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REPORT OF COSMIC-RAY NEUTRON OBSERVATION IN THE
8TH JAPANESE ANTARCTIC RESEARCH EXPEDITION 1967-1968

Yoshio ISHIDA* and Masahiro KODAMA**

Abstract

At Syowa Station, Antarctica, the cosmic-
ray neutron observation was made, at the
nitial  stage, with the IGY-type neutron
monitor during the period from March 1960
to December 1961. On the opportunity of
IQSY, a new type of cosmic-ray meter,
IQ SY-type neutron monitor, was developed
by CarmicHAEL. In February 1967, the IQ SY-
type neutron monitor consisting of three
counters (3-NM-64) was 1nstalled at Syowa
Station 1 the 8th Japanese Antarctic Re-
search Expedition. In February 1968 seven
counters were added and two more in Febru-
ary 1969, finally twelve counters.

The recording system for observation
comprises the so-called multiplicity meter, by
which the counting rates are divided nto
six channels, multiplicity=1 to more than 6,
according to the neutron multiplicity detect-

ed within the gating time of 1 msec. The
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counting rates are automatically printed and
punched on a tape every ten minutes. This
readout equipment became duplex since Feb-
ruary 1968.

The cosmic-ray observation room was
specially designed so as to avoid influence
of snowdrift around the bulding in which
the neutron monitor 1s installed, and also to
keep the room temperature constant through-
out the year. In practice, no snow effect
on the neutron intensity was recogmzed and
the room temperature was 20°+1°C 1n 1967.

This report describes details of the cos-
mic-ray neutron observation in 1967-1968 and
some results deduced from data analyses
The atmospheric effect, the diurnal vana-
tion and the Forbush decrease were inves-
tigated 1n connection with the neutron multi-
plicity, particularly with regard to the re-
markable Forbush event in May 1967.
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FIEREATER (69°00°S, 39°35'E) ToOFH#HEANL, 19574 3 AR A v 7 L E~DB A
JEHIGHE & FIRFIC iR bhvie. BRIOIO B TIx, T TLIREETH S L 512 &,
b 2 oMEFE e x v —BIEMAESHE S JER%, 1959), FOHEiRCEIc®
ir¥ et TRER L ORI T EGEE S e (FURUSHIMA ef al., 1961), LT 88 0KS
EDOETHRETNE LD TULlieno-te. KROTI64FEDKEREBE/ M (IQSY) # 32 &
LT, ko IGY MoFdEHHc s T, HrL IQSY MoFHE#ME (super monitor)
»:iiiFE & (CARMICHAEL, 1964), thitFELG, TS & L BAKBEOE e X b,
PNFEMEE), f-& 2 FAELD day-to-day DB OLTHHATEDL L 5 1T /s -
fo COBORBMIEIAY 4 FHE CIRAEHNC R L L 5 &t A HES I E S, SR
HBTFEADIGTFE2 A, 4 8 kFgBbIEE UER O FHT X - T TR IS E D — #0303
A O FHANMA FEBMAS CRB S hic. 2 OREIOFEIXI970FH 1 IKBRIZ & -
TET L, tEFRTOM, hRIFRGDOMED T 51T THS

RN & L COIFEE L 3 AD AFUrpE F A1 08 £ D 72 % neutron pile (3-NM-64) #
H, 19674 2 148 X b ERC BB MBI S e, SHuX1962F 1 150 2B 7
HonF Todlk DRI IR TS FES Y D Z ETH 5. 40 neutron monitor
I¥ neutron @ multiphcity (HEE : PlIETRHEEDO KRB O L EHEZEALR L, Hitc
o RAPET R (EA1E) P multiple event %5053 % &5 HRAEF - TUL5H 4T,
kDL D EENe DRI TWh. b, ple WAS LIBEOR T O =51+ — 122K
T O EAET 20T, COEBCL > THEO=AALF - A7 } 5 A% =4
—FHIENTED.

COWETPETATEE, BRRAEYOME, fiEF multipliatyic X2 JEZRLs X
O'FHifE, (Forbush decrease) MERBITOLTEKT 2.

