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                             Abstract 

   A multi-directional muon telescope having an area of 8 m2 was constructed 

in a tunnel with a vertical depth of approximately 50 m. w. e. at Matsumoto. 

Continuous measurements of cosmic-ray intensity have been made since April 7, 

1971. A preliminary report is presented concerning the underground site,  experi-

mental apparatus, and its arrangement, as well as some examples of experimental 

data obtained, and analyzed results of cosmic-ray daily variation. Counting-rates 

are 6 x 104/hr of vertical component for 8 m2 area at a depth of  —50 m. w. e., and 

3. 4 x  104/hr of N-component at  —42 m. w. e.,  0.  85 x  104/hr of S-component at  —92 

m. w. e. for each of 6 m2 area,  1.1  x  104/hr of E-component at  —65 m. w. e., and 

 1.  55  x  104/hr of W-component at  —53  m.  w.  e. for each of 4 m2 area, inclined at 

40° to the vertical. It is found that the observed phases of diurnal and semi-

diurnal vectors for five components are indicative of the extraterrestrial nature 

of the daily variation. The observation thus may provide an important infor-

mation on the modulation of cosmic-ray intensity variation. 

                          1. Introduction 

   Continuous measurements of cosmic-ray intensity have been made for a long 

time, extending back to 1937 (Lange and Forbush, 1948 ; 1957) through IGY, 

IQSY, and IASY, and have widely been acknowledged to provide an unique means 

for studying the electromagnetic conditions of the interplanetary medium. The 

measurement has been performed by means of various detectors and at different 
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eievations，　including　that　underground　and　in　space．　Neutron　rnonitors，　meson

telescopes　or　ionization　chambers　are　mainly　used　as　ground－based　instrumeRts

having　their　own　energy　responses．　For　instance，　neutron　monitor　detects　nucleons

whose　primary　cosmic－rays　have　an　effective　response　energy　of　abeut　8　GeV，

while　meson　telescope　or　ionization　chamber　has　its　peak　response　at　around　15

GeV．　Measurements　at　different　elevations　also　have　a　similar　situation　for

energy　response　；　in　space　a　direct　rrAeasurement　of　primary　cosmjc－rays　is

attainab1e，　thus　iower　energy　particles　（NIO－100　MeV）　predominate．　And　another

end　of　higher　energy　response　is　relevant　to　underground　measurements　responding

effectively　to　the　energy　in　the　range　of　100　to　1000　GeV　（Ahluwalia，　1971；

Dorman，　1957；　Peacock，　1970），　which　depends　on　the　depth．

　　　The　analyses　so　far，　on　the　basis　of　the　ground－based　data　have　mostly　been

m，ade　by　using　the　world－wide　neutron　monitor　data，　because　of　its　large　intensity

variation　due　to　the　lower　energy　responses，　as　well　as　of　its　precise　atmospheric

correction，　and　provided　much　fruitfui　information　about　the　modulation　of

cosmic－ray　intensity　variation・　The　data　of　other　responses，　e．　g．，　of　various

meson　telescopes　and　undergro岨d　detectors　are　also　used（Underground．　stations

are　listed　as　follows　；　Budapest　in　Hungary，　Chacaltaya　in　Bolivia，　Embudo　in

U．　S．　A．，　Hobart　in　Australia，　Kampala　in　Uganda，　London　in　England，　’llakeyama

in　Japan，　Torino　in　ltaly，　and　Yakutsk　in　U・　S・　S・　R・）一　The　analyses　of　these

data　revealed　other　aspects　of　the　modulation，　in　spite　of　smaller　magnitude　of

time　variation　due　to　higher　energy　response・　Atmospheric　effects，　however，

especially　temperature　corrections　of　muon　components　are　still　required　to　be

debated　at　the　present　stage．

　　　One　of　recent　remarkable　results　obtained　from　underground　data　could　be

referred　to　the　examination　of　upper　limiting　energy　of　the　modulation，　particu－

larly　of　cosmic－ray　solar　anisotropyt　lt　ls　shown　that　upper　limiting　energy　of

anisotropy　fluctuates　frorn　about　50　to　100　GeV　as　solar　activity　changes　in　the

11－year　solar　cycle　（Duggal　et　al・，　1967；　Regener　et　al・，　1968；　1970；　Ahluwalia

et　al．，　1970；　Kuzmin　et　a／．，　1970）．　The　higher　energy　response　of　the　underground

results　is　effective　to　reduce　large　background　variations　in　iower　energy　regions，

and　thus　to　reveal　the　prevailing　features　of　the　modulation　vLTithin　the　inter－

planetary　medium．

　　　Recent　analyses　of　soiar　semi－diurnal　anisotropy　in　lower　energy　responses

also　provided　important　informations　aboat　the　modulation，　particularly　of

cosmic－ray　density　around　the　regions　far　from　the　plane　of　ecliptic　（Nagashirna

et　al．，　1971；　Fujii，　1971；　Mori　et　al一，　1971；　Rao　et　al．　1970；　Lietti　et　al．　IE　69；

references　are　therein）・　Underground　data　might　give　a　definitive　point　for

determining　its　spectral　form，　especially　at　higher　energy　side　of　the　anisotropy

having　a　peak　intensity　at　around　50一一100　GeV　（Krivoshapkin　et　al．，　1969　；　Cini一
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Castagnoli　et　al．，　1968）．

