ST 0 GEVON € FECUOLOOM AUTORIZACAO PARA PUBLICAGAD
INSTITUTO D€ PESOLISAS ESACIRS AUTHORIZATION FOR PUBLICATION
PALAVRAS CHAVES/KEY WORDS r—AUTORlzm POR/! ZED BY
E% ELECTRON AND PROTON PRECIPITATION
»g PLASMASPHERIC ELECTRIC FIELDS V.W.J. rchhoff
3 J Pirector Atmos. Sci. |
— ;Ié‘;OR gemsl.s L DISTRIBUIGA O/DISTRIBUTION =y jremme REVISADA POWRE ISED BY —
[ INTERNA / INTERMAL ~ .
ﬁw. j J 3 EXTERNA / EXTERNAL Oomar P y l Ix
. ESTRITA *
4 Osmar Pinto [ RESTRITA/RESTRICTED __J\Editor Space “Atmo Sci.
cou/unc — DATA / DATE ———rrremny
523.4-854 [
- | August 1988 )
[ PUBLICACED N2 g?i:?setﬁ‘
PUBLICATION NO DGE
INPE-4642-PRE/1353
y — Fees
E _ ruem )
g EFFECTS OF QUIET TIME PLASMASPHERIC ELECTRIC — N DE PAG. ULTIMA PAG.—
| FIELDS ON ELECTRON AND PROTON PRECIPITATION NO OF PAGES LAST PAGE
20 )
— VERSioN j‘ﬁ%%%ﬁ'&“? —
o \, J
z 0. Pinto Jr.
§ W.D. Gonzalez
5
§
2
- B
N r

'

RESUMD -NOTAS /ABSTHACT - NOTES

The effect of the corotation and the quiet time
ionospheric dynamo electric fields on the dynamics of energetic
electrons and protons {(with energies between 50 keV and 1 MeV), inside
the inner magnetosphere, is investigated, using the concept of drift
paths of constant effective potential. The quiet time lonospheric
dynamo electric field is given by an analytic empirical model based on
scatter radar observations. The corotation electric field and the
Earth's magnetic field are given by analytic expressions corresponding
to a centered and an eccentric dipole model. The main conclusion is
that the quiet time electric fields cause a diurnal modulation of the
electron and proton precipitation. At low L wvalues the locus in
longitude of the maximum precipitation is shown to be energy
dependent.
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EFFLCTE OF QUIET TIME PLASMASPHERIC ELECTRIC FIELDS ON ELECTRON AND

FROTON PRECIFPITATION

Q. PINTO JE. and W.D. GONZALEZ

Instituto de Pesawuizas Esryaciais - INPE
C.P. 545, 12201 - S&0 José dos CLampos, 8P, Brawil
ABSTRACT

The effect of the corctaticn and the guiet tine ionospheric
dynamg electyric fields on ihe dynamics of energetic electrons and
protons (withh energies Dbetween 50 keV and 1 MeV), inside the inner
magneleozphere, is investigated, using the oconcept of drift palhs of
coenstant effeclive »otential. The guiet time ionospheric dynamo
electric field is given hy an analytic empirical model Dbased on
gcaltier radar observations. The corotation <lectric <field and the
cartn’s magnetic field are given by analytic expressions corresponding
1o & centered and an eccentric dirole models. The main conclusion is
that the auiet time electric fields cause a diurnal modulation of the
egleciyran and proton rrecipitation. At lgw L-values the locus in
tongitude of 1The maxXimum Pprecirvitation is =z2hown 1o Dbe energy

derendent.
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INTRODUCTION

High energy ©particle preciritation in the earth’s
atmosphere has Dheen largely studied. However, i1 was only recently
that the influence of_ large scale global electric Tields in the
energetic prarticle precipitation has heen investigated in more detail
[Sheldon et al.,, 1985, 1987, Gelpi et al., 1986]), although the
importance of magnetospheric electric fields in the dynamics of
energetic particles had already Deen pointed out many years ago
tHones, 19631

As a conseduence of the presence of electric fields the
rariviclies move changing their kinetic energy, L-value and eauatorial
Pitch-angle. Although t1the fractional change in the Kkinetic energy
and L-value may be =mall, the change in the mirror altitude can e
large compared to the scale length of the atmospheric density (Sheldon
et al, 19851 Thus, the precipitation flux can also be largely
altered due to the presence of eleciric fields.

