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ENERGY DISTRIBUTIONS AND YIELDS OF SECONDARY IONS AND
ELECTRONS EMITTED BY GIOTTO DURING HALLEY ENCOUNTER

D. T. Young

Space Plasma Physics
Los Alamos National Laboratory
los Alamos, NM 87545

ABSTRACT

The uxtreme ram velocity »f the CIOTTO space-
craft with respect to the Ralley eavironment will
produce a host of surtace impact phenomena not
previously aencountared Ly planetary spacecraft.
This paper extends earlier efforts to model {mpact
produced plasma at GICITO by d4nvestigating
published data on secondary electron and 41on
anergy distributions, including the effect of pos-
sible surface contamiration. One new result i
the finding that the throshold velocity for
kinetic emissfon of secoudary slectrons by neautral
gas  ls very nearly equal to the GIOTTO ram
velocity, This makes {t difficult cto predict
electron yields due to neutral gas impact.

1. INTRODUCTION

This note sumnarizes data on the anergy
distributions ana yieldas of secondary alectrons
and ions which &are relevaat to the problems of
GIOTTO spacecraft charging. The {nformation
reported here (@ drawn largely from a search of
the 1{tetature on surface impact phenoamena, It e
expected thnt wome of the GIOTTO surface materials
will actually be tested {n laboratory particle
besmts to provide move reliadle data on this
conpleax prodlem., The coapilatfon of existing data
and refarances wshould nonetheless prove useful,
pacticularly witn regard to anomalous osurface
ef{fecte seen only in epace.

Efforte of tha GCIGITO Plasma FEnvironment
Working Group (PEWG) have been dirscted towvard mo~
deling the plagua anvironment near the spacecraft,
particularly as it realates to the problem of elac-
trostatic charging, Thus far vork has centared on
{dent!fying tha relevant secondary processes and
antimating thalr respective ytelds (ct. Ret. 1),
Data on energy distributione and ylelds hava teen
axanined carafully, with the objactive of
npecifying more precisely the bSoundary condirions
needad  for stiwulatfon models of tha G10TTO
charging problar, This may sleo be of fnterest to
planmca  expecinenters, and others with {natruments
on GI.TTO, whusa seanurenents may be compromiaed
by the high density of wpurious particles induced
around the spacacraft,

Pigure 1 {llustrates the variety of incident
and emittad wmaterfals which are important in the
context of the hypervelccity interaction of GIOTTO
with Comet Halley. Contributors to primary radia-
tion and particles reaching GIOTTO are sular
photons, cometary electrons, ions, neutr-l gases,
snd dust, Inside the bow shock, wsolar wind ton
and electron fluxes are negligibla as Figure 2
shows. Photoelectrons and comatary electrons and
ions represent a fairly asmsll component of the
current to the front surface of GIOTTO, although
under onormal ecircumstances it 18 cthase fluxes
which would determine the spacecraft poteantial,
Cenerally speaking, the problea of charging due to
photoelectrons and ambient plasma s well under-
stood (Refs, 3-7). This i{s trua drspite the fact
that real spacecraft surfaces are seldom the
pristine metallic wmaterials prefarred in labora-
tory sxpariments on secondary eaission. Studies,
for exsmple by DeForest (Ref. 4) and Grard (Ref.
$), shos reasonable sgreement between calculations
based on laboratory data and currents und poten-
tials measured in epace. Conditfons on GIOTTO
during Halley eacounter will be amore extreme than
the more feailiar spacecraft-plassa interaction
typical of thae Earth’s msagnetosphere, primarily
bacause of the high vam velocity as well as the
presance of dust.

