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Abstract
The calibration effort for the Magnetospheric Multiscale Mission (MMS) Analog Fluxgate (AFG) and Digital Fluxgate (DFG)
magnetometers is a coordinated effort between three primary institutions: University of California, Los Angeles (UCLA); Space Research TRy " - d h 1
Institute, Graz, Austria (IWF); and Goddard Space Flight Center (GSFC). Since the successful deployment of all 8 magnetometers on 17 March M Et h O d FO r DEte rminin g Oﬁsets Va [l atl on Of Oﬁset over 1 wee k Dg_s p a n P I 1 2
2015, the effort to confirm and update the ground calibrations has been underway during the MMS commissioning phase. The in-flight 509 MMS1 AFG LO :
calibration processes evaluate twelve parameters that determine the alignment, orthogonalization, offsets, and gains for all 8 magnetometers el 53002 | i e
using algorithms originally developed by UCLA and the Technical University of Braunschweig and tailored to MMS by IWF, UCLA, and GSFC. e Method k3 N 108 =\ i i } " Namanste” ¥ g o e Some tembperature don-
We focus on the processes run at GSFC to determine the eight parameters associated with spin tones and harmonics. We will also discuss the e Orbit is sub-divided into intervals much 1200 A ;o ) §§§ f * : P 200 2
processing flow and interchange of parameters between GSFC, IWEF and UCLA. IWF determines the low range spin axis offsets using the shorter than an orbit. « 10§ | \ ‘ - ' de pe Nnde nce, but a 7
Electron Drift Instrument (EDI). UCLA determines the absolute gains and sensor azimuth orientation using Earth field comparisons. We * Eachinterval is assigned an error value L o él-ggz - . . . o]
evaluate the performance achieved for MMS and give examples of the quality of the resulting calibrations. using an empirical estimate of error. : : o 0152 = S| n8|e fit to the full orbit e :
e Values of a related pair of parameters that 8 o 3 - 81(1)2:2 = . . . & 010 3
share the same error estimate -- in this o g ) 858:; — -- uSIiNng our statistica I o ]
case 01 and 02 -- are determined for each £8 015 3 §£ 0.15 = = . °5 o1 | 5
o o — interval. a : o 330 = methods -- gives values o :
Application of Ground Calibration Parameters o e Plot Panels show i i 108 that have a good fit for e . ;
The results of the ground calibrations are applied to the data first, to account for the temperature-dependence of the gains, as g e Bsp — Modulus of B measured by the spin- :ZZ i ° 83 1;308§§
well as non-linearity. 40 plane sensors. y 253 6.30 - the RO]. 3 9000 -
Thus, the in-flight calibration parameters indicate the change in instrument performance from that which was measured on N * Bz-Bmeasured by spin-aligned sensor. i . & 233 = w050 .
the ground. These calibrations include: —  Sonograms of each of the above. gol e g 243 é : 7 g
Gain, as a function of sensor and electronics temperatures. qu e The two parameters, on separate panels 001 v s il : " PO 3 o 2 .
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Non-ll.nearlty, as a function of measured field strength. = +  Sensor Temperature B = = -
equation [2] 2 3 = 2 D812 20 3 :
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Application of In-Flight Calibration Parameters Proposed solution Thetas require 1-week averaging Spln X and Spln Y
Parameters are chosen such that it is possible to optimize physical parameters independently rather than jointly. MMS1 AFG LO - o
In contrast to the parameters described in [1], these parameters, for example, allow the thetas to remain constanst N §§§ \ \
regardless of how the spin axis changes, relative to the sensor. e Max error: Select the population of f MMS1 AFG LO X ol T8 A/ N | AL j e Sionifi ft '
equation [3] |orthogonalization] [absolute gains] [spin plane relative gain] [offset] values with error estimates below a ¥ 200- %lgg 4 ‘ ; f ) ignimcant temperature MMS1AFGLO
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Once the sensors have been orthogonalized, IWF provides the low range spin axis offset, O3, using methods described in  Each week, the inputs from GSFC, IWF, and UCLA are reviewed and 3] Auster, et al. (2008), The THEMIS Fluxgate Magnetometer, Space Sci Rev, DOL:
o o | | | [2]. Then Low Range and High Range are matched at UCLA by adjusting O1 and O2 in High range, and Gsp in low merged together into a new calibration file at a MagCon. The approved ~10.1007/511214-008-9365-9 | |
Each institution is able to ‘'own’ a set of parameters, which can be Each parameter is updated at it's own cadence. The tasks performed at range, as in [1]. This process also yields O3 in the high range. The range joining process takes advantage of the fact calibrations become the basis for calibration activities until the next 4] Leinweber, H. K, C. T. Russell, and K. Torkar (2013), Precise calculation of current
determined and updated without affecting the other parameters, UCLA generally require longer integration times. Separate calibration files  that by design, AFG transitions to Low range before DFG, and AFG transitions back to High range before DFG. Finally, MagCon. Data weeks for which all 12 parameters have been approved densities via four spinning spacecraft in a tetrahedron configuration, IEEE T. Magn.
although there Is a set order for updating each set of parameters. are maintained for high field range and low field ranges. Low range and Earth field comparison and inter spacecraft calibration are performed [4]. (shown in green) can be processed to Level 2. 49, p. 5264 - 5269.

High rage are calibrated independently at GSFC.



