Construction of an Electrostatic Energy Analyzer
for the EQUARS Scientific Satellite

- @
QAP

Renato Dallaqua, Ing Hwie Tan, Maria Virginia Alves, Edson del Bosco
Instituto Nacional de Pesquisas Espaciais — Laboratorio Associado de Plasmas

EQUARS - Equatorial Atmosphere Research Satellite Radiation Shielding

Orbit: 750km (LEO), equatorial, Inclination 20°, launch scheduled for 2006

a0 el L L N B BN I £
Global scale monitoring of the Earth’ s equatorial low, middle and upper atmosphere and o R E i T U A= ,E;’”””i
ionosphere, with a special emphasis in dynamical and photochemical energy transport 60 oo SRt R~ I U WA A Y v
Processes. : i 5 - G by ;
Sl :F' . b f F ' e
1 2 3 4 5 6 7 8 . £ L 2, 2
2 & R :
Experiment ELISA = .E_ lils) = %
| —30 p ~30 5
Instrument GPS Airglow = Temperature Sprite HFC,LP, ETP Particle Eleé:]r;Sta“C Beacon = ?E; 1d
Receiver Imager Imager Imager Sensors Detector Analy%r Transmitter g i
Toshitaka Robert Michael J Hisao Walter G Renato S Paul A —&d 3 N ~&0 E
Pl Tsuda Lowe Taylor | Takahashi M.A. Abdu Alarcon. Dallaqual Bernhar.dt %
RASCUNIV. oy usu/ INPE/ INPE/ INPE/ INPE/ 0 " ¢
Institution Ij;/s;c;/ Canada USA Brazil Brazil I;JrSal;’lll Brazil NRL/ USA =180 =120 =G0 L,:,ngl:iltu . G0 120 180 =120 —120 —&8d L,:,n,.___.::iltu N a1 120 180
e ST e o pasmavens, S ferene World map of the AE-8 MAX integral World map of the AP-8 MAX integral
Gl | W electron flux >1 MeV at 500 km altitude. proton flux >10 MeV at 500 km altitude.
The ELISA project will measure the energy spectrum of (0.1- 40) keV electrons Penetration Range in Aluminum (cm)
4.0 | ‘ | ‘ | ‘ | - ‘ ‘
L] L] L] L] L] - . u
Scientific Obj ectives 35 = protons | Electron flux > 7 MeV negligible at any altitude
30- —® electrons J
L . . . | | (< 1/cm=2.s)
Electron Precipitation in the South Atlantic Magnetic Anomaly . 25 ] | |
S . 1 A lcm thick wall will be added around the
Electrons with E< 50keV are predicted to explain Sporadic E phenomena observed at SAMA TR | detector
by the CEA-INPE group using VLF, X-rays, and riometer measurements. Direct measurement S g / )
: : : oY : :
of the electron beam can corroborate indirect evidences. oc | | Estimates by Abdu et al. .
' / |
N 200 MHz 0ol Wm 1 electron flux ~8 x 10°cm=2sec! at ~ 20 keV

Trajectory

@@' 0 20 40 60 80 100 (J. Atm. Terr. Phys. 39 (1977), 723)
103 Mhz Energy (MeV)

- Project ELISA on EQUARS

75 MF

2L Transmitter
EEEERLsSEEESEENTcemENE L
EEEEEET o, mummRes s
O Y 4 [ ¥ .":' : T
L e 0 o s
“is0 4120 % 60 30 0 30 6 9 120 150 ' )
< —ANTENNA - _~
Study of electron heating by wave-particle PCD %0 SPWTENNA
Interactions in the equatorial plasma > ELISA
Electron beams in plasma bubbles can interact and heat electrons EPM
Comparison with laboratory experiments (PQUI project) ANTENNA
Collaboration with IONEX project (fluctuations)
STAR SENSCOR
The Electrostatic Energy Analyzer }
6
ﬁ Il r./r., = 10/9.5
, \ F B r/r.,=11/10.5 w y
\\ \\suwe-m'n’ Z\ ° | e = 10/9.6 Cal I b ra.tl O n
| ~(> \ qV ~rJr =11/10.6 |
" FILAMENTS  GRIDS  PERMANENT MAGNETS Thermocathode The QUIescent Plasma
g ‘ LaE“‘f Experiment (PQUI) produces a
. - o1 — beam of electrons with
0 o . ANALYSERS a1 2
: SOURCE ! TARGET It = Filament| £ E i — E :20'500 evV.
—> PLASMA +-™ | PLASMA e . : :
ol - R — = — An electron beam with energies
0 — :
! up to 40 keV will be added for
0 10 20 30 40 50 EEAM . .
E (keV) EXTRACTION VACUUM — High Voltage calibration.
PULSE SYSTEM ulse
ro.=1lcm,r  =10,6 cm
Macor or Teflon
plates height 25mm K
inner surfaces darkened (@) {piserminator—{ Counter =
. Calibration
Mode: S . :
Mass: Analyzer parallel to B ~1300g Volume 30cmx17cmx5cm Telecomands C: ) iﬁfﬁ:ﬁ; | Data sampling rate < 21 kbits/sec
F anneitron wain
Analyzer perpendicularto B ~ 1300g 2 X (2500 cm?) High e Data volume ~ 167Mbits/day
Electronics Box ~ 25009 electronics box ~ 2000 cm? s onfofprogrammes (1/4 of 12 orbits)
Supply
TOtaI — 51009 TOtaI ~7000 Cm3 | Readings Clock step (Sweepffixed)
_> Electrodes voltage (cal.)
Channeltron voltage(cal.)
Detectors k ==
II '-' L - g
channeltron  output amplifier counter Flight Operations Flow Timetable
discriminator Sjuts model KBL 510 >
Turn O -~ e:::[-':rin-:_l SANA
ngh VOIta.ge SW eeper Fead input comands: mode: sweep | fixead
5-.*-{-3.-i|:-_3-'5-?:_|:_[_1 3 *IIEIZI - Date Task
}\F I gJI[:Ji:iwﬁf-_T:Il’:l}l;: I
/U\ - S 03/2003 | Proposal and project presentation
== omeer Lflﬂ Calilration gﬂ'ﬁﬂﬁﬁf'_ff}'fe.:ﬂfi:n5 10/2003 | Construction and Tests of Laboratory Prototype
o M - | e e e 06/2004 | Importation of space qualified components
S | v 10/2004 | Construction of space qualified prototype
...... ‘:/T Calibration Data transter to OB Calibration
V_ =+25kV o ——] .
R Flominal Mocde courter autputs Thermal and vibration tests (LIT_INPE)
3 A clock step #
Sweep: 16 or 32 steps 28 Vps | wotage et K “; < . 06/2005 | Construction, calibration and mounting of flight model
f : ~ 10 sec hefare turning OFF
. — ] e Data transfer to OB
Sweeping rate: 10/s or 1/s omeensn PP \\/ 06/2006 | Launch

Tum OFF ~ leaving 5S4k A

Total power consumption<sw S

...... = '