　　　Also　the　study　of　so－called　sidereal　ti，me　variation　of　cosmic－rays　would　be

made　best　by　utilizing　underground　data・　The　observations　indicated　the　exist－

ence　of　sidereal　anisotropy，　and　also　suggested　the　probable　modulation　of　solar

origin　as　well　as　of　galactic　within　solar　system　（Sekido，　1971；　Jacklyn，

1970；　Nagashima　et　al．，　1971；　Nagashima　et　al．，　1971；　Swinson，　1969；　1970；

Ahluwalia，　1971；　Elliot　et　al．，　1970）．　lt　is　noted　that　internationally　cooperative

ten　years　observation　proposed　by　Ahluwalia　（1971）　to　measure　small　sidereat

variation，　with　high　counts　（一一105！hr）　muon　telescope　responding　to　higher　energy

（＞200　GeV），　will　be　greatly　fulfiled　by　the　underground　observation．　lnherent

low　counting－rates　in　underground　observations　can　be　covered　by　increasing　the

detector　in　size，　and　also　inherent　atmospheric　effects　can　be　removed　by　taking

adlfference　among　intensities　for皿ulti－directional　components　of　the　muon

telescope　（Nagashima　et　al，．　1971；　Murakami　et　al．，　1970）．　As　a　step，　a　multi－

directional　muon　telescope　having　an　area　oi”　8　m2，　one　of　which　couting－rate　is

about　6×104／hr　for　vertical　component，　was　constructed　in　a　tunnel　at　a　vertical

depth　of　approximately　FO　m　w．　e．　at　Matsumoto・　And　continuous　measurements

have　been　made　since　April　7，　1971．　A　preliminary　report　is　presented　in　this

work　concerning　the　underground　site，　experimental　apparatus，　and　its　arrange－

ment，　as　well　as　sorne　examples　of　the　data　obtained，　and　also　analyzed　results　of

the　daily　variation．

　　　　　　　　　　　2．　Experimental　apparatus　andi　its　arrangement

　　　　　　　　　2．　エ　　エ）escrif）tion　o．ズthe　under．around　site

　　　　　　　（a）　Location

　　　The　multi－directional　muon　telescope　having　an　area　of　8　m2　was　constructed

iR　a　tunnel　at　a　vertical　depth　of　approximately　50　m－w・e・　in　lriyamabe－district．

The　tunnel　is　about　5　km　southeast　frorn　our　cosmic－ray　iaboratory　of　Shinshu

University　at　Matsumoto　City　in　Nagano　Prefecture，　close　to　Mt．　Norikura　as

showR　in　Fig．　1　and　in　Table　1．　Matsumoto　City　is　characterized　by　low　temper－

ature　（一一一15　OC），　but　less　snow　in　winter，　and　also　by　reiatively　scant　rainfall

（1063　mm　of　average　annual　precipitation　over　thirty　years　1931－1960），　and　also

relatively　low　humidity　through　the　year．

　　　　　　　（の：Tlee彦unnel

　　　Photograph　（Fig．　2）　shows　a　distant　view　of　the　tunnel　area　taken　from　the

northem　side．　Over　the　hill　above　the　tunnel　there　ls　nothing　but　low　bush，　and

this　area　is　designated　as　a　forest　reserve一　Fig・　3　is　reproduced　from　a　contour

map　of　the　tunnel　area，　and　also　complemeRted　by　the　ground　survey．　Two

cross－sections　of　the　tunnel　are　lllustrated　in　Figs．4（a）　and　4（b）．　The
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eRt2”ance　of　the　tunnel　is　facing　north，　and　is　directed　along　a　line　of　about　300

with　respect　to　the　geomagnetic　north．　The　siope　of　the　hiil　is　making　an　angle

of　around　350　to　the　horizon　in　this　di－rection．　Another　ridge　above　the　tunnel　in

east－west　direction　runs　down　in　a　gentle　grade　（N70）　to　the　ground　as　seen　in

Photograph　（Fig．　2）．　The　tunnel　is　about　2．5m　wide　and　3　m　high　as　shown　in

Fig．　4　（b）．　Simplified　prefiles　of　the　absorber　material　above　the　tunnel　are

shown　in　Fi．cr－5　（a）　and　5　（b）　in　six　azimathal　planes；　150－1950，　300－2100，　4［J－O

－2250，　！200－3000，　and　！350－3150，　respectively，　with　respect　to　the　geomagnetic

north．　The曲ape　of　the　hm　above歳e　tunnel　is　not　so　simple　that　precise　depth

for　each　direction　such　as　vertical一（V），　northward一（N），　southward一（S），　eastward

一（E），　and　westwafd－direction　（W），　is　undeterminable．　This　fact　may　yieid

additional　compiexity　and　ambiguity　to　precise　determination　of　the　energy

response　of　cosTnic－rays　observed　at　the　underground，　and　thus　finally　to　better

interpretation　of　the　observed　results．　Here　an　approximate　depth　of　50　m．w．e．　is

given　to　a　vertical　depth　for　V－direction　as　shewn　in　Fig．　4　（a），　and　92　m．　w．　e．

te　the　deepest　depth　for　S－direction一　The　depth　for　each　direction　listed　in　Table

