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Dayside electron temperature and density profiles at 
Mars: First results from the MAVEN Langmuir probe 

and waves instrument  
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•  MAVEN/LPWÆÓÖ[�£¡>£48Aĉ£4l
AøćöÚÝąÈ-#¬ 

•  Deep Dip\(2015/04/15-20)È�m 
 SZA 12°~40° , ¨A128kmÍÂ¬ 

•  £48AÉ¨A²�²ÖÃ�Æ�X«õĊãÉ�
m·×Å±¿½¬ 

•  éåĊąòÝñÉ��È�mÒÿðąÃËÌ!¹¬ 
•  ¨A200km��È£48A�aÉMAVENÂ�
ÐÁ¬ 
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•  ăĈäüāÛøćĊ÷ÆÓÖLZ3h�m 
PVO (Venus), Cassini (Saturn), Rosetta (Comet) 

•  oZ£¡>È£48A�?ÉMEX/MaRSISÆÓÖð
ĊìÂ±ÅÕØ±¿Á®Ö¬ 

•  £4lAÉVikingÆÓÖ-#(1�)ÈÎ¬Í½«¨A
200km��È�mÉÂ³Á®Å®¬ 

 [Hanson et al., 1977; Hanson and Mantas, 1988] 
•  rÆ£48AõĊã��ÂÈ�mÉoZ3hÈt� 
ªªªÆ��¬© 
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Fig. 4. Plots of the various gas temperatures 
versus altitude. The measured values of Tel, 
Te2 , and Te3 , which were derived from least 
squares fits to (1), have been connected by 
straight lines. The Te2 values below 340 km 
have been smoothed by the analysis technique. 
The measured T i values are similarly plotted, 
and T n is a neutral temperature profile that is 
consistent with the Viking 1 measurements of the 
neutral atmosphere [Nier and McElroy, 1977]. 
The dashed line labeled T r is the thermal 
electron temperature profile calculated by 
Rohrbaugh et al. [1979], and the curve labeled 
T c is from Chen et al. [1978]. 

concentrations and temperatures of the two more 
energetic electron gases and the spacecraft 
potential are derived from the suprathermal mode 
data alone above 330 km, allowing for the 
contamination of the signal by photoelectrons 
emitted from the spacecraft, as discussed by 
Mantas and Hanson [1987]. 

Figure 4 shows altitude plots of the tempera- 
tures of the different plasma components. The 
measured T i profile for Viking 1 is from Hanson 
et al. [1977]. The Tel and Te2 values were ob- 
tained from data fits like those shown in Figure 
2, as was Te3 above 215 km. The dashed curve 
labeled T r is the theoretical electron tempera- 
ture curve published by Rohrbaugh et al. 
[1979]. The lack of thermal electron tempera- 
ture data from Viking below 215 km is somewhat 
mitigated by the fact that theoretical calcula- 
tions of T e [e.g., Rohrbaugh et al., 1979] are 
likely to have their greatest validity below 200 
km, where higher thermal coupling to the ion and 
neutral gases tends to prevail over heat trans- 

port processes and "local" calculations become 
more meaningful. The fact that the measured 
values of T e above 200 km are in fair agreement 
with the calculations also adds confidence to 

the low-altitude T e calculations. 
Plasma pressures in the Martian ionosphere 

are plotted versus altitude in Figure 5. The 
ion pressure is comparable to the "photoelec- 
tron" pressure (Pe2) over most of the height 
range, and together they account for up to half 
the total pressure Pt' though the thermal elec- 
trons are the largest single contributor below 
280 km. The ion pressure is not shown above 300 
km because of the unavailability of T i in that 
height range. 

