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AlaoTnUIKOG Kaipog

2uvOnkeg otov  'HAIo kol  @TO
OI00TNUIKO TTEPIBAAAOV TTOU PTTOPOUV
va €TTNPEACOUV TNV ATTOd00N Kal TNV
agloTmoTia  TwWV  OIACTNMIKWY  Kal
ETTIYEIWV TEXVOAOYIKWY OUCTNUATWY
Kal PTTopouv va Béoouv Og Kivouvo
TNV avBpwTTivn (wn N uyeia.
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Koouikn AKTIVOOAia
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Qaivépeva AlaoTnpikou Kaipou

Neutron Monitor Observations of the

December 13, 2006 Ground Level %m*"“
Mg o Enhancement (GLE)
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HAlakEg KaTtalyideg

Physical
measure
e Flux level Average Frequen
Scale | Description | Effect E)f g (1 cyclg. L 1qyea rsc)y
MeV
particles)
Extreme Biological: Unavoidable high radiation hazard to astronauts on EVA (extra-vehicular activity); passengers and crew | 10° Fewer than 1 per cycle
in high-flying aircraft at high latitudes may be exposed to radiation risk.
Satellite operations: Satellites may be rendered useless, memory impacts can cause loss of control, may cause
serious noise in image data, star-trackers may be unable to locate sources; permanent damage to solar panels
possible.
Other systems: Complete blackout of HF (high frequency) communications possible through the polar regions,
and position errors make navigation operations extremely difficult.
Severe Biological: Unavoidable radiation hazard to astronauts on EVA; passengers and crew in high-flying aircraft at high 10% 3 per cycle
latitudes may be exposed to radiation risk.
Satellite operations: May experience memory device problems and noise on imaging systems; star-tracker
problems may cause orientation problems, and solar panel efficiency can be degraded.
Other systems: Blackout of HF radio communications through the polar regions and increased navigation errors
over several days are likely.
Strong Biological: Radiation hazard avoidance recommended for astronauts on EVA; passengers and crew in high-flying 103 10 per cycle
aircraft at high latitudes may be exposed to radiation risk.
Satellite operations: Single-event upsets, noise in imaging systems, and slight reduction of efficiency in solar
panel are likely.
Other systems: Degraded HF radio propagation through the polar regions and navigation position errors likely.
Moderate Biological: Passengers and crew in high-flying aircraft at high latitudes may be exposed to elevated radiation risk. 102 25 per cycle
Satellite operations: Infrequent single-event upsets possible.
Other systems: Small effects on HF propagation through the polar regions and navigation at polar cap locations
possibly affected.
S1 Minor Biological: None. 10 50 per cycle
Satellite operations: None.
Other systems: Minor impacts on HF radio in the polar regions.
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MayvnTikéG KaTtalyideg

Scale

Description

Effect

Physical
measure

Average Frequency
(1 cycle = 11 years)

Extreme

Power systems: Widespread voltage control problems and protective system problems can occur, some grid
systems may experience complete collapse or blackouts. Transformers may experience damage.

Spacecraft operations: May experience extensive surface charging, problems with orientation, uplink/downlink
and tracking satellites.

Other systems: Pipeline currents can reach hundreds of amps, HF (high frequency) radio propagation may be
impossible in many areas for one to two days, satellite navigation may be degraded for days, low-frequency radio
navigation can be out for hours, and aurora has been seen as low as Florida and southern Texas (typically 40°
geomagnetic lat.).

Kp=9

4 per cycle
(4 days per cycle)

Severe

Power systems: Possible widespread voltage control problems and some protective systems will mistakenly trip
out key assets from the grid.

Spacecraft operations: May experience surface charging and tracking problems, corrections may be needed for
orientation problems.

Other systems: Induced pipeline currents affect preventive measures, HF radio propagation sporadic, satellite
navigation degraded for hours, low-frequency radio navigation disrupted, and aurora has been seen as low as
Alabama and northern California (typically 45° geomagnetic lat.).

