Caveats for STATIC L2 data and Quality Flags
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
a. Time of flight straggling from solar wind protons contaminates higher mass bins

b. Solar wind scattering off the spacecraft can contaminate the proton spectra

c. Ghost peaks from O2+ create low level contamination to lower masses 

d. Quality flag bit 10

4. Dead time and detector droop corrections are now implemented, but only marginally tested
a. MCP droop corrections may be factor of 10 for unshocked solar wind – use SWIA data

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

c. Quality flags bits 3 or 4 indicate corrections > factor of 2 
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
c. Quality flag bit 12

6. No s/c potential in the L2 files
a. Moment calculations for low energy ions at periapsis will have significant errors

b. Largest errors are in velocity moments

c. Quality flag bit 11

7. No magnetic field data in L2 files

a. Waiting for Mag PI to validate data before adding to L2 CDFs

8. No attitude or ephemeris data in L2 files

a. These data can be added by running mvn_sta_ephemeris_load after data is loaded
9. STATIC sensitivity is incorrect at low energies (<3 eV) when electrostatic attenuator is activated

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
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 saturated STATIC’s detectors on some orbits prior to 2014-12-04

a. Saturation creates high background and increases deadtime that 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 available, see mvn_spc_fov_blockage.pro
b. Data products will eventually identify solid angle bins with more than 50% blockage
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 data

a. Prior to 2014-11-30, low energy periapsis data 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 does not impact STATIC data
f. 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

d. This can impact periapsis measurements when the APP is not pointed.

18. Starting with the first deep dip orbits around 2015-02-10, it was observed that ion fluxes measured by STATIC were dependent on spacecraft attitude during periapsis. Spacecraft fields, and/or a space-charge distribution around the spacecraft, appear to be interfering with ions getting to the STATIC aperture. The ion flux can be reduced by an order of magnitude and is observed in attitudes designated “Fly-Z” and “Sun-Velocity”. Fly-Z is used during deep dip orbits. Sun-Velocity is used on odd orbit periapsis passes when the spacecraft is operated in Scenario 2. The interference is not apparent in Fly-Y attitude. Odd orbit designation for periapsis passes is determined by the orbit number on the outbound portion of the periapsis. Orbit number changes at periapsis. The source of this interference is unknown at this time. Quality flag bit 14 will be used to identify data with this interference. Implementation is TBD. 
19. 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 and Conic modes have higher data rates and are used during periapsis passes. Pickup mode has the attenuator disabled for highest sensitivity for pickup ions. Eclipse mode is identical to pickup mode but has the attenuators enabled and is 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 6 primary modes:

Name
        Mode #
Energy range

Attenuator

Deflectors
ram 

1
0.1     to 50 eV


conic

2
0.1     to 500 eV

pickup

3
1 eV   to 30,000 eV
disabled
scan

4
1 eV   to 30,000 eV
disabled

disabled

eclipse

5
1 eV   to 30,000 eV
protect 

6
25 eV to 30,000 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

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

cc (cd) 
– 32E x 32M x 8D
- Ram mode

ce (cf)  
– 16E x 16M x 4D x 16A
- Conic mode

d0 (d1) 
– 32E x 8M x 4D x 16A
- Pickup, Eclipse, Protect modes

db 
– 1024 TOF

- All 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.

For those unwilling to make this minor educational commitment, there will be calculated parameters in the KP files.

