I AINF — « —RFHBERNFOEH
—HECRO 81 7V X a2 — 712 & 2 HIE—

BHE 2T EHEFE - MR TR

WRE BT - =R Otsh' < BFR JTfE"

FEH ™ - FE AR A
(1985 4 6 A 20 F523%)

Observation of High Energy Cosmic Ray Heavy Particles.
—Results of Observation by HECRO 81 System onboard B 50-17—
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Abstract: Observation of high energy (>8 Gv) cosmic ray heavy
particles has been made by HECRO-81 system onboard B 50-17 bal-
loon on Sept. 30-Oct. 1, 1981. The detector system consists of two
Cerenkov detectors, one plastic scintillation detector and 2 pairs of
crossed MPPC (multi pipe proportional counters). It has a geometric
factor of 6000 cm?str. for triggering coincidence between solid Ceren-
kov and plastic scintillation detector. Information on the position of
particles passing through the telescope was obtained from the output
of MPPC’s with an accuracy of about 1 cm, for a part of the solid angle
with the geometric factor of 3300 cm? str. About 126,000 events were
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recorded by this system during 28 hours while the atmospheric depth of
the balloon was between 9 to 10 g cm™.

The design and performance of the detector system onboard the
balloon and data recording system at ground are described. The
observed pulse heights and track position information are organized
into 14-30 words of 21 bits each, and sent to ground via 1.68 GHz
transmitter with 16 Kbps PM/PCM subcarrier. Once every seconds,
monitor information including the attitude of gondola, atmospheric
pressure, temperature, high voltage monitor and counting rates of each
detector was sent to ground through same telemeter channel with 21
words of 21 bits each. Received signal was recorded in digital casette
magnetic tapes after demodulation and decoding by a micro computer.
Also operating conditions of the onboard system was monitored by
CRT displays using another micro computer.

The chemical abundance of the primary cosmic ray particles
heavier than Boron was derived from the observed pulse height distri-
bution in the plastic Cerenkov detector. The results from all events
taking account of the path length distribution are compared with that
derived from selected events in which the path length in the detector
was determined from MPPC data. Both results were found to be in
good agreement with other results previously obtained. The depen-
dence of the chemical abundance on the particle energy was also
studied. The information on the particle path from MPPC is used to
determine the incoming direction of the particle in geographic coordi-
nate. This in turn can be used to fix the lowest rigidity for a particular
particle from the knowledge of the geomagnetic cut off rigidity for this
direction above Sanriku Balloon Center. There appears some indica-
tion of higher flux of even charged nuclei relative to the odd charged
nuclei at higher cut off rigidity.
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UNEET 221EE L EESHENR S, VSEEOTEY, FMTE B2 Be
DIRZRFHBE AR DAL ORERER 0 & FHB Y7 DRI, 5 HERAFLE+ 2
CORHZHEENK S, COMELZRET S 2 L0k D FHESOBE, NMEEHE, S5k
BORZIZODWTOFHY MBI B,

PLER7: BRI RIS, —RFERBICZDEOETFHKICONT, (L2HER SR EL
DHEDE L ATHbH TR, ZOFFED B FEESAZEICA > TRT, ASH
DR T LERT 2 LATORETORESLET, KEHKS L BRREERZD AT
BELBEIERSNS, YIICREFEERSEL L TRV SNT, Z0BREED
BB DA IZ L % Counter Telescope HRMBFH VSN T W2, EFIZE L L TR
B, ZHEASRFCER SN REBITE - T, BIZEL T 20 F — 488 (10°~10° eV) T
i, FITREESOBEL/BRENME ATV [1],

Ll 10°eV BLETR, HEHBEORE T — 5 »4 7% <, HEAO—3 1z & 3 fl5E i B
BonTway, BUEOIAVF B TOME - GIEBELZHRT 210225+
Fw»z2 e,