2　is　determined　not　only　by　the　ground　survey，　but　aiso　by　means　of　cosmic－ray
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intensity　measurement．　A　plastic　scintiliator　telescope　of　5e×50　cm2’　in　area　vLras

used　in　the　measurement，　with　various　ha亙f　openlng－angles　of±13。，十16。　and

±230　to　deduce　the　vertical　fluxes　（countsfm2esectester）．　A（｛easurements　are　made

at　various　positions　in　the　tunnel　as　well　as　at　outside　of　the　tunnel　（O　m．　w．　e．）

wi’th　zenith　direction　of　OO，　and　300　for　N一，　S一，　E一，　and　W－directions一　The　depth－

lntensity　curve　was　utilized　with　the　observed　results　to　detern　ine　the　effective

depth　as　given　in　Table　2，　and　the　estimated　error　is　less　tl’．an　590．　Two　iron一

’Eramed　hutg．．　are　constructed　inside　the　tunnel，　and　are　reofed　with　’thin　woeden

plates　（3　rrim　thick）　and　also　wkh　solid　sktyroi－faom　for　heat　insulation．

　　　　　　　（のExPerin7eidα／cof・zditions

　　　Tke　reck　above　the　tunnel　is　inostly　or”　fine　sandstones　wi’th　density　of　about

2．5　g／cm3，　and　a　thickness　of　a　soil　above　the　rock　is　10　cm　at　inost　with　density

of　2．0　g／cm3　（see　Fig．　r／））．　lt　is　not　so　easy　to　determine　precisely　the　average

amount　of　water　contained　among　rocks．　Some　indication　of　the　average　water

centent　at　t’he　steaCly　sta”L’e　may　be　guessed　from　the　folfowing　facts．　Eleavy

rainfall　of　about」　180　mm　in　total　quanti“，y　was　experienced　over　two　days　（120　mm

in　the　fiifst　day　and　60　mm　in　the　second），　after　a　long　period　of　dry　weather　ih

the　summer　season　in　September，　1972・　A　decrease　of　about　！　％o　in　the　cosmic－ray

ceunts　was　observed　in　the　tunneg，　which　would　be　due　to　this　rainfall．　Frem　the

depth－intensity　curve　used，　additiorltal　depth　of　rainfall　180　mm　to　50　rn．　w．　e．　wiil

be　expected　to　decrease　the　cosmic－ray　intensity　as　much　as　O．6－O．79050．　This

amount　of　decreag．　e　is　neariy　two－third　of　that　observed　in　the　present　heavy

rainfall．　Above　fact　woulcl　suggest　that　some　water　may　fiow　in　froixt　other　area

and　accumlate　around　the　region，　beneath　which　the　observation　was　made．　This

then　leads　to　a　conclusion　that　not　appreciable　amount　of　water　is　storerJ　among

rocks　ana’　soiis　at　the　steady　state・　Another　guess　about　the　constant　contains　of

the　water　among　rocks　”L’hrough　t’he　year　is　as　follews．　Constant　but　littl／e　water

is　coming　o－utt　from　the　roof　of　the　tunnel，　except　in　the　driest　and　frozen　winter

season，　and　this　may　suggest　ratlier　invariant　variatioirt　ef　the　water　content

among　rocks　with　time．

　　　The　temperature　in　the　tunnel　ranges　from　6　OC　to　一A3　OC　as　the　outside

temperature　chen．cres　in・　the　range　of　一15　OC　to　30　OC　over　one　year．　The　room

temperature，　however，　in　the　deeper　observation　room　sho’wn　in　Fig・　1i，　where　the

detecting　apparatuses　are　placed，　included　the　plastic　scintillators，　photo－multipliers

（abbreviated　to　Prvaj　hereafter），　and　preamplifiers　（also　abbreviated　to　Preamp），　is

maintained　at　22士2QC　through　the　year．　Similar　condition　is　also　kept　in　the

shallovtrer　recorder　roem　shown　in　Fig一　4，　wli－ere　the　electronic　circuits　and　the

recording　syst．em　are　set，　including　mainamplifiers　（abbreviated　to　Mainamp　here－

after），　coincidence　circuits，　mixing　circuits，　scalers，　punch－ceBtrollers，　recorders，　a

crystal　clock，　and　moiiitoring　apparatuses・　The　daily　variation　ef　the　temperature
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in　both　rooms　is　less　than　O．50C，　and　its　time　of　maximum　is　around　18　hr・

L．　Ti　This　range　of　the　temperature　change　will　produce　an　effect　on　the　cosmic

ray　counts，　with　the　observed　ceefficients　of　about　一〇．1　％／OC．　This　effect，

however，　can　be　neglected，　especially　for　the　case　where　differences　are　taken

between　the　intensity　variation　for　each　directional　component，　thus　the　atmos－

pheric　effects　result　to　vanish　in　this　case・　This　is　one　of　the　merits　in　the

present、cosmic－ray　measurement　with　the　mu正ti－directional　telescope，　which　has

already　been　demonstrated　experimentally　by　Nagashima　et　al．　（1971）．　The　hu－

midity　inside　both　rooms　is　also　controlled　within　65　％　by　raising　the　room

temperature　higher　（about　10　OC）　than　in　the　tunnel，　of　which　humidity　is　al－

most　100　％．　The　temperature，　and　the　huinidity，　as　well　as　the　atmospheric

pressure　has　been　recorded　constantly　on　the　pen－recorder　chart　in　both　rooms．

　　　　　　　　　2．　2　　AP1ウaratzes　and　密∫αη’αアzg（ヲ7フ．zent

　　　　　　　（a）　Plastic　scintillator

　　　The　multi－directional　muon　telescepe　is　schematically　shown　in　Fig．　6．　The

telescope　is　constructed　with　16　plastic　scintillator　detectors　in　all，　each　having

an　area　of　1　m2，　made　of　double　layers　of　upper　and　lower　arrays　of　8　m2　area

separated　verticall　by　125　cm・　The　telescope　consists　of　five　sub－telescopes，　and

