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Abstract: Problem statement: The calculation of magnetospheric particle flux diyiding the
particle count rate by the instrument geometriddacoes not take into account the anisotropic
pitch angle distribution function. A comparison @farticle fluxes measured by different
instruments fail to lead to the right comparison. dircumvent the omission of anisotropy of the
pitch angle distribution and to make the correcmparison of particle fluxes, the instrument
response function to different pitch angles withile sampling range of the instrument has been
incorporated into the count rates over a certaadoat time.Conclusion/RecommendationsA
guantity in absolute comparison of magnetosphedctige flux has been found. The newly
defined quantity of different observations doesdlda the correct comparison for studying
temporal variations. Investigators interested todgt temporal features of magnetospheric
particles over epochs may find the response funstifor different instruments flown at different
epochs useful for their study.
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INTRODUCTION variation of magnetospheric fluxes, a comparison of
measurements made at different epochs is required
The charged particle detectors on board satelliteahich urges the inclusion of the anisotropy factith
may have conical shapes characterized by certaiits observed range to calculate the flux.
opening angle, a height and a sensitive base. The The Geometric Factor (GF) in Eq. 1 does not
opening angle and the height are the major fadtors include the pitch angle distribution function eithe
detect particles of the desired pitch angle range(syiivan, 1971). The pioneer investigators repdrte
Along with the dependence on the pitch angt® (- yx calculation using the above relation (Hovestad
the flux of magnetospheric particles is usually gt al., 1972: Moritz, 1972: Mizera and Blake, 1973:

function of Energy (E), magnetic field (B), .

Mcllwain’s parameter (L), latitude\, (longitude 6) Scholergt al., 1975). All of t_h|s stu_dy rglate to_the
and time (f). The pitch angle distribution of observa_t|ons qf th_e equatprlally mirroring partgle
magnetospheric particles which is usually in therfo Equatorially mirroring particlesog = 90°) peak the
of siff' « is anisotropic in the sense that it does notPitch angle distribution. However, the non-
indicate equal number of particles from equal ivaés  equatorially mirroring particles appear as fringes
of pitch angles. But the calculation of the paetifilix j  the pitch angle spectrum.

from the counting rate N instrument geometric facto This article describes how the pitch angle

and the energy intervalE using the relation: anisotropy can be included in the calculation atipke
flux via the calculation of the instrument response
j=N/Geometric factoxA E (1)  function to particles of different pitch anglesietists

working with old and currently operating satelldata

Yields an isotropic flux in which N is independent will find the results very useful.
of the direction of incidence and depends only loa t
size of the solid angle of acceptance. Howevelhaut  Response function: The observed counting rate of a
taking into consideration the anisotropy factoofriepic  detector telescope for a magnetospheric partigelpton
flux cannot be calculated. To study the temporalin the pitch angle range-a, and the energy range-E,
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during a readout time interval T is given by th&egnal Does not include the integration over the pitehla
over the incoming particle direction r of the prodaf the  distribution. The counting rate then reduces toZEq.
particle flux j (E, B. La, A, 4, t) with the detector area A
exposed normal to the incident direction i.e., (Méaal., R=AFJ Q 2N
1989; Miah, 1994) Eq. 2a:
] And the desired quantity for absolute comparison
R :1”_]- dtf dqﬂ ‘*_f dAT6).(E.B.La A @ .t (2a) of magnetospheric particle flux is Eq. 2m:
¢ e 8 J,=R/AFQ (2m)
The particle is assumed to have the most general

form of flux Eq. 2b: The above equations (2a) through (2m) are just
defining equations for what they stand and do m&tdn
any discussion. The limits of the integrations e t
equations pertaining to an instrument will be instent
specific.

i(E,B,L,a,A@,t)=j,(E,B,La A @,)E® sifa (2b)

where, { is the normalization Constt)ant characteristic of
the actual particle _populatl(_)n, Eis the_ energy The acceptance cone of the telescope allows
spectrum and sina is the pitch angle distribution

function. The counting rate can then be writterEgs particles of a W|de_p|tch {mgle spectrum to enker t
20-2k: detector. The relative efficiency of a detector for

given pitch anglen is defined as the fraction of the
associated space angle intercepted by the telescope

