The Cutoff calculator program Cutoff http:/crsv.izmiran.ru/cutoff calculates the rigidity
of geomagnetic cutoff for a given date (1900-2015, extrapolation to 2050) and at a given
geographic point. From a given height, antiprotons of various rigidity are launched at a certain
zenith and azimuth angle, and trajectories can be traced. If the particle emerges from the
magnetosphere, the rigidity is allowed, if it returns to the ground or turns too long (the duration
of the flight is set), the rigidity is forbidden. The program can consider trajectories in one of the
given models of the magnetosphere: numosn, IGRF, Tsyganenko IGRF+T89, IGRF+T96,
IGRF+TO02. The result of this program - the lower, upper and effective values of the rigidity of
the geomagnetic cutoff and the penumbra, for example, for the model IGRF- looks like
following:

Cutoff rigidities: lower 1.765 upper 2.416 effective 2.185
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Test checking of the calculator.

To test the calculator, you can get test results for test values of model parameters based on the
following table.

For 01.07.2017 00:00:00 and Geographic coordinatres(latitude, longitude) - (55.00, 40.00)
Vertical angle - 0.00 and Azimutal angle - 0.00

Parametrs Result
Cutoff rigidities, GV Calcul
Model ation
time,
sec
Pw(nPa), | Dy | IMF By | G lower | upper | effective
Solar index | and
wind (nT) | IMF B,, | and
Kp | dynamic nT
pressure G,
Dipole 2.337 | 2.737 2.498 6
IGRF 1.765 | 2.416 2.185 37
IGRF+T89 4 1.582 | 2.190 1.922 28
IGRF+T96 2| -50.0] Oand5 1.518 | 2.156 1.906 | 1188
IGRF+T02 2| -50.0] Oand5| 6and 10| 1.649 | 2.234 1.947 | 3964

rigidity lower and upper limit (GV): 0.0 — 3.0
step 0.001 GV, Maximum time of flight - 180.00 s.

Remembering.

1) After selecting a model, the calculator prompts you to specify the required set of parameters.
2) The older the model of Tsyganenko, the more time is required for calculations. Especially it
concerns models T96 and T02. To speed up the counting time, it is recommended that you
carefully select the values of rigidity lower and upper limit. So when selecting Rmin = 0 and
Rmax = 3 GV, the counting time for the IGRF + T02 model is 3964 seconds. When specifying
this range, Rmin = 1.3 and Rmax = 2.6 GV, the counting time for the model is 1200 seconds. If it
necessary to use the older models of Tsyganenko (T96 and T02), it is recommended to estimate
the Rmin and Rmax by the IGRF model and use these values in the future.

3) The integration step is selected as high - 0.001 GV. Usually limited to an integration step of
0.01 GV or less, which allows to speed up the calculator work by an order of magnitude. For the
IGRF + T02 model at a step of 0.01 GV, the counting time is less than 2 min instead of 1200 s.



http://crsv.izmiran.ru/cutoff

4) Parameters of the magnetosphere Kp, Dst and parameters of the interplanetary medium Psw,
Dst, IMF By, IMF Bz are determined experimentally, and the parameters G1, G2 and G3 are
estimated by the algorithm described in Description_CutOff.doc in
ftp://crsb.izmiran.ru/MagEftect (See guide.pdf).

Other calculators of the geomagnetic cutoff rigidity.

1) Zreda Marek. COSMOS project University of Arizona. Cutoff rigidity online Calculator,
model IGRF. E-pub. 2012. http://cosmos.hwr.arizona.edu/Util/rigidity.php. Online Internet
project is based only on the model IGRF, and only vertical incident particles are considered.

2) Boschini M.J., Della T.S., Gervasi M., Grandi D., Rancoita P. G. ,Bobik P., Kudela K. //
Cutoff rigidity online Calculator, model T96, T05. E-pub. 2014. http://www.geomagsphere.org.
Online Internet project is based only on the more complex models of the magnetosphere
(Tsyganenko T96 and T05) with automatic attraction parameters of the interplanetary medium,
necessary for the magnetosphere model, which is a very useful option.
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[Tporpamma xkanbkynstop Cutoff http://crsv.izmiran.ru/cutoff BerYMCHsET KECTKOCTH
reoMarHuTHOro obpesanust ans 3agaHHoi natel (1900-2015, skcrpamonsauus no 2050) u B
3alanHOi reorpaduyeckoii Touke. C 3aaHHON BBICOTHI MO OMNPEACIECHHBIM 3CHUTHBIM H
a3MMYTAJIbHBIM YIJIOM BBIITYCKAIOTCSl aHTUIIPOTOHBI PA3IMYHON JKECTKOCTH, U MPOCIEKUBACTCS
uX TpaekTtopuu. Eciam vacTuma BbIUIa M3 MarHuToc(epsl - KECTKOCTh pa3periéHHas, eciu
BEPHYJIaCh Ha 3€MJII0 WJIM KPYTHTCS CIULIKOM AOITO (MPOAOIKUTENBHOCTh MONETa 3a0aéTcs) -
KECTKOCTh 3ampeliéHHas. [Iporpamma MOXKET cuMTarh TPAEKTOPUM B OJHOM M3 3aJaHHBIX
moneneir marautochepsl: aumnodb, IGRF, momenmn Ilpranenko IGRF+T89, IGRF+T96,
IGRF+T02.

