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Brief Description of and Context for the Relativistic
Electron Alert System for Exploration (REIeASE) and
HESPERIA-REIeASE

Scoreboard Results
Sept. 10, 2017

Discussion Questions:

How did your optimized run results differ from the
initial run?

What aspects of the event does your model capture
well, and what aspects were more difficult to capture?
What are the next steps for your modeling technique?
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Figure 5. BFO dose rate behind various aluminum thicknesses during Oct 26-Nov 6, 2003 SPE.

Kim, Hu, and Cucinotta [Proc. AIAA, 2005]




Exploration:
Is SEP Forecasting Necessary and Feasible?

—

o

Radiation Exposure and Mission Strategies for Interplanetary
Manned Missions (Foullon et al., 2004)

Part |l; Interplanetary Space Weather Requirement Analysis

Chapter 6: Recommendation for Warning Systems

6.6.7.2 Alerts

RxTec 2004 recommends that crew should be alerted in less
than 1 hour to the arrival of a severe SPE. The crew must have
time to move to a well-protected region. Doses should therefore
be monitored and registered at very short intervals. ...

Yes, it's Necessary.
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Cane, Richardson and von
Rosenvinge (JGR, 2010):

*Electron-to-proton ratio of
1997-2006 SEPs

*Most SEPs within factor of 10
of a median e/p ratio

Continuum of event
properties that does not
support the simplest “two
class” picture of SEP events
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Proton Flux Increase
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Exciter Speed
Question

Richardson et al.

*Onset delays for
electrons in SEP events

«STEREO A, B, SOHO
Observations
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Source Speed”: 700>
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Exciter Speeds?

28

Richardson et al.
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*Onset delays for
protons in SEP events
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10! - Table 1
i ] Turbulence Quantities Employed in this Study
Value or Expression
Turbulence Quantity Adopted Reference
6B (r = 1 au) 13.2nT" Bieber et al. (1994)
5B? ~r—24 Engelbrecht & Burger
10° (2013)
s 5/3 Kolmogorov decay
P 26 Smith et al. (2006)
S Kmin 35au’ Weygand et al. (2011)*
< ky 2r(a + bQ;)/ V., Leamon et al. (2000)"
o 6Bl 0.26B? Bieber et al. (1994)
© 7 Matthaeus et al.
-1 q
a 10 (2007)°
5 v 5/3 Kolmogorov decay
= kap 135 au™" Weygand et al. (2011)"
B kot kap /100 Engelbrecht & Burger
(2015)¢
6B, 0.85B> Bieber et al. (1994)
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Figure 3. Parallel (solid red line) and perpendicular (dashed blue line) MFP as
a function of radial distance. Also shown is the focusing length (solid green
ling) and the ratio 1 (dot-dashed black line; note that this quantity does not have
any units). The vertical red and black emor intervals show estimates for ) and
1. respectively. For the calculation of A, we used a = 1/10.

Strauss et al., Astrophys. J., 2017
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Figure 2. Calculated D, at 0.05 an (left panel) and | an (Earth; middle panel) and D | at | an (Earth; right panel) as a function of 4. For I, . two scenarios are shown
at each radial position, namely, using the damping function (solid blue lines) and using standard QLT (dashed red lines).

Strauss et al., Astrophys. J., 2017




Exciter Speeds?
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Figure 4. Modeled maximum omnidirectional intensity as a function of longitude for different levels of perpendicular diffusion (indicated by a). The solid purple line
shows the injection function, with & = 5°, specified at the inner boundary, while the dashed purple line shows this distribution shifted to the position of best magnetic
connection at Earth (¢ =2 307, indicated by the vertical dashed line). The gray symbols and band are observed electron peak intensities in the range of 55-105 keV and
the range of comesponding Gaussian fits of these multiple-spacecraft events taken from Dresing et al. (2014).

Strauss et al., Astrophys. J., 2017
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Figure 7. Similar to Figure 4, but now for a = (0,01 held fixed and varying the injection broadness o.

Strauss et al., Astrophys. J., 2017
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Exciter Speeds?