KL F ZOBREEROT TEVEVIANF FERTCOFEEOEER, =21 F—
DARFEOREERIE 2 5HE L 72, %37 1978, 80 412 2 [HIC b 7> > T MICS (Multi Ionization
and Cerenkov System) D70 + & 4 ZE2 W EBR R 1T 572, ZOREIZOWTIZE
ICHIRE (2] 21T > T B0, W-EEF =L > 3 7RHEBIZE 5T 10° GV U EOKF
DIEFHKERD 2BICHINL 72, ZORBRICEVWTRDAF v 7 LTCEIR T AL F—
FEEED, XAEHREOBORHEY X7 ADBE L RSB D 5 i,

CORHES AT L LT, BHEENCIZ 100GV L EOBEREEEE LTw3 28, 20
BIZFRBORHBELEL T 2O THEIFLEL TNV A —FDT LR a— 73R 2
DOMRERBR Z DT >10"° Gv SEEOLFHEORERTH 3B Lz, 2OV A5 Al
HECRO (High Energy Cosmic Ray Observation) & ®i3h <m0 EE L 1981 £ 9 A 30
H—10 A 1 HiZ B50—19 OGRERICEEK L TiTh -7 4 DT HECROSL L ATV 2, [
TR COEBROZR & BREERICOWTHE T 2,

1. RHBXT 4

(a) # L2

HECRO—81 AR Y A 7 AR 1 WW/RTHEET, 754 PRI ZONES 10cm B
DAFZATT7 4 —LTHA, NEEICIEEE 20cm DER2DF 720 TLEDKA S 231 1
TmX1.7mX2.2m &%, NTRAMEROIY AT LAOERIL 291kg Thot-. 20K
HER S 2 7 AIRO 4 EORHB L HESE THRKRL TWa,

(1) WhF v >a7%mEsE (LIQ)

LIQ 3 EE 80cm, EX 1.5cm OFBICHAESNRE (7uos—KY E—2) 2 Ah,
EERICS0 umBDO YA T —BEM- 2 DEERE 90 cm B & 46 cm DEEER D EKIIZ
FELThs, [EFHONEIE BaSO, 2 F AL T2 B0 REEE2HOBRE 8 S LE
BN 12 ADNEFEEE (M7 + b =2 X «R877) WO DI TH2,
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(2) BEEF v > a7¥%mHsE (PLS)
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r PLS #SEARICNA L7 (F& LT LIQEHEOEHOR#ES X 2) OTLEHD
MPPC + PLS L ORIRAL L 2 W iE> T MPPC &% % LK « MAEAIE 3269 cm’str
riebh, &R0 A4 Ny ORI BULRISEE Sk, (K3)

SERICEEH L REES S OESIR, #EF — Y NEEEC Lo TIEREh, HEANEZ
1680 MHz D7 L A — % 2B U TRES NI, EEICY > TiZ 16,384 Hz © PCM %K
FEHREBFEEAL, 1207 =5 1E21 £y b TI3~3TEOAEREATHS., 77
I 3FEEH Y, 1M 1EESNS PCF—%, 7 VAI—7%2@RBLIKFOD M) F—
w2 PHF—%, Bcibhrona~vr NcihiThbh 2 EREEHRD CAL 77—
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(b) #HHB[OMEE, ¥R

LIQ, PLSOF = v > a 7¥BHEBIZOWTIE, MICS TEICEEDH >72 0 D% KE
EL72bDTH 23, RMTOEBEMUEIC L ZZNBEOIEY—ME2HEKL 2B T 520,
FROMHEIC 120° B 2 B - EEFEEE (PM) 3EOE %2 1L LT 1 7 OERH
EIMIESE (CSA) ICANT 3, #->TLIQiZ4%, PLSE 27 DKEEHREr 5L 2HLR
5, SCLIZDOWTHIUAROERB/ONAKRLEO27DPM 2 1#HELT1 7D CSA KA
NLE-ST2rOEEEERZES. PM 1#HOH 1% PM OREL S DNEFEICHE T
%k LIQ, SCI THHEDEHER F (n8>1) 2DV THL 347, 20 7 LHESIN 2, n(E
FER)IZLIQT1.26, PLST1.497C, FxlLYa7X%2HTERY > @&z E%1.9,
1.557% 5%, nB>l DRFOHTHED 1/2 12k /B Y D EBEIZFKL4,2.5GV L4k 5
BERE EZEOMBEISINOERR I3 8 GV U ETH 2 O T—RFEHHFIF 12DV TIRIZIZH
B (2) OD2FICHAILIAENBSNS,