T B a2
R:jn(E,B,L,a,)\,cp,t)ll'l]' dtJ' E° dEJ( dj' @ cone, duly weighted by the fraction of the totagaar
o f  w o (2c) which is perpendicular to the incoming particle fea
J‘dAr(w)_Si,fa and normalized by the efficiency of a half-
omnidirectional detector.
- QG (2d) The details of the steps leading to the efficiency
Jn calculation are presented in another article (Adel,
Where: 2008). Briefly, the detector area is divided into a

number of equal elemental AreadA). The center
£2 point of eachAA is taken as the representative point of
Q= j E"°dE (2e) that segment. A telescope cone which is right ¢rcu
E1 only for the central point of the circular sensitibase
w and elsewhere just a circular, is imagined withaphex
G=Id0lfdﬂf dAr@).sifa = AF (2f) at this point. The pitch angle range is determifed
@ o A this telescope cone. The response function fopitdh
angles within the range is calculated for this
With: representative point. The steps are repeated Ifottedr
representative points and then averaged over all
_f segments. Next, coordinate transformations are tesed
F ale(a)f(a)da (29) define, in the telescope frame, the direction of th
geomagnetic field. Then, a semi-analytic computer
F(a) = sirfa (2h) algorithm determines the points of intersectiontud
telescope and the pitch angle cones. Finally, ¢éselts
And the efficiency functions: are integrated over the pitch angle distributiord an
averaged over the entire detector area.

a2
f(a).[dajdwjdA.r(w) (2i) Setup of the pitch angle and telescope frames of
@ Q A observation: The above formulation related to the
geometry of a conical particle telescope may be
i) understood with the help of Fig. 1. Both the pittgle
cone and the telescope cone are shown in the figure
The pitch angle frame is set up in such a way aaxi&
the geometric facto,:j (df dA (2K) points along the B direction which is also the afishe
2 A pitch angle cone. X is perpendicular to B and lies

a2

f(a) J' da (geometric factor)
al
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the plane of B and the telescope axis; the Y™ &«is Figure 2 is helpful in determining the X, Y, Z
chosen to make the system right-handed. The tegdesco coordinates of the points of intersections. Therdho
cone is shown with the apex at an off-centeredtippsi PO’Q represents the projection of the magnetid fiel
of the sensitive base area of the detector. At thigector onto the plane of the opening ring of the
location, it is just a circular cone. Its coordmatystem telescope. OP is the radius of the ring and O@qisal

is XYZ. OF is the telescope cone axis. The axethef 0 a, the shift of the origin along the X-axis. _
two cones are along their respective Z-ay€s. is the The angle at the observation point is determined
angle between the two cone axes. The telescop&o™ the component of the magnetic field Eq. 3a:

intercepts the arc CD of the pitch angle cone. The__ . 12

telescope axis always lie in the Z"X" plane of piteh x=cos’ (B /(8. + B, J*) (33)
angle frame so that the azimuth angle measured from lied b th tic field model
this plane is zero. Further, in the pitch anglenfea the SUDF;EIG h ythe ma_gned|g 1 xm(\)( N 'd 7 di
direction of any incident particle is specified kye ach time aly is addedy, X, ¥ an coordinates

. . are determined Eq. 3b:
polar anglen and an azimuth anglg” measured from
the Z'ZX" plane, positive on one side ofit’() in the  x=R cosy’ — a; Y = R siny; Z = H-1.7336 cm (3b)
counterclockwise direction and negative on the rothe
side $,"") in the clockwise direction. wherey' can be obtained from Eq. 3c:
Calculation of azimuth Angle B in the pitch angle ~ PO*= R + &~ 2aRcog (3¢)
frame: From unit vectors directed along OA, OC, OD )
and OF in the pitch angle frame, we can find theAnd'
anglesp;” and B,”". B, is the angle between the 9 _ .
plane formed by OA and OC and the plane formed byF>o = R+ & - 2aPOcos (180 (39)
OA and OF. AndB,”" is the angle between the plane

and OF  Cross products of unit veetors directeaio PE/2ns ONR'602 experiment (Wiah, 1091a). As
‘ said above, Eq. 3a relates to the magnetic fieldeho

(?]A and OC V‘g” be Fefr}pendi_cular to thg_ir plage ?ndof the Earth, and the Eq. 3b through 3d relateht t
the cross product of the unit vectors directed glon geometry involved in the calculation.

