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GOES 16-19 Space Environment In-Situ Suite (SEISS) 
Solar and Galactic Proton Sensor (SGPS)

Solar and Galactic Proton Sensor
– 2 units on each GOES-R series spacecraft, 

one looking east and one west (8 in total)
– 3 solid state telescopes on each unit

– 1-500 MeV protons in 13 differential channels, 
plus >500 MeV integral channel

– 4 MeV-500 MeV alphas in 11 energy bands  
(Included in operational data after 2022-04-25.) 

Start	of	data	collection
GOES-16:		8	Jan.	2017
GOES-17:		24	April	2018	
GOES-18:		25	April	2022
GOES-19:	22	August	2024
Data	available	at:	
https://www.ncei.noaa.gov/products/satellite/goes-r

SEISS	SGPS	designed,	built,	and	calibrated	by	
Assurance	Technology	Corporation

GOES	13-15	(and	earlier)	EPS	channels	shown	in	right	column	for	reference,	
derived	from	cross	calibrations	with	SEPEM	energies	[Sandberg	et	al.,	2014].	

(MeV)
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Cross calibration of Solar Energetic Particle (SEP) 
measurements in geostationary orbit

• General approach
1. Identify periods when we expect detectors at different locations and with different look-directions to 

measure the same flux.
2. Quantify systematic differences between flux measurements.
3. May adjust geometric factors and/or energy bounds to bring reported fluxes into better agreement.

• Criteria for comparisons
– Assuming an isotropic and homogeneous SEP distribution in near-Earth interplanetary space; we 

expect the same solar proton flux measurement, at different longitudes and look-directions, when 
the measured energies are above the proton cutoff energies for all directions of arrival within the 
detector fields-of-view and at both spacecraft locations [Kress et al., 2013; 2021; Rodriguez et al., 2014].

– At energies below the proton cutoff energy, there are natural, geophysical differences between 
proton fluxes at different LTs and/or in different look directions. 

• Additional Considerations
– At SEP event onset, interplanetary SEP flux is often anisotropic. During the peak and declining 

phase, the flux usually becomes more isotropic [Reid, 1964; Desai & Giacalone, 2016].
– During geomagnetically disturbed periods, magnetospheric shielding of interplanetary ions is 

suppressed allowing solar protons with energies above a few MeV unimpeded access well inside 
of geosynchronous. This enables cross calibration of SGPS ~2-80 MeV energy channels.
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Solar Particle Events Since G19 SGPS 
Sensor Activation on 8/22/2024

• The 7-17 October 2024 SEP event included enhancements in SGPS channels up to and 
including P11 (>500 MeV).

• The 25 October – 5 November 2024 SEP event included enhancements in SGPS channels 
up to and including P9 (150-275 MeV).

ACE	SIS	Data	provider:
PI,	E.	C.	Stone	at	CA	Inst.	
of	Tech.,	via	CDAWeb.

These	2	events	used	for	
SGPS	Channel	Cross-
Comparisons

7	- 17	Oct. 25	Oct.	- 5	Nov.
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Oct-Nov 2024 Solar Particle Events

• G19 SGPS 5m averaged fluxes from 7 Oct – 5 Nov 2024.
• Gray shaded regions are periods used for G19-G16 P6-P10 cross comparisons (using 1-hour averages).
• Somewhat darker gray shaded region on 10 & 11 Oct. includes high solar wind dynamic pressure and 

geomagnetic storm, thus used for P1-P5 comparisons (using 5-minute averages).
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OMNI	data	from	J.	H.	King	and	N.	Papatashvilli,	
NASA	GSFC	and	CDAWeb

Time interval for inter-calibration

Non-storm	period

High	solar	wind	dynamic	
pressure	(Pdyn)	and	
geomagnetic	storm

Non-storm

High	Pdyn and	geomagnetic	storm

x

x

GOES-18	SGPS-X	(west	viewing)
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Method for cross-comparisons

• Observed fluxes are iteratively fit to a continuous sequence of piecewise power law functions 
to obtain consistent spectra and channel effective energies [as in Kress et al., 2021, Sect. 5].

• In the example shown, the MPS-HI P9 flux is compared with the SGPS spectrum at the 
MPS-HI P9 channel effective energy. 

P2A	EL P2A	EU &	P2B	EL

P2B	EU

x
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Cross-comparison scatter plot example

• G16-G19 SGPS+X P8C cross comparison of 1-hour averaged fluxes during Oct-Nov 2024 SPEs.
• Same data and OLS fit are shown in both panels, using linear scales on left and log scales on right.
• A power law is fit to the G16 fluxes, and comparisons with the G16 spectrum are made at G19 

channel effective energies. 
• Result shows a factor of ≈2.3 difference between G16 and G18 SGPS+X P8C channels.

G16	vs.	G19	SGPS+X	P8C	cross	comparison	(worst	case	example)
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SGPS cross comparison results

• Measurements from like channels and look-directions generally agree to within 10-30%.
• Worst case is ~130% error in G19 SGPS+X P8C (taking G16 flux as “accepted” value).

Worst case is factor of ≈2.3 difference between 
G16 and G18 SGPS+X P8C channels
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Cross sensor comparison P1-P5 overview

• G16 and G19 SGPS 1-hour averaged spectra from 16-17 UT on 10 Oct 2024.
• Agreement is expected between SEP fluxes measured at different longitudes and in different look 

directions due to high solar wind dynamic pressure and geomagnetic storm during this period.

G16	P4	cal.	issue	
noted	in	Kress	et	al.	
[Space	Weather,	2021]	
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Cross sensor comparison P6-P10 overview

• G16 and G19 SGPS 1-hour averaged spectra from 8-9 UT on 9 Oct 2024.
• Agreement is expected between SEP fluxes measured at different longitudes and in different 

look directions since energies >80 MeV are not geomagnetically shielded at geosynchronous, 
and the interplanetary SEP distribution is isotropic following the event peak during this event.

G18	P8C	&	P9	reporting	
high,	included	in	G18	Full	
Val.	PS-PVR.	

G19	P8C	factor	of	2-3	
high	is	G19	worst	case.

Anonymously	low	response	in	G18	
SGPS+X	P10.	Other	P10	channels	
agree	well.	
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Summary of SGPS anomalous channels

• Temperature dependent channels
– G16 SGPS-X P2A-P5, P8C-P11
– G18 SGPS+X P8C-P11

• Reporting low/high (≳ factor of 2)
– G16 SGPS-X P4 reporting high;
– G17 SGPS+X P8C reporting high
– G18 SGPS-X P8C and P9 reporting high
– G18 SGPS+X P8C and P10 reporting low
– G19 SGPS+X P8C reporting high
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Summary

• Inter-calibrations among solar particle sensors aid in identifying and understanding 
measurement discrepancies, potentially correcting errors, and ultimately improving 
space-based particle detector systems.

• The GOES-R series SGPS inter-calibrations exploit periods when similar flux 
measurements are expected in both detectors to identify and correct instrument and/or 
calibration anomalies.

• Our present goal is to characterize systematic differences between similar channels. 

• Cross calibration of  ≳40-80 MeV channels is possible when the interplanetary SEP 
distribution becomes isotropic and homogeneous (usually after event peak flux).

• Geomagnetic storms and periods of high solar wind dynamic pressure enable cross 
calibration of proton channels in the 2-40 MeV range.

• A series of solar particle events since GOES-19 SGPS began collecting data on 22 
August 2024 enable comprehensive comparisons between GOES-16, -18 and -19 
SGPS units.

• The results of this work will guide future adjustments of calibration factors.
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