SCI 3EEIHES THERALD, F L va7RHBICH L TIHUEREWHEXELE
T52DC, PIA—HERTI2EMEBDCEHTHS., Forvra7BmEBLERIVER
IALVF =220 DT, BZAIVF—RFICLERERESVEATIBNLD BH, —
RFEHERICOWTIRIZIZ 22 KHBIL I EBBES NS, > TPLS LHBSE TN A —
WKHHAT 2 42, HEOERDS 2z 2RET BRI DB .,

MPPCiZDW T3, TVAI—72@EBT 2R FORBLREL, SREBNORBE
WKEAEBOEEZMET 2DREAAREEDTH S, LrLSEOKIZKE RERD b
DERoN-ER(—E10kg i) TERT L HEL L THSEEROL DL, 1A
DOHBFHBEEZ 1cm AOT NV I8 7T, 20OFLICESOpm DERA Y Fo ¥V T AT
MEK2100g DERNITER->TH S, TOFKO Ik 500 ML OEHZEL TEHEER
(1600 V) i85 L, b I3 470 pf OEE > F > 4 28U CHBEHFBIEEICESE ST
W3 (K4), HEFEREIE 2=23.6 DRF1E 2 TEEICEB L 7-BRHICIER 20 usec DT 4
VINNNVARBITEHDTH S, > THRFORIFIZE0.5cm OEETED 2FHL
Hik2, B z ODRERZRFIIDOVWTIE, MLE, REBEFRELERTIBIC2KRET
WCHBHKE LRI AVF 25 2T d—ray 2REL, INPEORBLANCES2H THE
ENEL S, LErLEARBRICES L 2220 DRFTHERDEND IZ4cm BRE T,
MPPC 7 — % OFFTHTALEIC L D RO R EEE L 2220 KL Tb+1.5cmBE L&
o7z, (FEMIESCRR[3] e F ).

(c) #L7—5UNBOFH

BREBELSDESRINS CRTEFERICLI-TF—FIcttvond, EERERF
DL TIEE 6 IR THEIC 2 BRRE DR (X 40, X10) DR OH N2 EEORE ST L
STYOHZTI2EY +OEESE (ADC) K AFLHEIO 710 By b 2EHL 7.
> TEETIX 4096 F v A VO FERAHTIHE Y L 7218 LIQ (4), PLS Rk SCI (%
2)H8F v ANESNSE, IOEBERII NI —EE (FHRA NV M XEKERFS)
Wl o THREBINS N, ZhL[ERICMPPC OHRTESDH -7z WIRE OfIBEFE#RL 8
Az 1L LT1IEB4HEB NS, Zoftica >y F o0 hA%2HI% GA (X, Y 2#H)
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MRHBORBEZFDOEEE=F—T58, XA T - FNERHOIERIEGESHESR%
LIQ, PLS, SCI 0EBOHFRICED DF, i E»rospa~= > R T1/8 MR T 8 BREDE
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WK ZDESOE#EYF =y 7 2 AR REALLE, 7 OBRIIEEOPH 77— &
R L% 5,
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[P H. I il 10 BUS LINE
NI HIGH BITS j