2, SURFACE CHARACTERISTICS OF THE GIOTTO SHIELD

Due to thermal design considerations, tha
GIOTTO dust shield will not be a pure wetallie
surface a.g. of aluninum or gold. 1Inetead a
conducting vhite silicon-based paint will de used.
It fe emphasiced that the GIOTTO spacecraft
configuration, {.e,, with the rocket wmotor
pointing out through the same surface through
vhich {nstruments must viaw, {8 & most undesiy:
ahle, albeit necessary, atituation. The painted
dust shield surface will very 1likely be covared
vith one or more monolayers of rocket motot
exhaust products, primarily hydrocarbons. Studiee
of the GEOS apoges motor, which is deing used for
GIOTTO, whow that 7% of tha weight 1loss of the
rocket wmotor 1lining consiste of matarials vith
molecular weight 330 amu (Ref, 26) wvhich are
largely hydrocarbons (Ref. 27). Calculation of
the absolute amount of matarial deposited 1is not
poswrible, but 1t 1s known that self-gscattering
vithin the outgassing cloud as wall s scattering
from ambient gas and electrostatic re-attraction
can produce afgnificant amounts of wurface
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Figure 1. Incident and emitted radiation and particles on the GIOTTO dust shield surface. AbbLravia-
ons used are hv = photons, & = alectrons, i = fons, n = neutral gas, d = dust, b = beckscattered parti-~
es, Of the 5 types of incident matarial, only inns, dust, and neutral gas are incident normal to the
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ntaminstion (Ref. 28). During the 9-umonth
vise phase, {llumination of the contaminated
rface bdy solar UV pay chemically activate it,
anging the effective work functioa and surfacs
nding energy. Cheaical activation effects are
ite possibly responsible for anomalously high
n  sputtering yields observed on Atacepheric
plorer spacecraft (Ref. 29) as wvell ae high
condary electron yields seen on OV1-18 (Ref. 3J)
d Pioneer Venus Orbiter (Ref. 7). Kinetic
{ssion wust clearly be {ovolved in the case of
‘0 even though ram velocities are wall below
reshold, This suggests a contaminated and/or
emfcally sctivated surface. Thesa effects are
atly impossidle to predict beforehand, although
 3itu plasna muasurements could ease the sftun-
on as diccussed below,

In suomary, aven without contaaination, the
OTTO dust shield would not be an 1i{deal paurface
sofar ae its phyaical properties are couvcerned,
As presents those seeking to wodel the GIOTTC
asns environmant with a dtfficult task: to
aracterize secondary charged particle evissionn
{fficult even for a "clean" metallic surface) o

111-defined, "dircy" surface.

3. PHOTOEMISSION

Photosanisetion from epucecraft surfaces 1»
nerally wall understood. Moteover, in terws ¢f
condary particle currents, photoanisefon {s not

vary {oportant process within the comatsty
vironment (Pi{g. 2).

As 1 vell known, the photomlectric effe:t
sults fn emission of electrons vhose mazimum ki-
tic energy 18 equal to the energy of the
cident photons minus the work function nf the
ftting surfece., In fact, few electrons are
und naat the maximum enevgy and the diastridbutisn

Te 1sonably vell described by s Gaussian with @
an of ~ |.9 aV (Refe. 5,7). Provided that sose
alY amount of amblent plaema s present to
Yance out the flux of tha highest eneryy
ntomlactrons, {t turns out that tha detatils <f
¢ enitted electron dietributions do not mattar
ry much. Crard (Ref, 3) found thst &
xvallian having a mean energy of » 1,2 - 1.5 aV

adequataly described the emitted distributious.
Electron yield and the shape of the energy
distribution do depend, however, on whether s
contaminating layer (e.g. so oxide or hydrecsrbon
coating) {s present. Extensive date on
photoslectron ylelds and spectra for a wide range
of materials of interest i~ space are found |in
R.fu 9-

What 1s the applicability of laboratory
results £f the GIOTTC dust shield 1s contaminated
by hydrocarbons from tie rockat motor? Eves 1-2
monnlayets of such a deposit are suffictient ¢to
chenge the work function of the emitting surface
and henca the secondary electron energy distribu-
tion (Ref. 8), Typlicul carbon materiale have low
intrinsic photoemission yielde and high UV adsorp-
tion coefficients (Ref. 9). Peuerbecher and
Fitton (Ref, 9) noted that & 500 A thick carbon
film on gold aupprassed cthe photo yield by a
factor ~3 st photnu energies <12 eV and dy 302 at
higher enargies.

