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Geomagnetic Cut Off Rigidities at Sanriku Balloon Center (2)
By

Ichiro Konpo'

or the analysis of cosmic ray charged particles observation near the top of the

"y

Abstract :
atomsphere, it is important to know the minimum rigities for several directions. This minimum
rigities are due to the effect of the geomagnetic field, which can be approximated by the spherical
harmonic coefficients (IGRF: International Geomagnetic Reference Field).

In this paper, geomagnetic cut off rigidities for 41 directions at an altitude of 35 km above Sanriku

Ralloon Center {SBC: geographic 1at.:39.1580 N, long: 141.825¢0 E) . IGRF at 3 different epochs
(1955, 1980, 1995) were used in the calculation of the trajectory trace of cosmic rays in the

geomagnetic field. It is found that the secular changes of the cut off rigidiy are relatively small at
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1. BEDRHESE

EOFEHEIZIONTIL, MEOWEIHELLBNTH 24, SHEEFEUCFTEK 2. 2D, =k
FE35kmOBEH S, AREOK T EEEORESS - FRHASWY TIT5HML, Z0#E (HE~N2 b, &
Ay ML) AEEHTEROBERS AV 5, #5213 Runge Kutta GillOF k%R L, HERKEHO &
Az OWTIZ, EREEIZKZE X 00 Bnternational Geomagnetic Reference Field (IGRF) O#R# [ 2] &
7l BEO 7D CRiEERH U7 Finch Leaton! & 5 1955 0% [ 3] &M L7, Finch LeatonDHREZ
nmax= 6 TH 37, IGRFiZnmax=10 & KV EROEAEEA TS,

HIEOWME DO EEEIZ 1 AT » N 2msecThH - 7248, FHIZ/$Y 2V (cpuclock 1.5GHz) T,
12597 #5150 psec L&D, FIIEOREIZE 72, Lrd, BHFOHLET, F-20OHFERLLE, 7
Ty s ADEGT, BROBEETERS» SBRBOEETHAS. %k&7u/%&ﬁéﬁ< Whs—-2%
FU ATV —EHELETF v s L, - ST ILT, BRNOMREIRIZESZ LA TES.

IS T E s T ARFEZFORTRANS BIC k> CaB L7222t SREEXOAAEEE A CCEE
(ANSL-CHUR) %7z, REMIZE, §iEHW: 7003 48 Ebba0ns, UTICBERSZ W DO»rDOHEAER
L7z,

a. BEoDstepE

AIRIOEIECIL, HUDEE

Bl R Origidityls & - T, BEM - TBRENICstepB AL 222 TEE - 72,
SENZ I N ARRIT L AEEIIET L /-, ERIDIZETHE TOstepE AR 0 (MIREE=1) &L, RISHOHE

BEIZ X - (HEEDstep = h KD 7=,
5

i) Rigidity (Pc) 1289 221k
h0=3.5-10""—5 Pc< 1.0 Gv
h0=4.0-10""—5XPc™* 1.7 1.0Gv=Pc=3.0Gv
h0=7.7-10"*—5X(Pc/3,0)"0.5 3.0Gv<Pc= 25.0Gv
h0=2.29-10*"—14 25.0 Gv<Pc.

K1 CEREOEDOFIFARLTH S,

i) HUDEEEE r HEEREE=1) IS 521
h=h0 r<1.0
h=h0Xr**1.7 1.0=r=7.0
h=h0Xr**1.7"/7)** 0.5 7.0<r=25.0
h=490.2 Xh0 25.0<r.

2 IZFEBROEDHARLTH 5.
b. HEATOXIER - Hs

BIEIOFTE T, =k hZ TOWER R, I F‘;39.158F§“, HOERERRT 141 . 825 BOMAOEE 35km%
B L, 22T, $hEAmE, KIEA 16, 32, 48, 64, T, Ao, 22.5, 45, ..., 337.5
BEOFIZDONTOEHEIZONT, FEAT-72, ShlE, ‘flﬁfﬂjﬁkéﬁé BWZOT, Efﬁﬁj 220,
45 ETEBRD 8 HHNZ DWW R R ZIT 5 72,
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c. MIEISICET 3R

