
Interference of Solar-Probe Inherent Atmosphere 

&uF-Cp 3 os 2 7 0 --k 

Interference of Solar-Probe Inherent Atmosphere 

with In-Situ Observations* @%/I!&) '" j t Q  888 oS.r/ 

Presented at the Second International Aerospace Congress (IAC'97), 
August 31- Sept. 5, 1997, MOSCOW, Russia. 

'Work supported by the U.S. Civilian Research & Development Foundation (CRDF) for the Independent States of 
the Former Soviet Union. 

STER 

A. Hassanein c , ~  
Argonne National Laboratory, Argonne, IL, 60439, USA 

V. A. Alekseev, A. I. Konkashbaev, I. K. Konkashbaev, 

and L. B. Nikandrov 

Troitsk Institute for Innovation and Fusion Research, 142092, Troitsk, Russia 

~~~~ ~ 

The submitted manuscript has been authored 
by i contractor of the U. S. Government 
under contract No. W-31-104ENG-38. ' Accordingly, the U. S. Government retains e 
nonexclusiw. royalty-free license to poblirh 

~ or rqmduce the published form of t h i s  
contribution, or allow others to do so. for ' U. S. Gowrnment purposes. 

January 1998 

Presented at the Second International Aerospace Congress (IAC'97), 
August 31- Sept. 5, 1997, MOSCOW, Russia. 

'Work supported by the U.S. Civilian Research & Development Foundation (CRDF) for the Independent States of 
the Former Soviet Union. 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, process, or service by trade name, trademark, manufac- 
turer. or otherwise dots not necessarily constitute or imply its endorsement, m m -  
mcndrtion. or favoring by the United States Government or any agency thertof. 
The views and opinions of authors expmsed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof, 



DISCLAIMER 

Portions of this document may be illegible 
electronic image products. images are 
produced from the best available original 
document. 



Interference of Solar-Probe Inherent Atmosphere 

with In-Situ Observations 

A. Hassanein", V. A. Alekseev**, A. I. Konkashbaev**, 

I. K. Konkashbaev**, L. B. Nikandrov** 

*Argonne National Laboratory, Argonne, IL, 60439, USA 

**Troitsk Institute for Innovation and Fusion Research, 142092, Troitsk, Russia 

Abstract 

The solar corona is the source of solar wind that leads to the existence of the 

heliosphere and plays a crucial role in solar terrestrial phenomena. A comprehensive 

understanding of these phenomena can be provided only by directly measuring ion and 

electron velocity distributions, plasma waves, and fluxes of energetic particles. The problem 

presented by the inherent atmosphere of a spacecraft moving in the vicinity of the sun (4- 

20)R, and its influenceon in-situ measurements of the solar corona plasma is key to the 

realization and success of any solar probe mission. Models are developed to study and 

evaluate the effect of the inherent atmosphere on the in-situ measurements of future solar 

probes. 



1. Introduction 

Solar-probe missions were recently proposed and studied in the U.S., Europe, and 

Russia [ 1-3 3. Realization of solar probe missions depends on protecting the spacecraft 

subsystems and scientific payload fiom intense solar heat [4-51. For perihelion distances of R 

= 4, 6 ,  and 10 solar radii R ,  (the values proposed for different options), the power of solar 

emissions reaches 400 W/cm2, 215 W/cm2, and 60 W/cm2, respectively. To protect the 

spacecraft, a thermal shield made from materials that exhibit low volatility at high 

temperatures should be used. Surface temperatures of a thermal shield that is made from 

graphite-composite materials (most frequently proposed for the thermal shield because of a 

combination of good mechanical, thermal, and optical properties) are estimated to be 2200, 

1700, and 1500 K for heliocentric distances of 4, 6, and 10 solar R,, respectively. The 

outgassing, vaporization, and sputtering of the thermal shield and of the spacecraft will lead to 

the formation of an inherently neutral atmosphere and an ionized atmosphere, because of the 

partial ionization of neutrals by the solar ultraviolet radiation and by fast electrons. The 

formation of an inherently neutral and an ionized atmosphere will result in a cloud of inherent 

atmosphere that will be moving with the spacecraft at a velocity of up to 100-300 Ms. This 

cloud will then interact with the coronal plasma flowing out from the sun with velocities in 

the range of hundreds of M s .  It is therefore essential to study the interaction between the 

inherent atmosphere of the spacecraft and the "natural" coronal plasma. Such interaction with 

the environment of the probe must be taken into account to correctly interpret in-situ 

measurements. 



2. Formation of the Inherent Atmosphere 

The shield surface temperature ranges from Ts (2U1R, ) of =lo00 K to T ,  ( 4 X J  of 

~ 2 5 0 0  K; therefore, only materials tolerant of such high temperatures can be used. 

Preliminary calculations indicate that the inherent atmosphere of the spacecraft moving at a 

distance <lU.R, from the sun will form primarily because of vaporization due to radiation 

from the sun. For the proposed U.S. probe, the radiation power S = 400 W/cm2 at perihelion 

