Caveats for STATIC L2 data and Quality Flags

Updated 2020-04-14
All figure references are to McFadden et al. “MAVEN SupraThermal and Thermal Ion Compostion (STATIC) Instrument”    Space Sci Rev DOI 10.1007/s11214-015-0175-6.  The two most important corrections are from background (bullet 3) and ion suppression (bullet 18).
1. STATIC quality flags have now been implemented – use them to evaluate the data quality

a. Use “tplot,'mvn_sta_c6_quality_flag',/add”  to add quality flag to a tplot

b. See below definition of quality flag bits

2. STATIC absolute sensitivity is suspect until all cross calibrations are complete
a. cross calibrations are in process
b. current calibration may only be good to a factor of 2
c. after cross-calibrations, absolute sensitivity is expected to be better than 25%

d. Quality flag bit 12

3. Background subtraction is not yet implemented and can impact calculated moments. Algorithms are in test and will eventually fill the “BKG” element of the STATIC L2 data structures. When BKG is filled, software should subtract this from the counts array before conversion to physical units.
a. Time of flight straggling from solar wind protons and alphas contaminate higher mass bins (figure 36). The simple algorithm used in figure 37 proved inadequate due to non-linearity and a more robust algorithm is in test.
b. Solar Wind (SW) inelastic scattering internal to the sensor can contaminate the proton spectra. About 4% of the SW counts are recorded as a low energy tail (figure 37) with broad angle distribution (figure 38). No algorithm has been developed to remove this.
c. Ghost peaks from O2+ and CO2+ create low level contamination to lower masses bins (figure 34) believed to be due to molecular breakup producing a delayed start signal. Algorithm for removal is in test. Algorithm also removes a C++ ghost peak at m/q=6.
d. Coincident ions (one producing a start and the other a stop) result in a low-level background, independent of mass, that depends on rate squared. High flux solar wind produce this coincident background, which combines with stragglers to contaminate higher mass bins. High flux O2+ and CO2+ at periapsis also produce this background which contaminate low mass bins including protons.  The algorithm for coincident background subtraction is complete but assumes the event rate is constant during a 4ms accumulation time. This is not the case upstream of the Mars bow shock where waves can vary the SW flux on faster time scales resulting in a low estimate of this background.
e. Backscattered ions internal to the sensor at low energy (4-20 eV) are another source of non-physical background. Removal of this background can be important for attenuator state 2 or 3 (at periapsis) where the ram ion sensitivity is reduced by a factor of ~100 (by the mechanical attenuator) relative to anti-ram sensitivity. These anti-ram ions are not observed at low energy (<3.5 eV). However, at higher energies they may introduce as many counts as the ram ions. This can impact temperature and density calculations – especially O+ density as seen at the attenuator state change of 1 to 2. The algorithm for identifying these ions and including them in BKG is in test.
f. Penetrating radiation during SEP events (and MCP after-emission noise) is rejected by Start-Stop coincidence of the TOF, but these single event backgrounds can add to coincident background when combined with an actual event that fails to make a start or stop. They can also impact calculated event efficiencies, but corrections for this background are included in the software. 
g. Trapped ions are observed at energies below the spacecraft potential during high spacecraft charging events (< -10V) where ram ions inelastically scatter off the spacecraft and become trapped by the spacecraft potential. They appear at all angles and below the spacecraft potential and so are rejected by moment software. Whether to include these ion in BKG is TBD.
h. Quality flag bit 10

4. Dead time and detector droop (from saturation) corrections are now implemented and included in the STATIC L2 files
a. MCP droop corrections may be factor of 10 for unshocked solar wind – use SWIA data

b. Corrections should be adequate for sheath and for periapsis passes in ram/conic modes 

c. High spacecraft charging (< -8V) at periapsis for orbits where spacecraft orientation prevents ion current collection results in detector saturation and large corrections.

