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EFFECT OF ESCAPING PHOTOELECTRONS IN 
A POJ.,AR EXOSPHERIC MODEL 

J. LEMAIRE 

Institute for Space Aeronomy, Brussels, Belgium 

The effect of a photoelectron escape flux on a ncw polar wind model is discussed. It is 
shown that the additional clectric drag force due to the cscaping photoelectrons can accelerate 
the ions to higher velocities if the photoelectron flux is larger than the escape flux of the 
thermal electrons. Furthermore, it is shmvn that, even if the number density of the photo
electrons remains small compared with the number density of the thermal electrons, their 
kinetic pressure becomes predominant at very high altitudes. As a consequence a positive 
gradient in the eleetron "temperature" can be expected in the sunlit polar eap upper 
region. 

1. Introduction 

The polar wind concept has been introduced by Axford [1], who suggested 
that a flux of 2 X 108 cm-2 s-1 of escaping photoelectrons is required to drag 
out of the polar ionosphere all the He+ ions produced in the atmosphere. The 
effects of such photoelectron fluxes on the density, bulk velocity and pressure 
distributions of a polar wind model are investigated in the following paragraphs. 

2. The lUodel 

The electron and ion temperatures Te,b are assumed to be equal to 3000 OK. 
in the models. The neutral particles (0, H, He) are distributed according to 
Nicolet~Kockarts atmospheric model (TN = 750 OK); (private communication). 

The boundary conditions are taken from the OGO 2 ion-composition meas
urements [2]: no+ = 7 X 103 em-a, nH+ 320 cm-3 are typical values observed 
in the sunlit polar cap region at an altitude of 950 km. Using these values 
and nth.e- 7.32 X 103 cm-3 as boundary conditions, we integrated the 
hydrodynamical equations (mass and momentum equations for each ionic 
species) described by Banks and others [3~6]. Each of the hydrodynamical 
solutions can be characterized by the value of the bulk velocity (or by the 
upward diffusion flux) at the ['eference level of 950 km. From the calculated 
bulk velocity and density distribution one can estimate the deflection mean free 
path (mfp) of the He+ ions, and define the baropause as the altitude where the 
mfp becomes equal to the electron or 0+ density scale height [7]. Above this 
altitude a kinetic calculation is adopted to determine the structure of the ion 
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exosphere [8, 9]. The requirement tha,t t,he thermal escape flux of the ions 
must be equal to the diffusion flux in the collision-dominat,ed region is a new 
criterion to select a unique hydrodynamical solution. This solution is not 
necessarily the "critical solution" adopted in completely hydrodynamieal 
polar wind models. Both of these solutions however converge rapidly in t,he 
lower altitude range. 

The photoelectrons are considered as a separate kind of collisionless particle 
with a truncated * (no trapped, nor incoming orbits being populated) Maxwellian 
veloeity distribution at the baropause, and a mean energy of 10 e V (Tpll.~-
= 1.16 X 105 OK). 

In the models Nos. I, 2 and 3, the number densities of the photoelectrons 
at the baropanse (ho = 1250 km) are respectively 0, 0.2 and 0.4. The corre
sponding photoelectron escape fluxes F ph,(; are 0, 9 X HJ6 and 1.8 X 107 em- 2 S-1 

at an altitude of 3000 km. The flux of H + at the same altitude is ealcnlated 
to be 1.9 X 107 cm- 2 S-I; this flux, which is the same for all three models con
sidered here, is determined by the boundary eonditions at the baropause. 

3. Results and Discussion 

The density distributions of 0+, H+ and of the thermal and photoelectrons 
arc shown in Fig. 1 for these three models. The dashed lines (model ::'\0. 4) 
correspond to a special ease where there would be as many photoelectrons 
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:Fig. 1. Density distribution of the oxygen ions, protons, thermal and photoelectrons in 
four different polar wind models, with the effect of increasing photoelectron escape fluxes 

shown. 

* It is assumed that the trapped photoelectrons with two magnetic mirror and/or gravita
tional reflection points above the baropause are missing in the velocity distribution. 
The partieles eoming from infinity and travelling towards the baropause are also absent 
in the models Nos. 1, 2 and 3. 
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flowing in as flowing out of the ionosphere. It can be seen that the 0+ distri
bution is influenced by an outward flux of photoelectrons. This effed becomes 
most important when F ph .e- is than the thermal electron escape flux, 

In fhi" case (e.g. model No.3) the polarization electric field is signifie-
enhanced compared with I.hat of model No. I where no photoelectrons 

are present. This additional eledrie due to the escaping photoelectrons 
is most; efficient at very altitudes where the relative abundance of the 
photoelectrons reaches its maximum value. T{le larger 0+ density seale height 
of model No.3 is a consequence of this effect. -Furthermore, the larger elect.ric 
field intensity in a model with escaping photoelectrons increases strongly the 
subsonic bulk veloeity and escape flux of the 0+ ions. Although the supersonic 
proton velocity i~ nearly unchanged below 10000 km altitude, it reaches, at 
very high altitudes, a larger asymptotic value: 

=) 
1 l!'t,h. e -jF' ph. p-

whh·h depends dmstically on the relative abundance of the photoeledrons at 
large distances (It -+ ee); e.g., in model No.3, }I't"_C-/Fph.e- 2.6 X 10-2, 

nph_c-/nth.e- ---+ 10-2, and Wn+/Wph.e- -7- 10-2. As 1/2 me 10 eV, it ean 
be con eluded t,hat 1/2 ri1H 1.8 eV, amI U'w ---+ 21 km ,,-I. 
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Fig. 2. ~ ormnlized total presRure components (parallel and perpendicular to the magnetic 
field) in four different polar wind models, with the effect of increasing photoelectron escape 

fluxes shown. 

Fig. 2 shows the normalized total kine tie pressure components versus altitude 
in the models 1, 2, 3 and 4-. At heights of 5000 km and above, the eleetron 
gas makes the contribution to the total pressure. The anisotropy of 
the kinetie pressure becomes significant above 7000 km. Although the photo
electrons remain a minor constituent in model No.3, it can be seen from }'ig.2 
that these particles, however, contribute significantly to increase the kinetic 
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pressure and its anisotropy. As a consequence, when "suprathermal" electrons 
are present in the polar wind, any "temperature" deduced from the total 
kinetic pressure (or energy density) of the electrons will increase with altitude. 
In the lower region of the polar ion-exosphere where the kine tie preEisure is 
mainly due to the thermal ionospheric particles, the energy spectrum of the 
electrons has a large peak at 0.3 or 0.6 eV. 

At very high altitudes it will have a peak near 10 eV, if photoelectrons 
are present. In the intermediate height range (4000-10000 km) the spectrum 
would have two peaks whose relative importance depends on the location 
along the magnetic field lines. As such a doubly peaked velocity distribution 
generally leads to plasma instability, one can expect that turbulent wave
particle interactions will playa significant. role and give rise t.o energy re
distribution and electrostatic or elect.romagnetic cmissions at high altitudes 
above t.he sunlit polar cap region. 

Model ~o. 4 illust.rates a case in which all the escaping photoclect.rons would 
be backscaUered at a high altitude level. From Fig. 2 it can be seen that the 
total kinetic pressure would then remain isotropic, and t.hat it. would be greatly 
enhanced. The upward and downward photoelectron flux (t.hat an in situ 
experimental device would measure) at 3000 km, would be equal to 1.8 X 107 

ph e- cm-2 15-1. 
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