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Summary of Science Requirements
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STATIC Science Objectives and Requirements

Thermal lonospheric lons (0.1-10 eV)

- >1 eV due to RAM velocity (-4 km/s), peak flux at ~2-3 eV

- densities of 10°/cm?3 require both attenuators

- densities of 103-104/cm?3 require single attenuator

- resolve 3D angle distribution requires ~10-20 deg sensor resolution
- resolve parallel temperature down to ~0.1 eV requires ~1 eV

Suprathermal lon Tail - Conics (5-100 eV)

- >5 eV ions with escape velocity

- expected fluxes similar to Earth’s aurora

- as RAM ions drop below ~10%2/cm3, switch off attenuators

Pick-up lons (100 - 20,000 eV)
- tenuous flux may require long integrations
- flux generally maximum perpendicular to solar wind V and B
- optimal measurements may require rotation of APP
- instrument should not saturate in magnetosheath
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STATIC Block Diagram
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Starting from the top:

1) lons are energy selected by the analyzer
2) lons post accelerated by 15 kV

3) lons penetrate Start foil producing e-

4) Start electrons accelerated and
deflected to the MCP producing signal in
Start anodes

5) lons traverse 2 cm and penetrate Stop
foils producing e-

6) Stop e-, accelerated by ~10 kV,
penetrate thick foil (-4-5 kV), strike MCP
producing signal in Stop anodes

7) Protons penetrating Stop foil are
captured by thick foil before reflecting

8) Heavy ions may reflect before thick foil,
due to energy losses in foils, but have high
efficiency for foil e- production

9) Separate delay line anodes for Start and
Stop signal allows both position and time
coincidence for rejection of noise.

10) Digital interface board decodes and
stores event before transfer to PFDPU

11) 4 sec cycle time 64E x 16 Deflections >+



PF Level 3 Requirements
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PFSS: SP;ATIC shall measure energy fluxes from 10" to Compliance. STATIC includes 2 attenuators that extend the dynamic
107 eV/em2-sec-ster-eV with 20 second resolution | anee to 1012 eV/em2-s-ster-eV.

T
PFS6: S;fATIC shall measure energy fluxes from 10" to Compliance. STATIC is designed to handle isotropic fluxes up to 108 eV/
10" eV/em2-sec-ster-eV with 30 minute resolution cm?-s-ster-eV with the attenuators off w/o significant dead time . At flux

levels of 10* eV/cm2-sec-ster-eV, STATIC will register 15 counts in a
single energy-angle channel with 30 minute integration.

PF57: STATIC shall measure ions from at least 1-44 amu | compliance. STATIC mass range will extend to at least 70 amu.

PF58: STATIC shall have mass resolution m/dm of at Compliance. STATIC prototype testing indicates m/dm of ~4 at O,+, and
least 2 higher resolution at lower masses.
PF59: STATIC shall measure ions from 1 to 10,000eV Compliance. STATIC analyzer energy constant and HV specification

allow measurements up to 30 keV. STATIC sweep HV supply is designed
to measure and correct for OPamp offsets and drifts to provide accurate
low energy measurements to 1 eV.

PF60: STATIC shall have energy resolution dE/E of at Compliance. STATIC’s energy analyzer has an intrinsic energy resolution
least 30% dE/E of ~15%.

PF61: STATIC shall have angular resolution of at least 30 | Compliance. STATIC’s angular resolution is 22.5 degrees in azimuth
degrees (anode resolution) and ~6 degrees elevation (varies w/ deflection).

PF62: STATIC shall have a FOV at least 60 degrees by Compliance. STATIC’s FOV is 90 degrees by 360 degrees, minus losses
180 degrees do to s/c obstruction (<90) in the 360 deg FOV.

PF63: STATIC shall have time resolution of 20 seconds or Compliance. STATIC’s time resolution is 4 seconds.
better for Flux range 1

PF64: STATIC shall have time resolution of 30 minutes or | Compliance. STATIC’s time resolution is 4 seconds, but uses ~2 minute
better for Flux range 2 averaging times for tenuous pickup ions.
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STATIC Calibration

m/ er
 Full calibrations of flight unit /A /AW
were completed prior to '
and after environmental
testing.
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STATIC Calibration (PF 60,61) d“ﬂUE“
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Sensor Energy-Angle resolution tested with 2000 eV ion beam, no Attenuator.