NE．W．

400

一

　　　　ピ

・紳・

W
T
l
E

口 口 口

口
［
コ □

z

口

PM
DU補ONT

y5魑［
636喬 △△△

ゆ。㎝

　　　　　　　　　　　　　　　　　V

｣△△
開　S v

600c団
@　　　　　　PL閑TIC SC［NτししATOR

　　　　　　　　　　　　　　　　　　　　　　　　　　　50xsexscm

Fig．　6　Schematic　diagram　of　the　rnulti－clirectional　muon

　　　telescope　of　8　m2　area．　Upper　left　diagram　shows　a

　　　zenith　angle　extended　by　one　unit　of　the　detector　of

　　　1　m2　each　along　a　central　axis　for　each　component，

　　　and　also　upper　right　diagrarn　shows　its　azimathal

　　　direction　relative　to　the　geomagnetic　north　NG．

　　　Middle　and　bottom　diagrams　give　plane　and　side

　　　views　of　the　telescope，　ancl　plastic　scintillators　and

　　　photo－multiplier　are　also　illustrate（1．　Upper　and　lovv’er

　　　arrays　are　separated　vertically　by　125　cm．
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measures　tke　cosmic－ray　flux　from　four　slant　direct1ons　of　north，　sout｝i，　east，　and

west，　as　well　as　from　vertical，　witk　eight　vertical　two－foid　coincidence　te｝escopes，

six　north　and　south，　and　four　east　and　west　telescopes　（see　Tabie　2）．　Photograph

（Fig・　7）　gives　a　side　view　of　eight　detectors　of　lower　arrays，　one－half　of　the

telescope．　One囎lt　of　the　detector　of　l　m2　area　co11talRs　four　plastlc　sclnt王Ilators

of　50×50×5　cm3　Piastic　scintillators　were　homemade　in　our　laboratory’　Each

detector　is　viewed　by　Du－Mont　6364　PM　（5”　m　diameter）　mounted　at　tke　apex　of

the　iron　box　（15　mm　tkicl〈）　as　shown　in　F1g　6　The　shape　of　the　plastic

scintiilator　and　the　iron　box，　as　well　as　their　geometrical　arrangement　is　almost

the　same　as　those　used　by　Nagoya　University　Group　（Nagashima　et　al，　1971）　ln

order　to　u£ilize　as　much　scmtillation　hght　as　possible，　emitted　m　the　piastic　by

passing　through　cliarged　particle，　the　mside　surface　of　tke　box　is　coated　witlt

white－pamt　（Marme　Pamt）　havmg　refractive　mdex　of　about　O　9　Some　examples

of　real　counts　ckaractenstics　of　the　detector　are　shown　in　Fig　8　（　a），　m　whic｝it　real

counts　per　minute　measured　at　outside　the　tunnel　（O　m　w　e）　are　piotted　versus

supplied　high　voltage　Large　fluctuations　are　found　in　these　characteristics，

dependmg　mostiy　upon　PiM　，　for　exampie，　the　over－all　gam　for　the　detector　No　1

is　about　three　times　as　great　as　tliat　for　the　detector　No　3　As　uniform　gains

for　all　the　detectors　are　desirable，　the　applied　high　voltage　to　each　PM　is　adJusted

to　compensate　this　difference　m　characteristics　The　counts　at　the　plateau　m　the

figure　seem　to　indicate　reasonabie　omni－directional　countmg－rates　of　cosmic－rays

　　麟

織

嚇爽

鷹

職謙
騨

臨 御

Fig　7　Side　view　of　eight　plaftic　scintillator　detectoi　s　of　lower

　　　ai　ray，　one－half　of　the　telescope．

＊　Produding　apparatus，　and　also　producmg　mstruct！on　are　much　owed　to　Cosmic－ray

　　Group　in　Nagoya　University
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outsicle　the　tunnel　（O　m，　w．　e．），　showing　reasonable　cosmlc－ray

counts　about　10000　counts／min．　m2．　（b）　Coincidence　charac－

teristics　for　five　directional　components，　measured　at　the

observation　roorn　（vertical　depth　of　50　m．　w・e．）　which　show

different　countings，　clepending　upon　each　clepth　and　area．

An　arrow　indicates　applied　high　volat’ge　in　operation．
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（・vlOOOO　counts／min．m2），　which　would　be　expected　from　the　intensity　of　muons

and　electrons　at　sea　level．　lt　is　also　found　that　they　have　wide　ranges　of　the

plateau　in　the　curve，　about　100　volts　with　a　slope　of　一5　％／50　volts．　A

method　of　two－fold　coincidence　is　used　in　order　to　pick　up　the　cosmic－ray　signals．