Pesynprar mporpamMmbel — HIKHEE, BepxHee U JPPEKTUBHOE 3HAYEHHE IKECTKOCTH
reOMarHUTHOTO 00pe3aHus U neHymoOpa, Hanpumep, 11t mojenu IGRF BeImsuT kak:

Cutoff rigidities: lower 1.765 upper 2.416 effective 2.185

TecToBasi NpoBepKH KAJBLKYJSATOPA.

,HJ'IS[ IMPOBEPKH KAJIBKYIATOpPpAa MOXHO JIA TECTOBBIX 3HAYCHUM napamMmeTpoB MOACIN IOJITYYUTH
TCCTOBBIC 3HAYCHU A PC3YJIETATOB UCXOOA U3 CJ'IGJIYIOH_[Cﬁ Ta6J'II/II_IBI.

For 01.07.2017 00:00:00 and Geographic (latitude, longitude) - (55.00, 40.00)
Vertical angle - 0.00 and Azimutal angle - 0.00

Parametrs Result

Cutoff rigidities, GV Calcul
Model Py (nPa), | Dy | IMF B, | G lower | upper | effective | ation
Solar index | and time,

wind (nT) | IMF B,, | and sec

Kp | dynamic nT
pressure G,

Dipole 2.337 | 2.737 2.498 6
IGRF 1.765 | 2.416 2.185 37
IGRF+T89 4 1.582 | 2.190 1.922 28
IGRF+T96 2| -500| Oand5 1.518 | 2.156 1.906 1188
IGRF+T02 2|1 -500| Oand5| 6and 10| 1.649 | 2.234 1.947 | 3964

rigidity lower and upper limit (GV): 0.0 - 3.0
step 0.001 GV, Maximum time of flight - 180.00 s.

IMamsaTKa.

1) ITocne BbIOOpa MOZIEM KANBKYIATOP MpeAiaraeT 3a/1aTh 00s13aTebHbI HAOOP MapaMeTpPOB.

2) Yem crapiue mojens Lipiranenko, Tem 6onee Moziens BpeMsaszarpaTrHa. OCOOEHHO 3TO KacaeTcs
moneneit T96 m TO2. Jlnst yckOpeHUsi BPEMEHHM cUeTa PEKOMEHIyeTcs 0ojiee BHUMATEIbHO
BbIOUpaTh 3HaueHus rigidity lower and upper limit. Tak npu BeiOope Rmin=0 u Rmax=3 GV
Bpems cuera g monenu IGRF+TO02 paBHo 3964 cek, mpu yTOUHEHUH STOrO JAMana3oHa
Rmin=1.3 u Rmax=2.6 GV Bpems cueta mis momenu yxe 1200 cek. Ilpu HeoOxoaumocTu
npumeHenus crapmmx mozenei Lpranenko (T96 u T02) pexomennyercst mo monenu IGRF
oueHUTh Rmin 1 Rmax u 3T 3HaueHus HCIOIb30BaTh B JalIbHEHIIEM.

3) Lllar unterpupoBanust BelOpaH BbicOKUH - 0.001 GV. OOGBYHO OrpaHUYMBAIOTCS ILIATOM
uHTerpupoBanus 0.01 GV wiam MeHblle, 4TO MO3BOJSET YCKOPUTH pabOTy KaJbKylaTopa Ha
nopsaok. Jns monenu IGRF+T02 mpu mare 0.01 GV Bpems cuera BMecto 1200 cex menee 2
MUHYT.


http://crsv.izmiran.ru/cutoff

4) ITapamerpsl Marautochepsl Kp, Dy u mapamerpsl mexruianetHoit cpeasl Py, Dy, IMF By,
IMF B, ompenensrorcs skcnepuMmeHTanbHO, a mapametrpel Gy, G, u G; mo anropurmy,
uznoxxeHHomy B Description CutOff.doc B ftp://crsb.izmiran.ru/MagEffect (See guide.pdf).

Jlpyrue KaJbKyJISTOPbI BBIYMCICHUS KECTKOCTE reOMarHuTHOro 00pe3aHus.

1) Zreda Marek. COSMOS project University of Arizona. Cutoff rigidity online Calculator,
model IGRF. E-pub. 2012. http://cosmos.hwr.arizona.edu/Util/rigidity.php. Onnaitn MuTepHeT
npoekT Oasupyercs Tonbko Ha Momenu IGRF wu paccmarpuBaroTCsi TOMBKO BEPTUKAIHHO
Imaaarmue 4aCTUubl.

2) Boschini M.J., Della T.S., Gervasi M., Grandi D., Rancoita P. G. ,Bobik P., Kudela K. //
Cutoff rigidity online Calculator, model T96, T05. E-pub. 2014. http://www.geomagsphere.org.
Ownnaitn MHTEpHET TpOEKT Oa3upyeTcsl TOJBKO Ha 0OJiee CIOKHBIX MOJEISX MarHUTOChepb
(Iprranenko T96 u TOS) ¢ aBTOMaTHYECKUM MPUBICYCHHUEM HEOOXOIUMBIX BXOIHBIX IS MOJICITH
MarauTocepsl MapaMeTpoB MEKIUTAHETHOU CPEIbI, UTO SBJSETCS OUYCHD IMOJIC3HOMN OIIIHEH.
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