Sensor Energy and Angle resolution as expected. lon gun beam broadens angular response slightly.
~1° offset in beam center consistent with alignment error. H+ and H,0+ have identical response.
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STATIC Calibration (PF 60,61) d“ﬂUE“
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Sensor Energy-Angle resolution tested with 2000 eV ion beam, with Mech Attenuator.

Sensor Energy and Angle resolution with Mech Attenuator as expected. Same ~1° offset in beam center.
Energy and Angle response narrower as expected. H+ and H,0+ have identical response.
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STATIC Calibration (PF 60,61) d“ﬂUE“
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Sensor Energy-Angle resolution with 11.5 eV ion beam, with Electrostatic Attenuator.

Sensor Energy and Angle resolution with E-static Attenuator as expected. Same ~1° offset in beam center.
O+ Energy and Angle response as expected for 1 eV beam - (0.135)2 + (1/11.5)2 )2 = 16%
H+ response is broad due to dissociation energy upon H,O ionization.

maven,/sta/prelaunch/20121025_184929_fm_cal_15kV_11eV_en_yaw_scan_Orot_attE/commaonBlock_20121025_184929_¢
10 T T T T

maven/sta/prela h/2mzmzs 184929_fm_cal_15kV_11 v en_yow_scan_Orot_ottE, 121025_184929_da
333333

5

2,510

Angle % .

2.0x10°)

L L L L B B

oy ;.f{.'*:.\ it

5.0x10°)

X
+
STA P1 H+

Energy Resolution H,0+ : ~17%

maven/sta/prelaunch/20121025_184929_frn_cal_15kV_11eV_en_yow_scan_Orot_ottE, 121025_184929_da-
60 — T T — ] o
L _ (=}
r ] O+ :
2500— — ;
2000 ]
£ ool ]
i ' M
1000 4 .
L ] b] n BEE 50
o [ J
L 1 i
§ ] A T :?ﬁ
=T Ja oo Anqko‘aw) segmn ; 10 P M ; R R T Fm“‘“‘fﬂ*ﬂ'hﬁmh‘ .ﬂint\?’uw ﬁ“ﬂ"”ﬂ' Fr‘-‘.l .'t‘.\'; "%‘
hhmm 1855 1900 1905 ‘910 1915
2012 Oct 25

Angle Resolution: ~8°

MAVEN Workshop, Dec 2, 2012 15-9



STATIC Calibration (PF 62)

360° FOV, No Attenuators

Sensor meets requirement
(PF62) for 360° FOV in detection
plane without attenuators

lon gun energy fixed 2000 eV

Sensor sweeping energy 1500 to
2500 eV.

Sensor rotated 360° about
symmetry axis.

Sensor deflectors are off.

Minima between peaks are due
to modulation by aperture posts,
coupled with a narrow energy
parallel beam.

MAVEN Workshop, Dec 2, 2012
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STATIC Calibration (PF 62,55,56)

360° FOV with
Mechanical Attenuator

Sensor meets requirement
(PF62) for 360° FOV in detection
plane.

Attenuator provides factor of
100 reduction in flux over +/-60°
centered on the RAM direction.

lon gun energy fixed 2000 eV

Sensor rotated 360° about
symmetry axis.

Sensor deflectors are off.

MAVEN Workshop, Dec 2, 2012

RAM Direction
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STATIC Calibration (PF 55) ﬂUE"
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Dynamic Flux Range — Electrostatic Attenuator (x 0.1)

Sensor sweeping energy: 7 to 20 eV Sensor sweeping energy: 7 to 20 eV
Gun 11.5 eV beam Gun 11.5 eV beam

Vgrid swept from 0 to 25 V Vgrid swept from 25V
Cutoff at Vgrid~18V Sensor rotated across all anodes
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STATIC Calibration (PF 62)
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Sensor exceeds requirement
(PF62) for FOV extending 60° out
of detection plane. Actual FOV
extends 90° (+/-45°) out of
plane.

lon gun energy fixed 2000 eV
Sensor energy fixed 2000 eV
Sensor rotated +/-45 deg out of
plane.

