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Report of Cosmic-Ray and Balloon Observations by the 11th 

Japanese Antarctic Research Expedition in 1969-1971 

Masahiko KusuNosE* and Masahiro KODAMA** 

Abstract: To explore the solar cycle dependence of the latitude effect of 

cosmic ray intensity, measurements of the nucleon and muon intensities were 

carried out using the super neutron monitor 3-NM-64 and the cubical meson 

monitor aboard the icebreaker FuJI, during the period from November 25, 
1969 to May 8, 1970. 

Six plastic balloons (5, 000m3 ) were launched from Syowa Station during 
January to February 1970. Four of them were made for observation of auroral 

X-rays and two flights for the low energy proton and alpha particles. On 

February 11, 1970, an event of distinct solar X-ray burst was observed in the 

course of auroral X-ray measurement at a height of 7 mb. 

The continuous observation of cosmic ray neutron intensity at Syowa 

Station has been made using the super neutron monitor 12-NM-64 since Feb

ruary 1969. In February 1970, a cubical meson monitor (effective area: 4m2) 
was newly constructed by the use of plastic scintillators as detector and the 

lead producer of the neutron monitor as absorber. The barometric pressure 

coefficients were found to be 0. 74 %/mb and 0. 16 %/mb for the neutron and 

meson components, respectively. A solar cosmic ray event of order of 109 eV 

was observed by two set of the super neutron monitors, aboard FUJI and at 
Syowa Station, on January 24-25, 1971. An appreciable deviation of the observed 

barometric pressure due to high winds and its influence on the pressure-cor
rected cosmic ray intensity were investigated using the data of neutron com

ponent. 
Collection of cosmic dust was tried at Syowa Station with the filtration 

method for water which was made from iceberg, as well as for air. 
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Fig. 3. Block diagram of the balloonborne instrument for low energy solar 
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� 1 Pi3:f1J£:tmv:::. :t0 vt 0 1970:i'f.0) �3ffmiJ!IJ 
Table 1 .  List of balloon flights carried out at  Syowa Station in 1970. 

Balloons I 
Physical 

I Date I Launch I Fade-out I
Maximum l Results instruments alti.tude 

IHeavy IJan. 23 11359UT 124th 0300UTI Bs-1 l l mb I Quiet day background 

B5-2 IX-ray 
Radio sondc IJan. 25 12006 126th 0902 I 7 I 

Bs-3 IX-ray 
IJan. 29 1 1 922 130th 1345 I 8 I 

Radio sonde I 

B5-4 I
X-ray IFeb. 10  12016  1 1 1 th 2238 I 7 I Feb. 1 1  Solar X-ray 
Radio sonde event 

B5-5 IHeavy IFeb. 1 5  1 1 833 1 1 6th 235 1 r r� l l *  I 
I I 

B5-6 IX-ray IFeb. 1 7 1 1 204 1 1 8th 1342 I r�7 "'-'8* I X-ray burst ( x 4) 

* Estimated value 
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12fB:rrcij:tu J: 0'22. 5fB:rrcijO)�JQf?J�fitJ:h:hts:. %Jj(O)ff;Qttj=r�cj:f@m1*v: .. vi1.±i�htJ:?J >  0 f::_ 0) 

-e, TJitffitJ: 8 0)  lOOMeV/N #i5:0)7° P r ':/ c ""'- 0 17 A �O)iJ;JdnJ'=¥'tti *i O)  7. ""'- !l  J-- 1t.,iJ;1�, 
G:ht::_. 0 G vc, �rt�ocvc:tuvt6 ff ';/ --zt! (7,...__,70MeV) O)J:J.IHEfltiJqt5E � :ht::_ . tt* 'ia:'� 2 �c7f--t. *�tj=r--C·O) absorption mean free path c V- Ui, 7 ;t., 7 7 '¥1+--c- 45 g 
cm-2

, ff ':/--q"**c' 250. 6'"'-'286 .  5g cm-2 iJ;r@JOC�{tiJ, G1� G:ht::_. 
� 2 aB;f1J£:tttU::�0)5<1.:rJ�/1t l lmb i-=-tovt �dl£= :t- 11, qc:'- 1 ?k'f''i1f*;7j 

/ �  'Y � :f =j '/ / F'%.10C 
Table 2. Galactic cosmic-ray spectra of protons, helium nuclei and gamma 

ray flux at the balloon altitude of llmb over Syowa Station. 