Nevertheless, in the papers cited above, only the effect of
the convection electric field on the electron precirpitation was
considered. The main result of those works was to =how that the
electron precipitation at the Siple Station, Antartic (L=4.1), as
_ measured Dby sounding rockels, has a diurnal modulation at
gecmagnetlically dquiet times, in agreement with an electron drift
trajectory calcunlation that predicts a diurnal medulation with a
maximum on the nightside.

Cn the other hand, Pinto et al. £1987] studied the

influence of the iloncspheric dynamo electric fieid on the dynamics of



low emergy particles, between L-values of 1.5 and 4.5 and during guiet
times, but only for equatorially-mirroring particles.

In the present work, an extension of the analysis performed
by Pinto et al (1987}, based on the concept of consgtant effective
potential and assuming congervation of the first two adiabatic
invariants, is done, considering the dynamics of non egquatorial high
energy particles between L-values from 1.1 upr to 5. At lower L-
valuaes (I £ 1.5), an eccentric dipcle model is assumed and the dynamo
electric field is mneglected, taking intc account the larger values of
the corotation electric +field. This approach, hesides preserving the
main <features related to the particle precipitation in the South
Atlantic Magnetic Ancmaly (SAMA} region (e.g. Torr et al., 1975; Pinto
and Gonzalez, 19861, gives new insights on the space distiribution of
the precirpitation in this region. At higher L-values (L 2 3), a
centered dirole arproximaition for the geomagnetic field was
adowprliedand, doth, the dynamo and the corotation eleciric fields weare
considered. At these L-values a diurnal modulatiqn of the
rreciritation can he expected. At intermediate L-values, between 1.5
and 3, the dynamics of the energetic particles is basically a time-
derendent prokiem, because both the asymmetry in the geomagnetic field
and the local time derpendence of ithe dynamo electiric field needs to be
considered. Therefore, at these L-values, the concert of constant
effective potential can not be applied. Furthermore, a self-
consistent itreatment of the rarticle dynamic would need@ to incorporate
a global dynamo eleciric field model that takes also intec account the

asyvmmetry of the geomagnetic Tield. At present., such model i=s not



available. For this reason, the results obtained in this paper should

e considered as not applicable for such intermediate L-values.

Finally, an atiempt to compare the resulis obtained from

our analysis with available obszervations of low and mid latitude

rarticle precipitation is also undertaken.

FIELDZ MODELS

- GEOMAGNETIC FIELD

For nigh L-values Dbetween approximately 3 and 5 (the uprer limit is
defined by limitations in the ionospheric dynamc electric fieid
model, see Delow), a centered divole model of the geomagnetic field
Las been used. On the other hand, at low L-values, the geomagnetic
Tield is 4quite asywmmetric. The main asymmelry occurs in a region
located over the Atlantic ocean, the so-called South Atlantic
Magnetic Anomaly (SAMA). In order to take into account this
asymmetry, we adorted an eccentric dipole coordinate system
displaced on the geographic eguatorial plane arpproximately <469 km
in the direction of 1479E, corre=zrpconding to the 1985 IGRF model
tFraser-8mith, 19871 This model maintains the main aspects

necegsary 1o our rurrocses, refardless of its simplicity.

ELECTRIC FIELDS

The iconosrheric dynamo electric field model Tor 4quiet times is
obtained from incoherent sgcatiter radar observations [Richmond,

19767, This model is expressed in terms of an electrostatic
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rotential, assumed to be representable by a finite series of
spherical harmonic functions, symmetric about the eguator (equation
3 in the Richmond parer) and considered wvalid up to Lz 5.6.
The corotation electric field can be written as {Hones and
Bergeson, 19565; Birmingham and Jones, 1963%
E-~( x1T)x B 1)

where 2 182 the angular frequency of the earth’s rotation, r is the

- ~

usual srherical wpolar coordinate and B is the gecmagnetic field.
The electric field can algo bhe expressed in term of a scalar
rotential symmetric with respect 1o the egquator, which for ithe case
af a centered d4dirole geomagnetic field is given arpproximately Dby
91,4 KV/L. At the low L-valuesg, even though the eccentricity of
the magnetic dipole should be considered, we can assume that the
rarticles corotate rigidiy with the earth [Hill, 1979; Vasyliunas,
1¢831. In the nonrotating frame of reference, due to the fTact that
ithie magnetic field is not axissymmeiric with respect to R, a 3B/at
will eXxist at every fixed spatial point. However, it can he shown
(Eirmingham and Norihrop, 19791 that the corctation electiric field
can still bhe given Dby eguation (1), if the eccentric magnetic
dirole representation of B is used. This approximation can be seen
as edquivalent 1o negiecting the effects associated with 3B/3t (the
effecis can ke considered as ithe =second order when compared to the
other ones, mainly fTor the energies considered here). Thern, a
ratential can still »e found from eguation (1) DbY numeric
integration (only terms up to the order of the first power in the
ecceniricity divided Liy the earth’s radius were maintained). It is

interesting t¢ note that, if the corotating frame of rTeference 18
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invoked. the corotation electric field and its associated drift are
Z2ero by definition, and then the drifts associated with the
inertial centrifugal and Coriolis forces should be considered