2. HIEE OB

2.1, BanEHMAFHERTOHE

FH TR 2 £ B O F 8 kI IRk IZ X 5 T, 3 KD super neutron counter &
FoMBEBIEIN, P TEIEE (3-NM-64) 2B I e, FORDEKIC L -
THEIEBER IR oo5 2 FEEEOHEL AT LRI O LD, 197050511
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Table 1 Planning of cosmic-ray observation at Syowa Station
& @B  mmEE LRSI 7= b DA
1967.2 ( 8KBR) 3-NM-64  chpkFif 1 2x105
1968 2 ( 9REX) 10-NM-64  FHEFEt 4 4x10°
1969 2 (10%RB%) 12-NM-64  thig:F3t 5 2x10
. 12-NM-64 H 5 2x 10
1970 2Lk (11EREO {MT—64 i%ié[ﬁ (effective area : 8m?) 3 2x 108
2.2. 3-NM-64

3 KD F SR EE D 7% neutron monitor (1,
CoEoREEE IGY Blozh & o MIbEd E 21IT/R L.

3-NM-64

TRTEEHT, X1 CFEERBEMNE L monitor OELEZ /R LI

%2 1QSYL, IGYRMETIHIE Ot T
Table 2.  Comparson between 1QSY-type neutron counter and

IGY-type one (afer HarTon and CarMIcHAEL, 1964)

E—RRIZEE T T D .
= DR FEHEUELIMT

Parameter 1Q SY-type
Counter
Effective length, cm 191 8 4
Internal diameter, cm 14 8 3 66
Gas BF;96 %B1° BF,96 % Bto
Pressure (at 0°C), cm 18 5 45
Effective volume, liters 33 091
Diameter/m f p of thermal neutrons 0 375 0 225
Moderator
Material polyethelene paraffin
Thickness, cm 20 37 (av)
Producer
Materal lead lead
Thickness, cm 5 5
Length, cm 207 102
Mass, kg 1610 230
Reflector
Materal polyethelene paraffin
Thickness, cm 75 30 5
Length, cm 222 168
Counting rate
Counting rate (1963, 1 0 GV), hour™! 43,000 2,000
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A monitor % counter D % HEIZHEE T &, FHCEEMHD 7 DICHEENCIS U TR
INDOANTEMED D L7/ N0 ED TSR T 5. ZoEBEOEEFEICOWT

= -
Barometer
sensor

Electric E:

equipment

Cosmic-Ray +
Observation Room

Private room ——=  Wind Direction

—
N
AN T
—_=- Air-duct v
" lectric heater z
; 3m
:
i / o~
Double layer fioor é e -
25m 2 Snowdnift .

Ground

B 1 FERBMOE b OB O P ERALE
Fig 1 Swucture of cesmic-ray cbservation room and arrangement of apparatus installed

there Expected position of 12-NM-64 1s indicaled by dashed line

Polyethylene slabs ————

/Leud core

/Pofyefhylene
moderator

/

/

/Coum‘ers

2 HS iyl A DR

Fag 2 Arrangement of 3- NM—-G4 ncutron monito:
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fHEIC AT 5 &, counter DEFICH DA DR TS, —RFHMNEZFHOFRFIZLED
FOGC & o T Uitk T (nucleon) 23AG4$ % &, RFBEFCRIBRESR, »wHu
HORF (FHET, BT, aliTFHD B ZHRHT S Z OBBEH DS (evap-
olation) ¢t W& Z DMEIT X » THE Uk FiL counter D BY IZ X 5 TkD X 57¢
Rtz 24
B 4n,'—L,"+He!*

CORIET X » TH Ul Het o K& BRI 2EIUNLES & LTUMTOERRBICE: b
ha. ZORZEFRBETELR o i F Fud A4t L7 nucleon D= — 2172
(Hucus and MARSDEN, 1966). X 2ic 3-NM-64 O % RT. ZhaERICIEERRE X
AT 12-NM-64 L 75 b, neutron pile @ T plastic scintillator 23@&pvh THhfE FE
ks,

23. M LICREE
Counter 7\50 2L A% R7c% multuplicity BIZ.% D 5 CEREET 2 b DFEHH L

hﬂulhpliciiy Meferl
mj~ Mg

Digital
Printer

Tape |
Puncher

Standard
Timer

-2800V HV. Power
lSupp'y |
+13v LV.Power 80 AH
~11V «{Supply | |Battery| ;50 AH

(a) Readout equipment for Neufron Monitor

INPUT AAAAL AL A

INHIBIT Imsec Gate  p—imeec————y—

AAAAA A
INPliI Gate - Imsec oUT PUT

) v AND Gate I -~ PR

L Add!r?asz Sculer——-{‘fz

eadout 10usec

© N 3 Address Sculer——_.?:

Reset
[uval
|’—O|fse° Address Scaler Readout _
= =g =1 >~
—GReset K3 a#sal LiigEBEo 7R, 2
Address Scaler (Ring Counter) |