Kp = 8,
including a
-

100 per cycle
(60 days per cycle)

Strong

Power systems: Voltage corrections may be required, false alarms triggered on some protection devices.
Spacecraft operations: Surface charging may occur on satellite components, drag may increase on low-Earth-
orbit satellites, and corrections may be needed for orientation problems.

Other systems: Intermittent satellite navigation and low-frequency radio navigation problems may occur, HF radio
may be intermittent, and aurora has been seen as low as Illinois and Oregon (typically 50° geomagnetic lat.).

200 per cycle
(130 days per cycle)

Moderate

Power systems: High-latitude power systems may experience voltage alarms, long-duration storms may cause
transformer damage.

Spacecraft operations: Corrective actions to orientation may be required by ground control; possible changes in
drag affect orbit predictions.

Other systems: HF radio propagation can fade at higher latitudes, and aurora has been seen as low as New York
and Idaho (typically 55° geomagnetic lat.).

600 per cycle
(360 days per cycle)

G1

Minor

Power systems: Weak power grid fluctuations can occur.

Spacecraft operations: Minor impact on satellite operations possible.

Other systems: Migratory animals are affected at this and higher levels; aurora is commonly visible at high
latitudes (northern Michigan and Maine).

I
wn

Kp

1700 per cycle
(900 days per cycle)
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MayvnTtikn Auckaupyia

KaBopilel TV TpoxIA TTou dlaypa@el Eva QOPTIOHEVO
owpartidlo Katd tn d1EAeUOn) Tou pEoa atTd To dIATTAAVNTIKO KAl
YNIvo payvnTiko TTedio HEXPI TEAIKA VO KATaypagei aTnv
emeavela TG I'ng.

Magnetic

/ field

ion

0GV < Rc <17 GV |

KaTtw@Al Katakdpu®ng payvnrikng duokauwiag Rc ‘ ‘
H eAdX10TN eVEPYEIQ TTOU TTPETTEI VA EXEI VA TTPWTOYEVEG MoAol lonuepivog
KATAOKOPUPO OCWHATIOIO WOTE VA PTTOPEI VA KATAYPAPEI O€ Eva ] ] ]
OUYKEKPIPEVO TATTO. AVOIKTEC OUVAMIKEG YqJnAn
YPOMMES Bwpdkion
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AKTIVOBOAiIa oTo AIOCTNMIKO KAl ATHOO@AIPIKO XWPO

(nasa.gov)

NaAagiaxn ZWHaridia

‘ ‘ YTiepiwd
Koopuikn TMAYIOEUHEVA OTNV HAiaxa Eva'pvrrrlxa P “.S
. . ZWHaridia AxTivoBoAia
AxTivoBolia Mayvnréocpaipa
Movipo Mévo péoa oTn yAivn ‘EKTOKTO yEYOVOTQ, AlyOTEPO EVEPYNTIKA
utroBabpo HayVNTOoQaIpa IBIaiTEPA ETTIKIVOUVA owparidia
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| |
lovifouoa Mn lovi{ouoca
AxTivoBoAia AxTivoBoAia

IS1aiTepa emKivduvn yia Tov avlpwrro!




Eidn AKTIVOOoAIwyV

TI'IE ELECTROMAGNETIC SPECTRUM
o 5y SWIFRUF | SFOE lovilouoa akTivooAia: petapEpel HEYAAN EVEPYEIT KAl

O1EICOUOVTAG HECQ OTNV UAN, TTPOKAAEI I0VIOUO KAl DIQOTTAE
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T—— f(hwm‘ C<spoedofh¢\t)/l(uwelergtr¢ TOUG XNMIKOUG OEOUOUG PETAGU TWV ATOMWV.
R N Nt Nb NLOAE L Al mi Kup16Tepeg 10viCouaeg akTIVOBOAIEG gival N akTivOBoAia-a, n
geomagnetic extremaly  very radio frequency 1y- i - i -

G Y - ciemris = l‘m"’*‘ mm GKTIVOB’O)\IG B, ol aKTiveg X KalI O1 OKTIVEG-Y (EEAE). H ’
sources  equency frequency Picrowaves sble_x{ays__rays KOOUIKN akTivoBoAia atroTeAEi TTiong 1ovifouoa akTivoBoAia.
EMFSources W

