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HERMES project in a slide

Collect, clean, evaluate, cresalibrate a large amount of radiation datasets
Store data in HERMES ODI database

Performnumerical calibration for 3 radiation monitors

Evaluate ESA SEPEM RDS 2.x, Op8&eSEPEM VPErformance
Develop new probabilistic approach for radiation belt modelling (TREPEM)
Develop a new modelling approach 8EP radiation environme(WESPER)
Create a unified/modular European Space Radiation Model (ESPREM)

I IntegrateMagnetosphericShielding Model (MSM

I DLR Galactic Cosmic Ray Model
A Develop amodular RadiatiorEffects Modelling System (ESPREM system)
I Integrate a series of effect tools
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The Tasks

A Task 1: Radiation data processing & calibration

A Task 2: Radiation Belt modelling

A Task 3: Solar Energetic particle modelling

A Task 4: Combined radiation modelling (& effects)

A Task 5: Improvements, Verification, Validation & Update




HERMES#Db: Open Data Interface

A Data:
I Some data migrated from SRREMs DB
I New datasets recreated from scratch to produce vietmed CDF files and correct metadata/units

A HERMESDb based on ODI: a Database system for downloading, processing and storing
radiation environment data based on MySQL

Includes an assortment of tools and utilities to use and extend

Server software for ingesting, parsing, downloading data and more

Client libraries for getting data natively in most common programming languages

Excellent for the HERMES use case!

A UNILIB

I Fortran UNILIB library with custom MATLAB wrapper for integration with HERMES software

I NOTE: current versions of ODI can run UNILIB automatically, but it is still a performance bottleneck when
ingesting large amounts of historical data.

(AsA Cesa_____
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HERMESatasets

Dataset Omnidirectional = Unilib Quality
Fluxes magnetic flags
coordinates

azur_ei_88 11 v01

crres_mea_ |1 vO1

giovea_merlin_I11_vO01

gioveb_srem_hermes_[2 v02

integral_irem_hermes_12_v02

polar_ceppad 12 vO1

probal srem_hermes |2 v01

xmm_ermd_[2 v01

demeter_idp_I2_vO01

rbspa_mageis_hermes_[2 v01

rbspb_mageis_hermes_[2 v01

rbspa_rept_hermes_12_vO1

rbspb_rept_I3_hermes_[2_v01
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Data Evaluation & Cleaning

A Temporal Coverage A Develop routinegor determination of data
A Spatial Coverage caveats (spikes, saturation, contamination)
A Creation/ingestion of cleaned datasets to

A Spectra Distributions
P ODI (set flags on datasets)

A Flux Maps

A CrossspeciegContaminations
mmm) Main contributor: C.Katsavrias

mmm) Main contributor: C. Papadimitriou

Cesa,....
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Evaluation plots: examples

XMM/ERM

+
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Figure 20: Boxplot for Log_10(Electron Flux).
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Figure 21: Color Distributions of fluxes for Log_10(Electron Flux).
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Evaluation plots: examples

XMM/ERM

Flux Map for electron channel #5 (0.41 MeV)
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Figure 40: Flux Map for electron channel No 5.
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FPDU - Intersection Mean Spectra
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Figure 15: Intersection Mean Spectra for Log_10(Uni. Proton Flux).



CleaningMethods

A InstrumentSaturation A De-spiking
The algorithm calculates the absolute difference of

Spikes are then defined as the points, which simultaneously
neighboring data-points. satisfy the following conditions:

Di=|x(i})-x(i+1}] _ 1/2
D2=[x(i)-x(i-1)] |xr' Ju;{xl)l /Uf(xi) > {2 ’n(ZN))
Then we determine a data point as instrument saturation if: 4|d.- m(d)| / (30{(d))> (2 In(2N))*?
Di<d or D2<d

where d=0.