REIOP=AFTY) T 4 —2—
2 — OBIFIRBEX
Fig. 3. Block diagram of readout equip-

AND
Gate?2

() Multiphcit \ ment for neutron monitor (a) and
uitiplicity meier

ms| Scaler
m-2 i
m-3 4

detarls of multiplicity meter (b).
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[& (readout) (¥, EfR& S FB A ZMH2ER L, LR Y DHBMLYAAZLR TV D
¥R DOFEF A 9 7ic, digital printer & tape puncher & CTRIBEEET 5. 240
DL TIIERESE (1967) 12 XL » THE IR TV A DT, K3 i readout ® block diagram
D& A7~ Lz Multiplicity meter (3 ZZkep{kT O 4% (multiplicity) 445 event ¥
w2 D ES RSN TW S, KBTI A7 — MiEgh 1m sec & L, multiplicity o
INBESETDEDEDE, 6L EEDEF6F + vRAZFG . X3 (b) TR & FED
WFORHEFRY RS, RI—FHOAN AL AT2=2."1 Zv—2—-UVI 3+ ) 5 —
L, Imsec D — b 2N ABFESTD., TDFr— FSAATEDFFROZOD y — b
ZmEbis  ED—oREEE e 2 L UV pg8is Zitie v X 5127380 Hiuie IN-
HIBIT [a]§%iz, fliix AJj-s4 A% address scaler 12{5x A7c>d AND gate | i
Fhumz b s AND gatel ik, UVID 4y — b2 212 1D Imsec 72214 — & BEL Ay,
}, 9 —-> INHIBIT [E]fg% 4 - T\~ T, address scaler 1Z 6D 2/ 2D\ ELH, ring
counter O 6&FH 2 on &7t % & overflow L7g\» X 5iC ring counter® T INHIBIT»:
AL OIS, ZOIEFAK 3 (b) OMEBFZRE AT XD ANDgatel DN E
HEMN T 5. Address scaler (¥ 73D ring counter T 1 ~6 HHDOFhZHDOHIIH
AND gate 2 % LT N,~Ng ® scaler iZjzixIh T3 —J, UVIDOH vk
Py X, FORHED L 2 OR [A1f%4% 5 L C address scaler &z b b. oh
it AND gate | 77— b2k T UVID Yy —DBRICLY, | FH
DA AND gate | ZHAHZ ENTERWALTHDH. IHIT, TOHEKED LAT
UV 2% r)h—L, 10pseci@dE-n 2% R4 L, FiHLIES & LT AND gate 212
nz Hh, scaler iz & bnn. UV2 oL A% a5 L, FOHBED L AT ad-
dress scaler # 0 &FHIC Y £ » b$%. L) £ multiplicty meter O 1 %4 7 L TH 5.

CORBEDOFREE 2, 3 W TAHERDEED THD.

1. Multiple event 7 E T/ oL LTHEFRTEHZ &

2. +I v ag—{LE&h@Es block 2T v NER I BUZHEZZA TV A &.

3 HEMYCKHEMIE S et FEED monitoring % rate meter T{j7gl>, [@IEER
HHBLOFHREEDRER»ES o T b L.

4. BAEBOHEICIE LTSRS RNOEENTEDL Z L.

24. [fREEBZDM
241. & B
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BAAOERIY, EWERAO—BRER L IR HED 20KVA 0REH 50Hz 100 V
pERIA. BUBRROARMIITHIL, BELRD X571 AOREFEXB ST
Lo5Bwl. BRRCEE I CEIRD 5> bEBELEX@ L 100V 2 Hk6EH O BRI
HCOBMERAL, HADHER L 5 TER L. FHERBITOBRISED 5 bIEREERA
%# 7 > v, puncher, printer fj€ — % — I+ T +13V, —11V TEEHTH L5
S LTH Y, floating battery HRIZ & » TLRERBELX HICHEFATE .

242, EEx= k-

FHEEHI— T (FRehETiD RE L TH2FREECEEIND DT, ALAIEGEK
7Yy CEBCAL, ERREYERECHEL TER L. EROHIHAEC O LTI ER
+5.

243. & [E
TR DKEHRIIBD TRKENDT, JIIEDREY ERCITR S LENDSH. Kl
ADSEFISECE T BEOEMCERL, 7 r VR HCHEI® TV 2. Lol
B 5B ECIIEE, RCEELZT I WEDORIEXREFT T TELLEL X5k K
FERRA O (sensor) MBI %, ZDX 5B : sensor DBIFITFEEANCII b
WEETH A, BT, BT LTRARZRERZRAL CRE—E (NE) TH 5D,
B LT B E X huig\ > sensor (KopaMa et al., 1967) % A ic.  BRFIEHE RS E TILAE
UE 2 h HRPEAID sensor (FEKE, 1957) #EALTW5DT, SEDKEE LT
X, EF)7eT v 2 fliE LTH 2 KMo S EL2 SREMIECHEA L. BETOKE
& F% check 32 -OFEBAUZT I KETEFRXEE, 7= 7308l L B L
LosLiehi s, 77 e 2REEFMIURNC BERA L LTER LA DT, WAWATRiE S
B o1eDT, BIOKR» ST 23R,
2.44. FRFIMEE

