J<obt :t-o � ,  kn v::..:i:.;t. 1v ==¥' - E v::. J: �rmIE�hr:ix.t-:. --z.:-0)*5* 

¢ =cos-1(3v a + 3v (3)-R(l -R)(220E+5.0). 

a =!-[-(SR-4) +  v(SR-4)2 +4] 

/3 =-H -(8R-4)- v(8R-4)2 +4] 

(2) 100 keV<E<300 keV 0) c � 

CASHWELL and EVERETT (1 959) v::. J: G �fhlA��� v::. L, "'C ,  

E' =E[l +s · R+(2£-S)R3] -1 + (0.0043 -0.1 7E)R2(1 -R2) .  

S =E(l +0.5£)-1 

O)�ftlA��t-:. --z.:-O)M*, JIT-ftlv::. J: Q ��v:t ( 1) 0):1$j-it, 50 keV O)�-=f··c-Jl:k'"t:' cb �� 

'"t:' 0.5° , .:i:. ;t. 1v=¥ - v::. Lt 0.01 keV '"t:'jS � , (2) 0):1$j-itvi, 150 keV O)�-y""c'.f.:-;h,)f;h, 0.8° 

c 0.2 keV v::. L,'/J,tJ: GfJ: l.t ' . 


