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SCIENTIFIC OBJECTIVE -- TO UNDERSTAND QUANTITATIVELY THE INTERACTION OF AN
ELECTRON BEAM (0-10 keV, 0-1.5 AMP) WITH THE PLASMA AND NEUTRAL ATMOSPHERE

AT 200-400 KM ALTITUDE.
APPLICATIONS TO NEAR-EARTH AND COSMICAL PLASMAS.
THE INTERACTION OCCURS IN FQOUR SPACE-TIME REGIONS:

I. NEAR ELECTRON GUN; BEAM COMING INTO EQUILIBRIUM WITH MEDIUM
[I. EQUILIBRIUM PROPAGATION IN IONOSPHERE
I11. AHEAD OF BEAM PULSE; TEMPORAL AND SPATIAL PRECURSORS
IV. BEHIND A BEAM PULSE
WHiLe RecionN Il 1s OF THE GREATEST INTEREST, IT 1S ESSENTIAL TO STUDY
REGioN | BECAUSE 1T DETERMINES THE CHARACTERISTICS OF THE BEAM AS IT

ENTERS [I-1V.
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SPECIFICALLY 1~ tHE REGIONS
REcIoN I - WHAT ARE MECHANISMS FOR CHARGE AND CURRENT NEUTRALIZATION

= OF INJECTED BEAM?

- OF ACCELERATOR AND SPACECRAFT?

- Is BEAM PLASMA DISCHARGE (BPD) AN IMPORTANT MECHANISM?
WHAT ARE DIMENSIONS OF THE REGION?

How IS BEAM HEATED BY BPD AND ALTERED BY CHARGING?

RecioN Il - QUANTITATIVELY WHAT IS
VELOCITY REDISTRIBUTION OF BEAM PARTICLES? PLATEAU?
ALTERATION OF AMBIENT PLASMA DENSITY AND TEMPERATURE?
PRODUCTION OF E-S AND E-M WAVES?

ProbucTiON OF LIGHT?
RegioNs II1 AND IV—~WHAT ARE CHARACTERISTIC TIMES FOR THE ABOVE EFFECTS?

ARE THE REGIONS A GOOD ORDERING OF THE PHENOMENA?

1980
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IMPLEMENTATION
THEORETICAL STUDIES
ANALYTICAL AND NUMERICAL SIMULATION OF PHENOMENA SHOULD PROVIDE
MODELS THAT PREDICT QUANTITATIVELY
DESIGN PARAMETERS FOR EXPERIMENTS
INTERPRETATION OF DATA
EXPERIMENTS =~ MEASUREMENTS
ROCKET-BORNE

SCEX == CARRYING ON ELECTRON GUN; KeLrLoGge I1s P.I. 1980-1981

PASSIVE AURORAL PLASMA; ANDERSON Is P.I. 1980-1982
£ o B, NRC; BERNSTEIN AND WHALEN 1978; 1979
LABORATORY

LARGE vAcuuM FACILITY AT JSC--BERNSTEIN AND ENTIRE GROUP.

THESE ARE ONGOING EXPERIMENTS.
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[IMPLEMENTATION -- CONTINUED
EXPERIMENTS USING SPACELAB
MISSION MUST CARRY
ELchRON ACCELERATOR

} SEPAC
NEUTRAL GAS SOURCE

IMAGER LLLTV
WE BUILD THESE DIAGNOSTICS

PULSED PLASMA PROBE ~~ SZUSZCZEWICZ
3 x 102 < Ng < 108 cu3
025 < Tp < 3 eV
PLasMA POTENTIAL, -50 710 +150 voLTS

PLasMa wAvE Recelver (E anp B) -- KeLroege
10 Hz < F < 20 MHz

CHARGED PARTICLE SPECTROMETER == ANDERSON
10 eV < E < 20 keV aE/E
Frux 10% 1o 1013

PHOTOMETER IF NOT OTHERWISE AVAILABLE-.

23-24 SepT.