Since photoenissefon {s fairly well undec-
stood, and since there will de opportunitias for
plasas instruments to be axercised during the
cruise phese of the miseion, it shou.d be possible
L¢ wmeasures the GIOTTO potantial under conditiona
whish are well-defined; viz, with solar wind
plasma und photosuission the unly contributors to
charging. These results could then bs fod bdack
ir.o models of GIOTTO charging in order to leavn
something about the secondary entneion propaicies
cf the real GIOTTO surface.

4. ELECTRON IMPACT

Incident erolar wind and conmetrry alectron
tluxes are uzaall relative to otheav particle fluxee
durtng wost of the encounter (Pig. 2). ‘Purthar-
mora, marimun secondary electron yield occurs at
primary electron aenergien of a few hundred eV.
Bacause tha typical primary electron fluxes during
encounter chould coneiut alwmost entirely of
electrons of a fov tens of eV, wsacondary yields
vill Ve low. Accordirg to data of Ref. 1} (Ta'le
13-3-1, 13-3-2) ve should expect yields vell below
1+  Thereafore, taking {into account both the low
primary flux, and tha lov secondury yiald, ve " aiy
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Pigure 2, Approximate fluxes of 4ions and
1lectrons {ncident on the GIOTTO dust shield (in
‘he case of amhient ifons and electrons) or created
m the shield (in the case of photoelectrons, gas,
ind dust). The yfeld for gas and dust production
if  electrons and ions has srbitrarily beean taken
18 ), but in fact {s « 30X for dust and may be <1
‘or neutral gas--see text. (Adaptad from Ref. 2),

melude from further consideration secondary elec-
‘ron production by slectron impact, Of course, if
‘he surface 4o chenfcally activated, than electron
'{elds may ba much higher.

S$. VON AND NEUTRAL IMPACT

WVhen {one or neutrals (molecules or atonms)
itrike @ surface threea species of true secondary
erticles may be ewmittedt {ons, neutrale and
‘lectrons. There alao exiats the possibility of
yackscattering of the Incident paxticle particu-
arly at ‘iow {ncldent enargies (few hundred eV),
he sub jeac’. of secondary neutrale does not coucern
s hara, rithough they may dominate tha total nun-
var of atonic particles enitted (cf. Ref, 1). We
ilmo no.e & point which e quite clear from the
erapact ive of surface physfce, but which has
‘rused wsome confusion in MHalley charging studies,
mmely that the collisional proceswes governing
1lectron and fon emission are basically different,
‘hus secondary electron and sputtered 1{fon ylelds

need not be equal, nor are the emitted fluxes of
these particles equal a priori, Omce the effect
of spacecraft charging i{s taken into account, thea
the net flux of pcsitive {ons and electrons nust
balance out in order for equilibrium to be
reached., In one sense the surface knows nothing
of charge balance, it 1s siwmply driven by the
impact of 1ons, neutrals and dust. It s up to
the spacecraft as & whole to find a charge-neutral
sclution to the problem.

S.1 Secondary Electron Emission

For teasons that will be explained shortly,
the {mportance of secondary electron emission to
the GIOTTO mission hangs on an  unusual
coincidence, one that has apparently aescaped
notice up to now. This coincidence conceras the
threshold for kinetic emission of secondary
electrons. Below a certain velocity thresliold,
~60-100 km/s, potential emission of electrons is
the primary mechanisa for secondary emission (more
extensive treatwents of this subject appear in
Refs. 12-14). This is iilustrated in Fig. 3 for
argon ions and neutrals. Potentisl emission
results primarily from Auger neutralization of the
inci{dent fon. The requiremanc for this processs to
take place is that the fonization potential of the
incident iun be greater than tuice the work func-
tion of the surface, 1i.e., gy > 29, Values of E
for various cometary {ons are listed in Table 1.
Note chat the CIOTTO surface proparties, {ncluding
the value of ¢, will be largely unknown. Thue an
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Figure 3. Secondary electron yields for
argon neutrals (Ar®) and fons (At?) fncident on
clean, polycrystalline Mo, (Adapted from
Ref, lln)n .