d. Quality flags bits 3 and 4 indicate corrections are greater than a factor of 2 for detector droop and dead time, respectively
5. Detector efficiencies do not have mass dependent corrections 
a. This is a relatively minor correction (~20%) for O2+ or lower mass ions 
b. Largest errors are for  CO2+ and may result in factor of 2 underestimates of flux at low energy
c. These efficiencies have a small energy dependence that is mostly negligible except for CO2+ which improves significantly at higher energies (>6 keV)

d. Quality flag bit 12

6. Spacecraft potential is now included in the STATIC L2 files
a. Moment calculations for low energy ions must include these corrections

b. LPW was unable to provide accurate spacecraft potential measurements at periapsis so algorithms using STATIC data alone were developed. These algorithms generally work at periapsis where negative s/c charging varies from -0.1V to -4V. The algorithm assumes O2+ is at the ram energy at periapsis (<180 km), uses the proton cutoff at higher altitudes (>300 km) to estimate potential. At intermediate altitudes (180-300 km), the lower potential of the two methods is used. The algorithm may break down for < -8V.
c. Quality flag bit 11

7. Magnetic field data at STATIC cadence are now included in STATIC l2 data (MAGF in the data structure – B-field in nano tesla and in STATIC coordinates)
a. These data are added to the L2 files about a week after a contact

8. Attitude quaternions (QUAT_MSO, QUAT_SC) and ephemeris (POS_SC_MSO) data are now included STATIC L2 files

a. These data are added to the L2 files about a week after a contact
9. STATIC sensitivity is incorrect at low energies (<3 eV) when electrostatic attenuator is activated before 2015-01-24
a. Prior to 2014-11-27, fluxes are overestimated for energies <3 eV by up to factor of 10
b. For  2014-11-12 to 2015-01-24, fluxes overestimated for energies <0.8 eV

c. After 2015-01-24, corrections to sweep tables should eliminate problems
d. Quality flag bit 5 marks potentially bad data
10. STATIC’s Field-of-View (FOV) is limited – 360 deg x +/-45 deg 
a. This may result in missing significant ion fluxes – check phi and theta coverage
b. Chris Fowler is developing algorithms to identify FOV problems

11. STATIC’s energy sweep may not capture all ion populations - check energy spectrograms 
a. Most missed ions are at low energy during Pickup mode 

b. Operations after 2015-01-24 should capture nearly all ions <30 keV in STATIC’s FOV
12. Spacecraft charging (< -8V) without the attenuators activated have saturated STATIC’s detectors at periapsis on a small number of orbits throughout the mission
a. Saturation creates high background and increases dead time which may last an entire orbit
b. High background results from after-emission of MCPs and can degrade sensitivity
c. Quality flag bit 9

13. The spacecraft may block STATIC’s FOV and/or create sputtered ions

a. Software to identify s/c blockage is implemented (mvn_spc_fov_blockage.pro) and fills the BINS_SC element of the STATIC L2 data structure 
b. These data are added to the L2 files about a week after a contact

c. BINS_SC identifies solid angle bins with a 0 if >50% blockage by the s/c. Nominal BINS_SC values are 1. 
14. STATIC mode selections change the data products and energy range
a. Not all science data products are available continuously

b. Data products may be corrupted at mode changes boundaries 

c. Quality flag bit 7 is used to identify mode changes during an accumulation
15. Mechanical and electrostatic attenuator shutters change the sensitivity

a. Quality flag bit 6 indicates invalid data due to attenuator change during an accumulation
16. LPW interference with STATIC due to LPW induced spacecraft potential changes during a STATIC energy sweep
a. Prior to 2014-11-30, low energy periapsis data was strongly impacted by LPW sweeps 
b. All low altitude ion moments prior to 2014-11-30 are suspect

c. Changes in s/c potential resulting from LPW sweeps shift the ion energy 

d. Starting 2014-11-30, LPW is off near periapsis for even numbered orbits

e. Starting 2015-01-16, LPW operates in a manner that reduces impact on STATIC data
f. The reduced impact of LPW sweeps requires low spacecraft nominal potential which phases the STATIC measurement of the bulk of the ions to times when LPW probes are negative and therefore not jerking around the s/c potential. With the introduction of CO2 mode on 2018-04-24, this was no longer the case. This interference can always impact temperature and density, but generally not that strongly (~10-30%). Algorithms to account for this interference have been developed and will be used in generating L3 data sets of temperature and density. 
g. Quality flag bit 8 indicates potential LPW interference