(Northrop and Birmingham, 1982; Northror and Hill, 198331

TRAJECTORY CALCULATION

Particle trajectories are computed numerically Dby assuming
comservation of the first relativistic two adiabatic invariants and
the constancy of the effective potential {Chen, 19703, given by

q;:ﬁ+]i§ (E)
=

where # is the total electrostatic potential, g is the charge of tihe

Pariicle and R is the relativistic first adiabatic invariant, given by

N ST (39
wnere Y is the Lorentz factor and p, is the non-relativistic magnetic
mocment. The constancy of the two first adiabatic invariants can De
expressed by the duantity [Roederer, 197C)

K = By (49

where 1 is a geometric gquantity. such that

wn
L

1= Smy (4 - B(s) H1/2 as C
Bm

Sm
lln equation (5} =3 is the distance along the magnetic fieid

lire and Smy, and Smp are the limits of the integral, corresronding to
the mirior rpeints. The quantity I can be computed numericalily by the

approxXimation given by Schulz and Lanzerottill9T4il.



RESULTS

The influence of c¢orotation and 4quiet time ionogpheric
dynamo electric fields on the trajectories of protons and electrons is
ililustrated in Figure 1. Thiz figure shows the wvariations of L-value,
energy and mirror poin‘t altitude, as a funcltion of local time, for
rrotons and electirons having 100 keV of energy at L=3 and at a mirror
roint altitude of 100 km. Also shown are the curves corresponding to
ithe case when only the magnetic field is considered. In thisz case,
hoth protons and electrons drift around the earth mantaining the L-
value, energy and mirror point altitude constants. Based on Figure 1,
we can note that, due to the presence of the electric fields, the
L-value, energy and mirrer point altitude of the particles do not
remain constants, the wvariations being consideralbly more pronounced
for protons than for electrons. The variations are also enersgy
derendent, having a tendency to diszsappear above 1 MeV. At these
energies the influence of the electric fields can be totally
neglected, From TFigure 1, we can expect a local time derpendence of
the precipitation rate with a maximuam around i2 LT for protons and 19
LT for electrons, these values being almost inderendent of the L-value
congsidered. Below L=3 the mirror point altitude variations., due to
the eccentricity of the magnetic dipole, can not be disrefarded mainly
for energies adbove 100 keV,

Figure 2 shows the variations of L-value, energy and mirror
ront altitude, as a function of geograrvrhic longitude, for protons and
electrons having 100 keV of energy at L = 1.2 and at a mirror roint

altitude of 100 km. Als0o shown are the curves corresronding to the
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caze whenr only the magnetic field is considered (similar to Figure 1).
For this low L-values, the precipitation rate is strongly dependent of
feograrhic longitude, having a maximum in the SAMA region. Based on
the mirror point trajectories, we found that the location of the
maximuam precipitation rate seems to wvary with the energy of the
rarticle, being located west of the center of the SAMA region (this
center is located at around 33°W for the magnetic field model
censidered here) for vrotons and east for electrons.

Figure 3 shows the locus of the maximum precipitation rate
for protoms and electrons between 50 keV and 1 Mev at L = 1.2
exprected 1o occur only if the influence of the electric fields on the
rarticles is considered (see Dbelow a discussion about other rossible
influences). Above 1 MeV, both protons and electrons have the maximun

rreciritation rate just at the center of the SAMA region.

DISCUSSION AND CONCLUSIONS

¥e have presented some computional results in terms of
proton and electron trajectories under the influence of the corotation
electric filed and guiet time ionospheric dynamo electric field, for
cnergies between 50 LkeV and 1 MeV.

At hiigh L-values (alhove L=3) the results indicate a
Possible diurnal modulation of the wparticle precipitation with a
maximuw around 12 LT for protons and around 19 LT for electrons. The
logcation o©f maximum Pprecipitation on the nighitside for electrons is
colncident withr the resulisz of Sheldon et al. £1985)1 and Gelri et al.