2 GIOVEB CH1 (05-Mar-2010 20:35:40 to 07-Mar-2010 06:08:24)
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Data cleaning plots: examples
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Calibration of radiation monitors

STRMDb/REM

p detector
e djector
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Calibrationset-up

614 614

=) C(E)=Y KR f f sin(9)d0dsdE =} FiR,ds,
i=1 o i=1

oo 2 i
C = [ [ [ F0.6,E)R(8. 0, E)sin (0) dddodE
1] 1] 0

Responsewith angularresolutionof
L ‘T 110 for 614different directions

Planarsourceat eachdirection

Electrons 100keV¢ 10 MeV ( /2
Protons 10 MeV ¢ 1 GeV ROOT v. 2,22820 o

1
Rix(E;) = - > " R(6;,¢:, E;)ds;
i=1

A Geant4 v. 9.6 patci®3

1 10 |
A GRAS v. 08311561 R(6:,01) = 155 Z R(6:, 61, E;)

Analysiof simulationoutput

IASA \ Geometrymodelof the instruments / Cesa
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Calibration setup: Validation

A STRVLb/REM:The calibration measurements PSI
using protonbeamswere reproduced

A XMM/ERM:Derived transfer matrix compared with reportecn'.;
results A

)

A MERLIN/SUREharging currents obtained with q S —
GRAS/Geantdompared with DICTAT results.

Current (10" Acm

C Cosa ..

\



A protons can contribute in all 15 channels detections
A electrons are counted within the first 2 channels only

p-detector

REM:

\

(AsA

ommdirectional responses

e-detector

16

14
o 12

1 .
® \yistogram bin

18

Nno pure ecounters
poor energy resolution

— protons

— electrons
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XMM/ERM: omnidirectional responses ——

Protons are detected in all channels \
In singles mode protons are mainly

detected through the lateral shielding.

The peak at channel #7 corresponds to p from
forward directions that are stopped in the first
diode it encounter.

7

Ny, 300, g 5 6
Qg0 T 2 38 4H'|,stog'-'ambn

Electrons are detected in the first 3 channels.
In single mode electrons are detected

from lateral as well as axial directions.

In coincidence mode only electrons

from front or back directions are measured. /

LE unit
The response to protons Is similar to \"
the HE single responses, with the peak in the lo
incident energy shifted to higher energies (>20 N
due to the thicker Al shield.
Theresponse to electrons below 2 MeV

IS negligible. )
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electrons
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Data unfolding
Ci= Y Cu= ¥ |[ LEIRE(B)E]

q=p,e q=p,e
A Inverse Probleng Non-unique solution
A Success in data unfolding depends on:
I Response Function (Calibration)
I Quality of measurements
I Unfolding Method

Goal develop/update & apply unfolding methods for the coutasfluxes calculation
A Singular Value Decomposition Method

A Artificial Neural Networks

A Correlative Unfolding Method

mmm) Contributors S.AminalragiaGiamini& I. Sandberg




Artificial Neural Network

Input
Vector

Qutput
Vector

A number of interconnected
collaborating neurons
comprisesa network whichis
trained by a learning
algorithm using a training
set.

AEachnodeis aneuron

ANeuronsare arrangedinto layers- one or more "hidden" layers maybe exist
AHiddenlayerneuronsemploynon-linearfunctionse.g. sigmoidsor gaussians
AWeightfactorsmodelthe strengthof the neuralsynapses

\



Example: Alphasat/MFS data

MFSprovidesmeasurementsn

17 channels Thefirst 10 channels
arethe P-channelsand the last

7 the so-calledEchannels

F1 Proton Response

P4 Proton Response

P7 Proton Response

1o E 10 g 10 E
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In collaboration with RGoncalvesLIPT, Portugal



Example: Alphasat/MFS data

) FPOO(E=32.4 MeV) FPDO(E=44.0 MeV)
Tx10% E T T E 1
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ESA SREBtosscalibration

SREM effective energy

SREM effective energy

SEPEM: Proton Energy [MeV]




SREM SVé&rosscalibration

. SREM proton . Nominal Effective
flux channel unfolding Energy

energy value

#1 12.4 14.50

#2 15.8 17.63

#3 20.0 20.69

#4 254 24 .62

#5 32.3 29.31

#6 41.1 36.44

#7 52.2 44 33

#8 66.3 56.33

#9 84.3 73.16

#10 107.1 89.00

#11 136.1 116.4
#12 172.9 146.88

#13 219.7 194 .9

#14 279.3 320

#15 354.8 361.3

SVD SEEM FPDO: channel 7

1% 107

1%1 0"

1x10°

110"