OA and AF will be perpendicular to their plane. The Unit” vector along the incident direction is

dot product of these unit vectors perpendiculdh®r  c5jculated from X., Y and Z coordinates. A dot
respective planes yields,”. We can similarly form — product of this vector with the unit magnetic field
the cross product of unit vectors directed along OAyector gives the pitch angle. Thew is calculated.
and OD and the cross product of the unit vectorsthe above steps are repeated uniil falls lower
directed along OA and OF. The dot product of thesehan 0.001 degree. The entire operation is repeated
two cross products vyields the anglg,”~. The on the other side of the magnetic vector positind a
coordinates of the points C and D of intersectiohs the second point of intersection is found for tlitelp

the telescope and pitch angle cones are found by aangle under consideration.

iterative method described below.

The detector dimensions used in this study

Accuracy of finding the points of intersections:A check
The iterati A qi itch le within th was made to see if the two points of intersect&atisfy
€ itérative process.A given pitch angle within the 5y, 1he pitch angle and the telescope cone eqgatimr

instru_mental pitch angle rang@”- o a_lnd - * angle i purpose, the following equation for the tetgmecone
EOF is selected. The two points of intersectionshef ;o< qeduced with the cone apex at (a, 0, 0) Eq. 4a:
pitch angle cone with telescope cone are found by n

iteration setting the difference between the setbct (X +H tany, ¥ Y? = H%(tanf, +v,)- tany, ¥ (4a)
pitch angle and the computed pitch angte< 0.001°.
The intersection of the opening of the pitch arggee In Fig. 3, angle OO0 =y, and the angle

and the plane of the opening of the telescope mae OO P’ =y, The equation can be simplified to Eq. 4b:
conic section having the projection of the magnetic , _,
field vector on the plane of opening ring of the X *Y *2aX-2(R+a)(R-a) ( (4b)
telescope as the axis of symmetry. In the iterativeynore in the figure, a = 00" (=0°"0”), the
process, the two points of intersection are sought gistance from the central point of the detectothe
either side of the projection of the magnetic fiedttor telescope cone and OP = R, the radius of the mouth
on the opening ring of the telescope. of the telescope cone.

3
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Fig. 1: lllustrations of the points of intersectorof
telescope cone CDEO and the pitch angle cone
CDGO at points C and D. Their axes are inclined at
an angle”". X'Y'Z" are the pitch angle cone axes

and XYZ are the telescope cone axes. X'ZZ" lie in X
one planey is the angle between the X-axis and the
projection of the magnetic field or the projection
X'ZZ plane in the XY-plane Fig. 3:lllustrate the telescope cone equation wtien
. apex is at an off-centered point on the sensitive
nB base. At this point, it is just a circular cone
\P x= cos'(B,/(Bs* + B,)"® (4d)

The components of the rotated vectors are Eq. 4e:

X" =X cox X +Y'sin x
Y?' = =X'sin x + Y cos X (4e)
z =z

The next rotation is around OY” axis through
= 90% ", the angle between the magnetic field
vector and the Z-axis, in the anticlockwise direnti
The rotation yields Eq. 4f:

Fig. 2:lllustration of finding the X, Y, and Z _
coordinates of the points of intersection of the X" =X"C0os X +Z"sin X
pitch angle and telescope cones Y o=y (4f)
) ) ) ] ) Z" = -X'sin ¥ +Z'cos %
The pitch angle cone equation is written with the
magnetic field vector as the axis. Later, through
transformation of coordinates, the equation is iokth Equation 4c, 4e and 4f define the pitch angle cone
in the telescope cone coordinate system. Thén the telescope cone frame.
transformation equations used are given below. The Substitution of the coordinates of the two points
equation of the pitch angle cone with the axis glthe  of intersections found by the iteration satisfié® t
magnetic field is Eq. 4c: telescope cone equation exactly. However, the pitch
angle cone equation yields a value of % 10™* for
pitch angles which are not equal to 90°. For 90°

S Y
where, a is the given pitch angle. The first rotation 191€Sx”" yields ~ 1x 107 The accuracy of the
done is a clockwise vector rotation around the Oz-Solution depends upon the condition that the
axis throughy given in terms of the magnetic field difference between the given and the computed pitch
components Eq. 4d: angles should be less than 0.001°.