Coincidence　between　pulses　from　specified　pair　of　eight　detectors　in　upper　and

lower　arrays，　which　are　due　to　the　passage　of　cosmic－ray　particle　through　the

plastic　scintillator　are　recorded　as　shown　in　Fig．　6．　Some　coincidence　character－

istics　of　counting－rates　in　operation　versus　supplied　high　voltage　are　shown　in

Fig．　8（b），　with　its　gradient　of　about　O・　02　％／5　volts　at　a　certain　bias　voltage

（2．5　volts）　of　the　discriminator　（see　（c）　Electronic　circuits）．　This　height　of　the

bias　voltage　is　chosen　so　as　to　select　as　many　signals　as　possible，　but　to　reduce

the　number　of　noises　which　produce　accidentai　coincidences　considerably．　For

simplicity　in　operation　the　bias　voltage　of　the　discriminator　is　set　at　2．5　volts

in　common　to　all　the　detectors，　and　a　littie　remaining　difference　among　detectors

is　further　comp1emeRted　by　fine　adjustment　of　applied　high　voltage．　ln　Fig．　8

（b），　apparent　differences　in　real　counts　can　be　seen　among　five　directional　com－

ponents，　having　its　dlfferent　effective　area　and　depth　as　tabulated　in　Table　2．

Owing　to　low　counting－rates　（NIOO－1000　counts／min），　these　observed　real　counts

are　contamiRated　with　background　showers　by　about　10　90　and　aiso　with　accidental

coincidences　among　noises　by　about　1　％，　depending　on　the　setting　bias　voitage　as

mentioned　earlier．　Long－term　drift　in　the　detecting　efflciency　of　the　detector

was　observed　to　be　about　一3　％　during　half　a　year，　which　might　be　dominantly

due　to　the　gain　decrease　of　PM．

　　　　　　　（b）　Mean　sensitivity　of　the　telescope

　　　As　described　in　the　preceding　section，　cosmic－ray　measurements　have　been

made　for　five　directional　components；V一，　N一，　S一，　E一，　and　W－coエnponents．　It　is

of　prime　necessity　for　the　following　analyses　to　know　the　effective　directions，　as

well　as　the　effective　depths　for　incoming　cosmic－rays　to　above　five　directions　at

the　underground．　This　can　be　determined　by　considering　both　geometrical　ar－

rangement　of　the　telescope　as　shown　in　Fig・　6，　and　geometrical　shape　of　the

absorber　material　above　the　telescope　as　also　given　in　Fig・　5・　Mean　directional

sensitivity　which　inciudes　radiation　sensitivity　will　be　further　caiculated　under

an　assumption　of　the　zenith　distribution　of　cosmic－rays　observed　at　the　under－

ground．　By　using　both　mean　Sensitivity　and　the　depth－intensity　curve，　the

effective　depth　for　each　direction　will　be　derived・　，　The　detailed　calculations　are

now　in　progress，　and　the　resu｝ts　wlll　be　presented　in　near　future．

　　　　　　　（　c　）　Electronic　circuits

　　　Electronic　circuits　are　deslgned　in　a　similar　fashion　to　those　used　in　the

multi－directional　muon　telescope　at　Mt・　Norikura　and　at　Nagoya　University　（Na－

gashima　et　al．，　1971）．　Front　view　of　one　of　the　panels　of　the　electronic　circuits
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is　shown　in　Photograph（Flg．9）．　Tra・nsistbrs　are　used　in　almost　a且of　the　circu圭ts，

and　any　malfunctions　of　the　circuits　can　be　fixed　by．　changi．ng・a　spare　plug－in

board．　Block　diagram．of　the　electronic　circuits　is　given　in　Fig．．、10．．Electronic

pulses　from　the　anode．of．　PM，　produced　by　scintillation　Iight　from　the　plastic，　are

amplified　with　Preamp（～10　db）adjacent　to　PM　in　the　scintillator　box　and

sent・into　the・next．．　stage　of　Mainamp．　in・the．recorder　room　thr’ 盾浮№?@an－eエnitter－

follower　in　Preamp．and　a　long　coaxal　cable（～30　m）：High　voltage　applied　to

each　PM　is　in　the　range　of　700　to．1100　volts，・depending　on　each　PM　character－

ist呈cs，　with　coarse　and・fine　adjustment（see　Fig．10）．　After　amplified　with

Mainamp（～50　db），　the　output　pulses　are　fed　into　the　next　stage　of　the　dis－

criminator　which　cuts　off　dominant　therma1・noises　in　PM　withユow　pulse　height

（Fig．8（a）），　and　then　sent　into　the　pulse．shaper．　The　resultant　output　pulses

of　about　10　volts　high　and　about　O2　microsecond　in　width　are　introduced　into

the　coincidence　circuit　with　resolving　time～0．3microsecond．　After　mlxing　the

outputs　frorn．theゴ．coincidence　for　each　directional　teiescope，　the　pulse　is　then　sent

into　the．．scaler，　a’nd　finally　to　the　recorder　system，　In　order　to　get　a．better

recoガding　of　the　signals，　two　kinds　of　recording　apparatuses　are　used　and　com－

plemented　with　each　other．　One　is　the　tape－puncher，　and　another．　the　telephone－

register（see　Fig．10）．　Cosmic－ray　counts　from　five．directions　of　arrivals；V一，

N一，S一，　E一，　and　W－direction　are　r…ecorded　separately　ln　four　figures，　together　with

date　in　six　figures．　Both　apparatuses　are　controlled　by　the　crysta正clock　having

prec圭sion　better　than　±　1　second　per．day，　through　the　punch－controller．　For

monitoring　the　electrOnic　circuits，　inc！uded　PM　and　high　voltage　supply，　three

channels　of　the　output　signals；two　single　coun’ts　of　upper　and　lower　arrays，　and

one　their　sum　are　traced　consLantly　on　l：he　pen－recorder．
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　　　　　　　（　d　）　ITIfz・t－lti－directional　mz・ton　telescoPe