�- Part� I - E%1Tv;;f - r --- - - .. (/�: ;�,:�:�YMe�� � 

Proton I 1 28---160 ·1- ----------(2.
�; � o: - ;��--� -·;;�- -- � -----

- I 35-1 00 I (6. 1 1  ± 0. 84) x 1 0-2 a-particle 122-160 ( 1. 08 ± 0. 15)  x 1 0-1 

7-ray 

4. 1 .  ifl]IJ�flf 

I 7- 70 I ;2; 2. 85 X 1 0  
Upper limit 

I969i:f.:. 2 Ji vC:Yi:fflG Lf::_7(�i::p'[i:!:-=f"!t ( 12-NM-64) vc 1JO x:.., I970if. 2 Ji iJ, G 7' '7 7. :f- 'Y 

!J / / T v - :nc 1 o '*'rf39+!t CMT-64) 'ia:'�Iw 0 -rt , r:prrci,+5$ocO)Jlk&cWUR1J?J��frEi' � n 

f::_ . 

tj=rl'kj-=f"iftU5Effl 7° 7 7. T 'Y !J / / T V  - 31 Wi'Ji{i O)�ffiHi ' � 8 vc7f--t l ? tJ: b 0) -c , / / T 
v - 31  l tj:O)::k�0 vi, Im x lm x 4cm --c-s6. C. :h'ia:'Jtffl:-=f"t�f{f� EMI 9530B r:. J:: 0  
-c '  i{j0)�1}{UiJ� 1::, 0) ..'f < 715:-�VCfJ: 0 "( \, ,  6. �gi{ivi r:pt4:+/� 1 ;t.,O)J:.-ncflei�' 2 Mc'}[)] 
%'ia:'tlJ5Jt-?-6 J: 5 ,  � 9 0) �- c < �c.rnl 0 :h -C l ,  6. Lf::_iJ� 0 -c ,  tj=r,11:-=f"HO)fd*9 10cm iJ�lFJ: 
n\t5J-O)g&J!xvcfljffl 0 :h -c \, \ 6. C. 0) l ? fJ: :s'Ln�***i�3fil�iJ; Ll fJiS I) ' "*-f5f}Jfili;j:j'. 4 rn2 

0) i::p rrci, + it MT -64 c CARMICHAEL, 1968) 'a:' :M nx: L -c \, , o . 
1970f1::. 1 Ji 20 8 ,  tj=rft-=f"..,� 1 ;t., No. 2 O)J:.{ffi vc�i{i 4 {@l�}j;:,Z-tt, I Ji 30 B ,  ,,, -; 1 ;v O)r· 

{five� ".J 4 1!mO)ff�fEi'ia:'ti¥A Lt::_. fA]fB:1.&ffl:O)f::_ooO) / / =:;- v - 31 O)f,!3.-fr-ttvt)xO) c :tu  0 --c- ® 6. 
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�{BL t..: . .:. O)f±$vC..vi.:?} < O)�f,3j� �\� c Lt..: t..::ob , 1970'.ff 2 JI 7J "  G 1 1  JI i -C·O) I07J,JI flclJ icfrt.r --:d dt vi iti .LI::: Lt.: . 
4. 3. lfl;J!IJ *E J!: <7) 1J!.[� 