E ,:%‘ -| Q - 4 §b’% 5 Mn 1ovidouoa akTivoBoAia: (aAAIWG NAEKTpOUAYVNTIKN
i -t %thi} OKTIVOBOAIQ) HETAPEPEI EVA OXETIKA MIKPO TTOOO EVEPYEIQG,
earth & CRT  mobile 1, cell microwave medical - radioactve € ATTOTEAECUA VA PNV TTPOKAAEI I0VIOPO TNG UA
Av "
subways power monitors AMFM i PCS & satellite — Xfays  sources H H l P H ns ns

Gagubertz (GH2) 109 Toeahortz (T123 1012 Petabertz (PHz) 10015 Exabortz (F12) 3038 Zewtabeets (ZHz) 1021 Youtabertz (YHEZ) 100

- 100.000 cwyartidia/h
dlaTTEPVOUV TO CWHA
MOG OTNV ETTIPAVEIQ TNG
Balacoag.

2XETIKA ME TIC TTNYEG 10vilouoag akTivoBoAiag, ol
KUPIOTEPEC TTNYEC PUOIKAG OKTIVOBOANONG €ival N KOOUIKN
aKTIVOPBOAIa, n akTivoBoAia Tou edagoug TnG I'ng, 10
PadoVIo Kal Ta PadloVOUKAIDIO HECQ OTIC TPOYPEG.
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MANBuoO eTROLA EVEPYOC SOON avA ATOUO AOYW KOOWLKIC
aktwvoBoAlac yia Tig xwpeg tnc EE.
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Annual dose per capita (microSv)

B [atpikés eEeTdoELS

® Padovio

= Koopikn axtivofoiia

B Ewtepirol xwpot
Katdmoon (Statpon)

OwoSopKka VALKA

Extipnon tn¢ péonc etriowag 6on¢
aKTLvoPoAlag ou SEXETOL O KATOLKOC TNG
EAANGSOC amo GUGCLKEC KoL TEXVNTEG TINYEG
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Apeon kail Eppeon BAGRN atrd akTivoBoAia oto DNA

indirect o
action

double-stranc
break

[e—2nm—-> \ /

Bert, 2012

H dueon BAGBN TTpokaAgiTal a1rd TNV EVOTTOBEON EVEPYEIOG OE ATTEUOEIQG XTUTTAATA ATTO

NAEKTPOVIA TTOU aTTEAEUBEPWVOVTAI O€ OIEPYATieS 10VIoPOoU. O1 eAeUBepeC Pifec UOPOCUAiIOU

(OH), TTou oxnuarifovTal Pe I0VIOPO 0TV UdPOAUCN TOU VEPOU, UTTOPOUV VA TTPOKAAECOUV
éEMpeon BAGRN oto DNA o€ xnUIKES avTIOPAOEIG.
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BAGBeg amrd akTivooAisg dia@opeTikoU LET

L xoaunAo LET (pwtovia, nAsktpovia Kal uPnAoevepPYELOKA
TPWTOVLA): TPOKAAOUV Alyotepn BAABN

L uPpnAdé LET (xapnAoevepyelakd TPWTOVLO, VETPOVLA,
cwpatia o KaBwe Kal Baputepa CWHATLA): TIPOKAAOUV
coBapn PAABN ylati ol CUYKPOUOELG HE TA NAEKTPOVLO TOU
HEOOU QTMEXOUV HLKPEC OMOOTACEL HETOED TOUG ME
QIOTEAEOUA VO EVATIOTIOETAL ONUOVILKOTEPN TOCOTNTA

EVEPYELOC.
)
Single and Double strand breaks
0 \ clustered damage sites (prompt DSB)
y-radiation ‘&m ::Isaﬂon avents o :
RORERA RN single strand break simple DSB
woan S R EE base damage/sugar damage C
High LET track 7 high concentration of
ionisation events 5
M complex DSB
S clustered damage
%

—
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Risk (excess cancers)