BiEIO 1%, Finch and Leaton!Z & 3 1955 EOREA MW, TOHK, EIRNIZEED 5 N85 O RK
IGRFA 1900 25 SEBXIZKEINTHBEOT, 2ADHHA5 1955, 1980, 1995 OR% (nmax=10)
AL . Z7-HEO )0, §iE & AR Finch and Leaton!Z X 2 (/8% (nmax=06) IZX 23 HEET o 72,

d. BLESE% f;Rzgacsiy

SalE, 3EEMED T, cut off rigidity 2R 5 R4 & - 72, BBREETIE, B THYOR T Dsource
alrectxopﬂfﬂ>\z<&bo(t%)%%‘%é’i, ROE53F T, IRTHE 2 rigidity ORIFET, AHAMT 5. Rigidity (Pe Gv) O

,
Ny S .
i ] h—J/C:F/LJE.@uf;%« =iro7. I

R
o

OEFNL 0. 025Gk, 2O FT 4 GV@&E@@ 0.1GvD

Z¥ERE T, Effective Cut off Rigidity MEHETE 24, BHIIZE TR L LT, MiTOHREZT-7/. 41 HHIZD
WCEME I RN, O OHERERERRICH L, F BN 3 S, ETEMAN200 T, BB s
BT, #9930 4LIAT, BUERERET T2

}|1  rigidityBiF S EFE L Frigidity DR (B—BE)

Pe dPec Pe dPe Pe dPec | Pc dPec
800 ~ 440 40 400 ~ 220 20 1200~ 110 10 | 100 ~ 55 5
50~ 27.5 2.5 25 ~ 186 1.0 i5~ 0.5 0.5

e. EERROHE

BOEEFE T OS5 AIC X BEE T, BEIICF OESHERRISOBES DL 5 TS (allowd orbit) 27,
T ERRRINCE > T L E 54 (reentrant orbit) TH 222 HETLHENVETH 5. SRIOFHETI
B OHOFREE S HERCEED 2515 (25Re) PRIz, HOKTORERY ML Oradial i3 2 IETdH 2541
HEAKRT L, allowed orbit& ¥IET 5. XHOMEAHREELO/NEL< LY, HOKRTFOBRE Y bbDradial
BT MEOEAIT 7 OBLE idre-entrant orbit& FIFET 5. ZDEBLLOEGHLME L AVEEIZI OV T, MR
W5 RE AN IR A 4 BID A S TR, R Dre-entrant orbit& FE L, HEAERT TS, INho5D3 50
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KA LWELAWVEEIZDOWTE, 30,000stepAE BB L7253 EH A T L, trapped orbit& 375 A& » 3 AGA
FNTCBH, SHOFE T, ZHICENT Sorbitid Bh -7z,

2. ETEMER CFMM

BIE T\ HET, %ﬂ%‘h@i{ﬁﬂ?ﬁﬁfg{%?&l:t re-entrant allowed
WL T, = R TOFEEN T OB ENT penumbra D15

N7, Thhs, FHFAEIZDWTOEective Cut Off ’
Rigidity #R® 2R T H 521, “FEORRITEE HH{K0
BRI, POESHIERABUI 2 28Il k s THEL B
HW %penumbra (FE) LR Brigidity & A &

30T, ThERETDLIZIEMVETH S, HiENZZ
DOHEPI T Erigidity 2 0. 1 GvEB E2IIHAE R T2

T, BEMIZIE, W\Shadow area & I A2 LTV H]

BEMEMN D 570, SENEZh% 0. 025GvBEDEEE 0
- . 7.000 8.000 9.000 10.000
L7=DT, &D¥E ®mnﬁ%ﬁh6ht Rigidity (Gv)
Effective Cut Off RigidiyD 31 B2 R DI S
4, Z OrigidityPl E T, $RTORF2EE 3 penumbra (8 OF
HEICRETE B, VWb B3 Main cone rigidity (Pm)
MEE D, KIZZ Origidityh 5 & 0 Erigidity DFER T, 7 1 LUT Drigidity DR+ OHEIZFIRH &0