1x1077

1x1077

T T T 17717 T T T T TTT7T T T T T 177171 T T T T 177171
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COE=_IMPE@44 5548 Mew

<



ESA SREBtosscalibration

RBSPWagEIS
(30ke\t4 MeV) 2013—09—08,13:56:28 2013—09—06,14:06:29
12107 T T ' 13107 T " '
Nominal Scaling 1x10° E
unfolding Factor ]
energy g 1x10° — =2
0.65 2.85 = 1x10*E SREM SVD 1 =
0.73 205 110°L RBSPMAGEIS_E N
0.83 177 R SREM E:\ID resc-\?led , N E
0.93 1.64 o 1 z 3 +
ENERGY
1.06 1.47
2013—-09—-0%6,13:59:29
1-19 119 1:1:‘7..,;
1.35 0.96 1x108 .
1.52 0.79 2 13105 _ 2
1.71 0.63 & : &
1=x10t =
1.93 0.58
2.18 0.57 o S~ 3
e —— 1x10F L NI PR S
3< L*<6 and dL* < 0.1 0 1 2 3 4
d(B/Beq)<0.1and B/Beq~ 1 ENERGY
4 <MLT <8 and 16 <MLT <20
dt=1h

(AsA @Cesa_____

\



Roadmap: Radiation Belt specification model

Coordinate
Calculation

Original files

_ _ Processed
Data Cleaning Processed files
Database

Data Evaluation

—

, Orbit Flux
Database Joined Flux Maps
P Generator
Dataset Flux Maps
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Radiation belt models

AE9/AP9

Accumulate daily averaged flux
valuesat eachgrid point

Calculate median and 95"
percentile

Assume Weibull distribution
(electrons) or log-normal
distribution (protons)

SRREM

Construct synthetic time series
(aggregatinall data)
Calculatedaily averages

Compute the histogram of the
data

k|

TREPEM

A Accumulatedaily averagevalues

at eachgrid point

Calculate29 quantilesasa means
to describethe distribution

Use inverse transform sampling
to generate points accordingto
the derived distribution and
compute the histograms from
them




TRappedenergetic Particle Environment Model

A PurelyData driven model with a statistical approach to cover the
entire distribution of fluxes at each grid point

A Produce flyin scenarios of fluxes/fluenceaverage, percentile

A Additional output: histogram of all flux/fluence values that were
encountered by the satellite along its flight path

A Both e and p models available

A 1/0 format compatible with AE9/AP9
(IRENE) models

'(( IASA ‘ Contributors C. Papadimitrioul. Sandberg @Qﬂm
\



TREPEM

A 18t Invariant (Energy)

A RBSPA MagEIS A 10 channels

A RBSFBMagEIS (50 keVc 10 MeV)

A RBSFA REPT A 2nd Invariant @)

A RBSHB REPT A 27 bins (0; 90 degrees)

A PROBA1 SREM A 39 Invariant (L*)

A GIOVEB SREM Aon oAya om X [F
A INTEGRAL IREM |
A CRRES MEA For each dataset: -
A CRRES HEEF A Assign daily averaged, omni, diff.
A POLAR CEPPAD fluxes to grid
A XMM ERMD A Save 29 quantiles as a proxy of thelr

distribution

xmm-ermd

Merge all dataset flux maps to
produce final model map

(AsA

\



Merging Flux Maps via Inverse Sampling

Method Description .
A For each grid point/energy —
I For each dataset —jine

A Readquantilesfrom the flux
map ol

A Producel0,000s points via
inversion sampling

I Joinproduced points from all
datasets

I Derivenew guantiles , mearstdey
etc

I Save new statistics to grid point of =~
merged map

A Producequantile-flux-map

Cesa...

z 01—

\



TREPEM
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RBSP-A SA fluxes at 1.547 MeV

Validation Example (near) GTO
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Validation Example MEO

GIOVE-B Orbit at 0.84 MeV
I I




Validation Example HEO

10° Diff Flux at 1.5 MeV for HEO
I | | | | I I
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TREPEM SRREMS

TREPEM Average Flux Map at 0.14 MeV SRREM Average Flux Map at 0.135 MeV
T T T

0.14 MeV ' '
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TREPEM SRREMS

TREPEM Average Flux Map at 0.46 MeV
T

SRREM Average Flux Map at 0.456 MeV
T T
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TREPEM SRREMS

TREPEM Average Flux Map at 1.53 MeV
T T T

SRREM Average Flux Map at 1.53 MeV
T T T
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TREPEM SRREMS

o TREPEM Average Flux Map at 2.82 MeV s o SRREM Average Flux Map at 2.82 MeV us
1 I Ll T - ..
2.82 MeV
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Virtual TimelinesModel (updates)

A Routines of the VTM code were restructured resulting in the
S E P E M -@sa decreaseof processingime by 3 times!

