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@ Introduction

Today’s presentation is a short tutorial on auroral charging of spacecraft and the
characteristics of the space plasma environment that are required to predict
charging

Outline
* Physics of surface charging
* Examples of auroral charging and auroral charging environments
 Electron,ion energy spectraduring charging events
e Space weather model outputs required for predictingauroral charging
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Potential Distributions on Spacecraft Surfaces

: g Surface charging
e Electrostatic potentials

— Due to net charge density on spacecraft d_Q d¢ Z |, ~0atequilibrium
surfaces of or within insulating materials dt d'[ k
dueto current collection to/from the
I lvironment Internal (deep dielectric) charging

— Examplesinclude
* Plasma currentsto surface
e Secondary electron currents
* Photoelectron currents
e Solararraycurrent collection

» Active current sources (Electron,ion
beams, electric thrusters, plasma

contactors) N A y
* Energetic(~MeV) electrons F=q(E+VxB) Laboratoryframe
* Electrodynamic (inductive) potentials F'— qE' Spacecraft rest frame
— Modification of frame potentials without ,
change in net charge on spacecraft E'—=E +Vx é Forces equalin both
— Plasma environment not required P frames!
— Examplesinclude g = § E' :f(E +VxB)- dsS
* EMEF generated by motion of C C
conductor through magneticfield o 4 4
* Externallyapplied electricfields A¢' = :f(E +V % B) -dS
C

[c.f., Whipple, 1981; p. 272 Wangness, 1986; p. 210 Jackson, 1975; Maynard, 1998]



i g h-level (2 100 V) Annual Distribution of Charging Events
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Photoemission Yields

Photoemission is an important factor in

1000

Potential, -volts

100

10

controlling surface charging &
Material Saturation < 10%
Photocurrent T 10'®
Density E .
A203 4.2 nA/cm? S °
Au 2.9 nA/cm? o
Stainless steel 2.0nA/cm? 10
Graphite 0.4 nA/cm?
[from Garrett, 1981]
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SN buns  BELESHEG— D

J{>30 eV}, #/cm2-sec-sr

J{>9.4 keV), #/cm2-sec-sr

al- -5
— H
b z__ ______ w
— 1wl -
| € T eM
5 =
- & '6]_:“5 e
- 816 —%4 v/
= = G
— - z
= _a = t“i.'
' Gk | %
—= x NN
- -6 o |d
o o 1
- 0 Ll i e
10 15 20 25
E (eV)
[Grard, 1973]
2 .
[Minow etal., 2014]
1000 |- — ,.._._i. =
100 = :
- -
10 | | | | | E | E |
10° 10° 107 10° 10° 10" 10"

J{>13.9 keV), #/cm2-sec-sr



“lon Line” Charging Signature

* Low energy (E, ~ 0) background

ions accelerated by the spacecraft  ousprissIzottss) | | e
potential show up as sharp “line” ~ , o ™™ o o
of high ion flux in single channel |

E=E,+q®

* Assume initial energy E, = 0 with
singly chargeions (O*, H*) and
read potential (volts) directly from
ion line energy (eV)

log,, Energy (keV)
log,, #/cm®-sec-sr-keV

Electrons

-646 volts S
e DMSPSSJ4,SSJ5 detectors % !h =
B el % K : _______________________________________ ﬁﬁﬁﬁ%
30 eV to 30 keV T
— lons: 20 channels a
30eV to 30 keV

— Nominal channel energies
used for this work



Iog,, Energy (keV)

DMSP F13/SSJ 1995/07/25

j4f1 395206

= oA
Coooo
W= D = MK
ol ol v vy

Hour {(UTC)