　　　The　multi－directional　muon　telescope　has　some　advantages　for　the　elimination

of　contaminations　from　inherent　atmospheric　effeets，　background　showers，　noises，

and　also　electronic　disturbances．　For　the　observation　of　cosmic－ray　modulation

the　intensity　variation　due　to　atmospheric　effects　should　be　removed・　However，

in　view　of　the　fact　that　the　correction　for　temperature　variatien　is　not　so　precise

and　practical，　due　to　the　fact　that　the　data　of　the　temperature　in　higher　atmos－

phere　is　net　available　en　the　heurly　basis，　the　following　method　would　be　ene　of

those　preferred．　By　taking　difference　between　relative　intensity　variation　in

percent　for　any　pair　of　i”ive　directional　components，　differences　are　regarded　as

the　ones　which　are　almost　insensitive　to　atmospheric　effects，　under　the　assumption

of　a　similar　atmospheric　condition　between　t’hem一　Also　resuitant　differences　are

free　from　cemmon　unknown　background　showers，　noises，　and　also　electronic　dis－

turbances．　Differences　further　cancel　the　isotropic　variations　common　to　these

components．　The　merits　of　these　differences　have　already　been　shewn　effectively

and　successfully　in　the　analyses　of　cosmic－ray　solar　anisotropy　（Nagashima　et　al．，

1971　；　Fujii，　1971）．　ln　addition　to　above　mentioned　merits，　the　multi－directional

telescope　can　further　make　the　directional　cosmic－ray　measurements　at　the　same

time．　Such　multi－channel　data　thus　mal〈e　possible　to　determine　the　nature　of　the

intensity　variations　at　one　station，　and　may　provide　more　infermations　about　the

moduhc　tion・

　　　The　telescope　of　6　m：’　area　was　compieted　on　April　7，　！971，　and　the　observa一

Table　2　Characteristics　of　multi－directienal　muon　telescope　50　m．w．e．　underground．

Coniponent

Upper
Single

Lower
Single

V

　　　　　　　　i

Center　　　｛Observed
　　　　　　　　　
direction　　　COunting

（Zenith）
　　　　　　　　　Rate

　　（。）　　　1（×10cYhr）

　　　　一　　　　　　3Q
　　　　　　　　l

　　　　　　　　に1…閲’

Standarcl

Error

　　　o

（％fhr）

Barometric
I

l　Coefficient
i

I　Bx：
I

il　〈％／mb）

：

Number

of　Sub－

Telescol）e

Depth＊＊

O．　18

o

N 40

30

s 40

E 40

W 40

6，　O

3．　4

O．　85

1，　1

1．　55

（ln　．　w．e　．）

O．　18

O．　41 一〇．　05

O．　54 一〇．　O：1

1．　08

O．　95 一〇．　Ol

O．　80 一〇．　03

8

8

8

6

6

50

q－2

92

困
寸

4

65，

53

　＊　provisional

＊＊　determined　by　cosmic－ray　measurement．
　　　5　％　（see　2．　1　（b））・

Estimated　error　is　less　than
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tlon．　was　st・arted　by　that　lnstrument．　gn　August，　the　remaining．　part　of　t’he

te！escope　was　added，　and　continuous　observations　with　an　area　of　8　m2　have　been

made　since　August　2，　1971・　Cosmic－ray　intensity　frem　five　different・directions　；

V一，　N一，　S一，　E一，　and　W－directions，　are　punched　out　on　the　paper－tape　once　every

l｝our，　anL｛　sirnultaneously　on　the　te！ephone－register　which　is　photographed　by

camera．　Average　counting－rates　for　’five　directional　components，　together　with

their　central　direc“．ions　of　view，　iiumber　e’iC　sub一’telescopes　contalned，　barometric

coefficients，　and　effective　depth　are　summarized　in　Tabg・e　2．

3．　Exp．　escgtwemtaE　diata

　　　　　　　　　3．　1　Observed　daLZa

　　　One　exainple　of　tl’lte　observed　intensity　variation　for　five　components　without

corrections　for　atmospheric　effects　is　plotted　in　Fig・　！！，　together　with　some　of
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Fig．．11　The　observed　intensiity　variation　for　five　dir：sctional　components　durin．ff．

　　　September　15－28　in　1971，　without　corrections　foy　atmospheric　effects．　Also

　　　plotted．　are　those　for　difference　components　taken　be“Lween　above　components，

　　　and　atmospheric　pressures　at　the　bottom　（plotted　inversely）．
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Iig．　12　The　daily　i’ntensity　variation　for　five　directional　components　from