A VTMcodewasreconstructedto provide SpectralVTMoutputs

Virtual Timeline Model Spectral Virtual Timeline Model

For each energy * Choose ONE energy/channel Eyr

— Impose lower limit *  Impose lower limit

— Get significant events for = Find significant events

this energy = Apply Virtual Timeline, VT

—  Apply Virtual Timeline =  Keep the same VT and get outputs

— Get Output for ALL energies BELOW < Eyt
Put all outputs together * Receive spectral consistent outputs
Receive spectral (possible for E £ Eyr
inconsistent) outputs
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Probability of Exceading

SVITM
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Update SPE database & event list

A EvaluateESA SEPEM Reference Data Set 2.x
I Test different background schemes
A EvaluatevVTMoutputs:
I Use STERH{ata
I DifferentSPHists
I Different database
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Differential flux [/Mev/str/sec/cm?]

1x10°

1x107"

131072

%107 I

RDS2.0: sighal extraction

RDS2.0 E=115.00875 MeV

=TT IIIII|

-I-l—l-——-— 1 1 IIIIII|

2015



Differential flux [/Mev/str/sec/cm?]
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RDS2.0: sighal extraction
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Evaluation of ESA RDS2.0

STEREO and GOES-11, December 2006
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.......... SWPC (Zwickl) STEREO-A ]

A Reconstruct RDS 2.0
A CreateiRD22.0
A ValidateiRD22.0
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IRDSX2.0
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Evaluation of ESIRDS2.0
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Differential flux [/Mev/str/sec/cm?]
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Background: RDS2.1s

RDS2.0 E=166.31296 MeV
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BackgroundRDS2.2s

RDS2.0 E=166.31296 MeV
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SPE spectrum w/o background
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SPE characteristics: RDS 2.0
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Probability of Exceeding

Probability of Exceeding

SPE characteristics: RDS 2.1
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SPE characteristics: RDS 2.21s
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VTM outputs: Cumulative Fluences
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STEREA/HETdata
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Worst Case Peok Yaolue for mission length WT 1.0 years
T
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VTM outputs: STEREO vs RDS
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A Motivation VESPER mOdel

A Modelingand production of virtual SEP flux tirseries for arbitrary mission durations
A Combine outputsvith magnetospheric shielding models and/or radiati&ffect tools
on thetime-series level

A Approach
Use the VTM fothe modelling olvirtual SPElurationsandwait-times(Jiggenst al. 2012

A wS a 0a IS0 [ NItimetsérigs offekistatdPE time andflux-intensity.
A Creationof Virtual SPE flux series @virtual timeline
A Datadrivenmodelc¢ as few as possible assumptions and free parameters
A Outputscan be directly used for the derivation of furthesroducts
A Cumulative Fluence/Peak Flux/Worst SEP Fluence distributions

A Input in Radiation Effects tools
A Combination with systems modelling other radiation sources (RB, CGR)




VESPER

A Introduction of the LF parameter - couples spectral
characteristicsof individual flux spectra with macroscopic
characteristicof Events

In(Emax)
LF, = f In(E?f(E))dIn(E)
[

n(Emin)

A Thesumof LE (SLE) showsa linear log-log relationshipwith
SPBuration

A Probabilisticfilling of the event spacefor the creation of the
macroscopicharacteristicof Virtual Events

A MacroscopicSPEvalues(DurationSLE) are translatedto res-
scaledflux time-seriesin time andintensity
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VESPER: Virtual Events
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omparison with VTM, ESP and JPL models
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Cumulative Fluence [cm'2 st MeV'ﬂ] (1-year solar-active) Peak Flux [cm'2 srg! MeV'1] (1-year solar-active)