1980

THESE ARE TO BE MOUNTED ON THE RMS OR A FREE-FLYER TO SCAN ALONG AND

RADIALLY FROM THE BEAM-

WE WILL ALSO CONSIDER OPTICAL AND E-M WAVE MEASUREMENTS FROM SELECTED

GROUND SITES-.
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ELECTRON BEAM

Scan IN Recron I -- 2 < 100 M
Scan END oF I -- 2 = 100 m
Scan RegioN II -- 2 1-10 kM

—3
‘ e d

£ WAVES
HV

CHARACTERISTIC
RADIATION

POSSIBLE GROUND STATION

Gl
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CLOSELY RELATED EXPERIMENTS AND FACILITIES

SEPAC
LLLTV
ALL FRee FLYERS MMP
' PDP
STSS

WISP

1980
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GEOMETRY OF LAB EXPERIMENTS

THE ELECTRON DETECTOR 1S
FIXED IN THE CENTER OF THE
TARGET.

THE BEAM IS MOVED,
CHANGING R, BY DRIVING THE CART
ON THE FLOOR-

THE ANGLES <@, % NJ
INDEPENDENTLY VARIEDS

» CAN BE

OTHER PROBES AND ANTENNAS
ARE LOCATED BETWEEN GUN AND
TARGET AT VARIOUS VALUES OF R-
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GEOMETRY OF LAB EXPERIMENTS

H
A3

THE ELECTRON DETECTOR IS
FIXED IN THE CENTER OF THE
TARGET-

Térﬁ Cf

THE BEAM IS MOVED,
CHANGING R, BY DRIVING THE CART
ON THE FLOOR-

THE ANGLES @, o Ny’ CAN BE
INDEPENDENTLY VARIED.

OTHER PROBES AND ANTENNAS
ARE LOCATED BETWEEN GUN AND
TARGET AT VARIOUS VALUES OF R-

Floor K /
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7 x 107% TorR
1.2 G

]

P
B
Vs = 2000 voLTs
[ =25 mA

OBLIQUE INJECTION, By = 130°
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p =7 % 1070 ToRR
B=1.206
VG = 2000 voLTs
[ = 8 ma

PARALLEL INJECTION, LT

1980

180°
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p =7 x 1070 1ore
B=1.26
VG = 2000 voLTs
[ = 40 ma

PARALLEL INJECTION, @ = 180°
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p =7 x 1070 TorR

B=1.2060

VG = 2000 wvoLTS

[ = 70 mMa

PARALLEL INJECTION, o = 180°
FuLL BPD
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3 x 1075 rore
1.2 6
V., = 1850 voLts

I as Gciven, BPD a1 80 ma

©
)

1]

a = 125° (MAXIMUM FLUX)
®ng = 180°
R=2.0m
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INTENSITY, electrons/(cm@sec ster) in passband
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p=7x 1075 ToRrr
B=1.26¢6
Ve = 2100 voLTs
I as cIven, BPD AT HicHER .
a = ]180° A
% ng = 180°
R=0.9m



el

Rice UNIVERSITY 23-24 Sept. 1980
TEBPP

COMMENTS ON PARTICLE MEASUREMENTS ,
-R/R
DEPENDING ON ENERGY, FLUX = E O witH Ry ~ +U M.
WE PRESENTLY HAVE NO DATA AT ENERGIES BETWEEN ~ 10 EV (I1ONIZATION

POTENTIAL) AND ~ 200 EV-
Enerc1ES BETWEEN 200 EV AND Vg, ARE RELATIVELY MORE POPULATED IN BPD

FOR LARGE R AND o < 180°.

A PARTICLE DETECTOR MOUNTED ALONGSIDE THE GUN LOOKING AT o« = (0° saw
ONLY A FEATURELESS ENERGY SPECTRUM. CLEAR EVIDENCE OF BPD 1s NOT SEEN IN
THESE SPECTRA

PRELIMINARY MEASUREMENTS INDICATE THAT THE BPD MAY REQUIRE SEVERAL MSEC

TO DEVELOP, DEPENDING ON THE RATIO I/IC, AND NE.
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GRADIENTS OBSERVED IN VARIOUS PARAMETERS

E-FOLDING DISTANCE ! TO BEAM

PARAMETER E-FOLDING DISTANCE L TO BEAM
PLASMA DENSITY 2:-0 M
PLASMA TEMP. 2:5 M

ENERGETIC PARTICLE
43 1o 14 M

FLUX

ELECTRIC FIELD

STRENGTH
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BPD Ignidion

23-24 SEepT.

Ficure 1. BPD 16NITION
OCCURS ~ 5 MS AFTER
INITIATION OF PULSE-
PuLse wiDTH = 30 Ms.

INTERPULSE PERIOD = U400 Ms

1980
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FIGURE 2.

/() sec

BPD
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IGNITION OCCURS-