PRANACH A i & LTI ERE R s i BT 5 28, ThTh HIESEIL —40°C
L ETRAeS. BEEL LI RE . FHRBENEDOHETILZOME E monitor
HOBEX 2R ERICTLLELD D . TOIDEY L FHCHBI R LY E/E L &S
nTWbB2, £5 LTHLEANDOREREX TR ILENDSH. HAOBEEAL L THAE

* RBEZOME LRI OBEHAEZ B L TR, BAT T 7 I r 283 LA LAYy —LT Y
FCieo Tk, ERFEDHLVDT, SENERRTORENE 5 BT TD checkit NAJEET
éo]‘:.
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Room Temp °C

Temperature °C

Qutdoor

Ol furnace (10,000 Kcal/Hour)

2KW eleciric heater

Mar 1967 Apr May June July Aug Sept Oct Nov Dec Janl!968

4 FEERENENRE A RIROEL

Fig ¢ Vanatons of monthly mean values of room temperature (a) and outdoor temperature (b)

10,000kcal/hour @ o1l furnace #fffL, +—E 2% » MTX D EEEZHIEL TV 72,
IR THALEZ20°C BIBICRO &V D C LIBRBORBETLH D, F7 ) v—F
BRCIL, BENABOMBETEIREHINLZ LA LIELIED D, FHEBRMEDZ 20°C
RO Z LIS L. ZDdfiBhzdis LT, | kW OB 4 A2 BIFRET arr duct Py
CHASR, £oMEY 88, FEIMBOMELEL T, B2 30cm 7 > vEBINLE
HozegrE it Lic. ZThick-T, 2kW (4 KD 5D 2K(EM) v —2—%80
Lich &1k, oL Td 20°+£1°PCOZERICRICA T 2. K4 DIKIERD AFHE
= ORm, R®E) OGNS, TOETHTHD.
2.4.5. i I

BHRAMIE 7 ) = FIZ X BRECE D & /e e RN # e oK a2 R L
Yy (£ X23m, ME6m, & X#5.5m) THsh. KIFTITID A Ve, BIR-S L BRICER
ErFleeThoicsd, ERTIIEN RSB o T b . FHBBAZE XL ZHEE,
THEHRTEIECRBEHEL LS. BICEIIF L A bbha s X o, 1.6t/m? oF
BWCHEZ B X 9w, KT ORI IBDOBINCINE o T, LT KT DR
DEB[UVAL LR LTH DM T, BAANDOEETL L E) - .

3. # il 5 1

1 A300 X » neutron pile DA THAED B, 2 Al14H L b #MZEBE L7z,
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IO, (FRESRORTTAY 2 Ahciriew, 3 ALY EXOEA data & L7-.
BIRD X 5127 ) + — FEED furnace DFEFANRARE L/ b, BRAIZEDORERER THRE /g
57eDT, TA6H XV BRUEDERENGHe — 42— 2kW 2BfF&+¥ 30cm 7 » v 1 #

P E DT, Fead LRI ST,

PSR —DARRBIT L HHE

, timer

DAL EISH, BHZEDIREME T ORI H - 7opd, LM% B U e HRcBax

(AR

FIRKIZ X D neutron pile D

BRI/ TR 19684 1 H26R ¥ TEIM % Fi)

7z, £Dfal Mawson 3t & i data O x Tl -7, FE3wwAEOH A data DES

®3 AHNBANB K

Table 3. distribution of complete and incomplete observation days

Noumber of

Time durations during which no observation data

Month were obtained per day

complete days 2 4 6 8 10 12-22 24
Mar. 1967 26 1 2 2
Apr. 20 1 2 7
May 27 1 1 | 1
June 29 1
July 30 |
Aug. 31
Sept. 30
Oct. 30 1
Nov. 30
Dec. 27 2 1 1
Jan. 1968 20 1
Total 300 5 3 2 1 6 10
Percentage 91 8 15 09 06 03 18 31

hicBEZRT. RARREEED 92 B ET D4, £OFRREFERZKRICRLTH< .

K A

Multimeter check

P. G. 1z X A multimeter ® check
Readout #fE (7Y v ' ERDOARLE)
Readout check

Timer

R BURF ]
M5 ]
4
32
4
6

Room temp. D& (data 11 & T B 238 H
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7 — A5 A4 VHbO noise fHE 2

I BIRER T HUSMC X 2 flk 0 MBERIT 06% TH 7ol &0 5.