　　　April　to　August　in　1971・　（a）　The　monthly　daily　variation　and　the　mean

　　　intenlsity　for　five　months．　（b）　The　averaged　daily　variatlon　over　five

　　　months　（April一一August）　for　four　directional　components，　ex．　cluding　S－com－

　　　ponerrt　owing　to　intermittent　connection　failures．

those　for　differen，　ces　taken　among　them　for　the　period　September　15－28，　1971．

Atmospheric　pressures　plotted　in　JL’he　figure　have　been　obtained　from　Matsumoto

Local　Meteorological　S．tation，3．5　k皿far　from　the　underground　cos盃。－ray　station，

The　rr．　ionthly　averages　of　the　daily　intensity　variation　from　April　to　August　for

four　directional　components　are　given　in　Fig．　12　（a）．　ln　the　figure　for　S－com－

ponent　oniy　the　variation　in　August　is　she；wn，　owing　to　intermittent　connection

faigures　in　coaxal　cable　and　connector　up　to　July　31・　ln　Fig・　12　（b）　the　averaged

daiiy　variation　over　five　months　（Aprii－August）　is　demonstrated　for　four　direc－

tional　componenLLs，　which　is　left　uncorrected　for　atmospheric　effects．

　　　　　　　　　3．　2　Ana／Nsis　of　data

　　　The　barometric　coefficients　are　determined　provisionally　fer　each　directional

component　in　the　present　observations，　and　are　compared　with　the　results　obatined

by　other　authors．　As　shown　in　Table　2，　the　coefficients　are　variable，　depending

upon　the　effective　depth．　They　seem　to　be　reasonable，　based　upon　a　simple

theoretical　argument，　that　is，　for　a　depth　of　40－v　50　m．　w・e．　the　coefficients　are

approximateiy　一〇．04NOD5　（％／mb），　and　for　60一一70　m．　w．　e．　the　coefficients　一〇．03

NO．02　（％／mb）．　The　coefficient　becomes　smaller，　the　greater　the　depth，　and　is

in　good　agreement　with　the　results　observed　by　other　authors．　For　a　depth　of　60

一一
V0　m．　w．　e．，　BRti　一〇．　037一一〇．　045　（％／mb）　（Cini－Castagnoli　et　al．　1968　；　Dutt　et　al．，

1965），and　for～40　rn．　w．　e．β：一〇．04ん0．06（タ6／mb）（Fenton　etα1．，1961；Sandor
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et　al．，　1962　；　Thomson　et　al．，　1971），　suggesting　the　present　ebserved　data　might　be

reliable．

　　　　The　observed　data　during　five　months　（April　7　一　August　31，　1971）　were　har－

monically　analyzed，　and　the　preliminary　accounts　of　the　anisotropy　will　be　given．

Monthly　first　and　second　harmonic　vectors　of　the　daily　variation　are　derived　for

four　directional　components　；　V一一，　N一，　E一，　and　W－components，　excluding　S－com－

ponent，　and　aiso　for　the　difference　intensity　variation　taken　among　them．　Fig．　13

（a）　gives　summation　harmonic－dia1　of　the　mofithly　diurnal　vectors　for　V一，　N一，

E一，　and　W－components　from　April　to　August，　1971，　and　in　Fig．　13　（b）　their

averaged　vectors　over　five　rnonths　（April－August）　are　shown．　Fi’g．　13（c）also

demonstrates　averaged　difference　diurnal　vectors　taken　among　vectors　plotted

in　Fig．　13　（b），　together　with　those　ol）served　at　Mt．　Norikura　for　the　period
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｝’H’ig．　13　The　diurnal　vector　of　the　intensity　xra’hriation．　（a）　Summation

　　　harmonic－dial　of　the　monthly　mean　vectors　for　four　components　from

　　　April　to　August　in　1971．　（b）　Averaged　diurnal　vectors　over　five

　　　months　（April－August）　for　four　directional　components．　Attached

　　　errors　are　taken　from　each　counting－rates．　（c）　Difference　diurnal

　　　vectors，　for　six　components　derived　from　above　four　vectors，　and　also

　　　shown　difference　xr・ectors　observed　at　Mt．　Norikura　for　the　periocl

　　　l968－1970．
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1968－1970　（Fujimoto，　1971）．　Flgs．　14　（a）　and　14　（b）　also　give　the　semi－diurnal，

and　tlie　differences　between　semi－diurnal　vectors　for　four　directional　components，

together　with　those　at　Mt．　Norikura　（Fujii，　1971）．　Error　circles　attacked　in　the

figures　are　taken　from　counting－rates　for　each　component．　The　data　are　cor－

rected　for　atmospheric　pressures，　using　common　coefficient　一〇．03　（％／mb），　but

left　uncorrected　for　the　temperature・　Difference　vectors，　of　course，　are　free　frem

such　attmospheric　effects　as　mentioned　earlier．
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rt　ig．　14　The　sem．i－diurnal　vectors　o／f　the　intensity　variation．