3 1yb W B Stormer cone rigidity (Ps) # %2 %, H>Main cone rigidity & Stormer cone rigidit‘y@i}aﬁliéé % allowed
5 t) %;}5{171% /:/\E{;E:(/'\ /:11_1‘7‘(7344"‘1%1 rigidity 0 ﬂ?gtvvfﬂnﬂ)m'fgfof’:@f’ )K@f\:f

- BETH siUidy V. .UVLIT

1995 - DIGRFFBRH A A L 25 EBRIIOVT, ‘éﬁﬁﬁh‘l:, Main cone rigidity, penumbra® Dallowed

d-, 23R -1 -7

allowed orbit®# FERDr rigidiy23 % 2 {7 LT

igidity, p
DALy, pedaianiiial ,

; DT, K =Effective Cut Off Rigidity = % 2 L7z,
LOWSBREICL 2 ERIEIAEHOEERERE —F T"‘%“@‘i@%ﬂb‘ EEIZIZ, BKT
P el

#*=
0.2 GVEEDEERE NS, ORFEMENL, rgidigi=o0T 0.1 GV TORETH 2012, SHIE
0.0 25 GV T4 20T, penumbraDMin WS4 R2EAHRZ -0 EbR 5.

Bk IR O EZE I & B cut off rigidityDE LI ﬁﬁl:é&%ﬁi TN 0. 2GVEETHAEEDLNS.
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HoT, 2000 MICA-ZRHDOERTY, ZZliiﬁ%L/’ BAEBEEL LT, T2 OBENEEDTERELE
SEARY VRN

W OFEHEBEEBNI O WT S, [F U iZgeomagnetic cut off rigidity DFFE R, & U B rigidityD i T D IR
BN L OFEEFEOFE AL, JZTHOWEHEEE TS T A8 E 5 T, ROEIREICEIE ST A 2%
Zhot, T, EHABHET T L A2 - FRRETES 4 a8 R Mo By 5, FHEORTHERD
3 7= ¥ D Coupling Coefficients HDFE L AR LD, W TITA 384D, W D2 OB THZEICH,
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22 ZRELRZICSET Bout off rigidity ST EEOH
Geomagnetic Cut Off rigidiies at SBC, IGRF 1995
Lat.== 39,158, Lon.==141.825, Alt.=35 km
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Zenith Vert 16
Azim. 0 0 45 S0 135 180 225 270 315
Main C [ 10.512 ] 11.048 11.913 11.838 11.063 10.0863 9.563 [ 9.613 | 10.113
Window | 0.275 0.725 0.400 0.200 0.225 06.325 0.600 ]0.275 | 0.700
Eff.Cut 110.237 ] 10.323 11.513 11.738 10.838 8.738 8.963 | 9.338 | 9.413
Penum 1.324 2.310 2.050 1.625 1.375 1.750 2.000 |1.275 | 2.325
Stormer | 9.188 8.738 §.883 10.313 9.688 8.313 7.583 |8.338 7.788
N Exit 11 29 16 8 9 13 24 11 28
Zenith 32
Azim. 0 45 90 135 180 225 270 315
Main G 10.888 13.813 14.113 11.838 9.663 8§.863 |8.988 | 9.263
Window 0.275 0.200 0.025 0.025 0.225 $.625 | 0.8675 ] 0.550
Eff.Cut 10.613 13.613 14.088 11.813 8.438 §.338 |8.313 ) 8.713
Penum 0.85 0.275 0.200 0.175 0.978 1.425 | 1.950 | 0.749
Stormer 10.238 13.538 13.918 11.663 8.685 7.538 | 7.038 | 8.513
N Exit i1 8 1 1 ] 25 27 22
Zenith 48
Azim. 0 45 1Y 135 180 225 270 315
Main C 8.988 15.763 17.513 12,913 5.388 8.613 |8.313 | 7.688
Window 0.100 0.000 0.025 0.000 0.200 0.875 | 0.400 ¢ 0.150
Eff.Cut 8.888 15.763 17.488 12.913 8.188 7.938 {7.913 | 7.538
Penum 0.500 0.000 0.200 0.000 1.450 2.275 [ 0.475 | G.42¢6
Stormer §.488 15.763 17.313 12.813 7.938 6.338 |7.838 , 7.283
N Exit 4 0 1 0 8 27 16 6
Zenith , 64
Azim. 0 45 90 135 180 225 270 315
Main-C 11.588 16.463 22.888 14.213 §.213 8§.513 | 7.113 | 7.838
Window 0.000 0.000 $6.075 0.050 0.150 0.825 1 0.150 | 0.400
ff.Cut 11.688 16.463 22.813 14.163 9.063 7.688 | 6.963 | 7.538
Penum 0.000 $.600 §.150 0.075 0.758 1.625 [0.975 | 1.250
Stormer 11.688 6.463 22.738 14.138 8.463 6.888 | 6.138 | 6.688
N Exit 0 0 3 2 6 33 8 16
Zenith 80
Azim. G 45 50 135 180 225 270 315
Main-C 20.838 30.663 31.588 14.483 5.188 8§.663 |6.888 5.338
Window 0.000 0.000 0.000 0.075 0.275 0.425 |0.225 | 0.000
Eff.Cut 20.838 30.663 31.588 14.388 8.913 8.238 16.763 | 9.338
Penum 0.000 0.000 0.000 125 1.051 0.874 | 0.875 | 0.000
Stormer 20.838 30.663 31.588 14.338 8.138 7.788 [6.113 | 9.338
N Exit 0 0 0 3 11 17 9 0
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3 ET35 kmOEFEICIELRIFTHEOTRES (rigidity)
Geomagnetic Cut Off rigidiies at SBC(Lat.=39.158, Lon.=141.825, Alt.=35km),
Summary: Effective Cut off Rigidity (in Gv)