4. B WK R o B W
BAEZ1057 5 & LT% multiplicity 5 H 8hE048 X h 508, MR #7752 5 Biic 4% data
% 2 W41 sum up % &[@HEC, scaling factor %3 U THE% L. FC total

F 4 196747 A~9 A OFIEHBUE (1000mb HHED 1 AFHEIED
Table 4 Hourly mean counting rate observed with 5-NM-64 from July to Sept. 1967,
normalized to 1000 mb

Neutron multiphcity Total | Total | Mean mult-
1 2 3 4 5 >6 event count | phaty
Counting rate/HR 66,600 14,920 4,177 1,389 546 574 88,206 120,701 1,368
Error % 0 39 08 15 2684 28416 0 37 029 0 37
Percentage of event 755 169 47 16062065
100¢ ]
I ITABASHI
- ~——— SYOWA ST. ]
| O_—_' =
I ]
Q —_
S - o
W L .
W -
[+]
o + i
> ———
2
s I -
o ]
o | — 5 BT RORAMES 1
e L ] Fig. 5. Fractional distribution of
: detected multiple neutron event
o.l .

| 2 3 q 5 =6
Observed Multiplicity



No. 35. 1969) 5 8 RSB R B IR A E RIS 11

event, total count LI TFOXIT L » Tk 7.

6 . .
Total event=3] 4 A, : multiplicity 4 counting rate
=1
6 . .
Total count=3" m.4. m, : multiplcity

=1

% 41 July~Sept. 1967 © 3 » AfElD £ multiplicity D total event, total count
DI ZO—F5fElE% 1000mb ZEIE L TR

CHBDERYHEEMBECAIE LD E (Kopama and IsHIDA, 1967) & HRIT L
THELTRBEMS Eledh. ThnbansdZ bk, E#EE (RkiE) Tk higher multi-
plicity @ contribution AKX\ Z & THBH. —RFEROBEDEYE 2L UL, EHRY
X FHEINCERTCHS. LHLECHMIVWSIICLY, —KRFHB 2 AL F - LK
multiplicity & DBIFENEBMCHATEHTHA 5. FHD multiplicity OfEiz Hat-
toN and CARMICHAEL (1964) DOHIEE 1.374£0.04 & —FK LT\ 5.

41. [EBR

FEEORRMELIALKRE <, MTFRIDOEHE, JUEDELTH S L D2 RKE .
K& CORRMZEILD ZHYD B3 72123 F OFE LR ) I ud7s Higy . # - CRIES
5 Y counting rate X KKEE ELCELLTWS. AILZREFORIKRGBZ LS
MAGBEIC X > T& ¥ 5T< 5. FBIVIT counting rate GREE) NI SELELBX 6p &3
5 ERATERDLEIND.

2 =exp (—pop)-1

2T B EGEMBEE LV, TR DT sea level Tk X% 0.7%/mbT
H5. @ B 1L counting rate & FDOHEHEIC ST 5 KREEDHEHENHRDOND . &
AR REL AR, mE, WIEHBILETC X - TR DN, MIEEBHETE
R KD TR b . RSXABDOKERNRGE T, 2kfEEx AV T E LA
R THAH. EH LI data (XA LHERRE Iz F 3N THW D, AIZ X - THBEHREN
D LL LW EIRFE L. X o TRS THEEKHO KER AR R 1o P EE 4 1R
FROSJER RGBT E UTEHALUTORINC AV 7. Total count 122\ T DK IERE&H
#00.76 £0.02% /mb %, fl DR #EEEH 5D super moniter D FERRIREL & B L TH 5 &,



x5 HRBOKENREGEE &HBHRE (Dead time & overlapping effect 1Zxi-4 A HIIEILME X AL T U 7gLs)
Table 5 Barometric coefficient and correlation coefficient uncorrected for dead time and overlapping effect

Multipheity Total Total
Month 1 2 3 4 5 >6 event count
g | v | B s | | 8 | r | B I Y T T
1967
Mar ( 68) 99 ( 87) 98 (9D 98 (95 95 (94 86 ( 87) 89 (73 99 YD) 99
Apr. (55 95 (69) 95 (7% 95 (78 8y (74 82 (79 8 (59 96 (62) 96
May (75 97| (8D 97 (9| 98 (94 97 (93 86 (8 95 (78 98 (8 98
June .70 96 83 96 86 96 88 94 89 . 86 84 89 74 97 77 97
July 72 99 86 99 89 98 92 97 93 .94 87 95 .76 99 79 99
Aug 69 99 81 99 86 99 89 98 89 95 86 95 72 99 75 99
Sept. 67 99 79 99 . 83 99 85 97 88 95 86 94 .71 99 74 99
Oct. 70 99 82 99 87 99 89 98 88 95 87 95 .73 99 76 99
Nov (62 98 (76| 97 (7 97 (79 94 (82 8 (8) 8 (66) 98 (69 98
Dec. 70 97 82 97 86 97 88 94 88 90 88 | 88 74 .97 77 97
1968
Jan. .69 94 84 95 89 94 83 86 96 78 89 79 73 95 77 95
|
Mean 70+ 01 82+ 02 87+ 02 88+ 03 90+ 03 87+ 02 73+ 02 76+ 02

