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Vertical cutoff rigidities for cosmic ray stations since 1955
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Abstract. We have computed vertical cutoff rigidities
from 1955 to 1995, at five-year intervals, for neutron
monitor stations.  We have utilized the Definitive
International Geomagnetic Reference Field as published by
IAGA for five-year intervals from 1955 to 1990 and the
Interim International Geomagnetic Reference Field for
1995. The results show that the changes in cutoff rigidity
are not linear and vary with location over the world. We
find that the vertical cutoff rigidity is relatively stable for
European cosmic ray stations. However, there is a
substantial reduction in the vertical cutoff rigidity at Latin
American and Southern Africa stations. At the same time
we have found a slow, but steady increase in the vertical
cutoff rigidity values at cosmic ray stations located near the
east coast of North America.
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1 Introduction

With the advent of high-speed digital computers in the
1960s, it became viable to calculate the orbits of charged
particle access through a model of the geomagnetic field.
This trajectory-tracing procedure led to the determination
of cutoff rigidities for selected cosmic ray stations with the
first extensive tables published by Shea et al., (1965).
These vertical cutoff rigidity values for cosmic ray stations
were determined using the trajectory-tracing method
through the Finch and Leaton (1957) 6" order geomagnetic
field representation. Finch and Leaton utilized the British
Admiralty charts for 1955.0 to derive their model. The
charts were prepared from worldwide ground-based
measurements of the geomagnetic field. Thus the initial
vertical cutoff rigidity values calculated by Shea et al.
(1965) were appropriate for Epoch 1955.0.

With an increase in spacecraft experiments in the mid
1960s, satellite instrumentation was employed to obtain
geomagnetic field measurements in near-earth space.
These measurements were incorporated in the development
of subsequent mathematical representations
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of the geomagnetic field such as the IGRF model for
Epoch 1965.0 (IAGA Commission 2, Working Group 4,
1969). Using these and other models, Shea and Smart
(1970) found significant changes in some vertical cutoff
rigidity values resulting from secular variations in the
geomagnetic field. Shea (1971) predicted that the decrease
in the cutoff rigidity at Huancayo, Peru would result in an
apparent increase in the cosmic ray intensity as measured
by a stable neutron monitor. Cooper and Simpson (1979)
confirmed this prediction. In subsequent studies and
utilizing latitude survey measurements by Konig and
Stoker (1981), Shea and Smart (1990) found that the
secular changes in the geomagnetic field were sufficiently
large to be a significant factor in the use of these values to
analyze precise cosmic ray measurements.

The Working Group on Geomagnetic Field Models of the
International Association of Geomagnetism and Aeronomy
(IAGA) has been responsible for the determination,
evaluation and approval of mathematical models of the
geomagnetic field. With extensive work, much of which is
documented by Sabaka et al. (1997), this group derived
Definitive Models of the Geomagnetic Reference Field
every five years from 1940 through 1990. The coefficients
for these models are available through World Data Center
A for Solar-Terrestrial Physics.

Using these standardized and improved mathematical
representations of the geomagnetic field, we have
determined effective vertical cutoff rigidities for the known
cosmic ray neutron monitors (Shea and Smart, 2000).
These values, for selected neutron monitors, are given in
Table 1. The stations are listed by decreasing latitude. At
the present time only the IGRF (Interim) field model for
Epoch 1995 is available. The DGRF Epoch 1995 model
will be available when the geomagnetic field evolution
from 1990 to 2000 is evaluated and incorporated into the
final model.

2 Discussion

The values in Table 1 show that the vertical cutoff
rigidities for stations in Latin America and Southern Africa
have steadily decreased over this 40-year period. The
cutoff rigidity at Mexico City has decreased from 9.45 GV



to 8.02 GV. The cutoff rigidity at Huancayo has decreased
from 13.44 GV to 12.63 GV. While cosmic ray
observations terminated at Huancayo in 1992, the monitor
at Haleakala, Hawaii, should provide continuity for the
long-term measurement of the high-energy galactic cosmic
radiation. Figure 1 shows that the cutoff rigidity for these
two high altitude stations was about the same from 1975 to
1985 thus allowing for extrapolation and normalization of
the data over that time period.

