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An evaluation of the contribution to ELF geomagnetic field variation

by the vacuum ducts at KAGRA underground site
OGAWA Tsutomu(ERI, Univ. Tokyo)

Abstract

Geomagnetic field variation in the ELF band observed inside the tunnel of KAGRA in 2016 shows anoma-
lous enhancement especially in the vertical component compared with those observed at outside of the tun-
nel. The factors expressing the enhancement amount to a few tens for the vertical component and several for
the horizontal component. The present study suggests that the origin of the enhancement is the existence of
the metallic vacuum duct whose length amount to 3km in the tunnel. Assuming that the duct is perfectly
conducting, and considering that the observation point inside the tunnel was away from the duct by only
about 10m, the duct is regarded to be infinitely long to simplify the problem to be solved. The simple prob-
lem which evaluates the scattering of an incident plane electromagnetic field variations in a homogeneous,
isotropic, and conducting space by a cylindrical perfect conductor with infinite length, neglecting the earth
surface is a simple 2-D TE problem. The solution suggests that in the region close to the cylinder, consider-
ing the realistic amounts of the electrical conductivity of the space as those of crustal rocks, the enhancement
which amounts to the factors up to 100 is possible in the ELF band.
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Figurel Schematic view of the 2-D section of the space considerd in the present study, and the definition

of the Cartesian coordinate system (x, y, z).
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Figure2 Absolute value of the secondary magnetic flux density relative to the absolute value of the pri-
mary magnetic flux density at z/a = 0 as functions of p/a. p = 1072 (red solid circles), 103 (green open
circles), and 10~ (blue diamonds).
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Figure3 Magnetic flux density distribution for p = 10~*. The in-phase (upper) and quadrature (lower)
components of the primary (left), secondary (center), and total (right) fields. Directions of arrows show that
of the magnetic flux density at each point. Length of arrows of the primary field at z/a = 0 corresponds
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Figure4 Magnetic flux density distribution for p = 1073. The in-phase (upper) and quadrature (lower)

components of the primary (left), secondary (center), and total (right) fields. Directions of arrows show that

of the magnetic flux density at each point. Length of arrows of the primary field at z/a = 0 corresponds
tol.
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SFREPBRHINT WS, 72720 206 OfFEETIIEELIE OEBMRDO B A —VIZH L CRAIZB TS ICEHT 5
8, B SRR TN S BRI EREE D 2 EKOBEA DHIHIRL TS, ZhsDERMEIZB VT, 7Y —
VES A FEETTEONALDONSEBEETOLDIELEA, S5ICHELEETES LS BRARMEEEEL -
7V —VEBIZE LB X, BELG 2 S8 REEORS BRI, KAGRAIZBII2E&BHAEX 7 hOFS 2ih#k
HE2EELUCEBMIZERT LI ENARICRD L RIAENS,
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3.2 KAGRA ODERLEFET — 9 ~NDMIKBOIHZEE DEH S DHE

A2, KAGRA Dcenter room (2B WTHEH X NG AHMADEBEHELL 7 N OFSDAETH LD, *
OAEHERIIBHBREANOFGOWHEMEZRET 2D IFVA, FH52AECTEHDOTIIRY, &@BHMEELXY D
HFEEFAETZ2HXERH D0 01E, SEHEELL Y Mo DRL S I CEI X N2 RS E R O LA R O S
DB, DX LFHOBERITENENE T IV — T OELRBEMIC &L DMETICERZ N,

EAWEERET -2 LTy a—< VHIEORBEERID ) 1 X w2 fEE LT, T OB ORI O ET)
WEBEPEINT WS, ZTNSDOEBEIZEZEX I b2 0O TIHBEHEEOTIZAEL TWE, A5
SEMELERZ 7 N OMITII ARG EBOMIELH D A5 L2 RET S, LrLEREEEEORMIZ. AT
MBREBMIG PG BEIEE I L > CERE N, HE TS OIRE % ik s 2 M52 H)IXIESBEREE 2 HE L - Mg ¥
Izl LThEWZ &b, ARt L TRESNRWES S 0, i, o TEEEREARNSETH LEIINE
FEEDBELRRAD, HERBHGEZENICER L ZBEBHALE 25T /1 X2, Ya—< vHiR%E &8 ELF o HiBREGSZ )
Wi A et IIE I NS,

KAGRA ¥ FCIZEEBORE AR T 272012, HROET R & & & ITHAEE S @S CHIFEHRT 5
WS, HERNEREMGFOMEES LIRS IV — 713, EABREIV—TOEAEIIN LU TSBLTETE S
HIENHAS Z L eI NG,

A

K ED 212 H 72 b FEEKEF ARG O AR, R KRR OB E A NBIRIZYE
Ll E W22 E £ U7z, 2016 FD KAGRA ¥ MBI 2 @S EBIMENE. S LRI KRR TEIE D 1E A, HUX L
RFFERERBUEBIR, B LERERAERR, AR B ICEMLUE Lz, LLUTHEEZRL X,
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