Barometric coefficient
Correlation coeflicient

¢l

2HY

VE:HEE\[/ ° ﬂ:@

B )
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Table 6. The barometrie coefficients of the detected multiple
neutron components at Itabasht and Syowa Station

3 - NM - 64
Neutron monitor
Itabashi, 11 5GV Syowa Station, 0 5 GV
=1 55+ .01 70+ .01
= 2 67+ 02 .82+ 02
Multiplicity =3 73+ 02 87+ 02
= 4 73+ 05 88+ 03
=35 72+ 07 .90+ 03
> 6 79+ 06 .87+ 02
Total event 59+ 01 73+ 02
Total count 62+ 01 76+ 02

unit of % /mb

(National Commuttee for the IQSY and IGY, 1968)

Calgary, Canada 0.77%/mb  (1964)
Deep River, Canada 0.74 (1964)
SANAE, Antarctica 0.73 (1964)
South Pole, U.S.A. 0.75 (1964)

THHDO TR BOMEE RS E—FT5. Fhll, ZOfXBEMHG7. Zmulti-
plicity HEOKEZREFCEI L Tix, IGY-type &>\ T Dyring and SporrE (1966)
7%, IQSY-type 1o\~ Tix Kopama and IsHmpa (1967) 73k 4 KdDTu %A%, —igic
low multiphcity FEEEC X 225 (bA K E . 35 6 1M neutron monitor 12\ T 3k
DI LT BRREO NG, BANEH C ok 4 Oftiz 4. BRI TR D -G TN R EHEE
WiBL D RE\DILFEER) R B% % T reasonable THh%.
4.2. BZEA{L

W ETEMZ AL FEBBEILFECH TR bHFELE LT\W5. ZORE xS
THEE L TWANAEZ BTV, AR E RO QD /DIl 2 505, £ D
BRGE R A E SBEMRL T 5. IMLFHEEMCOFEMRD RGMHRGECEE D)%
METHDH ZOHEZRNDcD, JEMIEYR L 2FEED AFS(E% multiphcity
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Table 7

Ist harmonics

R 7 A LA NELOUKiE I S OMAN 4

Multiplicity

The Ist (a) and 2nd (b) harmomcs of dwrnal varation of multiple neution wntensities.

Total Total
Month 1 9 3 \ 4 >6 event count
Amp % Tmas |Amp | Tmux |Amp | Tuan | Amp | Toax | Amp | Tmwx |Amp | Tmax |Amp | Tmax | Amp | Toax
1967
Mar. 979 2018 391| 1938 262 2114 473 1828 — 393 2062 297 1989 295 19 72
Apr 3420 1952 394 1809 266 1756 319 2051 — — 1255 1889 344 1925 373 19 10
May 314 1491 343 1475 423 1380 377 1234 — | 36 248 323 1470 325 14 34
June 1100 17211 500 2013 59 114 119 9% 543 971 500 80, 82 17 54 49 18 77
July Los 1632 137 1647 205 1831 18] 1517 39 1497 3 1 1706 122 1654 142 1660
Aug. 153 1696 139 1536 306 1893 152 1431 107 2042 335 955 147 1662 139 1667
Sept 936 16022 245 1649 258 1727 166] 2065 214 433 337 2100 231 1644 216 16.74
Oct 183l 1401 253 1421 246 1480 230 987 718 1454 584 2043 197 14.17 206 14 40
Nov. 1720 2031 154 1800 219 1697 238 2026 108 151 445 2133 164 1991 169 19 58
Dec. 343 1798 436 1748 457 1712 369 1606 549 17 31| 104 247 3.63 17 77| 3.73 17 67
1968
Jan 308 1850 349 1945 276 1704 447 1754 123 1948 6 26 55/ 308 1864 304 18.83
x
Weighted 931 1748 221 17 12 22 17 18l\ 1 641‘ 1686 178 1452 2 69; 21 02 1 97:1 17 39 197 18 83
i |

4!

B2HY

FEELESNEE:

TR )



(b)

