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Development of remote sensing technology for underground density
structure using cosmic-ray muons

Katsuya YAMAZAKI

Remote sensing technology using cosmic-ray muons, which has become a hot topic in recent
years, can only measure structures that are above the installed muon detectors. In order to
extend the measurement target to the underground, we have developed a new muon detector
that is easy to install and simple to operate in places where there is no enough underground
space, and have shown its practicality.
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Figure 1. Conceptual diagram of effective area with
underground muon detector. L}/ Scintillat.
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Figure 2. Schematic diagram of

borehole muon detector.
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Figure 3. Sample of reconstructed event view. hulu\lu\\\u|u|luxi|||i||||n|
Size of circle show signal strength and color mean 0 20 40 60 80 100 120 140 160 180
balance of upper and lower PMTs (equal value with Azimuthal angle (N of E) [deg.]
green).

Figure 4. Muon flux distribution for each depth

of detector.

DHFMIZ D, TNEEBEBORS ZEX CTHHERET S22 LT B T LIABOBEZbERET S
ZEMTED,
. 4 JFis; BRREBE T AR TR CHIE L7 a—F  OBHEE{LOT 2R LD THD, BS
LR DR 2R OICHFHE O A R L TEBY . IREDHOIEN 5 %OiEE2 7~ L TEY . Bilx
FHATHD, ROPT, #TF 40 m F TICRZDMERREDEMITELOHBIZ LD b D THDNES
50 m K VIRV CTHIRESHAIZIESSDERH L Z Enbnd, HEEZRE LGN IXWE b
BFESTNAHZENMLNTEY, HATOWMAIRENS, TS 50mE»D ZOWEERSE2ENTN5
ZERDPo TS, BIEMRIIINE FEN L, WiEBERHICL2BELbEEMTEL2 Enbn
> 7z,

10)%55‘%75)%\?)ﬁﬁﬁﬁﬂ’(“%ﬁ6ﬂf:ﬁE?L%ﬁHb\f:i&TU%—}\’z‘/V‘/ﬁOD?éfE (3 ’C%t

*ﬁ’“é’ﬂiﬁﬁﬁ%ﬁ@k%é FE m~E T mBETHY, (LEERE S EZFHEMHDLLD .z
DAL E MO MREEDN T4y TRV, T, HRENLZHET SO ORELEE L LTl Jﬁﬁﬁiﬁ

%E}:‘?éu . ZERREEE N ESED T OOBBRNBMLETH D,

4. FEHESH

FHEFEEHER DL DE NI a—F v EHNWTEYE— MUy ZEITORNESR G4 FIoiiET 5
7o BEFF OHI T 22 O 22 W TSR E LT < #o@%ﬂ?%&ﬁﬂ BEEREL, TOERMEEZR
Lice LML, BRBEVNZRET 20 0HEER L LCid, +oREMaMiEL TS 2T, WREORAM
MWhHHZ ERNbhole,
SBIL. EMSMBEEZM ESEDTEDIC, Vo FL—F—DORE - BREFRETHE TH D, K5 DK
I F L —F—OBREWEN ZAFICRE LI, ThERBERSIERS Z & TEZMEDE



HLIEE 5 4

Wb, KO EWEBRF IR ERENE LD EHFTED, £, M EREMORFEEEICONTSH,
LRy FTHRE, EAO LT WVWEBZERET S LT MTRERIICHESTHEATEX 2HANIREN
ThHHN, EFREOLDHILITOMFEED Y E— e JEEL LT LEMAMRREDO Ny 7
—VEHBE LT PETH D,

Figure 5. Scintillator with triangular cross section.
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