Omni-directional intensity; 300 keV electrons Omni-directional intensity; 30 MeV protons
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Strauss et al., Astrohys. J., 2017



REl=ASE Prt“l‘tﬁﬂ flux forecast at CCMC fdmtm sSoUrce: LUE.thZ.'
by ETPH IEAP CAU Kiel and SWRI — data gaps due to limited DSN coverage
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SCHO /COSTEP real—time proton flux ot CCMC (data source: costep?)
data gaps due to limited DSMN coverage
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€ PROGRAMME FOR RESEARCH AND INNOVATION
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HESPERIA-REIeASE:

| # High-Energy Solar Particle Events
- w "

The HESPERIA project was funded through the European Union’s

HORIZON 2020 research and Innovation Programme (Contract No

637324) and coordinated by the National Observatory of Athens in
Greece

It combined data and knowledge from 9 European partners and several
collaborating parties from the US and Russia.

Team Members are:

Olga Malandraki (Project Coordinator), Ludwig Klein, Rami Vainio, Neus
Agueda, Marlon Nunez, Bernd Heber, Rolf Buetikofer, Christos Sarlanis, and
Norma Crosby.
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e e HESPERIA-REIeASE
’ ..... . as Part of the HESPERIA Project

e

Leader

Leader

Leader Leader

The HESPERIA ‘High Energy Solar Particle Events Forecasting and
Analysis’ project produced two novel forecasting tools based upon proven
concepts: HESPERIA UMASEP-500 and HESPERIA REIeASE (WP2).



HESPERIA-REIeASE: New Developments
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‘ EPHIN EPAM comporlson 60 minutes forecast matrix p2

- éPHlN (0.25 = 1 MeV) B - | 104 =3
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REIeASE forecasting depends on measured electron intensities and their
level of increase. A comparison of electron intensity time series between
SOHO/EPHIN (black) and ACE/EPAM (red) shows good correlation above
the EPAM background.

If there is an increase in EPHIN electron intensity there is also one in
EPAM.



ASIW T'0G-Z'8Zd ASIW T'0G-Z'8Z d ASIW T'06G - Z'8z d ASIW T'0G-Z'8zd (3sedalojui pasn) ~
A2 8'6€ -8'GT d A2 8'6€ -8°GT d A2 8°6€ - 8°GT d A3 8°6€ -8°GT d A GIE-GLT @ Q
~
P e SRR s e T S ——-
i i i i | oeie i i m
o = S S :
o
P | | o ] ] o | oo | o I ee |
> i i w I W oo Wi e x
1o i E i i % [ @ IR m ~
c i | b | I oeie lew | b
o
m i i ,Aln\ | I Mn\ (I | ,AIH\ Pl : m N
ori 1 T ox [y x[ T 1 %[ rr : 1 5[ 18
al i I SEa T SLoa e | St m ol 2
o| i i Sl el o e o B : Qf 2
Ef L Sl teor o gl Lo sl X it o @
g} | | e I oie | @ frur? Eol o be : P
=1 i i O hoee gy o1 O et i Sl 1+ =i : el
S i of .t af i af i1 i : =1 ~
—_ _ . —_— _'n. ] H H H —_— 4.' . —_— _ | H e H H —
wn .. : : : . wnl ** 7)) : : . o . ; o
o | | Q Jee: } Q| * I Q | | : Q - o~
Q foerfreemiee e H e i e R ERREE EEERE PR = BEE =0 cEEEY EEEE TS CREPE PR A 45
bl I | 1 =1 B S I S 50 1 = Bt o
S cl o cl oo cl | P S =3
% i i m ole oo W i i m i i Py » S
of 1+ i ol i b b al
= I < B T T ol | i = i : ol |
al i _ of gy T o L] | de o S of
wip i ol bl 2 i o 2 i : er ~
r{ | ol ! | P of ! ! ' of ! | B st Py
o | | O | | By [~ I 1 g O | | - < : : ~
Cl...- ....... fbeomfeocofeasdioc . ml_ vvvvvvv S EREEEEES ml_ ........ fheood-oc P . ml S EEE RREY ISR S A e lw
= 0 ol i i K ol | i . ol | i : e o =3
O Y . . . . Y Y . N - w e o
| I I I . i I 1 e I I g 2 .
T 1 w i i B 8 w i 1 ] w ; A - @) ! b —
ol ! ! DI _ I V) ! i ol : m <
0N | | < | | . < | | ‘e < | | - ] i
i i Qf i ‘o Q1 i i : O i i : Eo,
i | w I ! P w | i . w I I : 5D
i el i cei | | [ I i o= P
| : I I I b4 : I 1 0 0 0 I I - : o ! . :
i 1 " Il ! 1 A L A ! o | " 1 A ! | 1 A L A L L L L b " " I’ L
A3 8382 ~Aa3323873 A A 389388 AAAS288S8 AAAAASS3 8