2nd harmonics

Multiphicity Total Total
Month 1 ) 3 4 5 >6 event count
Amp | Tmax |Amp | Tmax |Amp | Tmux |Amp | Tmax |Amp | Tmax |Amp | Tmax [Amp | Tmax |Amp | Tmax
1967
Mar. 22 989 125 7 48 43 5.32) 116 728 — —| 537 12,00, .28 847 .36 8.10
Apr. .16 2 34 95 96| .80 10 20 4 53] 10 21 — — 474 2 07 27 123 49 .15
May 95| 10 94 62 11.33 1 74 331 459 11 53 — — 301 423 .83 11.07 82| 11.31
June 1.26 1.75 44 86 1 04 9 43| 316/ 11.46 6 22 8 42| 2 39 1.26f 1 04 148 .76 .89
July 54/ 11 597 .81 226 157 2 44 49 524 1 38 699 275 6 35 43 .49 39 1.57
Aug. 35 11 64 16 34/ 111 862 119 480 1 27 23 2.20 8.03 .24 11.75 .22 10.57
Sept 73 9 94 77\ 1066 1 12 984 236 1105 5 41 982 .66 .91 .77, 10 03 96/ 10.19
Oct. 13 7 64 78 1 39 77 .58 32 84 326 1087 139 8.50 .09 11.34 .22 28
Nov. 83 2.11 74 57| 1.54 3 53 78 5 60 68 2 80, 235 3.53| .76 2,000 .74 2.25
Dec. 31 510 93 779 55 6 87 239 53| 3 44 69 2.32 9.71 .26 5.53 .18 7.64
1968
Jan 77 1117 27 6 70 1 95 10.96 2 31 861 211 4 07 5 90 535 58 10 80‘ 44| 10 42
Wg%g:]ed | 36/ 11 33 23] 11 91 18" 81 113 6 981 1 50!] 9 95 46 219 31 09\ 32 11 74
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Fig 6 Duurnal varatons ¢f neutron inten-

Tatal event sities observed in August 1967 as a func-

twn of multiplicity, where smoothed and

broken curves show the calculated 1st and
Total count

2nd harmonics, respectwely

IR % 17 7\, IR ORI E 2GR L 61220 — & LTI9674E 8 AD
4 multiphcity o A28 (k% 7x Lic Multuplhaty=1, 2, 3, 4 ¥ TI34ERM%AE L THA(L
DRI %7 16h—19h i ep LT w5 . Muluplicity =5, 6122 TIXREE D & TIHED
BB, MKEANI—T LT 7el. Lo LIRS 5 i, FEZE, muluphaty &4k
WCEML T 52 ETHD COMTOWTERFEC b LW fcdutte bicls K7

V= 45 DAR K Z & Rl Ao L7

4 3. Forbush decrease
UbRe S I - Cile & % Forbush decrease (FH B (X, AALZL AR 8 121747 )
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F 8 1967FFE@ X iz Forbush event
Table 8. List of Forbush decreases recorded in 1967.
Sudden Begmning r‘:‘lmql;ltrr?f ’rfllgerrﬁfm Recovery
commencement time of F D dax1 u ! time
ecrease decrease
(1) Apr. 4. 0304 UT 4n 3.6% Apr. 4, 152 —
(2) May 1, 1906 23n 50 May 2, 22~ —
(3) May 24, 1725 23n 92 May 25, 232 | May 3, 9
(4) June 5, 1914 June 6, On 48 June 7, 52 | June 11, 132
(5) Sept 19, 1958 21n 45 Sept. 21, 2» | Sept. 22, 1l»
(6) Oct. 28, 1638 18~ 45 Oct. 30, 1~ —
(7) Dec 29, 2224 Dec. 30, 15~ 37 Dec 31, O~ —
0.991
1 )4
I % ¥
l ) / 1.138
7
A

Multiple Event

/0602

Gradient

| %—>

Total Count

7 Forbush 4> event @ multiplicity

R
Fig. 7.

19674Ech D 7 | D45

Vanations of ntensities of selected

multiplicities relatwe to the total counting

rate wn the Forbush decrease events record-

ed in 1967.
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DEAERFLT D, 25D event IZ3s1F% multipheity effect #5832 =iz, 7 f
ZIEHLT, ToehoEarRdik. OB, % multiple event 70 total count iz xf
THEEGR & HZ L2 X 5T normalize L, »»2 sudden commencement DEZ|% + =
MELTT TR, M7 IZFORELY /R LIe, Zhand Forbush decrease®d &
7¢% multiplicity 1244 % dependence #4152 LT & 5. TRLCHDEHED gradi-
ent %, R7cHMEOPMFER & Ly, multiphaty & ngidity & & HEOF 5 2
EMTED ZOMKELTIWTRFELIRESR LS

(3) @ event (¥ ANMFEARD L DT, world-wide 1= decrease 733 b, FHFIZ storm
time increase 23 & T 5 Z W20 TERICiEGE 3T % (Wabpa, 1967) £ 2 Tik
Alert (82°30’N, 62°30’E, 0.05GV) @ neutron ntensity % Dst OFELEIZ LT, £ &D

Wig & 1770 » T\ D — R REE ST increase DL AR, EFEEC /e 512D

7 T T

Alert (82 3o N, 62°3o w) @ (b)