Of particular interest are locations where neutron
monitors have been in operation for long time periods.
The cutoff rigidity value at Jungfraujoch has remained
essentially constant.  However, the cutoff rigidity at
Climax, shown in Figure 2, reflects the relative decrease of
the geomagnetic field.

There are also changes along the Eastern Coast of North
America, as shown in Figure 3. The vertical cutoff rigidity
at Mt. Washington was originally determined to be 1.24
GV using the Finch and Leaton model for Epoch 1955.0.
This value has been used consistently over the years since
this station is well above the knee in the cosmic ray latitude
curve. However, the cutoff rigidity values listed in Table 1
reveal an increase from 1.25 GV for 1955 to 1.58 GV for
1995. A similar effect is present at Deep River, Durham,
and Newark. These changes in vertical cutoff rigidities are
significant in the analyses of relativistic solar-cosmic ray
events. The increase in cutoff rigidity along the East Coast
of North America is the result of the “well-known western
drift” of higher order moments in the North Atlantic.

3 Summary and Conclusions

Using the trajectory-tracing method, we have determined
vertical cutoff rigidities for cosmic ray stations at five-year
intervals from 1955 to 1995. These values have been
derived using the appropriate Definitive Geomagnetic
Reference Field coefficients in the trajectory-tracing
program. Significant changes in the vertical cutoff rigidity
values have been noted for stations in Latin America,
southern Africa and near the east coast of North America.
The effect of the secular changes in the geomagnetic field
and the resulting changes in vertical cutoff rigidity values
should be considered when using neutron monitor data for
studies such as latitude surveys, long term modulation, and
relativistic solar proton events.
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Fig.1. The changing cutoff rigidity at Hauncayo and Haleakala.
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Fig.1. The cutoff rigidity for the Climax neutron monitor.
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Fig.3. The change in cutoff rigidity for Deep River, Mt,
Washington, and Durham.
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Table 1. Effective vertical cutoff rigidities at various epochs for selected neutron monitors
Lat. E. Long. 1955. 1960. 1965. 1970. 1975. 1980. 1985. 1990. 1995.