Tadle 1.

lary First ioniz. Kinetic . E, - 2¢ s

as porential (V) energy (aV) (3 -5V
13.6 25 3.6

: 24.6 99 14.6
13.6 398 3.6

1 11.2 423 1.2

8 12.6 447 2.6

; 14.1 696 4.1
15.5 696 5.5

32 14.4 1094 b4

tcted or ram energy oaly, based on spacecraft-
t veloeity of &9 km/s.

)TTO suifaca work function assumed to be 5 V.

mate of ¢ from in-flight Jata, by the method
xsted {n Section 4, would be most ugeful.

Obviously, potential emissior cannot occur
{ucident neutrals., However, at energies above
the process of kinetic eunission begins to
ite. Although not understood as wvell as {is
ntial emission, kinetic emission iv physically
lar to collisional phenonuna in gases, except

the emitted secondaries must escape from the
i surface {n order to ba observed.

The coincidence referred Lo sbove is that the
shold cnergy for kinetic emission corresponds
2 incident velocity variously estimated to e
00 km/s (Ref. 12, p. 305; Ref. 13, p. 472), a
ovw range whose lower limit coincidas with the

velocity of cometary neutrals and {one
hing GIOTTO., The proximity of the velocity
thold for emission to the impact velocity on
TO suggests that 4t may be very difficult to
ruine a priori vhether a given neutrsl species
e ject secondary electrons. Uncertainty over
surfece work function furthexr complicates
sts. The kinetic euvigssion theory of Parilis
Kishinevekili (Ref, 15), which seems to havs
st scceptance, predicts a definite threshold
depende on the depth of tha surface’s valeoce
o 1ts work function, and tha ionjzation
ntiel of tha impacting particle. More
ntly, Baragiola et al, (Ref, 17) derive a
shold of =~ 200 ko/e dependent only on the
ace vork function. Beacause of this threshold
¢t the yleld of asecondary electrons due to
ral inpact will be critically dependent on
ace characteristice,

Concerning eecondary electron emission by
, 1t is clesr irom Table 1 that the moat
dant cooetary {on specias can be expected to
t electrons by the potential process provided
the evrface vork function remaine below &-7
hich i{s Llikely to de tha case. Again, becsuse
the velocity threshold, thare may be little
ribution from the kinetic procase. '

Secondary Electron Enargy Distributions

Whare potentiai eufesion f{s possible, as {n
cese of wost ion species impacting GIOTTO, the
num electron energy e given einply Dby
2¢. Valuew of this paraceter are given {n
lant column of Tatla 1 under the assumption
¢ =3V, From Table 1 (He* may ba neglected)

and wvith veference to sacondary electron spectra
of Barstrum (Pig. 4), secondary clcittons uill
have mean energies of » 2 oV (f.e. w (2, - 2¢))
with wmaxioum valucs of ~5 ¢V. For héavier, and
therefore more energetic, dions the high energy
tail should extend a bit farther than the estimate
in Tible 1. This is {llustrat.d in Pig. S for Xr*

30x10 T T T T
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Figure 4. UEnergy spectra of secondary electrons
p.oduced by the process of potentisl ajection,
(From Ref. 16).
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Figure 3, FEffect of varying inn energy on
energy distribution of secondary electrons ejected
by the Auger process. (Yrom Ref. 16).



frgu which ve may rstimate that heavy ions such as
€0, will produce electrons up to ~ 10 eV,

Ia kinetic emission (Fig. €) the energetic
tail of the electron distributicn becomes more im-
portant with increasing ifon energy. However be-
cause GIOTTO is Just at the threshold for emis-
sion, the dfstributions will be racher "soft",
e.g., similar to that of Cst in Fig. 6. This
stens from the fact that near threshold the ions
have low energy and are stopped relatively near
the surface vhere a grester percentage of low
energy electrons escape. Moreover, there s
lirtle 4don kinetic energy to transfer to the
electrons which are elected.