2% 12%
NWO

W

P — L e _J
524 8 529 [967 524 25 26 27 28 529 1967

8 19674 5 H24-288 @ Forbush (Hi7 event HrDififE AL

Fig 8 Varatwns of the newron wntensity on May 24-28, 1967
(@)  onigmal wntensiy (b)  corrected for the vanation at Alert
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AT increase 2 EHIL 2oL DANEED event 2 SDEAIERCTH LA, =D event D
W TR FRFNECHE T § Increase 7% multiphicity=4 FTit» X W B h T\, Multiplicity
>6 2o Ti, 1X- %0 Liz increase 25B Hh7cluy HIERREEEIS cut off OE(LAE
VICIRBEAIEERLT 0 5 B LN O BN S his DT, 5 ADFEZ OF 2 71T storm
increase D FNTHFHITE/oW—2D8kHL & 70 5. [ 81T May 24~28 @ Alert »
A OIS OME (a), ARFIMH O Rk FRUDEE & Alert DIy DRREE &
Dz (b) #/aR L.

5. woam & R B K

ELWEME IR SR E D 2D TOREE L, BEDOREME BTk L £ /Y
2L Lo LEERHER T OB data 12 FhAisufedic, 5k Deep River ok
TRREE & B iz L=, A%, Deep River ol & A UMM 7o » TV AuE, JLEER
WIEREDLE B L% 2 b s, M9 CRRUEHO % multplicty o0 A (2 BH1L
%3k Deep Ruver o 1Bl 2 MREIECE L-CH Lic. JEER, FREROEZ 25
R, HEHESEED X multiplicity=1, 2, 3 2T A LTI LT 5 &t

Muitiplicity =1 *

\\ Iz%
=&//\\;::::i:::::\\/’//‘
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) 4/\'\*/#4——Hd\\\
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Total count "‘\\//.,
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9 FEFNEHITOTEHRAFHEZEL L Deep River D & L

Fig. 9. Comparison of neutron wniensities between Syowa Statwn and Deep Ruwver.
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% 4lo T, MR WEN BFTFHEBBEDOLE(EZ MEL Tk B b K9
ML EIZLD energy response & B A5 2 EMmTE 5.

OB TL FHEBRMEEBXBL TV DL IANEL), ChETFETH -
375 D FEMRMEE OB LT DL TR BB AR /e h O odh 5 . fF kA Loday-
to-day D E T Ihbicdicit, BEIL L IVEE TCREME MESTLHE L X
hAHRETHD HCEMTIKRECEE)KE S FTOMIEC LRGSR 2 Kzt d
%

WERIU T EA LS sidv 2, FR X oo ST RO A KRE V. M
BV T HIDBROM S WiROBE Y 17c5 2 &b H b, ERILOAXT &L T
FXUDHLENHD.

2T, IHETCOME TEELOX, P%E X i multiphcaty 43472, 1LV multph-
caty i x D FFERHLTH0E50THL. U IO o0 Tkmd 2. WEES
e data ik multiplicity meter ® 4 — b % 1 4% lmseciZ L TME Lizny, —2D event
Ty bite 1 EL _ED neutron 2488 DI A S D 57D E5»TH b
Super neutron monitor 1IZ 2Tk 1.24msec T 98% 7 (CARMICHAEL et al., 1964) IGY
neutron monitor IZ 2\ Tl 1.6m sec Tz & A £100% 7> (DEBRUNNER and WAL THER,
1968) 7 ZOHIZ AL LI TW% bhbhdDr — k24 alk lmsec DT, Bich
monitor AL UNCILEIT B fCDITITHFIEA L EIT e 5 T B . F12DF — b 24 A%k
{FTHIELLHT, —2D event T LTELTRD event A D IATp L5 event
overlap Ot Z 2 iE2 H %5 5L 0.75msec D7 — MEXFEAT I Ll s To D
DOHFIER Mz 7ot data OFEA—FTL L LV HSMER LTS

Ll E= oD HIEN e X A fc it U T muluplicity meter % f§ L T S i 580,
B MANC BT % AERM A L 5 2 —MVEKRE RO LT Thu . 4 TOMT Tk
FOEOEEFE N EL IR T LOTHEBT L, FENSRREY T2 TETH 2.

L) = K e VE 7R MBS B 7 IS B S h Tk U T o data #h #-
feh, BIETOWAWADHR, iz OHHIEITH 42 BETi e ForTiel, fiins
X b3l 5 data BEUREGEOERM CHD  SHELEHIER N2 D THEIERIZ Olg
MAHZ LD Tt data OPE, RETICIXE PR ESE OKITAC 5090 M, H # {#i f
L7

#DiZ, Zo project ZHEHBEA R Ui LT Ao X » mRAMmEGOE K b o B LS
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PE9eRr, BIRKEMRE L OKIBE LREAE BN Licy. FRmERFET W E#E
WCHRDEE RIS o TWiEWie. & 8 IREEHIRE AR, &0 bR EHEY, B
BRI Y IR ENCH T TOIFE L EEX W W xR LEE L T5.
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