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“‘Prompt” (left, November 04, 2001, 12 hours shown) and “Delayed” (right, July 28,
2000, full day) particle enhancements at 1 AU. A simple classification distinguishes
events on whether they reveal proton velocity dispersion at onset (left, meaning that
low-energy protons arrive later than fast, high-energy protons) or not (right side).
The forecasting technique introduced here is intended only to warn against
Prompt SEP events.

Note the apparent disappearance of pre-event proton background in the Nov. 04, 2001 event. Rather large statistical
uncertainties for protons intensities incur as long as extreme electron-to-proton ratios persist.
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Not to be confused with

“Impulsive” | “Gradual” Events

SOHO/COSTEP DOY 122, 2000 | SOHO/COSTEP DOY 308, 2001
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Comparison of SEP Rise Times
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[dccadCS/mln] Posner, Space Weather J., 2007
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Cane, Richardson and von
Resenvinge (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

Posner, Rother, Heber,
Mduller-Mellin & Lee
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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]
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protons 16-40 MeV [cm2 S ST MeV]'l

REIleASE Forecast vs. Qbseryations 2003—20'1 1 '

2003 MW

MW  (AW/FW)

Red: Observations - Black: Forecast

* Threshold is 24pfu for 16-40 MeV
protons (others: 10pfu for >10 MeV

protons).

« Same methodology as 2007 paper.
« Matrix updated every year.

* Not corrected for instrumental
deficiencies.

REIeASE/COSTEP 0.79 0.48

(Posner, 2007) 23/29 21/44
UMASEP 0.81 0.34
(Nunez, 2011) 134/166 69/203

Balch (2008) auto  0.57 0.55
forecaster-in-loop 0.88 0.18

Laurenza (2009) 0.63 0.42
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Examples of Instrumental
and System Deficiencies

1. COSTEP X-Ray
Contamination

Front Detector
Vetoes SEP Electrons Due
to High Rate of X-Ray
Conversion Electrons

Remedy:
More Massive Shielding of
Front Detector from Direct
Sunlight

CCMC Models Session
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Examples of Instrumental
and System Deficiencies

REleASE COSTEP DOY 167-169, 2005
‘ e ey 3: SOHO Data Coverage Gaps

'“10‘
- 10 Loss of Data, Lower Fidelity

(in SOHO Key-Hole Periods)

e Remedy: Beacon Mode,
[ [[Tem’® s st MeV . .
| Transmission Redundancy (small

data set)

4: COSTEP e/p Particle
Discrimination Threshold

Proton Channel Buffer Filled
with Electrons, Statistical
Uncertainty Increased

[cm®s sr MeV]"

fc (black) - obs (red)

Remedy: Optimize e/p Particle
Discrimination Thresholds
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Examples of Instrumental

_REIeASE COSTEP DOY 255-258, 2005
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5: COSTEP Anti-Coincidence
Techniques Inadequate

Outer Ring of Front Detector
Switches Off (Lower # Particles

«lM Analyzed), Opens Active Anti-

Coincidence Shield

Remedy:

Optimized Mode Changes or
Distinct Detectors would Leave
Anti-Coincidence Shield(s) Intact,
Clean Electron and Proton Spectra

CCMC Models Session
Jan. 16, 2012



protons 16-40 MeV [cm2 S Sr MeV]'l

REIleASE Forecast vs. Observations 2003-2011

2 2003 MW

MW

Red: Observations - Black: Forecast

* Threshold is 24pfu for 16-40 MeV
protons (typically 10pfu for >10 MeV

protons).

AR - Same methodology as 2007 paper.
8l * Matrix updated every year.

» Corrected for instrumental

—1 deficiencies.

REIeASE Method 0.85 0.35
(Posner, 2007) 22/26 12/34

UMASEP 0.81 0.34
(Nunez, 2011) 134/166 69/203

Balch (2008) auto 0.57 0.55
forecaster-in-loop 0.88 0.18

Laurenza (2009) 0.63 0.42
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REIeASE Brotpn flux forecast ot CCMC (dota source: costep2)
by ETPH IEAP CAU Kiel and SWRI — data gaps due to limited DSN coverage
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Archival V&V:
UMASEP and REIeASE Methods Lead Automated SEP Forecasting (followed
Dy Laurenza, Balch Methods)
However, Higher Skills Through Forecasters in Loop
Faiconer Method only one to provide SEP All-Clear for On-Disk ARs
REIGASE/COSTEP, V&V of all Methods Hampered by System Deficiencies

(Instruments SOHO/COSTEP, GOES/SEM, + Downlink)
iImproved SEP Forecasting Instruments Needed to Push the Envelope
Live V&V:
Live REIeASE/COSTEP: Lower Forecast Fluxes than Archival Performance

Limited Analyzed Event Statistics (2)
Hampered by Limited Downlink
Successful Practical Application at MSL Launch
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post-proc. protons
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Rise Times for Electrons and
Protons in Prompt SEPs

| phi 1=0.0270 : L phi 1=0.0390

| phi 2=00264,

Method 1 Method 1

%10 c
= = 0.0010
“E =
L, 2,

-
-
&
—

404 pfi

16 17
UT
Onset phases of the Nov. 09, 2002 prompt SPE electrons (left) and protons (right). The
rates of intensity increase are being determined independently with exponential fits of
full (method-1) and center-interval (method-2) periods. The fits are largely independent
of the method.

In general, the rise times of electrons and protons are closely correlated.
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