E
B / 1" A " i yi LT A
10 3 I I'III i ! ! "n'h “ IIIIIIIIIII|! l ||| |'I|{ i I ' ' e rl” : I|I ” 3 || '" ' H |I |”||| |I|I'I?
? | |I ca o Hl"l ||”I'!1h " |||||'2'|' hl” I| HII I FI f ||| || 1 I"II' IIIIII IIIJ ' ' I ||I' | I| |'| I J i ' I' 'If" Jo III I i B
E 1.0 E'III \ | h 0 | ||| JE b |I| Iii | T a\‘? ||||I | 'l'J | l | [N r' U | ? U12 =
] \ il ! I C ;
0.1 ! Ih; ; |||/“ Eﬂ!bl | | r | i = e G
] I ' |W'H ! R TR T ol || MTIROC T s 8 =g
oy, TR "'.’W 'F SRR 'M b g £
5 g | fin - TR ||'\'|| P! I|||I tn oy | E & =
g ] T I ' | | | lilllllllllllll| AR ' H ”JI:cIII“‘g‘l f_ ' g
£ 1.0 o ! | G : R J | ” : = 4
> = ¥ ] 1 1l | ! J\ |I T bl ﬂl” E
w ] ; Elhlh #i I | i UHJ ||||||||'I||J||| |“|'”|'|| I ||I| HIII”IIH‘ W || ||| hE Nasa/mMsSFC
a.1 — Jr -
E %l T | i) , B .
§ 50 —J = - - - - - - - - - - - - 300 3
= O —F —— —m m m e e e e e e e e e e e e e e e e e e e e e e e m— - - 200 =
E -50 é | T L Do —a— o - = - - - - - - z T = & ¥ & - - E aoo E
01:33:42 01:37:57 O1:42:12 01:46:27 01:50:42 01:54:57 01:59:12

1995-07-25 01:33:42.0 1995-07-2501:46:27.0

1995-07-2501:59:12.0



Iog,, Energy (keV)

jsfi611176

lons
=
[}

DMSP F16/S5SJ 2011/06/25
total

J’ "Nﬂf{.

Al

i ;‘m

|

1—.!1 b

Eu.l. J‘r | |l; !

i

N

L il |
oo Ak AT | bkﬁ’“ 10;
T T u T, e 8 b
10 — IF"; 'II'“'II ! I|| |”| J ﬂH JI ; \ # I Mllll it 1|If| a ‘E
o | 1 (LIS || I| &'o—
£ o i il K}% i f‘ f”mu b'!.r'a .4 =
= il IR o o DI WP Pl o
0.1 —=
— = e ke . -
= = el - - . oo o
= 53 S 200 =
E 50 éi ...................... - T 100 E
01:53:46 01:58:00 02:02:15 02:06:30 02:10:45 02:15:00 02:18:15

Hour {(UTC)

2011-06-25 01:53:46.0

2011-06-2502:06:30.0

2011-06-2502:19:15.0

10



DMSP F16/S5SJ 2011/06/25 . ) ) ) isfig11176

lons
=
[}

Iog,, Energy (keV)
0

Elagtrons
-h
)

e
-

ele

ccccc

u |if,!ﬁlﬁ“”'-hﬂ'l',"ﬂf'p 'VI I

IIIII II'IIIIII

. |HW ". 'r. i :' :' !,“ it fl .(|.|
J i ;_.51 ..Huﬁ'ﬁlﬂ}.ljirr"M T

II hIIIIHIIIIIIIIH Il |If|h||l“| J

HH‘IH HHII| \IHHH‘ |_LHHII| HHHH‘

@

Lat (deg)
0o o

_______________________________ e e e e e e mm—— - - - D00 =
- =

(=1

—

&

100
D

01:-53:-46 O01:58:00 02:02:15 02:06:-30 02:10:45 02:15:00 02:19:15

10
e i =ny

-10
-20
-30

Potential (volts)

-40
-50
10°
10°

10
10

10
10°

2

Density (1/cm3)

10*

5 T

D

Hour {(UTC)

MSP F16/88d 2{)1 1/06/25 jpfi611176

ww%

EP Potential

FFPA S Primary Density

01:53:46 01:58:00 02:02:15 02:06:30 02:10:45 02:15:00 02:19:15

Time (UT)



Iog,, Energy (keV)

DMSP F16/S5SJ 2012/07/16 . ) ) ) isfisiz198

= = R Y S
= 10’
= o
e 19

107

107 - h WL

| | || F H |||| ! ||I| | |
10 | ! ‘I‘ | t ' ”h i HII Ill"“ |||"|I Iil I
% i | l I| Jf | t ||I |_| I|1| I 1 ||| y
£ oL RN ) i ” s
i | o E
0-1 = 28
10 | |I:IIIIIl|ll:||IFII1||EI||I;:I:”|‘|||: e —E
- E i IE hi |||] . & =
= 3 i Com i) RS
% 1.0 = ”r“‘ h I 4
b= . [ I M- ~nasamsFe
a.1 —J 1
E i | ) i i i | .
2 s0 S 300 T
= Lo T T Bl i et it S el el R 200 =
R EE e S 100 5
19:=21:43 19:25:57 19:30:12 19:34:-27 19:38:42 19:42:57 19:47:=12
Hour {(UTC)
2012-07-16 19:21:43.0 2012-07-1619:34:27.0 2012-07-1619:47:12.0