The total plasma pressure increases by an 
order of magnitude from the top of the iono- 
sphere at about 330 km to its peak value near 5 
X 10 -9 dyn cm -2 at 140-km altitude. The pres- 
sure Pe3 of the hot (kT > 10 eV) electrons is 
not very appreciable in the ionosphere, which 
for practical purposes may be defined here as 
the region where V s < 0, i.e., below about 330 
km. Above this altitude N e is several tens per 
cubic centimeter, and ion characteristic curves 
cannot be clearly recognized because of rapid 
changes in the electron fluxes above 15 eV, 
because of the positive spacecraft potential, 
and perhaps because T i may become large compared 
to 15 eV. There may in fact be no appreciable 
quantities of low-energy ions above 350 km. 

There is a rapid drop in the thermal electron 
pressure (Pel) above 300 km, and by 350 km it 
can no longer be determined. There is a sharp 
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Fig, 5, ?lots of the partlal pressures of the 
ions and three electron gases, and their sum, 
versus altitude. 
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Z trations of 1033 cm -3 48 cm -3 and 2 1 cm -3 , , ß ß 

- The •resence of the hot electron gas with T e ~ 2 
X 10J K could not be suspected in the low-energy 
data of Figure 1, but its presence seems to be 
clearly established in Figure 2. At this alti- 
tude, according to Mantas and Hanson [1985], 
most of the hot electrons seen in Figure 2, 
including a substantial fraction of those with 
T e ~ 4 X 104 K, are not fast photoelectrons 
arising from solar UV absorption in the atmos- 
phere, but probably represent energy leakage 

. from the shocked solar wind gas. 
Plots of the concentrations of the three 

electron populations and their sum, equal to the 
total ion concentration, are shown in Figure 3. 
The middle energy electron population labeled 
Ne2 has a peak value of 600 cm -3 near 140 km, 
which is attributable to an equilibrium photo- 
electron gas that is approximately Maxwellian 
with Te2 ~ 20,000øK. Above 200 km, the high- 
energy gas labeled Ne3 is probably of solar wind 
origin. Its concentration and temperature are 
not accurately determined at the lower altitudes 
because of noise problems. Above ~330 km the 
spacecraft potential reversed sign (becoming 
positive with respect to the plasma) and the 
thermal mode data (Nel and N i) are of no value 
because they are severely contaminated by photo- 
electrons emitted from the spacecraft. 

-- 
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-!00.0 Similarly for reasons given above, no measure- 
BETRBDING POTENTIRL[VOLTS) ments of Nel are available below 215 km. The 

Fig. 2. A least squares fit of (1) to a com- 
bination of a thermal and suprathermal current- 
voltage characteristic curve using three 
Maxwellian electron gases. The crosses are the 
measured data, the curves labeled 1, 2, and 3 
are the individual currents attributed to the 
three gases, and the solid line is their sum. 
The total electron concentration was constrained 
to be equal to the measured ion concentration. 

energy electron temperature or concentration. 
We do not understand why the collector does not 
record large thermal electron currents below 200 
km, where we know N e is large, but the analysis 
technique used here ascribes the difficulty to a 
large negative sensor potential. Why the sensor 
potential should be different in the ion and 
electron modes is not obvious to us, and this 
discrepancy has contributed to our lack of con- 
fidence in the data and to the delay in pub- 
lishing these results. 

We can extend the energy range of the 
electron analysis at 271 km by combining the 
data from the thermal and suprathermal modes. A 
log-log plot of these combined data is presented 
in Figure 2. The dashed lines marked 1, 2 and 3 
are the partial currents that would be expected 
from three Maxwellian electron gases having tem- 
peratures of 3.57 x 103 K, 37.9 x 103 K, and 197 
x 103 K, respectively, as indicated in the 
legend. These values are derived from the least 
squares fitting of a linear combination of three 
functions of the form of (1) subject to the con- 
straint that (Nel + Ne2 + Ne3) = N e z N i, with 
N i taken from the ion mode measurements. The 
solid line through the data points is the sum of 
these three curves, which are associated, re- 
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Fig. 3. A plot of the concentrations of three 
coexisting electron gases. Their sum is N e, 
which has been set equal to the measured ion 
concentration below 330 km. 
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•  øćĊ÷Æe�ÈóÝÛé£(Ù±µÖ	
ÆÓÕ«$�øăêûÙRB«øćĊ÷£j
ÙÉ±Ö	ÂøăêûôăþìĊÙGÖ¬ 