MO
l_ HIGH P Y LATCH
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HECRO-81 TELEMETER FORMAT
1. PH (EVENT/CAL) DATA
ITEM %] 0[1]2|3|4|5]|6|7]|8|9({10[11]12[13{14(15
£, |Pso COIN 1D
START ID 1{1]1]{1]0(0]1]|/|e0 tifeeiafialer [pasi]se
111117110l TIME 1 (0-2047sec)
TIME, ; _
A 111011111 ]0]| TIME2 GA-X
’ 111l1 1111 11] TIMES GA-Y
110l0/0|0]|0 |4 LLig. Cer-1 (PH)
Liquid 110(0/0/01/1|\4 Lig. Cer-2 (PH)
Cerenkov [ 110[0]0/1/01"4]  Lia Cer-3 (PH)
1710|0011 "4 Lig. Cer-4 (PH)
Plastic 110{0]110]0 % Pls. Cer-1 (PH)
Cerenkov 110l0[1(011 % Pls. Cer-2 (PH)
Scinti 110/011]1]0~4] Seci. Det-1 (PH)
Detector 11{0{011{1]11*4 Sci. Det-2 (PH)
<4W PSD M ODE=0
MPPC 110) 1] 0] 0]AJAs|AsjAs| PSD-AX {<'12\\'PSI):\10DE::1
Wire 1101101 AJAs]As]A;| PSD-AY ”
Position 110[1] 1 0/A4As|As|A7| PSD BX ”
11011111 AL As|{As|A;| PSD-BY 7
END ID 111]1]0[0[0] 1 [E¢lienA] 0|54 o |3¢] o [E€] 0
E/C: EVENT: 0 CAL:1 CALIL%8 data/sec
TIME1 : in units of sec
TIME 2 © in units of 2,048sec
TIME 3 : in units of 16,384sec
L/H: Low PH (High gain) : 0
High PH (Low gain) : 1

M7 PH, CAL7—20D7 LV x—3FEX, MPPCODF—% DEE
BESDH B 7V — 7O L > TEMT 5,
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HECRO-81 TELEMETER FORMAT
2. PC (MONITOR) DATA
M (Sdlo 1] 2]3]4] 5 6/ 78] o[1011[1213[14]15
START ID [ 0|1]1|1]0|0]0|%|% TEMP/BARO (8MPX)
TIME, Ol1111110]1 TIME1 (0-2047 SEC)
GA Ol11111] 10| TIME 2 GA-X
O[1({1]1]1]1] TIME3 GA-Y
0/0|0| 0| 0| 0| COIN-1 Liq. Cer-1 (PC)
- (Pls-Sci)
Liquid OQi0(010(01 1| aLL a1 Liq. Cer-2 (PC)
Cerenkov 0[0[0[0|1]|0|COIN-2 Liq. Cer-3 (PC)
0]0]0[0|1[1][(Pls-Lia) | Liq. Cer-4 (PC)
Plastic O[0]0|1]/0]|0]|COIN-3 Pls. Cer-1 (PC)
Cerenkov 0l0{0!1!10/| 1|(Sci-Liq) | Pls. Cer-2 (PC)
Scinti 0]0[0] 1] 1]0]| COIN-4 | g¢i. Det-1 (PC)
D (Pls-Sci) -
| Detector 0101011111 or Sci. Det-2 (PC)
0|0/1]|0]| 0| Q|Li-IHD(PC)| PSD-AX-1(PC) (8MPX)
MPPC-A clol1lolol1 L.i—2HD(PC) PSD-AX-2 (PC)( » )
0/ 0/1/0] 1] O|Li-3HD(PC){ PSD-AY-1(PC)( » )
L 0] 0j1[0]| 1[1[Li4HD(PCO| PSD-AY-2(PC)( ~» )
0/ 0/ 1]1]0]0|P-1HD(PC)| PSD-BX-1(PC)( » )
MPPC-B 0[0[1}1] 0] 1[P-2HD(PC) PSD-BX-2(PC)( ~» )
0/0/1[1]1!0|Se-1HD(PC)} PSD-BY-1(PC)( ~» )
O10[1]1]1]1]Sc2HD(PC) PSD-BY-2(PC)( ~» )
END ID 0l1l1]0lolo] o4& VOLT (8MPX)
WORD FORMAT  21BITS/WORD 16,384 BITS/SEC 1.282 msec/word
‘ B B
i__1%0123?:6::5121?182133151300
M o \——————M 73
?gﬁ Data bits ; 5 8
p
(18)

K8 PCF—3D7L A—FER
TEICRELEZDERTF LV A—FDE Y FER
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Fr¥2) O, BEBEEE, SWOBERVR[ETT—FE2EATVE, 2055
—E DT — & 13 8 D FERAT Multiplex LT7—% DFEHEHS L TH 5,

