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Motivation/Questions/Issues

* IRENE users have requested solar cycle variation for low-altitude protons
* Fluxes at low altitudes are controlled by atmosphere as well as magnetic field

» Will require modifications to IRENE processing and software

* Need to be able to map measurements to a “reference state” and then transform back when the model is
queried

« We will have to apply the transformation to all data currently processed

 How realistic does the model need to be?
 How will users use it?
« Variations of about a factor of 10 are observed, but in regions of low flux

« How to handle future solar cycles

» Prediction of solar cycle more than a few years in the future (especially multiple solar cycles) is highly
uncertain

« Use an “average” solar cycle? Or a “quiet” one (to be conservative)? What is “quiet”?
» Note Paul O'Brien’s solar cycle (F,,-) model
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Motivation/Questions/Issues

How will adding cycle variations affect the flux maps and software?
* Maps currently contain the solar cycle variation implicitly
 What does the new model mean for propagation over time?

Solar minimum (flux maximum) occurs at different times for different energies, locations

Solar minima are about the same in terms of F; ;
 This means that modeled fluxes will be about the same for all solar minima

Spectral shape changes from solar min to solar max
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Requirements

All energies 0.1 — 2000 MeV
0 < K2 < 3; Range of K decreases with increasing energy
0 < h,, <1000 km

Needs to be computationally efficient
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AP9 Flux Maps 0.1 MeV
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AP9 Flux Maps 100 MeV
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Notional Procedure

« Simple correlation based on phase-lagged F;;; (as in NOAAPRO and

TPM-1):
Fo (t—7)

|:0

¢(t) = ¢o EXP| —

« Parameters @, F,, and 7 are functions of E, K, and h;,. (®,is not really used — it will be determined from the
individual data sets)

* 7 isaphaselag
» F,is a modulation parameter — smaller values imply larger modulation

« Parameters can be derived from Selesnick Inner Zone Proton Model (SIZM) or spectral inversion of POES data
or other models/data, e.g., SAMPEX

» Using the correlation, transform fluxes measured at a given time back to a “reference solar minimum?” for
inclusion in flux maps

» To obtain model flux at a given solar cycle state, use the correlation to transform back
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Sources of Data

SIZM POES

e Convert from M/K/L* to E/K/h i » Spectral inversion of POES SEM-2
1969 — 2005 (3-1/2 solar cycles) e 1998 — 2015 (1-1/2 solar cycles)

E: 6 — 2000 MeV « E: 16 — 300 MeV

KV2:0-1.5 « K2:0-0.7

Nin: O — 2500 km * - 0—800 km

nnnnnnnnnnnnnnnnnnnnnnnnnnnnn
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Comments on POES

Spectral inversion depends on assumptions about
* Response functions
 PC spectral model
» Pitch angle distributions

Spectral shape below 30 MeV is especially uncertain

While absolute calibration of inverted fluxes is questionable, variations over the solar cycle should be fairly
consistent

SEM-1 could also be used, but > 16 MeV channel is subject to electron contamination
» Would extend the data base to ~ 40 years
« Would require inversions
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Comments on SAMPEX/PET

« SAMPEX was not used for this study, but would be a good source [ oso
of data [ pos

100}

LAT=—12,50" LON=-42,5° ALT=500-540km

o 1992 — 2009 (1-1/2 solar cycles) — Reentry in 2012
« E:19-500 MeV

o KIV2:0-1(?) [
* hin: 0—550 km '

min*

FLUX

« Daniel Heynderickx has processed data from 1992 - 2009 R

SAMPEX sample preten spectra

near the peak of SAA
T v v v

» There are issues with individual/average spectra (right)

* Mark Looper has discussed needed improvements — latest info is
from Oct. 2017
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Temporal Variations: SIZM
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POES
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Fitting Parameters: SIZM
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Fitting Parameters: POES
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1, Fyvs. h . SIZM
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T, Fg vs. hi.: POES
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T, Fy vs. EI SIZM
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T, Fo vs. E: POES
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Observations — POES vs. SIZM

 Remember the man with two watches!

» SIZM generally has shorter phase lags than POES

* Modulation parameter is same order of magnitude, same trend for POES vs. SIZM
 POES trends are more self-consistent than SIZM

» Possibly due to fewer solar cycles
« Smoothing SIZM in E, K, h_,, may help

» As solar cycle modulation becomes small (high altitude or high energy), fits become ambiguous
* Phase lag increases w/energy (as expected), but levels off or decreases above 200 — 300 MeV
* There is a maximum in modulation parameter at 100 — 500 MeV (POES & SIZM)
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Example: POES inverted fluxes

K 172 U; h 50U -- January 20Uz, 2U1U
10 2 N .m.m.r\.l..., : — . 525 _
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Example: Results

K 12 U; n N 500
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» Using POES fitting
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Next Steps

Choose whether to use SIZM or POES (or somehow use both) or SAMPEX

Extend parameters in E, K, h.,
* Involves some major extrapolations plus physics-based insight

Do more comparisons with other data sets (if possible)

Will have to consider changes to model code

Eventually will have to apply corrections to all low-altitude proton data sets and re-build flux maps

THE AIR FORCE RESEARCH LABORATORY
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Backup Charts

Fitting Parameters at
Different Energies
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SIZM, 10 MeV

7,10 MeV
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POES, 10 MeV
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SIZM, 15 MeV
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POES, 15 MeV
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SIZM, 20 MeV

T, 20 MeV
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POES, 20 MeV
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SIZM, 30
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POES, 30 MeV
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SIZM, 50 MeV
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POES, 50 MeV
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SIZM, 100 MeV
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POES, 100 MeV
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SIZM, 200 MeV
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POES, 200 MeV
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SIZM, 300 MeV
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POES, 300 MeV
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Proton Datasets — Temporal
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CRRES/PROTEL
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HEO-F3/Dosimeter
HEO-F1/Dosimeter
TSX5/CEASE
Polar/IPS
Polar/HISTp
TacSat-4/CEASE
(53-3/Telescope)
AP9 v1.50

Azur

Twins/HILET
RBSP/REPT
RBSP/RPS :
AP9 Future Versions
RPSP/RBSPICE
RBSP/MagEIS (Io)
RBSP/MagEIS (hi)
SAMPEX/PET
PROBA-V/EPT
POES

; ! POES SEM-1 data are not currently planned for inclusion.

% Indicates incomplete spectral or spatial coverage in LEO.
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Proton Datasets — Energy
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& Indicates threshold detector. Spectral inversion required for differential fluxes.

Indicates incomplete spectral or spatial coverage in LEO.
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