4
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Efficiency calculation in the pitch angle frame:The

= i 3 in2 mear n
integral for G can be written as Eq. 5a: _Azsmq(ai)m'; (A TA)SIN® ;X (SN

=1

a2(d8) sinB",;, )+ sina; cos; cox") (51)
G= j daj cb)J- dAr).sifa (5a) x(sinB" _—siB". )

al(dA) dQ A
where, @ is the domain of the solid angte and is :A.iF(qj)Aqf(qj) (5))
determined from the pitch angle cone and the tefesc i=1

cone geometry,w = sina dB”, o being the polar angle

and B” the azimuth angle. The perpendicular Where:

component of the area element is dAoj [ooking into

®. It may be understood that G is a product of thef(a_):(1/2n)2”:(AA_ / A)[sin2a, sinx"(sirg "~
detector sensitive area perpendicular to the inogmi : = ! e

particle beam, an effective solid angle and thehpit sing" )+ sinat, cost; Cog ") (5k)
angle distribution. Its unit is cnsr Eq. 5b: . .
Ta(GA) B (@ dA, ) X(SINB ", = SIMB "y, )]
G= [ sifa di | si ﬂ [ dAfw) (5b) " is the efficiency function for; applied to the whole
g ? (O DA, X )A detector Eq. 5l and 5m:
Th ntegral cannot be evaluated analytically.
However, it can be evaluated semi-analyticallyoliews. G=AF (51)
The incident vector in the pitch angle frame is
given by Eq. 5c: where:
r=sina coP ¥ sim siB § cos (5¢) an: Fo,)naf(;) (5m)
j=1

The vector components along dA in the pitch ang|

frame are given by Eq. 5d: % can be evaluated by the simple trapezoid rule. It

has the units of steradian. The detector count isate
then given by Eqg. 5n:
dA =siny 1+ 0j+ cos( Tk (5d) gV yEd
) ) R=AFJ Q (5n)
The last integral is Eq. 5e and 5f;
Comparison of numerical and analytical results:

JdA.r(w).:jdA(sina co “six ¥ cost coe " (5€)  Several tests were carried out for the efficienciés
A A both the point and the whole detector for 90° pitch
n angle with magnetic field configuration in the pdaof
= Y AAi(sino; cosp”; sinAy™ + cos o; cosy™)  (5f) the detector because the analytical tests can be do
i=1 only for 90° pitch angles. The checked situations
correspond ta = 0°,¢ = 90° and5 = 0°.
The entire angular integration is then Eq. 5g%imd Fractional efficiency for 90° pitch angle parttls

easily checked for the central point of the detetide
equal to the space angle intercepted by the diaméte
a,(dA) B (0, dA, X™) the opening ring at the detector point, multiplieg
G= ] sifa di [ sit B "] dAfw) (59)  the fractional area represented by that point and
a,(dA) B .(a, dA, X )A exposed normal to the particles of pitch angle 90°.
The calculated and computed values of response
functions show no difference for this particulaino

B max (0 A X ) The response function calculated for the same pitch
IR N W angle was done at two other points (0.28194, 0.p cm
‘Z_lls'” (GJ)AO‘;AA'IdB (sirf o co "sirx (5h)  and (0.46990, 0.0 cm) on the detector, where the
a : ) radius vector was divided into 3 equal parts
B min (@, dA X ™) producing 9 equal elementary representative areas.
No differences were found between the computed
where,Aa = (0, —ay)/m is in radian units Eq. 5i-5k: and analytically calculated results.
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Magnetic field dependence of the response function: If we know the pitch angle distribution functiofi o
As to the influence by the activity of the Earth’s particles mirroring at other latitudes, we can ¢hefth
magnetosphere, the response function calculateghe applicability of the method with the instrument

depends upon the magnetic field orientation.response function calculated at that latitude.
Magnetospheric activities are influenced by theasol

conditions..'_l'he response function thus_ dependshen t Application to old satellite data: Regarding an
solar conditions. Whereas no calculations were madgpplication example to a specific instrument and
for solar quiet and violent conditions, some dxﬁmes_ observation data, the method developed was used to
were observed between the response functionggicylate the response functions of the monitor
calculated for the dipole field and the real geon®ig  telescope in the ONR-602 Experiment and the German
field. In the dipole field, the peak efficiency WiB a.  Research Satellite Azur. Figure 4 shows the sagplin
= 90°. But in the real field geomagnetic eciuatm_?; t efficiency as a function of the pitch angles at dijgole
response function peaks fate = 90 + 7°. This  equator. Azur telescope axis was within 90 %véith
demonstrates the influence of the magnetic fieldpe magnetic field at the equator. Its low operdngle
variation, a magnetospheric activity. accounts for its low values of response function.