Sensor deflectors are stepped
through 16 deflector angles:
-45,-39,...,-3,3,9,...39,45

Minima between peaks are due

to energy-angle response with a
fixed energy beam and discrete
deflection steps.

MAVEN Workshop, Dec 2, 2012
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STATIC Calibration (PF 59) d“ﬂUE“
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Energy Range 4000 to 20 eV

maven/sta/prelaunch/20121024_035655_fm_cal_15kV_en_swp_gun_swp/commonBlock_20121024_035655_dat
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Sensor exceeds requirement :
(PF59) for energy range. Capable Gun .
of ~30keV by design. HV tested Energy
to 30 keV. Beam tested to 4 keV.
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lon gun stepped from 4 keV to 20
eV with fixed beam direction

Sensor in pickup ion sweep mode
sweep 30 keV to 0.5 eV.

100

Low energy shift of O+/H+ are
due to gun issues.

Low energy measurements
require special gun configuration
seen in next slide.
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STATIC Calibration (PF 59) d“ﬂUE“
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Sensor meets requirement (PF59) for Energy Range 15 to 0.5 eV

low energy (1eV) range. Testing at low maven/storeounch /2012102616179, fim-ool ASK.en-2up-gun-scon A 5talel commonblack 20121078, 181328

energy shows sensor resolves cold O+ g

and reveals response of ion gun. Gun S ]
Energy :

lon gun stepped from 15 to 0 eV.

lons ~0.5 eV higher in energy due to [

ionization chamber bias. o
H+ %ii L (| oo

Sensor in low energy sweep mode Energy :: .

15eVto0.5eV. 1

Filament Gun ionizes residual gas in ) .

chamber, primarily water. o+ &

lonization chamber has 1 V bias Energy o

gradient to eject ions.

1
100C.Cc

H+ is produced from H,O dissociation.
Dissociation energy (~5eV) goes to H+
due to conservation of momentum.
Water peak (H,0+, HO+, O+) is narrow.
Low energy water tail due to
scattering and ions produced outside
the ionization chamber.
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STATIC Calibration (PF 57,58)

@NAVEN
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STATIC Mass resolution (M/dM >2) and Mass range at least 1-44 AMU

maven/sta/prelaunch/20121025_201946_fm_cal_15kV_11eV_rotn11_H+_peak/commonBlock_20121025_201946_dat
10! T T T T T T T T T T T T T T T T T T

I
+

Counts
At
11.5 eViw

0+,H,0+

N2+,Oz+

N
2
@
3
®
g
3
8

TOF (ns}

Time of Flight (ns)

10f

H+

Counts |
At o
2 keV

maven/sta/prelounch/20121022_172436_fm_cal_15kV_2keV_en_yaw_scan_Orot/commonBlock_20121022_172436_dat
E T T T T T T T T T T T T T T T T T T T =

N2+,02+

MAVEN Workshop, Dec 2, 2012

N
3
.
@
2
©
z
3
3

TOF (ns)

Time of Flight (ns)

Product 1
maven,/sta/prelaunch/20121025_201946_fm_cal_15kV_1 1e¥_rotn11_H+_peak /commonBlock_20121025_201946_dat

10 20

30 40 50 60
Mass bin

Mass bin (0-63)

Product 1
raven/sta/prelaunch/20121022_172436_fm_cal _15kV_2keV_en_yaw_scan_Orot/commenBlack_20121022_172436_.dat

Mass bin (0-63)

CU/LASP o GSFC  UCB/SSL » LM « JPL

15-16



STATIC Calibration d“ﬂUE“
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Pickup Mode, 50 eV beam — 42 hr test, nominal operations
Before After
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STATIC TV Operations with lon Gun d“ﬂUE“
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muven/stu/prelcunch/QD‘l 21106_201639_fm_tvac_pickup_200eV_cold2hotf /commonBlack_20121106_201639_.dat
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STATIC Background at end of TV

50 min plot of STATIC data after
continuous operation during the
last thermal cycle.