4 . 3. l .  q-:i t�rJJX:y)-O)�EE5<'1*fiM& itit1:rnlt5}0)1§. multiplicity i1JO)�EE5<1J*i*�vt� 3 vc.ffi-t-31 fJ -c·'J!J o .  .:. hvt , 1969 
if 2 JI iJ, GI97 1'.!f- 2 JI i -e:·0)1§. JI wvc. :t§'*l� c fJ ,  :t§[M'.j{*�O){[r[?J�O. 99LlJ:: c tJ: 0 t.::. t 0)0) 
@.lfflf*1a:�:ifi.� L -Cf�, Ght.::. t 0)-C·, lli{:s'ZJi. %/mb -c·'J!J o .  
4. 3. 2. i=pf,3jr$:5J'0)3Z\EE5<'JJ�tf� i=pfUFfw::9-0)3Z\JE5<>1J�f*�vi� 4 vc.ffi Lt..: . t..:: t.:. L, i=J=1 ic:1JT1»G7J' VC.XJ--t o �lffi!.5<1J*vi�li: Lt; 1 ,, -c·tt�Lt.::. .  ffi'*lvi-1§- solar rotation wvc.fj-tJ:l ' , .:. ;h GO)fJ:?J "c·ttJ'*l'f*�;,j� 0. 90 
�;: x__ 6 t 0)0)@11m-1*�0)f�{illi'a:' c 0 -c 0. 16%/mb ?J�1� Ght..:: . 
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� 3 '*1tt-f-Jt<:5J'O) �,EffjJ*f*� 
Table 3. Barometer coefficient of neutron component. 

M = l I M =2 I M = 3 I M = 4  I M = S  I M = 6 TE Tc 

0. 705
1 

0. 767 1 0. 790 ; 0. 832 1 

/3 Barometer coefficient (% /mb) 

M Multiplicity 

TE : Total event (calculated) 

Tc : Total count (calculated) 

ToBs : Total count (observed) 

0. 846 1 0. 87 1  o. 726 1 o. 740 I 

Table 4. Barometer coefficient of meson component and correlat ion coefficient 

for every solar rotation cycle. 

Solar rotation No. Correlation coefficient : R Barometer coefficient : /3 

3 1  

ToBs 

0. 740 

(%/mb) 

1 868 0. 90 ± 0. 05 0. 1 6  ± 0. 02 
1 869 0. 89 0. 05 0. 1 7  0. 02 
1 870 0. 84 0. 05 0. 1 8  0. 02 
1 87 1  0. 86 0. 05 0. 1 9  0. 02 
1 872 0. 92 0. 05 0. 1 6  0 .  01 
1 873 0. 79 0. 07 0. 1 4  0. 02 
1 874 0. 87 0. 06 0. 1 6  0. 02 
1 875 0. 94 0. 05 0. 14 0. 01 
1 876 0. 9 1  0. 04 0. 1 9  0. 02 
1 877 0. 8 1  0. 05 0. 1 8  0. 03 
1 878 0. 85 0. 04 0. 25 0. 03 
1 879 0. 85 0. 06 0. 1 5  0. 02 
1 880 0. 82 0. 06 0. 16  0. 02 
1 88 1  0. 94 0. 04 0. 16  0 .  01 

Mean (R� 0. 90) 0. 162 

1 970� 2 f:b'J · G I 97 l 'i'f- 2 J3 i --e O) ,  Wif¥o£:tt!Hc :to vt Q *1ti-=fnx:5J�H� CN nx:5t) :to J: u· 

*1if3j-=f$:5J\. (M$:5}) 0) � 8 �1r.� � l l vc�--t . �@�l5Eu§t 0) B f:tey{wHi , 1,, ,f:h t �EE 

trlHE � Lt-: t O) --C· , solar rotation f}j v=- i c 00 --C �� 0 :h --C l ' Q .  *1f'1c1j-=f$:5tvi�£EtmlE 

0) :z.;.. --c·�i@ tm lE vi tI:. 0 :h --c 1,, , tI:. 1,, , . 

*1 rf3, -=r H:lft1
� vc 1=1: 1, ,  , 7

° 

=; A =r ';/ !J ·/·/ =r v - 3? - v:::. J: Q 11&.� 0) t-:. 2i0 ,  i::/=t·l?:l:r H 0) �xf %i 
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OCvi�Y-t Q . �H�{j�:b��O)§JJ�--eJtll& L ,  iJ , v:::>;� B W:1���rf.-t Q C C v:::. l: 0 L '  
3. 7 % O)�j_?;o�)J:260 Ght� . c O){@:viW�1¥6'��1toc-c-�tce Q. 