Normalization constant J,; The normalization constant In Eq. 6, J depends on the exponent g of the pitch

can be found from the above equation as Eq. 6: angle distribution function and the epoch or time t
(Miah et al., 1992). Considering a range of values for q,
J,=R/AFQ (6) we can study the variation of with time t. Since JJis

representative of the particle population, comparisf

At the equatorh = 0 and Bwo 1 L. For low J,s for different epochs is basically a comparisbthe
altitude satellite passes (300-456 km), the rarfge o particle population at different epochs. In Fig.tbe
is very small. This means the dependence,afpbn  open circles represent the(, t) values for the monitor
B an L is very small. The dependence piufion the detector flux in ONR-602 Experiment on board S81-1
longitude ¢ is insignificant at the equator. So, the mission observed at 277 km and the squares regiresen
variation of J is principally with the exponent g of the same values for Azur for measurements at 450 km
the pitch angle function and the time or epoch tFor clarity, squares and circles have been offketga
Taking a range of values for g (Miah, 1991b; M&h  the horizontal scale. Within the uncertainties, fibges
al., 1992), we can study the variation gf @ith time  measured by Moritz (1972) at 450 km and by the
or epoch. Jis representative of a particle population monitor detector at 277 km are indistinguishable.
and the comparison of, Jor different epochs is Altitude difference and altitude-dependent source
basically a comparison of particle population for gepletion model can explain why the fluxes from the

different epochs. Multidimensional plots can betyo measurements are indistinguishable (Miah, 1988)
produced to study the variation of, dipon other

factors in their applicable ranges.

osk o ]
Application to measured data: 07F Sofuins
Pitch angle distribution function. As to the area of o6k
applicability, the method is applicable at anytiate " -
and longitude. To show it qualitatively, we cankpigp e 93r
only the equatorial region for the equatorially moiimg 2 04f

particles for which we know the pitch angleg)( 65
distribution function. It has the form Sin where n

runs from 5-21 from different observations (Moritz,
1972; Mizera and Blake, 1973; Daiem, 2010a; 2010b;  O.l}

02}

Sing et al., 2010; Yusifet al., 2010) with the most 1 O S SR . ST RPN
likely value in the middle of the range (Miat al., ¥ v P M B ¥ Wy i
1992). Sampling function at the equator can be Local pitch angle (degree)

approximated by the same sine function with expbnen _
13. So the detector can respond to all the equaditori Fig. 4:lllustrates the response functions of theurA

mirroring particles. For off-equatorially mirroring telescope on board the German Research
particles at the equator, it cannot detect anyiglast Satellite and the monitor telescope on board US
beyond the equatorial pitch angle 90°+ 37°. Air Force S81-1 mission
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distributions is very useful in the definition ohet
relative detector efficiency, for a given pitch &ng, as
the fraction of the associated space angle int&ézdepy
the telescope cone, duly weighted by the fractibthe
total area which is perpendicular to the incoming
particle beam and normalized by the efficiency of a
half-omni-directional detector. The semi-analytical
method developed in this study can be applied to an
particle telescope having some acceptance angle and
. some sensitive base. The efficiency function can be
g. Silllustrates the comparison of absolute @8IX 50 1ated to any degree of accuracy. The norntidiza
measured by the Azur telescope on board the,,qant hecomes independent of detector geomedry a

German Research Satellite and the monitofys oomnarison for different epochs is basicalle th

telescppe on board US Air Force 58,1'1 miSSioncomparison of absolute flux for those times. It is
for different values of q, the pitch angle ,janneq to explore the use of the geometric treatme

distribution function experiment. The circles , oqanted here to non-charged particle radiation.
represent the,J(h, t) for the monitor telescope

and the squares for the Azur telescope REFERENCES
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