Plots (top to bottom) are 15kV
supply current, MCP current,
Sweep HV current (variations
expected for sweeping energy),
event rate in 4 sec, event rates in
4 ms accumulations.

Lower 3 panels show events not
rejected by coincidence (<<1/s)

Background event rates (~100 Hz)
- about that expected for cosmic
ray events and radioactive decay
in an MCP with active area ~50
cm?Z,

MAVEN Workshop, Dec 2, 2012
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STATIC Mech Atten 11 eV d“ﬂUE“
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Rot Scan Pre/Post Environmental
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Pre- Environmental
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Rot Scan Pre/Post Environmental v Lis
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Pre- Environmental Post- Environmental
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STATIC Calibration Results

CU/LASP o GSFC « UCB/SSL « LM © JPL

* 16 angle sectors: ~50% variation in sensitivity-efficiency
with look direction.

« ~2% variation in energy with look direction
« Detection efficiency for fully qualified events ~25%.

* Ghost Peaks appear to be minimal based on low energy
measurements.

« Background event rates ~100 Hz — negligible fully
qualified

« Coincident protons will be main source of background

« TBD: Work out the efficiency versus mass: expect a
proton efficiency about 25% that of higher mass ions
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STATIC Data Messages
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STATIC Messages to PFDPU every 4 s kbit/s *
P1 - 64M x 64E 8.
P2 - 16D x 64E 2.
P3 - 16A x 4D x 16E 2.
P4A - 8D x 32E x 32M (ram mode) 16.
P4B - 16A x 4D x 16E x 16M (conic mode) 16.
P4C - 16A x 4D x 32E x 8M (pickup mode) 33.
P4D - 16A x 32E x 8M (scan mode) 8.
Raw Event messages 32 x 48bits / 4 ms 384.
Rate messages 12 x 16bits / 4ms 24.
Mass Histogram 1024M 2.

*Assumes 19->8 bit compression for everything but Raw Events

Average data volume needs to be reduced to ~2 kbit/s
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COo
C2
C4

C8
CA
D4

CC/CD
CE/CF
D0/D1
D2/D3
C6

D8
D9
DA
DB

STATIC Data Products

Measurement
64E x 2M
32E x 32M

4E X 64M
32Ex 16D
16E x 4D x 16A

4D x 16A x 2M

32Ex 8D x 32M

I16E x 4D x 16A x 16M
32Ex 4Dx 16Ax &M
32E x 16A x 8M
32E X 64M

12R

12R x 64E
IR

1024M
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Resolution

4s(8s)
8s(128s)
4s (32s)

8S
8s
8S

64s
128s
256s
16s
128s

4s
64s
64ms
64-512s

Mode

All (Pickup)
Ram/Conic (Pickup)
Ram/Conic (Pickup)

Ram/Conic
Ram/Conic
Pickup

Ram
Conic
Pickup
Scan
Scan

All
All
All
All

oNAUED

Mars Atmosphere and Volatile Evolution Mission

CU/LASP o GSFC « UCB/SSL « LM © JPL

Message

P1 - 64M x 64E
P1
Pl

P2 - 16D x 64E
P3-16A x4D x 16E
P4C

P4A - same
P4B - same
P4C - same
P4D - same
P1

Rates
Rates
Rates

Mass Histogram
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STATIC — Mass Calibrations St ot
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STATIC Resources

GNAVEN
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Mass
Power 3.349 kg as measured mass
e No HV — NTE is 3.31 kg
_ — ~b0 g addition of board braces
— Cold: 89 mA as a result of PFR-115 SWIA

— Hot: 94 mA Frequency Shift

* HV on, non-sweeping
— Cold: 118 mA
— Hot: 137 mA

* HV on, sweeping
— Cold Peak: ~150 mA
— Hot peak: ~165 mA

MAVEN Workshop, Dec 2, 2012
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