Low-LET irradiation High-LET irradiation

\—~ HZE - particle track

............. Hypersensitivity
..... . —— NT

/ —— wmms s Threshold

/,/ ——————— mrmess

,/ Approximate lowest dose @ Epidemiological data

' where excess cancer has
‘,/ been observed
\ F // 100 mSv
iy s Dose (above background)




Baoika Mey€On AKTivoTTpoOoTOCIOG
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H,(0.07), Ha(3) (Sv)
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.
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H*(10) (Sv)
[lpoowikn wwodVvaun §o6an
He(10) (SV)

Eibog axtivoPohiog Wy
Do (v xor X) dhwv Tew EvepyELw 1
Hisutpdvio (3) non i dhav Twv EVESYELLWY 1
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Toudmo o, Bpadopata oydorng, Bupta vty 20

Netpdv, pe B, < 1MeV
Netpdw, pe 1MeV < I, < 50MeV
Netpdwu, By > 50MeV
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Kataotaoeig 'EkBeong ApXEC AKTIVOTTPOOTACIOG

O EmayyeApoatikn €kBeon O Tekunplwon (Justification)

0 Anpooia €kBeon

 BeAtiotomnoinon (As Low As Reasonably Achievable - ALARA)

O latpikn €kBeon U KaBoplopog opiwv d6cewv (Individual Dose Limits)

r
AO-T pOVG UTSQ Scale Classification Dose Rate Interval [uSv/h] Additional Exposure
r r
[MTAnpwpaTa aEPOCKAPWV
3 Variation of the natural background
‘ Esor <5 - 2
at cruising altitudes
. Natural background
A & 55 S0 at high latitudes up to FL400
EtrayyeApaTikn €kBeon
AI D2 _ 0 o0 Natural background at high latitudes
O€ AKTIVO B OAI gg of ~ between about FL400 and FL600
3 Average dose rate inside the 1SS,
D3 Moderate 20<E,, <40 o
threshold for FAA radiation alert
F Average dose rate during an
D4 Strong 40<Eg <80 ; 5
Extra-Vehicular Activity (EVA) on the ISS

» FAA recommended monthly limit for pregnant
80<Lg <160
women likely to be exceed on a long-haul flight

,
=,
=
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‘EkOegon o Koopuikn AKTivofoAia (1)

Hopdy ovrog Edpog Metofohvg Evtdg Moyvntdogoaipog
TildusTeo Hapdreovy o 1000 And 1o enlrebo tre Bdhaoous fwe T 80000 ff
PR s . : f > SPACE RISKS
[Mserypopoed Tk droc [opdryovras 2 Tinidrepo ot mohned yEwypapped TAdTT
- . Pow o " T S . L . Y Travelling to the
Hiuwocdhe Kindhog Hopdryovrag 2 Tilmhdtepo oma peydhe YEWYpupoed TAXTT, Mas st M
SPEs Me ok o Timidtepa ota moAuad yewypapoed Thdrr, Beas e baily

E3ToocTo YEYOVOTX

International
Space Station

Earth's atmosphere and

Total effective Average dose jesamet it
Type of flight dose (uSv) rate (uSvh™") _—
Transatlantic flight: Paris-New York 60 6.8
Transequatorial flight: Colombo—Jakarta 9.7 2 O oy
Transpolar flight: Beijing—Chicago 82 6.8 ~ Mountains el e i

is equivalent to the radiation
x2 received on Earth for a
whole year.

Radiation doses

~ 10 aktwoypadiec Bwpaka ya katatyida S4

~ 100 aktwvoypadiec Bwpaka yla katatyidba S5 fppccanlg e 2 = Spaceld ©

—
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‘ExkBegon oe Koo ik AkTivooAia (ll)
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Abdoming CT Scan