12



DMSP F16/S5SJ 2012/07/16

jsfis1219a8

107

10

1

= 10°
10’
107>

| IIIII ||III I‘

10 Hlllll I III

I. III IIII1 II

|II II
“ ! g

N 'H'I M-b Lk 1'“. 'I'l by b . / i:ll :I.I .Elli.lalf.unhiu 'm ;Hw
Il| I'I'h.

lons
=
[}

Iog,, Energy (keV)

Elagtrons
-h
)

e e e

Lat (deg)
0

AR

it Lyt i i I| At Il I hl i, Wi -~y L i ||||1|| il
iy |"||lI ‘ |r||||h|hhlw|;| “n hlll:llllll II|M| HM.:‘HI A |||l||||ﬁ'|III IHIn I|IlhilllllllrtLillllllhl |III fTT Bl .. iIllill”l“!l“ﬂ'||:i”*|!hlhl|""“| "Hlf

e

\H“I | E%.‘:'" ‘I'l"rd||E|'l'f:.:.lllll
”F”"Lr e ""’:.x'.'.ﬂ'.f"

i

log,, #lom’-sec-sr-keV

ﬂ|“.|r' | i "ﬁ'ﬂv. il

1 I II ([} NASA/MSFC

300 T
200 =

-50 T = T = . - - L e

100 S
[ —

19:-21:-43 19:25:57 19:30:12 19:34:-27

Hour {(UTC)

19:38:42 19:42:57 19:47:12

D

MSP F16/558d 2{)1 2/07/116

jsfie12198

10

a EP Potential

=10

-20

Potential (volts)

-30

-40
-50

FFPA Primary Density

10°
10°
10*
10°
10°

10
10°

Density (1/cm3)

| | \””””‘I'””””|IIIIH||||H||

19:21:43 19:25:57 19:30:12 19:34:27

Time {(UT)

19:38:42

19:42:57 19:47:12



Iog., Energy (keV)

nA/em’

lons

Electrons

Lat (deg)

DMSP F16/S8J 2012/07/16 jof1612198

10 ] yza0ey) (=2 ke J{=8.4keVy  J{=13.9 keV)

: “.. _:-._:'_‘.. .a,.,-, e ‘+: 5
H ||I+ |I|1| |8 hllﬂhﬂ‘ | ?m| I I"“In | [t )

iﬁ: HE IIIEI || rl ' |
.; 4

I FI IEI ! lE ] H L B II | |II | EIIIIIIIII

iNﬂ. L l". 1l I'klim.”hllhll'dlmﬁi.f 'u‘n‘l"-'ﬁqu”#q.,#" 0 I||
Wi nﬂ III IIII

Illrl:I“ *

il

i: | ilI' Il NASA/MSFC
I I

log,, #/cm’-sec-sr-keV

e
—

I ||| i
4131 It m! ﬁﬁal ”I IHII?IIE ih n'iti' uL!'H”u (1L |t HA N
50 3 . 300 @
ﬂ_f-------------------------------------------------------7._\“- ------------- 200 =
S e c
-50 SRMGICIEY PEREIT . . . 5:1)003
19:33:00 19:34:00 19:35:00 15:368:00 19:37:00 19:38:00 19:39:00 19:40:00

Haour (UTC)



e}
-
)
=
o
o
| ™=
@
c
(1}
o
o
2

Electrons

Lat (deg)

-50

50 5
03

DMSP F16/8SJ 2012/07/16 j5f1612198

electron

""I"ll.' i I'!' A .{ i

'||I+ 'H III|I|I|1:Illll't|;|“':i:::‘ l }’m ' 'J'”m

S | M|
r,l_, I L !
0 '| I z || | | njy

l".l'lh..l. |\|h.u....uunuLJ.l..'um Wil
.t pie!

gy

III II Illlt | I|I |

log,, eV/cm’-sec-sr-keV

NASA/MSFC

N L

~3-]
[ e I e B o
Lon (deg)