•  �ÈóÝÛé£(\ÉÝàĈÙ«»®Èó
ÝÛéÂ£4ÙRBºÖ¬ 

•  ăĈäüāÛøćĊ÷theoryÆF¿Á«£4
£j¥,±Ô£48A«£4lAÙS6¬ 

•  £4�w¥, 

•  £4¦%¥, 

Sweep Current Plots
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•  øćĊ÷Æe�ÈóÝÛé£(Ù±µÖ	
ÆÓÕ«$�øăêûÙRB«øćĊ÷£j
ÙÉ±Ö	ÂøăêûôăþìĊÙGÖ¬ 

•  �ÈóÝÛé£(\ÉÝàĈÙ«»®Èó
ÝÛéÂ£4ÙRBºÖ¬ 

•  ăĈäüāÛøćĊ÷theoryÆF¿Á«£4
£j¥,±Ô£48A«£4lAÙS6¬ 

•  £4�w¥, 

•  £4¦%¥, 

•  Erugun et al. ÂÉ£4�w¥,±Ô£4
8AÙ«¦%¥,±Ô£48AÙS6¬ 
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2014/04 Deep DipâĀĈùĊĈ\È�m 
•  SZAÉ�)pÂ12°«500kmÂ40°¬ 
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4/15-20È28���ÈøćöÚÝą 
 
•  8A«lAÃÑĎW�dÇ56¬ 
•  �)pÉ128km¾²«£48AõĊãÉ
�m·×Å±¿½¬ 

•  Chapman FunctionÆöÜîïÜĈä¸½�
aÉ«MaRSISÈ�aÃdÇ��¬MGSÈ
�aÓÕÒÒ¨Ð¬ 

•  >300kmÂÉ8A«lAÈ�ÃÑÆ0�Æ
9Ï¬ 

 



8 

��
��&���% 

•  >300kmÂÉ8A«lAÈ�ÃÑÆ0�
Æ9Ï¬ 

•  �)pÂlAÉ0.04|AÆÍÂs�¬ 
½¾¸«¶ÈlAÉ�m&È v]

lAÅÈÂ«¶×ÓÕ
®±Ä¯±É
�Y¬(ÿðąÂÉ0.02 eV²_D·×
Á®Ö[Matta et al., 2014]) 

•  lAÉ200-300kmÂJnÆ/�¬ 
>> ¶È¥,ÂÈøăêû�q²�M
·×Ö¬ 

[Ergun et al., 2006; Andersson et al., 2010] 
•  �§x¨Aÿðą 

 

TL(0.044eV)«TH(0.271eV):]
«]¨¨AÂÈlA 
H0: ¨A200-300kmÈéåĊąòÝñ 

THÉ
¨A±Ô¨¨AÆ±µÁÈ�qÆ
I�ÅúïĈèĀąÙ{º¬(ambipoler E-
field? ) 
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•  MAVEN/LPWÆÓÖ[�£¡>£48Aĉ£4lAøćöÚÝ
ąÈ-#¬ 

•  Deep Dip\(2015/04/15-20)È�m 

ċSZA 12~40°, �)p128kmČ 

•  £48AÉ¨A²�²ÖÃ�Æ�X«õĊãÉ�m·×Å±¿½¬ 
•  £48AéåĊąòÝñÉ��È�mÒÿðąÃËÌ!¹¬ 

•  ¨A200km��È£48A�aÉMAVENÂ�ÐÁ¬ 

•  �)pÂ0.04eVÈ£4lAÙ�m(�¸�É�m&Èm6 
�]
lA´Ô®)¬ 

•  ¨A200-300kmÂJnÅlA/�¬ 

 Ambipolar E-field~ÆÓÖøăêû�q²_D·×Ö¬ 

 O+, O2
+ÈßéåĊøÆ7�Đ  