4. 3. 4.  �mtl�oc���:tJl] m solar cycle v=. tce 0 -CiJ , G, 5 @J § 0) 109 eV ��O):;;t���'iiftlm*iJq97 1 ::q:.  1 }'j 24 B 
"-'25 B v:::.iJ,vt-C'A:9 C 0 t�. IZ! l2v:::. C 0) C � O)���jJQ0)1*-=f��-t. llB�iJ�J!l!-C'IU!:\U � ht� maximum intensity vi , 49, 460 counts/5min -c- ,  f�{l l: IJ W 14%0)t�jJQ v:::. tce Q .  l::

0

-

� O)�,,�vi [PJ�v=-wimu � :ht�:::t�1ti&>{ -7' r 0) l::0 

- � � l: IJ W30n\.Jl!:h -r 1, ,  Q 0)-C' , c 0) 
:;;t��'iift9jO):l:tl!,fjZ""'-O)fljJ1vi impact m}.-C·vttce < , diffusion m! -C'2t'.) Q 2::. � x_ G:h Q .  !3BfiJ 
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O C T. 1 4  1 9 7 0 

N 0 . 1 8 8 1  
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FE B . 2 6  1 9 7 1 

N O . = SO LAR ROTATI ON N U M BER 

� 11 aino�:!mv�:rovt 0 '=Fw�tq:i1'1-=f nit5tCN) to 1 ttq:ii1c1i-=f nit5tCM) O)� a �1� 
Fig. 11.  Day-to-day variation of daily mean intensity of cosmic-ray neutron (N) 

and meson (M) component for every solar rotation cycle at Syowa Station. 
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£:Jmv=:. to vt o ��t�1Ji:i vt'*1-ti-=f-n\Z5t O)d-J-v=-d-J- Gh , '*1i1c19rnl<:5tv=. vt v:i c A, c'�!IYJtJ�t:2,t6 Gh 

tcr_n , 0 t::_ .  i t.:. , �� 1.b L::-J 1J�aBfD£:Jm{t:iJi0)1.kmH=-i&:iB L --C to IJ , .:_ O)�'iif*;7Jtt�;1Ji:1:!l,* 

vH&J:'*1·1i.-=f-Hv=. J:: 0 --c i WUJ!IJ � ht.:. . 

4. 3 . 5 .  Forbush �jr 

4-Mi1c1J vi IASY v=.�t::_ 0 0) --C' , IJ ,t.r. lJ 0) Forbush �j,"tJ�fl{llU � ht.:. . Sudden com

mencement (S .  C. ) � i ":>:J:lg1i}l�]fill v=. c i t.r. 0 --C �:f o ,  �li!K;,,Jt Forbush �j;' O):Jl,f Hc 

":) l ,  --c , 1970'.if- 2 A ,...__,  197 1 � 2 A 0) 1 �i1c1j v=.1JUR1J � ht.:. i 0) � i c t6 --C "*- s v=-�--t . -f:-h-F 

h JIN vt'*1·1i.rnlt5} , JIM vt'*1i13j-=fnJt5tO) �jr O)iuEt--c- ,  ,,� - -c -:/  t- --c·"*-� � h--c l , o .  
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Fig. 12. Time profiles of solar cosmic-ray event observed 

at different stations on Jan. 24-25, 1971. 
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�*vi�IH!{ji--c ,  r:j:t{irnlt:5}0)�;}'0)�Ui3-/J� 2 %v:::.fi/ilit-: f.t l , t O) vi�IH! Lt-:. -�v::. , 9=1Faj 

+nx::5}0)�y-O)�U'Elviq:t'f1:rnlt:H·0)�:5ltrf --ccb 0 .  