S.3 Sputtered Jon Distributions

Despite the emergence of secondary ion wass
spectrometTy (SIMS) as a tool in surface and mate-
rials sciences, there 1s not s great deal of
information available which ig relevant to GIOTTO.
The curreatly favored theory of fon sputtering is
that of particle ejection by a localized herting
process {n which sputtered atoms, molecules, fons
and electrons are all {n locsl thermsl equilibrium
(LTE) so that a modi ‘esd form of the Saha foniza-
tion equation way oe applied (Ref. 17). Omne
failure of this theory, which 1is of sonme
{mportance here, is the appearanra of long,

2.9 keV IONS ON Mo

No. e~ /7ION /eV

... 1 b~
) 10 15

¢" ENERGY (eV)

Figure 6. Effect of varying fon velocity on
energy distriburion of secondary electront ejected
by the kinetic process. lon nulronxinmu) and
velocities (km/s) are Li* (6.94, 263), (39.1,
111), and Co* (132.9, 60). Cet* 18 very near tha
threshold velocity for kinetic emission. (Adapted
froa Ref. I1).

non-Maxwellian high energy tails on sputtered fon
distributiocns. Examples sre given I{n Figs. 7-9
for several systems and energy ranges. Appreci-~
able numbers of fons are present out to several
tens of eV in all 3 ceses. Note alse that mean
fon energies are ~5 eV, about twice the value for
secondary electrons.

| | 1 T

10-41 keV Ar* ON Au

No. ION/ION/8V
T

v 4

i6® | : ] 1 - 1
- )
g 10 10

SPUTTERED 10N ENERGY (eV)
Figuie 7. Energy spectrum of atoms sputtered

from a pulycrystalline Au target bombarded by Art
ions. (Adapted from Ref. 18).

1 L] T
3 keV Ar* ON Cu

No. {ON/1OMN/eV
T

1 1 1 -
S 10 L) 20

ION/NEUTRAL ENERGY (eV)

Figure 8. Energy spectra of sputtared Cu
atous and {ons plotted on an arbitrary scale.
Note the more fntense high enargy tail of the {on
distribution relative to that of the naeutrals.
(Adapted from Ref. 19).
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Figure 9. IEnergy spectra of ions lputtzred
a glass surface bombardad by 8 keV 16g-,
for the two species are offset by w 1/2 unit
he (arbitrary) linear scale. Note that the
energy taill externds to ~50 eV although the
are fit reasonably well by s maxwellian out
10 ev. (Adapted from Ref. 15).

6. DUST IMPACT

Dust particles with masses $ 3 x 1077 g will
penetrate the front "bumper" shield of GIOTTO.
he impact velocity of €9 km/s these suall par-
e8 ara vaporized zad to a large degree ionized
-1001 depending on particle mass), tharady
ucing & plasma coumposed of dust nmaterial,
, C, 84, Fe, ¥g (Ref. 20). Discussion of the
T0 dust {mpact ionization phenomenon is found
Refe, 21-23, Tha dust plasma cloud formed by
{mpact of a single particle rebounds away from
shield surface with a bulk velocity ~ 40 km/s
2 cloud expansion velocity of somevhat less
. 22). Maassberg (Ref. 24) considered a
le, snalvtical wodel of plasma cloud expansion
found, in the worsf case, that dust jwpacts
1 1nduce short (S 1072 s) negative excuisions
tpacecraft poteotial of 10-20 volts. This
itfon Le supported by plasma wave instrumenta-

on Voyager 2 which observed an intensa noise
t during crowsing of the G ring (Ref., 25).
jer data ware interpreted in terws of an
ding dust plasma cloud that eunveloped the
LYY vsva expeariment antennas. Pulee duratiocn
€ 1073 ¢ and aoplitudes (vhich depend very

on coupling of the antenna to the induced
na cloud) vere above the instrument saturation
L of C.25 V.