R = 4-R, and vapor cloud density n, = 10'' ~ r n - ~  will significantly exceed that of the natural 

plasma density of no = 1 O5 ~ r n ' ~ .  In this analysis the shield is devided into rectangular cells as 

schematically illustrated in Fig. 1. The parameters of the shield are given in Ref. 1. Each cell 

will have its own vaporization rate dependng on its orientation to the solar flux. In the 

collisionless model [6] of the vaporization of carbon (C,) molecules when R = 4.R, one can 

see in Fig. 2 isodensity lines of neutral density nu (nu x lo' cm3 ) for y = 0 (at the center 

plane of the shield) and isodensity lines for ion density ni (ni x lo5 cm3 ) (Fig. 3-4). The 

shield position range is at x, = 0, z, = 0 and xend = 240 cm, Zend = - 180 cm, and the ionization 

time is = 60 sec. The maximumvalue of ni is =106cm'3 near the shield (L <1 m) and ni is 

=lo5 cm3 (at a distance of r = 6 m). The shape of the shield is illustrated in Fig. 2 as the 

dotted line. The properties used for the carbon shield are discussed in Refs. 7-10. 

The second reason for the formation of inherent atmosphere is probe interaction with 

ambient natural plasma. The high velocity of the probes V > 100 km/s corresponds to a 

relative energy E of the interacting ions (H, He) of approximately hundreds of eV at the 



perihelion, which will produce strong physical sputtering. The sputtering yield Y, estimated 

to be =0.1-0.3 atodion [ 101 is sufficient for the formation of a cloud with a density ni = lo5 

~ m ' ~ ,  which is approximately several times more than nco = 1 O4 (n,  = density of natural 

plasma) at perihelion R =IO.R,. Therefore, physical sputtering can be another reason for the 

formation of an inherent atmosphere by the Russian probe. 

The third reason for the formation of an inherent atmosphere is probe outgassing, 

because most of the high-temperature materials are porous and contain a large amount of 

absorbed gases. However, no reliable data are available on the gas release rate from real 

candidate materials. From rather rough estimates, it follows that n,, can exceed 10'' ~ m - ~ ,  even 

for the Interhelios probe at R = 2@R, with a surface temperature of only 1000 K. 

3. Interaction of Inherent Atmosphere with Ambient Plasma 

A vapor cloud will become ionized as a result of photoionization and solar corona 

electrons (see Figs-3 and 4), and because of the turbulent ionization due to the effect of 

"critical ionization" similar to that of the torus plasma of lo  [ 1 11, a satellite of Jupiter. For 

electron ionization, the ratio 77 = n/no = rg,,fm/(4VTi)], where r,, the characteristic size of the 

probe, does not depend on no but only on the maximum density of the neutrals near the probe 

surface or the critical flux from the surface S,,, = 10'' cm-*. For the U.S. probe this S,,, is 

achieved by vaporization only but for the Russian and the Interhelios probes, it is achieved 

mainly by gas release. The ion concentration ni can increase further because of sputtered 



particles (up to several percent) that escape in the form of ions. This problem, as well as the 

possibility of turbulent ionization requires more detailed investigation. 

Because some of the neutrals are ionized, the interaction of the inherent atmosphere 

with the ambient plasma that is fi-ozen into the magnetic field B will have the form of a two- 

beam interaction. The relative velocity U of interaction is close to the spacecraft velocity of 

approximately hundreds of km/s. For the case ni = neo, the ram pressure is comparable to 

Bz/87r, and the interaction can be intense. The two-beam instabilities will result in 

electromagnetidelectrostatic wave excitation and will affect the accuracy and interpretation of 

the in-situ measurements. According to current knowledge, the interaction of collisionless 

coronal plasma with a natural plasma at comparable densities will result in the formation of a 

shock wave in a direction perpendicular to the magnetic field BIU (see Fig. 5) . From the 

energy and mass conservation laws [ 1 11 

and 

; N, = n,V,; N = N,exp mN div(pV) = - - 
2 

it follows that the shock wave may arise at a distance rs/ro -30(n,/10'5), where n, is density 

and V, is velocity of the vapor near the probe surface. These conclusions have been refined 

because of the large uncertainties of the data used in the analysis. Therefore, the concept of 

the solar probe mission needs additional and more detailed analysis based on experimental and 



theoretical studies of the formation of the inherent atmosphere and its interaction with the 

ambient magnetized natural plasma. 
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Figure Captions 

Figure 1 

Figure2 

Figure 3 

Figure4 

Figure 5 

Schematic illustration of the shield geometrical grid and orientation 

Isodensity lines for C3 density n, (x lo5 an”) for 0=120”. 

Isodensity lines for ion density q (x lo5 ~ r n - ~ )  for 0=120”. 

Isodensity lines for ion density q (x 10’ ~ r n - ~ )  for 0=180°. 

Schematic illustration of solar Corona interaction with probe atmosphere. 
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