10

ED

19:33:00 19:34:00 19:35:00 19:36:00 19:37:00 19:38:00 19:39:00

Hour {UTC})

19:40:00




A~
=
i
=
o
o
=
©
c
L
o
o
o]

Electrons

Lat (deg)

DMSP F16/8SJ 2012/07/16

T T
| d{=84keV)  J(=13.9 keVy
1

: | 1l |I II |
Ihl‘lllilt II“ I I”IFl ‘
"I+ IH | IIllllt:lI Iilltlillnlllh“ I | 1#mll | I‘I 1l

%Jlll III || ,I

IFI .E ] ll,il | II |

‘Nil'. . II"". vlh..l. IM.uJ.”MIHh'II'U“‘ 'mu 1'

ﬁ,.,.ﬂ

e
" ll I

'ﬂ ! r‘ﬁ, I

log,, #/cm’-sec-sr-keV

“f || NASA/MSFC

IIII|II |

19:33:00

19:34:00 | 19:35:00 19:36:00 19:37:00 19:38:00
' " Hour (UTC)

19:39:00

19:40:00




19:34:21 UTC 19:35:42 UTC

19.572750 UTC electrons 18.595150 UTC electrons
19:34:21 UTC ions | L 19:35:42 UTC ions

Spectra ave: 1 Spectra ave: 1
idx: 70462 70462 L idx: 70543 70543

=
2 %
Ly -
n -
o B
4]
@ 8
n n
' o
£ £
2 2
% %
2 E
on
b= g

Ll I ||||E|||| L1l I Ll Lol i . N |
0.10 1.00 10.00 . 0.10 1.00 10.00
Energy {(keV) Energy (keV)




—
(%]
T

—s
=

eV beam energy
eV beam width

- -

]
l'.II} il
2 @
0 £
T E
g 10 =
= -
r 1]
m A
5 ]




eV beam energy
eV beam width

A~
-
[1}]
1
8]
L
T}
]
Yy
£
—
=
o
-

—
(%]
T

—s
=

—r
=
=

J(>E) ~.

J(>E) (1/m2-sec)




ong Duration Eve

DMSP/SSJ 1995/07/25 j4f1395206

J{=30 ev) J{=8.4keV)  J{=13.9 ke¥)

"
o

Pz .'-,- _:.,_ _F-g —,‘T—'&-{:‘M‘:‘- %ﬁaﬂ

il u
TR Lt |
I i

-
=
QL
=
o>
=11
| ™=
@
c
L
o
o
a

log,, #/cm’-sec-sr-keV

Electrons

-k

no

Do oo
l ||||||||||||||||||_.|_|||

Lat (deg)

-5

-10 , , : : : ;

0144:00 0145:00 0144:00 0147:00 0148:00 0149:00 0150:00 0151:00
Hour (UTC)




1V, Broadband Auroras
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Aurora Models

e NASA CCMC implementation of Ovation
Prime is a good example of an auroral
model providing total energy flux

* Total ions, electrons, and ions+electrons
ergsicm2s

energy flux to 8 erg/cm2-s (=mW/m?2)
g

alle 2013/06/01 13:00:00 58.7 GW
T IS8

N -150)

NASA CCMC

J > 8 ergs/cm?-s

23



Aurora Models

NASA CCMC implementation of Ovation
Prime is a good example of an auroral
model providing total energy flux

Total ions, electrons, and ions+electrons
energy flux to 8 erg/cm?-s (=mW/m?)

ergsicm2s

8.00

Increase the energy flux coverage to
include 10’s to 100’s ergs/cm2-s to
consider auroral charging regime? I

Energy flux for J¢(=10 keV) erg/cm?-s?

allbe 2013/06/01 13:00:00
T ISS

J > 8 ergs/cm?-s

58.7 GW

@D N,

N -150)

NASA CCMC
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Summary

Auroral chargingis a function of both the space plasma charging
environment and the characteristics of the spacecraft materials

Space weather models need to be able to predict the inverted-v electron
precipitation events and background plasma density in order to
characterize auroral charging environments

Surface charging models often use the Fontheim spectrum for
characterizing the charging environment.....many parameters!!

May be adequate to predict high total energy flux or, better yet, total
energy flux and energy flux for E > ~10 keV electrons
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