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Forecast window (FW)

The 1dentification of an SPE-predictive type-1II opens a A
Forecast Window (FW) within which a proton event alert 8
should occur, followed afterwards by the SPE itself. From
the distribution of time delays between relativistic-electron

started, arriving at near-Earth distance earlier than based proton alert times and the relevant onset times of
protons at ~30% of the speed of light [1]. SPE-predictive type-III radio bursts for the analyzed SPEs, I I

v' In addition to relativistic electrons, we use a requirement of a radio burst of the FW 1s mitially set to 400 min and extended accordingly
type 111 to be observed before issuing a proton alert. 1f a new SPE-predictive type-111 occurs within 1t. ° e Delazyo?min) wom

v A similar system, HESPERIA REleASE+ (already implemented using electrons
observed by SOHO and ACE near Earth), creates local forecasts for the Earth- }STEREO REleASE+ alert module |
moon system. The same STEREO-A radio observations are used in both | ‘
systems, as radio bursts in part of the emission spectrum can be observed all
around the Sun.

v' Usefulness of adding a radio burst requirement to an electron-based forecasting
system lies in the potential for suppression of known sources of false alarms.

v' Forecasts based on STEREO, currently located between Earth and Earth-Sun
L4, adds an additional safeguard for exploration of the moon, in particular from

I Overview |

v The STEREO REleASE+ forecasting system uses
the finding that relativistic electrons provide the
“earliest indication” that a solar particle event has

Occurrence

The module processes the two most recent HET and SEPT 30-min, 60-min, and 90-min
proton forecasted fluxes and triggers a proton alert when:
v' any of the three HET forecasted proton fluxes crosses the 0.22 cm? st sr'! MeV-! SPE
flux value threshold, or
v when the SEPT forecasted proton flux exceeds this value and the forecasted HET
flux exceeds a secondary threshold of 0.11 cm™2 s'! sr'! MeV-! [3]

solar particle events originating behind the western limb of the Sun. When a proton alert 1s issued, the alert module queries the radio module for the
v' The two parallel local forecasts allow us to test how far away from the existence of an active FW, and if one 1s already open STEREO REleASE+ generates a

spacecraft the validity and usefulness of the local forecasts extend. proton alert verified by an SPE-predictive type-111

The Alert state 1s set for a fixed duration of 20 hours, but if an SEP event 1s confirmed

Inputs for STEREO REleASE+ | < ] ‘ STEREO/HT”'W} during this period the Alert state remains active until the real-time one-hour averaged
. . Coe . g 7 o0f . — - proton flux drops below 0.044 cm™ s! sr! MeV-!
v' Real-time near-relativistic electrons 1n the - e .. 4 E

0.125-0.255 and 0.7-4.0 MeV energy ranges, — swliococe-oo | | |

detected respectively by the Solar Electron ST:.:;R:;:HETe.:::nf.UX - _Perfor mance assessment of STEREO REleASE+ ‘

gz(f;g?ogeel(%sg%eofbﬁgg g%%g%%ﬁlgh finergy | When we s.olely 1involve ra.di.o c.riteria, the chogen SPE-predictive thresholds fulfil our
v HET and SEPT 30.min. 60.min. and 90.min 5 9 | | | | | goal to maximize POD and minimize FAR, resulting to POD and FAR values equal to 1

’ ’ oo on o0 ose0 ok (100%) and 0.521 (52.1%) for the analysed 55-proton event sample; FAR is rather high.

proton forecasted fluxes, derived with the HET | _ STEREQ/SEPT electron flx_

and SEPT forecasting matrices constructed § | o od™ e The integration of radio and Detection of SPE-  Proton event e SRl
from an analysis of STEREO beacon electron &:™ 3 proton alert criteria 1n STEREO predmt\:typem Occ::nce o :li:;tissued No;::::ael::\iséued
data from 2008 to mid-2024. M ol { | | . REleASE+, modifies the definition of Yes No False alarm B Correct null D:
v' Real time 21-40 MeV HET protons. T cewosumes categorical values No Yes Missed event C, Missed event Cq
v" 1-min cadence STEREO S/WAVES radio beacon ; " Therefore, the absence of a proton Mt No Correct nul D, Correct nul D,
data with proper backgrpund No1s€ subt.ractmn . alert in this combined system, filters out most of non-SPEs that pass the radio module by
?nd frequency gii {ﬂhnfg, analyzle)d (;D(L%V]VBO * converting them from false alarms to correct nulls, thus reducing FAR (e.g., 28 out of the
requency ranges: the low-frequency ban : Sart Tim (25 ar 12 250030 : ]
125 kHz to 1.975 MHz) and the high-frequency | J0sn cecersmrodosus o veserocyy 02 O C0RGC RODBIE events) | |
band (HFB: 2.025 MHz to 16.025 MHz). the 0.22 o2 51 s MoV threshold crossing time and Early performance assessment of STEREO REleASE+, by retroactively running the
purple vertical lnes indicate the derled electron event STEREO REleASE+ during the 2023 — mid 2025 solar cycle 25 maximum period (the
}STEREO REleASE+ architecture | shows the contamination level percentage. training for the radio module excludes this performance testing period), shows that:
| - v 28 SPEs were 1dentified and a total of 9 false alarms generated 1n aggregate by
Two modules running in parallel STEREO RElIeASE (SR) and STEREO REleASE+ (SR+)
STEREO REIeASE+ v' The POD of the combined system of SR and SR+ 1s 85% (23/27), while the POD for SR-
| [T ) (oo ) only is 96% (26/27) and for SR+ is 80% (16/20).
Radio .module : | == R RE Alert module v' The FAR for the combined system 1s 26% (8/31), while the FAR for SR-only 1s 24%
dgtectmg real- | Il \I/ detecting if the (8/34) and for SR+ only 1s 20% (4/20). Note that POD and FAR for SR only 1s 87% and
tmg.e tg pe-11:II | ¥ [R“:J necessary 25%, respectively, for the validation period of 2008 — 2022 [3].
;idl(i)def‘;sif;ing 5 _ “ o, 5 conditions are D.ue. 1.:O the liII}it?d number pf events, false .alarms and missed sttrnings there 1s
SPE-predictive ] § | met to generate g1gn1flcant statistical uncertainty, therefore firm conclusions regarding performance
ones | AL R e a proton alert  jmprovements cannot yet be drawn.
e e y

}STEREO REleASE+ indicative forecast |

e
}STEREO REleASE+ radio module | A successful STEREO REleASE+ forecast STEREO HET proton fluxes and the corresponding 30-min, 60-min and 90-min
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