ALERT, CANADA 82.50 297.67 0.00 0.00 000 0.00 0.00 000 0.00 0.00 0.00
THULE, GREENLAND 76.50 291.30 0.00 0.00 0.00 000 0.00 0.00 000 0.00 0.00
RESOLUTE, CANADA 74.72  265.02 0.00 0.00 000 0.00 0.00 000 0.00 0.00 o0.00
TIXIE BAY, RUSSIA 71.58 128.92 048 048 047 047 047 048 044 044 043
NORILSK, RUSSIA 69.26  88.05 061 059 059 057 058 057 059 054 053
CAPE SCHMIDT, RUSSIA 68.92 180.53 058 053 055 055 056 057 055 051 052
INUVIK, CANADA 68.35 226.28 015 001 015 015 013 013 015 0.01 0.14
KIRUNA, SWEDEN 67.83  20.43 050 051 050 052 052 051 049 051 049
APATITY, RUSSIA 67.55  33.33 063 060 060 062 063 060 057 056 055
OULU, FINLAND 65.05 25.47 080 079 079 081 081 079 076 076 0.77
COLLEGE, USA 64.08 212.17 058 055 055 056 057 056 053 053 0.52
YAKUTSK, RUSSIA 62.03 129.73 161 165 165 163 165 162 162 157 155
OKTYEMTSY, RUSSIA 61.66 129.37 171 168 171 172 170 171 165 161 1.60
TURKU, FINLAND 60.40  22.60 138 140 132 135 134 135 132 135 135
MAGADAN, RUSSIA 60.12 151.02 204 210 208 209 204 207 203 201 199
FORT SMITH, CANADA 60.02 248.07 028 028 027 028 028 028 028 030 0.30
UPPSALA, SWEDEN 59.85 17.55 139 138 142 139 141 138 137 137 137
CHURCHILL, CANADA 58.75 265.91 018 019 020 018 019 020 018 021 0.22
SVERDLOVSK, RUSSIA 56.73  61.07 230 229 228 227 229 225 219 214 213
NAIN, CANADA 56.55 298.32 028 032 030 035 036 036 039 043 045
MOSCOW (IZMIRAN), RUSSIA 55.47  37.32 244 248 237 245 244 237 236 233 230
PEAWANUCK, CANADA 54.98 274.56 031 032 033 034 035 035 035 037 040
KUHLUNGSBORN, GERMANY 5412 1177 239 241 241 242 250 244 246 238 243
NOVOSIBIRSK, RUSSIA 54.80 83.00 286 289 284 287 289 28 275 274 269
KIEL, GERMANY 5433 10.13 234 230 232 232 234 238 239 237 236
LEEDS, ENGLAND 53.83 358.42 215 216 216 216 218 222 225 229 227
GOOSE BAY, CANADA 53.27 299.60 051 052 056 057 060 064 066 071 0.74
IRKUTSK, RUSSIA 52.47 104.03 367 369 366 366 365 364 358 351 349
IRKUTSK-2, RUSSIA 52.37 100.55 364 360 361 365 367 359 356 348 3.46
NERA, THE NETHERLANDS 52.23 5.08 272 274 278 276 277 281 283 284 286
UTRECHT, THE NETHERLANDS 52.10 5.12 276 276 284 278 281 286 289 280 287
LINDAU/HARZ, GERMANY 51.60 10.10 292 305 298 3.02 306 306 305 300 3.03
LONDON, ENGLAND 51.53 359.90 273 278 278 277 291 285 287 286 287
HALLE, GERMANY 51.48 1197 3.07 301 304 308 312 306 3.09 305 3.07
IRKUTSK-3, RUSSIA 51.29 100.55 404 400 403 402 406 397 389 385 3.82
SULPHUR MT., CANADA 51.20 244.40 112 112 111 111 114 112 113 112 113
CALGARY, CANADA 51.08 245.87 110 109 106 110 111 110 1.07 107 1.09
HERSTMONCEUX, ENGLAND 50.88 0.33 289 300 299 295 300 3.04 304 299 3.06
KIEV, UKRAINE 50.72  30.30 358 361 354 365 364 350 349 342 339
DOURBES, BELGIUM 50.10 4.60 327 327 327 330 326 330 336 334 333
PRAGUE, CZECH REPUBLIC 50.07 14.43 351 351 361 353 353 355 350 351 349
LOMNICKY STIT, SLOVAKIA 49.20  20.22 394 398 396 4.04 400 399 395 394 388
KHABAROVSK, RUSSIA 48.50 135.20 540 543 545 543 541 539 542 535 533
VICTORIA, CANADA 48.42 236.68 186 18 185 184 188 179 179 180 181
MUNICH, GERMANY 48.20 11.60 410 4.09 412 411 417 414 414 416 414
SCHAUINSLAND, GERMANY 47.92 7.75 413 413 412 416 417 418 416 420 4.20
PREDIGTSTUHL, GERMANY 47.70  12.88 433 420 429 433 434 435 433 429 431
ZUGSPITZE, GERMANY 47.42  10.98 433 432 436 434 433 434 438 436 4.38
HAFELEKAR, AUSTRIA 4732  11.38 432 428 427 441 440 436 431 440 435
BERN, SWITZERLAND 46.95 7.98 430 446 442 441 444 444 448 440 442
JUNGFRAUJOCH, SWITZERLAND  46.55 7.98 453 450 451 458 458 462 462 464 459
DEEP RIVER, CANADA 46.10 282.50 098 102 105 110 113 114 113 118 125
OTTAWA, CANADA 45.44  289.32 108 110 111 113 120 119 131 126 130
SIMFEROPOL, UKRAINE 4473  34.00 553 546 553 558 551 541 539 540 531
MT. WASHINGTON, USA 44.30 288.70 125 128 130 135 139 145 147 152 158
ALMA ATA-U, KAZAKHSTAN 4325 76.92 6.73 680 6.72 676 669 660 655 649 645
DURHAM, USA 43.10 289.17 138 144 145 154 155 160 167 172 176
BAGNERES, FRANCE 43.08 0.15 529 541 542 546 554 552 559 557 562
PIC DU MIDI, FRANCE 42.93 0.25 539 543 544 548 560 562 566 570 567