4. 3. 6. �EEiJ!U5Ev:::.to J: vsfi""jl.O)f6• CtlJ� • ,J,� . 1972) 

jl.0)%i1t , l � vt , Jt�[}j O)�EEvt-�v:::.Jf O)*�EE l vt�t.t 6 O) c· ,  1¥:[}jv:::.fii1J,:ht-:�EE 

Hvi.IE L. 1, ' 1llil�ffi � f.t 1, , ::.  l /J��D G:h --c 1, , 6. �EEl'Jll]JE O)�!Jtvi , �EE3<1J!ltf*�O)* � 1, ,-=j:: 

mfrJRq:,,f1:rnlt:5l%iJJt O)f'miJ!UJ::: c1: 1J �* � :h , j\.0)%i1t ,ffi:J:t!?.O)Wi5frJ£:i:t!H:::. �1, ,--c , --t -r:.· v:::. 3Ji: 

EB • ,J\� ( 1 964) v:::. J: -? --c jl.v:::. J: 0 �EEiJ!UJE{ii O){Wn�!J�q:t'l1:r nlt:5}fmjJ!Jj O)�*!J� Gttrmi � :h 

--Cl ,6. 

� 5 �Bfo£:iig'"(·fjJJlU � :hk Forbush decrease m,� 
Table 5. List of Forbush decrease events recorded at Syowa Station. 

Solar rotation LIIM Date LIIN 

Feb. 24, 1970 3 % No. 1868 0 % 
Mar. 6 
Mar. 8 

1869 Mar. 27 
Mar. 3 1  

1870 Apr. 20 

187 1 May 27 

1872 June 2 
June 17 
June 27 

1873 July 1 
July 24 

1874 July 29 
Aug. 16 

1877 Oct. 16 
Nov. 7 

1878 Nov. 18 
Nov. 2 1  

1879 Dec. 14 

1880 Jan. 18, 197 1 
Jan. 28 

1881 Feb. 24 

3 
2 

3 
5 

3 

2 

4 
2 
3 

3 
3 

4 
7 

4 
6 

3 
4 

4 

3 
4 

2 

2 

2 

0 

2 

2 

2 

2 
2 

2 
3 

2 

2 
2 
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1969::¥ 2 A *�q=t'l:i+!tiJ�5cn\(; L' --z:-O)�H�n:.*9 5. 7 X 105 counts/hour c: JJ: ---:d.::. . C 

O)i1VfHITT��vi ± o. 1.3% -C:- c�) G i) ,  G, 0 . 2mb O)'Aff]JIIJJE��Ji q=t'firnl<:715$0CVC*90. 15% O)��'a:' t t.::. G--t c c  ve t£ rJ ,  �m
--
e�  tJ:l, t 0) c tJ: Q .  'AEE1JIIJJE��0)1*1z;!O) :"J � --c-:ffl: 