17. Data in APIDs c0,c6,c8 assume the geometric factor is determined by ram direction
a. If the mechanical attenuator is closed, software assumes the beam is ram oriented

b. Ion flux is overestimated for ions outside -45<phi<45 with the mech attenuator engaged 

c. This primarily impacts solar wind measurements, but also cold proton measurements at periapsis.
d. This can impact all ion measurements at periapsis measurements when the APP is not pointed – which is rare and generally results in STATIC not operating in ram or conic mode
18. Ion suppression. Starting with the first deep dip orbits around 2015-02-10, it was observed that ion densities measured by STATIC at periapsis were dependent on spacecraft attitude. Spacecraft potential changed by about 2 Volts with these attitude changes. This non-ideal behavior is now attributed to a de-tuning of the electrostatic analyzer cause by exposure to atomic oxygen in the Martian atmosphere. Small changes in surface potential result in variation in the energy selection over different portions of the sensor. The variations are small so de-tuning is negligible at higher energies (>10 eV). However at low energies the sensitivity can drop to zero. The de-tuning has been modeled and results in an exponential drop in sensitivity with a functional dependence of exp(-(KK3/Energy)^2). KK3 has units of energy and is typically 2 to 4 eV after August of 2015. Prior to that date, KK3 increased from near zero in December 2014, to about 7 eV in July of 2015, then decreased thereafter.  KK3 varies slowly in time depending on exposure to atomic oxygen – with increases associated with deep dips, and with nightside periapsis where the mechanical attenuator might not close. KK3 depends on sensor look direction and is largest in the ram direction where exposure to atomic oxygen was/is the greatest. Since the attenuator changes the location where ions enter the sensor, KK3 depends on attenuator state.  
a. An algorithm for correcting ion density has been developed and is valid for ram ions whose peak counts occur at an energy is >2/3 of KK3.  These corrections are generally valid for O2+ and CO2+, but also valid for O+ (ram energy only 1.4 eV) for s/c potentials large enough to meet the >2/3 of KK3 criteria. This algorithm will be used to develop Level 3 density at periapsis. 

b. KK3 is determined throughout the mission by cross calibration with NGIMS, and more rarely with LPW plasma frequency measurements (which only occur on the dayside at periapsis about once a month). Cross calibration with NGIMS required developing a separate NGIMS calibration algorithm that depended on spacecraft potential. 

c. Ion suppression can impact ion temperature measurements of ram ions based on energy width.  Correction algorithms have been developed to account for this and used to develop Level 3 data products. The algorithm was tested against a separate algorithm based on ram ion angle width.
d. Ion suppression changes the angular acceptance of low energy ions and therefore impacts ion wind measurements determined by subtracting off spacecraft motion. Empirical corrections for cross-track winds have been developed and utilize inflight calibrations that assume vertical winds are negligible.  Cross wind calculations will be included in Level 3 data products. Cross winds are generally negligible (<50 m/s) except near the terminator. 

e. Quality flag bit 14 is used to identify data with this interference. 
19. Anode Rejection.  Part of the onboard data processing includes an event discriminator that rejects events where the Start and Stop TOF signals appear on different anodes. An onboard table of valid positions was loaded prior to launch. The table was tested during thermal vac at room temperature and hot and showed no variation. Testing was not performed cold and STATIC operates cold. A 3% temperature shift in TOF delay line (~1 nano-sec) was noticed in January 2016. A new anode rejection tables was uploaded 2016-02-05, and a slightly better table uploaded 2016-03-08. Prior to 2016-02-05, event efficiencies were degraded especially for anodes 0,1, and 14,15 which primarily impact solar wind measurements in particular spacecraft orientations. The incorrect table does not impact low altitude measurements.  Corrections for efficiency were worked out by Yuki Harada but have not been implemented in the software.
20. Proton densities calculated near periapsis for data product c6 in attenuator states 2,3 will not be accurate because the algorithms assumes a super-sonic spacecraft velocity (not true for cold protons) so that all ions are attenuated by the mechanical attenuator (which only covers 90 deg in the ram direction). Therefore proton densities must be calculated with d1 or d0 data products. The large variations in sensitivity with look direction, including ion suppression, have not been tested for protons so errors in density are unknown at this time.
21. Data packets (primarily for data product c8, but occasionally for c0 and ca), are sometimes missing as they get dropped when the onboard PFP processor is overworked. Interpolation is used by the software when these products are needed for a higher level calculation. This interpolation can lead to errors when the data are changing rapidly.