　　　（a）　Averaged　semi－diurnal　vectors　over　five　months．

　　　（Aprii－Augut　t’）　for　four　directiona！　compenents．　Attached

　　　errors　are　taken　from　each　counting－rates．　（b）　1）ifference

　　　semi－diurnal　vectors　for　six　compc；・r，ents　clerived　frorn　above

　　　four　vectors，　and　also　shox4in　di’gference　vectors　observed

　　　at　INilt．　Norikura　for　the　period　1968－1970．

iH

　　　Ii－rst，　as　for　the　cosniic－ray　soL2－r　diurnal　variation，　it　is　found　that　each

monthly　vector　moves　persistently　frem　month　to　month　as　shown　in　Fig．　13

（a）．　And　averaged　vectoi’一s　are　statisti，call；v　significant，　in　which　each　vector

has　an　amplitude　more　than　two　times　of　tl　e　standard　error　as　plotted　in　Fig．

13　（b）．　Further，　difference　vectors　in　Fig．　13　（c）　can　be　clearly　seen　to　be　in

good　agreement　with　tbose　observed　at　Mt・　Norikura　for　the　period　1968－1970．

Second，　Figs．　1－4，　（a）　and　14　（b）　sl　ow　that　the　observed　vectors　for　the　semi－

diurnal　variation　are　also　consistent　with　those　ctbserved　at　Mt．　Norikura．　At　a

glance　in　these　figureR．．，　observed　phase　relations　among　components　are　reasona－

b］e，　1，n　view　of　their　asymptotic　directions＋　Observed　phases　for　both　diurnal　aRd

semi－diurnal　variations　of　W－component　are　latest　among　them，　which　are　15．5

hr　and　3．8　hr　L．　T．，　respectiveiy．　And　V　is　next　for　both　vari’ations，　observed　at

12．4　hr　and　O・6　hr　L．　T，．　Phases　for　N　and　E，　however，　are　obtained　at　11－5　hr

and　9　hr　for　N，　and　10　hr　and　8．31r　L　T．　for　E，　respectively．　This　relation
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between　them　is　found　to　be　rather　inverse，　but　within　error，　based　upon　a

simple　account　of　asymptotic　directions，　and　this　is　probably　due　to　paor　stati．stics

as　shown　in　Figs．　13（b）　and　14　（a）．　lt　is　not’ed　that　these　observed　phases　are

indlcative　of　the　extraterrestrial　nature　of　the　daily　variation．

　　　A　preliminary　examination　has　been　made　concerning　with　the　nature　of　solar

anisotropy　in　space，　which　would　be　responsible　for　the　observed　underground

variations．　Least　squares　methed　and　also　x2－test　（chi－square　test）　were　utilized

in　a　similar　manner　already　used　in　the　previeus　analysis　of　the　neutron　moni－

tor　data　（Mori　et　al．，　1971）．　ln　th，e　preR．．ent　case　the　standard　errer　is　taken　from

t’hose　for　counting－rates．　The　expected　variations　were　caiculated　by　assuming

the　power－type　spectrum　Prr　for　the　anisotropy，　with　Dorman”s　response　functi，on

（Dorman，　1957），　and　also　vvTith　asy．mptotic　clj，rections　calculated　by　Kondo　（1966）．

One　case　was　obtained　provisionally，　where　1・“一v－O．5　and　the　source　direction　is

about　12．5　hr　L．　T．　for　the　diurnai　anisotropy．　And　r一一〇．　O　and　its　di．’ection　lies

at　around　O．7　hr　L．　T．　for　the　semi－diurnal　（inisotropy，　respectively，　which　give

minimal　x2　values　or　minimai　sum　of　the　residuai’s　fer　the　differences　between

the　observed　and　expected　variations一　These　results　are　still　required　to　be

examined，　because　both　anisotropies　are　somewhat　different　irom，　but　de　not

appear　to　be　inconsistent　with，　t．hose　whieh　have　already　been　obtained　by　the

telescope　with　lower　energy　responses　（Nagashima　et　al．，　1971　；　Fujii，　1971　；　Fuji－

ip，oto，　1971）．　Fi．nal　analyses　wili　be　made　by　determining　precise　effective　depth

and　direction　for　each　component，　and　further　by　accumlating　the　observed　data

as　much　as　possible，　at　least　one　full　year・

4．c繊。睡s量⑱薦

　　　A　multi－directional　muon　telescope　having　an　area　of　8　m2　was　constnicted

in　a　tunnel　with　a　vertical　depth　of　approximately　5e　m．　w．　e．　at　Matsumoto，　and

continuous　observations　have　been　made　since　Aprll　7，　1971．

　　　From　the　above　results　and　discussions　i‘L　TrAay　be　concluded　that，

　　　（1）　Reliable　data　are　obtained，　and　the　derived　baremetric　coefficients　are

in　good　agreement　wit．h　t’hose　obt’ained　by　other　authors．

　　　（2）　Prelirni’nary　accounis　of　solar　anisotropies　suggest　that　the　observed

phases　for　diurnal　and　serri　ii－diurnal　vectors　might　indicate　the　extraterrestrial

nature　of　the　variation．　The　spectral　dependence，　determined　by　the　present

underground　data　is　found　to　be　somewhat　di’fferent　from，　but　does　not　appear　to

be　inconsist’ent　with，　those　w’hich　already　obiiained　by　the　telescopes　with　lower

energy　responses．

　　　Further　investigations，　especially　of　spectrai　determinations　for　semi－diurnal

anisotrepy　are　no“r　in　progress，　and　the　results　will　be　presented　elsewhere．
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