Hodeling of the dust plasma corponent i
tly {mportant in view of {ts larga contribu-

to ~otal charged particle fluxes (Fig. 2).
rtunately .he high impact velocity of 69 ¥m/s
ludes direct ladoratury measurement of emitted
isd particles. Wea may ciaclude from the
lous discussion that lons will form & drifted
t1lian distribution with speeds divided adout
lly Dbetwveen drift and expansion motions.
irons are carried along by the demands of
l¢ neutrality 4n the axpanding plasma cloud.
sare subsonic becausa even at low temparatures
) their thermal speed is ouch highe+ than
tloud’s drift rate. PElectron tempuratires way
estimatad from the Saha fo.mula for the
Wding cloud (Reil. 22). Smaller dust particles
ica higher electron timperatures because tha
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Figure 10, Eleccron energy spectrum expected
from dust impact on the CIOTTO shield. Dashed
line repressuts a maxwellian with kT, = 0.6 ev.

electron~f{on relaxation time becomes shorter for
smaller particles and electzons lose thermal con-
tact with fons esrlier in the expansion. Using
data in Ref. 22 we find thst kT, » 0.5, 1.0, and -
4.0 eV raspectively for electrons originating fvrnm
the fmpact of 100, 10, and 1 p dust particles.
This information, together with a wodel of tche
dust size distribution (Ref. 26) and the degrees of
ionization (Ref, 21), has been used to coustruct
the model elsctron distriducion shown in Pig. 10.
The sclid line indicates the approximate envelope
of the combined electron distributions of varying
temperatures. For comparison, the dashed line 1s
the tail of a wmaxwell{an having kTq = 0.6 aV.

7. SUMMARY AND CONCLUSIONS

Tables 2 and 3 provide a guommary of the
distributione cdiscussed in the preceding sections.
Note that in Tadla 2 the yield for secondary elec-
trcu enaission by fon and nautral d{mpact 1s not
given., These are dependent on whether the respec-
tive thrasholds are met as discussed above. The
yvield for shock {onization of dust partici:s is
given as 0.5 because this is roughly the mean when
averaged over the dust size distribution.

The GIOITO wmissioa {1s almost certain to
present plasma experimentars with romplex and
challenging problems 4n the area o. spacecraft
{nteractions with planatsry environments, Basi-
cally, the ram veloc'ty of the spacecraft is so
great that s cousiderabie amonnt of free energy is
available to drive physical and chamical processes
which will result in charged particle euissions
ordere of wmagniiude greater than any previously
encountered. At tha sama time, the peculiar
spacecralt configuratios of a rocket motor
protruding through the forward (ram-dircction)
surface, sets the stage for self-contaminstion as
well 28 chemicsl-activation problems., Under this
cer of circumstances it is doudtful that



Table 2.

Secondary Electron Emicsion

Energy Mean Thermal
Source Mechanism Yield Distribution Energy (eV)
Photoabsorption Photoelectric effect -— Max. 1-2
Max. 1-2
Electron {mpact Collisfons <1 { Backscatter g,
lon impact Potential ejection 0 for By < 2¢ Max, 2-5
Finetic ejecticn 0 for Vo € Ven Max. 1-2
Neuttal dupact Kinetic ejection 0 for Y < Ven Hax. 1-2
Dust impact Shock ionization 0.5 K a-max. 0.3-1*
Pistridution has high-energy tzail.
Table 3. Secondary loc Emission
Energy Mean Thermal Drifec B
Source Mechanism Yield Distribution Energy (ev) Energy (eV)
lon impact Sputtering 0.1-1 Non-max. 5 —
Neutral {mpact Sputtering 0.1-1 Non-max. 5 -
Dust impact Shock ionization 0.5 Drifted max. £9 ev/amu 9 eV/amu
predictions of secondary particle fluxes are very S. Grard R J L 1973, Properties of the satellite
accurate, Charging calculations based on these photoelectron sheath derived from photoemis~
estinations are nonetheless wuseful, provided a eion laboratory measurements, J. Geophys.
fairly wide range of input distributions can be Res., 78, 2885.
considered, Modeling of the spacecraft plzsma
environment will very 1likely be an important 6. Garrett H B 1981, The charging of spacecraft
aspect of post-encounter data analysis. surfaces, Rev. _“zophys. _Space Phys., 19,
s77.
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