MUSSALA, BULGARIA 4218  25.58 6.39 639 641 639 634 629 628 6.22 6.20



ROME, ITALY

CHICAGO, USA

TBILISI, GEORGIA
TASHKENT, UZBEKISTAN
LINCOLN, USA

EREVAN, ARMENIA
SWARTHMORE, USA
MORIOKA, JAPAN

NEWARK, USA

DENVER, USA
SAMARKAND, UZBEKISTAN
CLIMAX, USA

BENING, CHINA

ATHENS, GREECE
BERKELEY, USA
FUKUSHIMA, JAPAN

SEOUL, KOREA

MT. NORIKURA, JAPAN
TOKYO-ITABASHI, JAPAN
TEHRAN, IRAN

GULMARG, INDIA

MT. HERMON, ISRAEL
DALLAS, USA
SACRAMENTO PEAK, USA
YANGBAJING, TIBET
ALIGARH, INDIA

REWA, INDIA
AHMEDABAD, INDIA
MAKAPUU POINT, USA
KULA, USA

HALEAKALA, USA

MEXICO CITY, MEXICO
KODAIKANAL, INDIA
MAKERERE, UGANDA
HUANCAYO, PERU

DARWIN, AUSTRALIA
CHACALTAYA, BOLIVIA
TSUMEB, NAMIBIA

RI1O DE JANEIRO, BRAZIL
MINA AGUILAR, ARGENTINA
POTCHEFSTROOM, S. AFRICA
BRISBANE, AUSTRALIA
CORDOBA, ARGENTINA
HERMANUS, SOUTH AFRICA
BUENOS AIRES, ARGENTINA
HOBART, AUSTRALIA

MT. WELLINGTON, AUSTRALIA
KINGSTON, AUSTRALIA
KERGUELEN ISLAND
USHUAIA, ARGENTINA
LARC, ANTARCTICA

MIRNY, ANTARCTICA
TERRE ADELIE, ANTARCTICA
MAWSON, ANTARCTICA
SYOWA, ANTARCTICA
SANAE, ANTARCTICA
ELLSWORTH, ANTARCTICA
MCMURDO, ANTARCTICA
GEN. BELGRANO, ANTARCTICA
VOSTOK, ANTARCTICA
SOUTH POLE, ANTARCTICA

Lat. E. Long. 1955. 1960. 1965. 1970. 1975.
41.86  12.47 6.27 6.27 6.26 6.33 6.35
41.83 272.33 171 174 173 177 173
41.72  44.80 6.86 6.88 691 6.88 6.83
4133  69.62 769 761 7.67 766 761
40.82 263.32 221 223 220 223 221
40.17  44.25 781 775 7798 7.73 7.65
39.90 284.65 188 191 193 196 1.99
39.70 141.13 10.13 10.08 10.15 10.20 10.18
39.68 284.25 187 193 195 206 207
39.67 255.03 290 289 295 288 293
39.60 66.90 870 872 874 869 870
39.37 253.82 3.06 305 3.00 299 3.00
39.08 116.27 10.05 10.04 10.10 10.09 10.13
37.97 23.72 875 872 869 872 865
37.86 237.70 455 455 457 457 455
37.75 14048 10.50 10.48 10.53 10.57 10.56
37.50 127.00 10.69 10.75 10.77 10.78 10.77
36.11 13755 11.35 11.38 1141 11.40 11.46
35.75 139.72 1149 1149 1158 1157 11.56
35.67 5143 1058 10.50 10.58 10.59 10.51
3407 7442 1178 1175 11.78 11.74 11.69
33.30 3579 10.78 10.80 10.78 10.81 10.76
32.98 263.27 430 426 427 419 414
32,72 254.25 510 507 495 490 493
30.11  90.53 1434 1431 1434 1430 14.23
2791  78.07 1479 14.77 14.81 1477 14.72
2432 8124 1585 15.84 15.87 15.83 15.77
23.01 7261 1590 1590 15.92 15.89 15.84
21.30 20235 13.17 13.11 13.05 1299 12.92
20.73 203.67 1324 13.18 13.11 13.05 1299
20.72 203.73  13.24 13.18 13.11 13.05 12.99
19.33  260.80 945 933 915 897 8.87
10.23  77.48 1747 17.47 17.47 17.43 17.38