»(ABW IS S pWID) / XNY

»(ABIN IS S yWD) / XN

»(ABIN 1S S yWD) / XN|

»(ABI IS S WD) / XNY

»(ASIN 1S S NWD) / XN|

19:20

18:20

17:20

16:20




v
=
O
—
—
Q
L
L

0.1-0.8 nm

| Flare peak 1606 UT

GOES Observations

|

0.3-1.19 MeV

llllllﬂ] lllllm'l lllllm] T T llllm‘ lllllrl'l llllm‘ lllll"'l LA

5.8-39.8 MeV

0.01 -

HESPERIA-REIeASE Forecast

— 0.001—

PR ST ST TR T AN TN TR SO SN TN NN SN NN TN SN WO (NN N SHNNT TN T SO (NN TN SO ST TN SN N TN S N N

14h 15h 16h 17h 18h 19h

Sept. 10, 2017

20h




HESPERIA-REIeASE SEP Scoreboard Data
for 9/10/2017 Campaign Event

o

16-40 MeV proton forecast based on ACE/EPAM electrons (0.175-0.315

MeV)
Warning threshold: 1/cm? s sr MeV

Forecast successful? Yes. 28 min advance warning time.
Forecast made: 1620UT
Threshold exceeded: 1648UT

Forecast maximum intensity:  16.9/cm? s sr MeV
Actual maximum intensity: 32.2/cm? s sr MeV



Real-time SEP predictions are public available via the HESPERIA project website:
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The HESPERIA REIeASE system can generate alerts which are distributed to registered users:
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Discussion

—

—
How did your optimized run results differ from the initial
run?
There is only one live run, available at the HESPERIA project
web site.

What aspects of the event does your model capture well,
and what aspects were more difficult to capture?
 REIeASE provides advance warning of crossing the intensity
threshold of 1/cm? s sr MeV for 16-40 MeV protons, and
providing a maximum expected SEP proton intensity.
«..Current detectors not ideal for extreme events.

What are the next steps for your modeling technique?
Implementation for exploration of moon and Mars (HP effect).



SEP Forecasting: New Applications

Mars Orbit -
MSL/RAD L ‘Parker Magnetic
F R LV T Connection to
W ey | . Earth/Mars :
; ' MSL During

Ry Measusoments Hohmann Transfer

E v
Hohmann, 1925 Parker, 1958

Hohmann-Parker Effect



Mars Exploration:
Is SEP Forecasting Feasible?

Hohmann, 1925 Parker, 1958



ENLIL Simulation: MSL Transfer to Mars
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Summary

L —

o
The HESPERIA-REIeASE System Has Been Implemented

with ACE/EPAM Observations at
https://www. hesperia.astro.noa.gr/index.php/results/real-
time-prediction-tools/release

REIeASE based on SOHO was not in‘real-time contact

during Sept. 10 Campaign Event, but HESPERIA-REIeASE
was.

HESPERIA-REIeASE made a successful NRT forecast.

HP-Effect: REIeASE and other near-Earth SEP Forecasting
Techniques Apply to Travel to Mars. In addition, Mars-
based Forecasting would Protect Stay and Journey Home.
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K-Cor Enables SEP Warning Before
Evidence of Particle Escape at the Sun

M2 Flare
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Mars Exploration:

Is SEP Forecasting Feasible?

Journey to Mars:

Relative Locations
of Earth (blue),
Astronauts (green)
and Mars (red) in
40-day Intervals

Posner et al., PSS, 2012



Mars Exploration:
Is SEP Forecasting Feasible?

Journey to Mars: -
The Equivalent Magnetic Connection Distances
(for Three Solar Wind Speeds) Posner et al.. PSS, 2012

red: 300km's
black: 400km/s
blue: 500km/s
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Yes: Earth-L1 REIeASE System Supports SEP Forecast on Journey to Mars



Comparison Theory vs Data-Driven Model

Earth vs MSL
MSI. vs Mars

Earth/MSL
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Mars Exploration:
Is SEP Forecasting Feasible?

Journey from Mars to Earth: -
The Equivalent Magnetic Connection Distances
(for Three Solar Wind Speeds) Posner et al.. PSS, 2012
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Mars-L1 REIeASE System Would Support SEP Forecast on Journey Home!
And (of course) Staying at Mars.




Earth/Mars and Other Planetary Transfers
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