SBC
Vert ZEN. = 16
Model AZIM = 0 45 80 135 180 225 270 315
1955 FL 10.413 110.413 | 11.813{12.063 | 11.113 9.788 9.188 9.388 9.563
1855 IG 10.288 {10.313 | 11.613|11.863 | 11.018 9.938 9.088 9.363 9.463
1880 IG 10.313 | 10.488 | 11.788 | 12.013 | 10.988 9.813 9.113 8.338 8.563
1885 1G 10.237 110.323 1 11.513 | 11.738 | 16.838 3.738 8.863 8.338 8.413
ZEN. = 32
Model AZIM = 0 45 90 135 180 225 270 315
1955 FL 10.01313.813 114.438 | 12.063 3.683 8.463 8.463 5.138
1955 IG 10.913 | 13.738 | 14.263 | 11.888 §.413 8.563 8.313 8.713
1980 IG 10.963 | 12.838 | 14.363 | 12.038 9.638 8.438 8.438 9.138
1985 iIG 10.613 | 13.613 | 14.088 | 11.813 9.438 8.338 8.313 8.713
ZEN. = 48
Model AZIM = 0 45 90 135 180 225 270 315
1955 FL 9.063 |16.308 | 17.838 | 13.338 9.463 8.138 8.313 7.738
1955 IG 8.813 [ 16.113 17.588 | 13.088 9.088 8.063 8.088 7.613
1980 IG 9.038 |16.313|17.863 | 13.313 9.363 8.038 8.188 7.713
1995 IG 8.888 | 15.763 117.488 | 12.913 9.188 7.938 7.913 7.538
ZEN = g4
Model AZIM = 0 45 80 i35 180 225 276 315
1855 FL 12.238 116.963 123.363 | 14.763 9.263 7.988 7.263 7.838
1855 IG 12.0683 116.638 123.113 | 14.338 $.138 7.788 7.063 7.713
1980 IG 12.213117.838123.313 | 14.738 9.238 7.788 7.138 7.763
1995 IG 11.988 | 16.463 122.813 | 14.163 8.063 7.688 6.963 7.538
ZEN. = 80
Model AZIM = 0 45 80 135 180 225 270 315
1955 FL 21.138 131.238132.463 1 15.238 8.263 7.738 7.01 9.313
1955 IG 20.963 130.888132.188 ] 14.413 9.138 8.038 6.963 9.313
1980 IG 21.038 130.663]32.438 | 15.488 9.238 7.813 §.888 9.363
1895 IG 20.838 [ 30.663 {31.588 ] 14.388 8.913 8.238 6.763 9.338
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