{19861 regarding the influence of the convection electric field on the
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electron precipitation at L = 41, during a moderate activity pericd.
This c¢oincidence should he interpreted as Dbeing due to the
Predominance of the dawn-dusk direction of the dynamo electric field
at thesge L-values [Matsushita, 1971 Richmond et al., 19801 In
addition, the results indicate that we shcould expect a larger diurnal
modalation of the proton erecirvitation than o¢f the electron
precivitation.

At this point, it is worth repcoriting that there has Dbeen
some coniroversy concerning the relative importance ¢f the icnospheric
dyname and solar wind convection fields within the wmaddle
magnetcapheric regions [Baumiohann et al., 1985 Bariosa, 19831 In
rariicular. Baum ichann et &l. {19851 have showed that at L = 6.6 the
tonaesphieric dynamo field ftends to e dominant 4anring very guiet
conditions (K = 0-13, whereas :E.or moderate activity &Kpr = 3-4) the
convectien field dominates, For intermediary \Ifalues. of Kp, hoth <fields
soeim Lo e important. Going to low L values ingide the plaamasphere,
the region of interest to this work (L £ 5), this Dbehaviour nct only
should remain valid, but also should be intensified. Thus, at least
durmg <ulet times (here defined as those intervals which Kp £ 2 €
Richimeond et al, [19801) and inside the plasmasphere the electiric field
15 predoeminantly ionosypheric dynamo in origin {Rash et al., 19861
Some gmall perturiations that could exigt at low L wvalues n
asgsoclation with the convection Field (that may, alternatively, be
cxwlalned by a refined dynamo model) would already he 1ncorrorated
in the empirical model of Richmonda [1976) The same may not be true
for the results of Sheldon et al, (198531, taken durmng a noderate

aclivity rericd (Kp = 2-4).
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Al intermediate L-values (between approximately 1.5 and 3)
the infiuences of the asymmetry of the geomagnetic field and of the
local time derendence of the ionospheric dynamo electric fTield should
be considered. These influences could probably iead to a
rrecirpitation rate without a clear local time or longitude dependence.

A1 low L-values (below L=1.5) the precipitation rate is
strongly dependent on the geograrhic loengitude, as a consequence of
the asymmetry of the geomagnetic field, having a maximum in the SAMA
reglon. However, the location of this maximum is enerzy dependent,
occurring west of the center of the SAMA region for protons and east
for electrons.

The comparison of 1the above resaunlts wilh pariicle
observatlions appears to bhe very difficult (for a review zee Pintc and
Gonzalez [19881). In general, the difficults are associated with
incomplete local Time or longitude informations [Imhof, 1968; Vampola
and Gorney, 19831, poor energy resolution fImhof et al., 1980; Nagata
et al., 1%87] or poor pitch-angle rTesolution [Armstrong, 19651 in the
ohazervations, For protons hetween 50 keV and 1 MeV, these
difficulties are even warse due to fairly Tew odbs=ervations availalile

in this energy range (one example is that given Dby Mihalov and White

Clearly, gquiet time low and middle tlatitude particle
preciritation derends not only on global magnetic and electric fields,
Mut &lzo on rpitch-angle diffusion processes related to wave-particle
lnteractions [Schulz and Lanzerotii, 1974] ‘or Couloml scatitering
interactions between particles and neutral atmospheric constituents

tRocderer et al., 19671 In turn, these »proceszses can have a
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rarticular longitude or local time dependence in such a way that they
can dominate the dependence associated with +the eleciric fields. In
this sense, the understanding of +the influence of ‘the guiet time
electric +fields on the particle precirpitation can helr us to identify
pitch-angle diffusicon processes related to preciritation. as well as

1o test tho=se already knowr.
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FIGURE CAPTIONS

FIGURT 1 - Variation of L-value, energy and mirror pcint altitude as a
function of leccal time for protons and electrons having 100
keV of energy at L equal to 3 and at mirroer point altitude
of 100 km. Also shown are the curves corresponding 1o the

case when only the magnetic field is considered.

FIGURE 2 - As foar Figure 1, for protons and electrons having 100 keV
gf enecergy at L. egqual to 1.2 and at mirror point altitude

af LOO  wm.

1

FIGURE 3 - Locus of maximum Pprecipitation rate for protons and

-t

electrons Ietween 50 keV and 1 MeV at L:=1l.2 (see text for

details>.
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