034 3256  15.08 15.07 15.04 15.00 14.93
-12.03 284.67 13.44 13.33 13.23 1312 13.01
-12.42 130.87 1440 14.37 1430 14.23 14.16
-16.31 29185 13.08 1296 1286 12.74 12.63
-19.20  17.58 9.65 962 953 945 931
-22.95 316.83 11.71 1153 11.37 11.18 10.99
-23.10 29430 1249 1233 1222 12.09 11.94
-26.68  27.10 724 720 719 710 6.97
-27.42 153.12 740 734 728 717 7.10
-31.42 29580 11.43 11.25 11.10 10.92 10.78
-34.42  19.22 484 482 475 465 4.62
-34.60 30152 10.63 10.44 10.29 10.06 9.93
-42.90 147.33 199 190 192 183 186
-42.92 14723 193 191 189 188 185
-42.99 14729 190 191 187 187 182
-49.35  70.25 120 116 115 117 117
-54.80 291.68 576 566 559 545 530
-62.20 301.04 3.77 370 3.63 354 342
-66.55  93.02 0.00 0.00 0.00 0.00 0.00
-66.65 140.01 0.00 0.00 0.00 0.00 0.00
-67.60  62.88 020 019 0.17 017 0.17
-69.00  39.60 038 039 039 039 0.39
-71.67 357.15 089 089 089 087 0.83
-77.72 318.87 075 074 073 074 071
-77.85 166.72 0.00 0.00 0.00 0.00 0.00
-77.97 321.20 073 072 071 067 0.66
-78.47 106.87 0.00 0.00 0.00 0.00 0.00
-90.00 0.00 0.06 0.05 0.07 0.07 0.01
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1980.

6.36
1.80
6.72
7.53
2.20
7.56
2.09
10.24
2.09
2.86
8.59
2.95
10.08
8.69
4.47
10.60
10.79
11.48
11.63
10.43
11.59
10.65
4.14
4.83
14.20
14.67
15.72
15.79
12.85
12.91
12.91
8.61
17.37
14.89
12.92
14.09
12.53
9.22
10.78
11.83
6.99
7.08
10.58
4.62
9.72
1.84
181
1.80
1.14
521
3.37
0.00
0.00
0.16
0.42
0.80
0.68
0.00
0.65
0.00
0.06

1985. 1990. 1995.
6.36 6.33 6.27
182 182 185
6.63 6.59 6.55
737 731 7.23
214 223 221
751 746 736
206 212 221
10.19 10.08 9.98
216 213 221
280 284 285
8.43 832 829
297 292 293
10.06 9.92 10.22
857 856 853
447 445 441
10.55 10.49 10.40
10.78 10.68 10.67
11.45 11.36 11.25
11.59 1150 11.40
10.32 10.23 10.20
11.49 1145 11.39
10.59 10.47 10.41
406 4.01 4.00
480 470 4.69
1412 14.03 13.99
1457 1452 14.47
15.65 15.59 15.55
15.71 15.67 15.63
12.79 12.75 12.70
12.85 12.80 12.76
12.86 12.80 12.76
840 821 8.02
17.34 1733 17.33
14.84 1482 14.79
12.82 12,72 12.63
14.06 14.06 14.07
1242 1231 12.20
9.17 912 9.06
10.58 10.37 10.19
11.69 1156 11.44
700 6.99 6.85
6.95 7.01 7.08
10.39 10.22 10.05
456 4.44 445
946 932 9.09
184 183 1.83
185 179 183
183 181 182
118 110 114
505 493 484
317 310 3.01
0.00 0.00 0.00
0.00 0.00 0.00
0.16 0.20 0.15
039 038 0.36
0.78 0.71 0.75
0.67 0.65 0.63
0.00 0.00 0.00
062 0.63 0.61
0.00 0.00 0.00
0.05 0.01 0.05