*�l,,O)vi, JIJC .J: Q �-C' ct) Q l �x.. GhG . ffl.tEO)rJBfo£:Lmc·vt, 5$\,,j\_O)� < C �O) 
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:tu I) ' 71(3:JZvcf:*t,¥ � ht.::. P3�� 0) q=t,C,,0)/\iJ, Gffffe'Aff'a:' C I) Ah, �173 0) A T  - '/ 3 /�'A 
EEHc'iJIIJJE L --C l, 0. JE.11µ]��vc .J: hvf, Jl.J!iJ� 50m/s 0) c � vC t 'Aff��iJ� 0 . 6mb U 
"T c � h--C l ' Q  (m7J( fm, 1967) . LiJ, L, ��vc c'O)�,/tO)j\_O)�-iJ�S o iJ,vC--:::>\,, "(� 
"? --c to < :.16,�iJ� S Q  . c 0) t.::. 'rh ,  1969::¥ 2 A iJ,  G 197 1 ::¥ 2 A i --c-0) 2 ::¥Fl39 vc , J1.J!iJ� 30m/s 'a:'ir&x.. t.::. c � 'a:'�lv c', $1:1rnl<:5t%i�O) �fr. c Jl.J! c 0) �1* 'a:':>l< '?ht.::. . 'Aff��i)�jl.J!O) 2 *vcJ:t fJU --t G l l, :"J {.&;EO) t c vC , 'Aff��1*� Cp �:s:J<'rh��t Lt.::. . 
c 0)*5*, P3��0)'Aff1& rJ Ah P O)i*ffl vc .J: "? --C)E.vc .J: 0'Aff1J!IJJE""-O)�evt�P L --cu 
1., , 0iJ� . Jl.11µJ��O){j .J: rJ vi�xt{iivc L--CtJ::to I .:Mr�oc::*:�1.,, _:  c iJ�hiJ, --? t.::. .  Z¥imITTtJ:� 
eve --:::>l,  --C vi, �2¥ .J: fJ t �jt)JO) vi :"J iJ�'Aff��iJ�:::k c tJ: 0 ffi� O)S Q c c iJ�hiJ, "? t.::. . � 
I3vc��ITTfJ:-1'9U'a:'ffi--t. (a) vi Apatity, (b)vi Oulu vc :tovt 0$'l'irS$� --c- S 6. (e) 
O)�*J.l HtaBfo£:Lm--c-tmmu � ht.::.'AEE--c-, c O)'Aff{li'a:' ffl 1.,, --cm IE L t.::.ag%o£:ttl?.O) $'tir%ioc �fr.ii� (d) c'S 0iJ�, 8 A l5BO)�fbi Apatity � Oulu O)�'El' c :::k� < �tJ:-? --C l, 0. 
(e)0),'2'�viJ1.Jl Cf) 'a:' J:§ 1.,  , --c mIE Lt.::.'AE:E--c-s Q .  c O)jl.Jfvcxt L --c, mIE � ht.::.'AEE{li 
'a:' J:§ 1.,, --c , 'AffmIE � ht.::.$,l:1+%ioc�fr.iJ� Cc) --c-s l) ,  (a) Apatity, (b) Oulu ve to vt 0 �fr. c .J: l ,-ix'a:'ffi L --C l '  Q .  

s. '=FrnS (7) 1*� '.::j::@�Fl39iJ, G:ttl?.fjU:.vcfU:ii Lt.::. c �x.. Gh--C l ' 0f'iif�'a:' @J� L, --z:-O)q=i f�-�i h--C l'G 
'.::j::@*Jl�.nl<::5c* 0) :5--}tfr'a:' rr fJ: \, \ '  '.::j::@�iJ�ni�vc'.::j::@�rl3, VCfftE L --c \, \ t.::.filEWJ, 'a:'JE:i:ITTVC §13 
GiJ,vc --t 0 c c 'a:' §  ITT c L --C l, Q .  '.::j::@�Fl39 vUi, :ttl?.�vcJt�*9 IOOO{-fr0)5$,/t0)'.::j::'iiftJRJ�M 
vc .J: IJ ,  '.::j::@El$vc l,tJ0:> G f'iif*l1:.nl<:��iJ�tFtE--t 0--c- � ;s  5 c tl� � ho iJ, G--c � o t.::.t.:_ L, --thvcvt�:i:O)'.::j::@�'a:':.16,� c L, t.::. c x..vf AI-26 O)fJ'.tf'a:'fYH±l -t o vut, 0 . 0 1  
g O)'.::j::@lM�:.16,� c tJ: Q .  c ht: vtO)ift'a:'�§$ .J: < �'rh Q vut, :ttl?.�47ZJ�vc .J: o t5�0)Ptci:: 
1., ,m�--c-0), :1k$�:::k'A$iJ, Gvc .J: QO)iJ�:i& t �L--C l'o c ,f/!tbh0. 

1)  ag%o£:Lm--c-vt, i!E*h·  Gf�*'!-7.l(ffl 0) 7 -1 1v 3l -'a:' @J� L --c ,  c hiJ, Gf'iif�O)i*� 
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Fig. 13. An example of the effect of  strong 

wind on the neutron intensity correction 

for atmospheric pressure observed at 

Syowa Station. (a) Apatity. (b) 
Oulu. (c)Neutron intensity corrected for 

the wind velocity corrected atmosperic 

pressure. (d) Neutron intensity corrected 

for the wind velocity uncorrected 

atmospheric pressure. ( e) Atmospheric 

pressure. Dotted line means correction 

for wind velocity. CJ)  Wind velocity. 
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