7 — v EEEE D 5 5 AMP-ADC-DISCRI i 2 7 ¥ Y A NVD AKX LT 12D
ADC V2 AREAY, 2O 7Y ¥ MRE THE L THEAT 2Ty — L
72. X MPPC OEEMEH 1B 96 K% 2D/ 8 —AbL7 7Y » MRTITRY, I
Y A4 VAR LI 30 EDOFITE Yy — 7TV TANAFRTER Lz, A4 VEIRIZTNT 22
EUREO 7Y > MR 16 THE S, TV A—IHITEFFI6EY PONA 71
T ko TIERSEH s L B EFIE S R, MHERARFE L L TT v XA — YR FERICE
sh7e. PH, PCXiz CAL F— 2 DS TwRWHEIZF—EDAAHE (0) OXFE ST
h1ans,

FUA—F{EE, HELSORFENTRbA T AR (RRE 1 2R, AFRA
B 10 SRk TR 1 B ILRBEE S B 2 5N b DT I OMO 7 — 7 ZEB KRR
IR ORI BT — 2 DX BICHE L, RAT80FEHI30 A R~ M) /HDT—
5 WEETAIRE T H - 72, RFTOREY TREP 2~3 7O PH 77— 152 BBV TH
57 NERRIIES 10 7 /O F — g s THKT, ZORIE—EREERDT 1 > DX
EOWERRBEL NV DBRENREED TrhroBIL LS, o TT—FHBIINLT
13 20 %FEE D dead time BAEL, HEHERIIHL TIHMELLELT 5,

(d) A= FESICLHE

MPPC i3 # DS PR hE I & D IR L CEBICEAT 22BN H > 72D T, |
BRI ST EEAYI D BY REIc4 7 0EFEZ 1 750N 72 B4 RO~
REFRLE. YESLEOAR E L T(i)COIN 25 Kiti#EDOHEE % PLS-SCI »
5 PLS-LIQZEET 2, (ii MPPCD1EBHEYDHREART —SHE4 70127127 5,
(i) CAL T — FIZBIT L TR EF - 25D 3EEDa~ Y FEHAREL 2. FERIZZ
GGi)oa<y FoaxEFERAL) ()T A MFERLZICBE 2V,

(e) BREE

ERZOEFEIZY > 7 LB CHEMIRE 108 7) OHN% 6 RO EEEERZEL
THHE L TB Y, FHOMEBENIIKWSW ThHS, BEBEIZ LIQ 2 7, PLS, SCI&1
4, MPPC 4 % ® DC-DC RO LELBR 2\, K2 U v 7 AEM 6 EY X2 AHFH
9% 7 ZHHAL 17 OBELDH A0 mA OBBEERZLEE L7z, GA ¥ v — 35 Hf»
Sitisa n7: Flux-gate Blo 0T, X, Y O 28cHfFI kLY v LEM 5 75T
10 AR L.

2. RMIBEBRET—IEUE
HECRO—81 D& fIHk 38 % 854, L 7- B50—19 /%, 19814 9 A 30 HART 6 K53 422 =
B A REREEE L D RS Nz, SERIZAAT 8 BF 40 468, #9 32 km (~9mb) DEEIZE
ELCKFEREECED, 2OBBEFO TR EBHEHERO LR L TH2km OFERL
EH o7, COFELREBBRLICEAATRESNZ, 10 A1 HF % 1 FF 25 4 SBC 0 it
B 700 km 2L, BEROZERENLERLD L, 27> FEROEZEREBORRICE
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CB-72DT, a7 I VBB 2L THREIRKRT Lz, 2 ORI 30 BRI o A E
BRT R TOBBRIIERES CBEL, HE~TF—5 2% DT,
KEPORFBEINLT VA -V BWIISBC T2 EDZERC LIV BESH, HEASH
7: PCM (IHEFES I €y M AMEE CREMRIE L 28 L7 — Y BB D 71 2 —
FeA YT =T 2—ANANENT:, ZDA I —7 2 —AEBTCRERBER-T 2L E
v MEDESE»SHT, 8IRLEITEY FOF—9 2EHL 2 50 EE (6800 %
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