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THE USE OF VERTICAL CUT-OFF RIGIDITIES
IN OOE@C.H}H—OZm OF Ccosmic RAY SPECTRA
ON THE EARTH’S ORBITS
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estimate the radiation exposure by cosmic rays influenced by the

Hast pacuera CNEKTPanLHBIX (hyHkimi TIPOUYCKaHMs KocMuyeckuy Ayveti B reomar-
HUTHOE nonte uenony3opans, yipousiotue fIpeanonoxenns ¢ yenpio BbIMHCAUTL nx

In computations of radiation conditions on the orbits of space vehicles in the
near-Earth environment it s fecessary to account for the influence of the
Beomagnetic field on the motion of energetic particles coming from the interplaner-
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boundary. Further only vertical cut-off rigidity is used as the characterizing rigidity,
the dipolar model for simplicity is incorporated and temporal integration of the flux
along the orbit is performed.

Il. BASIC CONSIDERATIONS

dN 1 (74N
dR., “ﬂ 3 %ﬂcﬂu JQN :v

dN _dN |
dR.. ~qR T»(R) (2)

on the basis of tables of planetary distributions of vertical cut-off rigidities [6—8].
In such case 1 has the form

1 for R>R,,,

iR, cu? for R<R.. ()

where R,..(r) is the vertical cut-off rigidity for the poing where the space vehicle is
situated at the given moment.

In general three types of errors would exist : a) the use of only vertical cut-off
rigidities while not alj allowed directions of the particle arrival are considered ; b)
errors originating from the extrapolation of vertical cut-off rigidities to the altitudes
of the satellite ; ¢) errors of computation of the vertica] cut-off rigidities table and of

The function ,,, (R) for the instantaneous orbit depends on the longitude (in the
GSE coordinates) of crossing the equator because of the tilt angle of the dipolar
moment to the Z axis of this coordinate system. To suppress these effects,
computations of the function Ton (R) were carried out for the interval T equal to
one day. Errors caused by replacing the allowed cones of particle acceptance with
vertical cut-off rigidities were estimated for the case of the axially symmetric
magnetic field on the Earth, which allows to approximate functions (R, r)
analytically.

For the dipolar case the function ©(R, r) can be described by the expression

(R, cuw (1+cos w(R, r)) @

2 4
R=593%____CsA [GV] 5)
r* (1+V1—cos w cos® A)?

e€ast-west.

1. RESULTS

Computations of spectral functions of transmittance in dipolar approximation on
the basis of vertical cut-off rigidities were performed applying (3) where R was
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Uumzwnﬁma according to (5) for ©=90° The procedure is similar o that used in
ﬁuo results of computation of the function T (R) for the circular orbit at the
altitude of 20 km and inclination j = 52° are given in Fig. 1. It can be seen that the
=ma.om vertical cutoff rigidities leads in the interval below 12 GV o an over-
-.Om.ﬂ:.nm:.o: of the spectra] function of transmittance by less than 10 %. For
.:m_n:amm above 12 GV the errors increase and reach 16 % for 14 GV. In such cases
In computations of Spectra of galactic as wel] as solar cosmic rays for practical
purposes the use of vertjca] cutoff rigidity leads to an error of the order of 10 %,

Fig. 1. Spectral functions of transmittance 1, and
their dependence on the rigidity R for the circular 04
orbit with the altirude 200 km and inclination 52°, )
The full line corresponds to the computations with

the assumption of the main cone of acceptance ; 02
the dashed line corresponds to the vertical cutoff
rigidity. Computations are made for the dipolar

approximation of the geomagnetic field.

M R@GV)

For the estimation of spectral functions of transmittance an their dependence on
the used tables of vertical cut-off rigidities the computations of t on the basis of
Bw_mm taken from papers [6—8] were performed together with rigidities given by
Stérmer’s formula (5).

Tables from Paper of Quenby and we bber [6] were obtained by analytical

geomagnetic :mﬁ by numerica] methods was used. Shea and Smart [8) used
a Swﬁrom anﬁm::_::dm the cut-off rigidities by humerical integration of the charged

the circular orbit at the altitude of 200 km and with an inclination angle 52° are
Enmn.:ﬁoa in Fig. 2. It js apparent that the spectral functions of transmittance are
pracucally identica] whether we uge the tables of Shea and Smart [8] or those of
O:n:g\. and Wenk [7]. The profiles of T (R) are also very similar for
Computations based on the tables of Quenby and Wenk [7] and on the Stérmer
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Fig. 2. Comparison of the function 1,,(R) using

different planetary tables of cut-off rigidities [6, 7,

8] and for the vertical cut-off rigidity according to

equation (5) [9]. The orbital parameters are the
same as those for Fig. 1.

theory. The difference in the values of

Fig. 3. Comparison of computed functions ., (R)

for the circular orbit A=200km for different

angles of inclination. The full line is obtained by

the approximation used in the program GKI [10]

and the dashed line by the program ORBIT [11],
respectively. For explanation see the text.

T at worst are not higher than 20 % for

inclinations of the orbit up to 60° and for altitudes up to 400 km.

The use of planetary tables of vertical cut-off rigidities, computed by the most
accurate methods of numerical integration of charged particle tra jectories, requires
the re-calculation of cut-off rigidities from the Earth’s surface to the altitude 4 of
the orbit of the satellite. We have compared the results of computations of t based
on the use of the dependence R(h)~(a+h)2 and R(h)~L(h) where «a is the
radius of the Earth and L the Mclllwain’s parameter. The first method was used in
the program called GKI [10] and the second in the program ORBIT [11]. In both
programmes we have used the planetary table of cut-off rigidities given by Shea
and Smart {8]. In Fig. 3 the spectral functions of transmittance for the circular
orbit at the altitude of 200 km and inclination angles i=52° 65° 72° and 90°

respectively, are given. For the angles 52°

» 65° and 72° the difference is not higher

than 10 %. For the polar orbit i =90° the difference caused by the re-calculation of
R from the Earth’s surface to 200 km above it, reaches 20 %,

IV. CONCLUSIONS

Computations of the spectral functions of transmittance of cosmic rays carried
out under simplified assumptions in the present work enable us to make the

following main conclusions.
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the daily averaged function of transmittance for the near-Earth orbits for the
assumed energy interval by not more than 10—15 9%, Comparison of computations
of 7, obtained with the help of different planetary tables of cut-off rigidities shows
that the most suitable tables for this application are those of Shea and Smart [8]
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