22. Early in the mission, charge exchange by neutrals hitting the attenuator grids (attenuator states 1,3) during deep dips was noticed to produce a non-physical secondary peak in ion counts at around 12-20 eV. See 2015-04-18 for examples. The attenuator voltage tables were changed to prevent this from occurring with the 2015-06-24 EPROM load. 
23. Cold ion temperature measurements at periapsis (0.01 eV to 0.03 eV, 100-300K) require corrections for instrumental response (analyzer finite energy response) and internal scattering (which broadens the energy and angle width). These effects depend on attenuator state and energy. Algorithms have been developed to correct for these instrumental effects and tested using Ti determined from energy width and angle width, and also with varying spacecraft potential using attitude changes on alternate orbits. Cold ion temperatures at periapsis will be included in Level 3 data products. 
24. “CO2 mode” was introduced 2018-04-24 to replace “RAM mode” at periapsis with a 1 eV to 10 eV range that provided higher resolution. This mode allows better separation of O2+ and CO2+ at periapsis and the possibility of using the relative energy of these components to independently determine spacecraft charging (without assuming the along track wind is zero). About half the counts in the CO2+ mass band are due to O2+ stragglers, so an algorithm was developed to separate out the CO2+. CO2+ densities will be included in Level 3 data products. For times where CO2+ is significant (i.e. dayside periapsis), it may be possible to extract along-track winds. Algorithms are currently being tested. 
25. NGIMS occasionally (monthly) performs neutral and ion wind measurements by changing the APP orientation by +/-8 degrees about some center direction. This can impact STATIC measurements at periapsis when the APP orientation shifts the ram ions to the edge of STATIC’s FOV. This may impact ion temperature and cross track winds measurements, although generally they operate correctly even with these variations.

26. Before contacting STATIC team, please update your software – software bugs are fixed daily.

Quality Flag Definition

bit 0
test pulser on




- testpulser header bit set

bit 1
diagnostic mode



- diagnostic header bit set

bit 2
dead time correction flag


- deadtime correction > 2

bit 3
mcp detector gain droop flag 


- mcp droop flagged if correction > 2

bit 4
dead time correction not at event time

- missing data quantity for deadtime calculation

bit 5
electrostatic attenuator failing at low energy
- significant <2eV counts w/ invalid geom. factor

bit 6  
attenuator change during accumulation

- invalid geometric factor


bit 7
mode change during accumulation

- impacts packets that average data 

bit 8
lpw sweeps interfering with data 

- lpw changes s/c potential during energy sweep

bit 9
high background 

 

- unvalid event background > 10kHz

bit 10
missing background subtraction
 

- set to 1 until background determined - tbd

bit 11
missing spacecraft potential


- dat.sc_pot = 0
- LPW determined sc_pot - tbd


bit 12
inflight calibration incomplete


- 1 until calibration finalized - tbd

bit 13
tbd – mechanical attenuator problem 

- 1 when intense ions not in ram direction - tbd 
bit 14
tbd – s/c attitude interfering with STATIC
- ram flux reduced by s/c induced fields - tbd
bit 15
not used

Technical Details about STATIC operations
STATIC data is determined by modules in the Particle-Fields Package (PFP) EPROM load. The EPROM stores the energy sweep tables, mass lookup tables, and real-time-sequence (RTS) commands. RTS commands configure STATIC into an instrument “mode”. The “mode” selects the energy sweep table, the measurement cadence, and the attenuator trigger. The “mode” also selects which the data products (see APIDs below) are returned to the ground. RAM, CO2 and CONIC modes generally have higher data rates and are used during periapsis passes. CONIC mode has a higher upper energy range and used at intermediate altitudes (300-500 km). PICKUP mode has the attenuator disabled for highest sensitivity for pickup ions. SCAN mode is the same as PICKUP but has higher data rates for d0 and d1 data products. ECLIPSE mode is identical to PICKUP mode but has the attenuators enabled and can be used at intermediate altitudes between CONIC and PICKUP mode transitions. PROTECT mode is used to prevent detector saturation at periapsis when the APP is not pointed, primarily during com link passes. Mode selection rules are based on altitude and can vary for inbound and outbound passes. Attenuators operate under PFP control based on highest event rated during a sweep.
STATIC has 7 primary modes:

Name
        Mode #
Energy range

Attenuator


RAM 

1
0.16    
to 50 eV


CONIC

2
0.31    
to 500 eV

PICKUP

3
0.37
to 31,000 eV
disabled
SCAN

4
0.37
to 31,000 eV
disabled



ECLIPSE

5
0.37
to 31,000 eV
PROTECT
6
25 
to 31,000 eV
CO2

7
1  
to 10 eV
STATIC Data Product Naming Convention

STATIC data products are identified by the hexadecimal APID number – c0, c6, c8, ca, cc, ce, d0, db, …

APID stands for Application Identifier

APIDs are codes in the data packet headers that are used to identify the type of data transmitted 
If you plan to use STATIC data, you need to be familiar with these codes.

All instruments have multiple data packet types and therefore multiple APIDs

STATIC software uses APIDs to identify the data type in Level 2 (L2) files and in IDL tplot variable names 

“tplot” is the IDL based time series plotting package developed by Davin Larson at UCB-SSL

I highly recommend you use this package for STATIC data analysis

For example, APID c6 is a 32Energy x 64Mass product. The c6 APID is coded into L2 file names as follows

mvn_sta_l2_c6-32e64m_yyyymmdd_v??_r??.cdf

IDL tplot variables derived from APID c6 will have a default naming convention as follows:

mvn_sta_c6_E

- energy time spectrogram in units of eflux

mvn_sta_c6_M

- mass time spectrogram in units of eflux 

mvn_sta_c6_M_twt
- mass time spectrogram weighted by # of TOF bins (units = eflux/tofbin)

mvn_sta_c6_att
- attenuator state

mvn_sta_c6_mode
- instrument mode

The measurement arrays and time resolution for different APIDs are as follows:
       Continuous 4 sec resolution products 

c0 – 64E x 2M


- omnidirectional, useful for s/c potential 

c6 – 32E x 64M


- omnidirectional, useful for composition

c8 – 32E x 16D  


- useful for perpendicular temperature

ca – 16E x 4D x 16A

- useful for solid angle location

db 
– 1024 TOF

- All modes

       Lower time resolution  products 3D or 4D data products (burst APID has higher time resolution)

cc (cd) 
– 32E x 32M x 8D
- Ram mode, discontinued 2015-06-24 in favor of d0(d1)
ce (cf)  
– 16E x 16M x 4D x 16A
- Conic mode, discontinued 2015-06-24 in favor of d0(d1)
d0 (d1) 
– 32E x 8M x 4D x 16A
- Pickup, Eclipse, Protect modes

       Housekeeping and “rate” data packets (4 sec resolution for d8,da)

2a 
- housekeeping
d8 
- 12R 


- useful for TOF efficiency calculations

d9 
- 12R x 64E 

- useful for TOF efficiency calculations

da 
-   1R x 64E

- useful for dead time corrections

In the above array descriptions E=Energy, M=Mass, D=Deflector(theta), A=Anode(phi), R=Rate
12 different TOF event “rates” are used for diagnostics, and efficiency/deadtime corrections 

Words of wisdom about STATIC:

STATIC data is not simple nor will it ever be simple to use. The data volume is so large that automated processing is required. I am unable to validate all the data by hand so data users will have to become familiar with STATIC caveats to avoid problems. 

The software should allow a wide variety of calculations. I will attempt to make the software as foolproof as possible. Unfortunately fools can be quite creative. If you plan to use STATIC data you need to be familiar with how the instrument works and the various caveats with regard to the data. 
I advise you to read the Instrument Paper when it becomes available. You don’t have to be an expert experimentalist to make yourself aware of the primary sources of non-ideal behavior. Most of these are listed above under 1-26. 
For those unwilling to make this educational commitment, there will be calculated parameters in the KP files. As of today, KP files are not useful for low altitude measurements and you will have to work with a member of the STATIC team to obtain validated data. Eventually Level 3 files will be calculated with physical quantities such at density, temperature and flow velocities – hopefully by the end of 2020.