& Nonths on IS5 (average) -+
180-day Tramsit to Mars
500 Days on Mars

US Annuad Average, All Sources

Anevuad Coamic Radiation {sea level) -
DOE Radiation Worker Ansual Limit

central nervous system
calculated at the hippocampus, 500 mGy

lens
1000 mGy-Eq

skin
1500 mGy-Eq

blood forming organs
red bone marrow in bones, 250 mGy-Eq

circulatory system
average over heart muscle and adjacent arteries,
250 mGy-Eq

gastrointestinal tract

AnogToly

Adan axtwoPohiog

Space Shuttle Mission 41-C (8 nuépec oz tpoyid yipw and ™ I'ny ot 460 km)
Apollo 14 (9 npépec atn Xehrvn)
Skylab 4 (87 nuéeec oe tpond yipw and ™ I'n o 473 km)
Amnootoly atov 185 (€ws 6 prves ot tpoyud yipe ané ) I'n otx 353 km)
Exctipebpevy) amootolr) otov Apn (3 €1n)

5.09mSv
11.4mSv
178 mSv
160 mSv
1200 mSv

@cesa

Annual Effective Dose (mSv)

Medica . 075
Aviation _ 3.07
Nuclear Power - 1.87

Industry/Commerce . 0.81

Education/Research . 0.72

Government/Military . 0.59




Emimrtwoeic Koouikng AKTivoBoAiag oTtnv Yyeia

Apeoeg eTIOPACEIG

HAlok KA AOYW EKTAKTWY NAIOKWY vauTia / éJeTog, KOTTWON,
PAIVOUEVWYV UYNANG vOOOI TOU KEVTPIKOU VEUPIKOU
EVTaong OUGCTANATOC

Koo Mk
AkTIVOOAia
Xpovieg emdPACEIG ) o
KApKivog / cuutrayeic oykol /

NaAadiakn KA AOyw pakpoxpovng Aeuxaipia, KOTaPPAKTNC,
EKQUAIOTIKN KapdIakr vOoog

€kBeong oTo POVIUO
UTTORaBpPO akTIvoBoAiag

)

A.NBT.Mu.S | L

Athens Neutron Monitor Station (A.Ne.Mo.S | \
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NMpwTtokoAAa AKTiIVvoTTpooTaciag yia Koouikiy AKTIVoBoAia

NIL00-60VX-ON

Journal of the ICRU

Radiation
Protection

|

Radiatior Ill’;\b“-n O

© NO 156 — EVALUATION OF THE IMPLEMENTATION
OF PROTECTION MEASURES FOR AIRCREW

i amr 85

Article 10

Special protection during pregnancy and breastfeeding

1. As soon as a pregnant woman informs the undertaking, in accordance with national legislation and/or national
practice, of her condition, the protection of the child to be born shall be comparable with that provided for members of
the public. The conditions for the pregnant woman in the context of her employment shall therefore be such that the
equivalent dose to the child to be born will be as low as reasonably achievable and that it will be unlikely that this
dose will exceed 1 mSv during at least the remainder of the pregnancy.

2. As soon as a nursing woman informs the undertaking of her condition she shall not be employed in work involving a
significant risk of bodily radioactive contamination.

(1997)

ICRU Rep. 84 (2010).

Each Member State shall make arrangements for undertakings operating aircraft to take account of exposure to

E C 2 O 1 3/5 9/ E U RATO M (20 13) cosmic radiation of air crew who are liable to be subject to exposure to more than 1 mSv per year. The undertakings

shall take appropriate measures, in particular:

- to assess the exposure of the crew concerned,

I C R P P U b . 1 2 3 (2 O 1 3) . - to take into account the assessed exposure when organizing working schedules with a view to reducing the doses of

highly exposed aircrew,

I C R P P u b 132 (20 1 6) - to inform the workers concerned of the health risks their work involves,

O 000000 C

ICNIRP (2007).
ANeMoS (2007)
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MovTéAa eKTiNNONG 000nNg Aoyw Koo uiIKnG AKTIVOBOAiIOGg

ANIDos

AV|AT|0N DOS'METRY Mowcast of Aerospace lonizing Radiation System
(Mertens et al., 2013)

O PCAIRE EPCARD

(Bottollier-Depois et al., 2009) (Latocha et al., 2009)

ENRRRREEA TR RMTRERE MRt BV AT

[SCARD) ‘o dizitsizisssnzs ‘ —=begee. ON line
Japanese Internet System for Calculation of Aviation Route Doses (Mares et al., 2004) SR Ay
(Yasuda et al., 2008) (Lewis et al., 2005)

| GEANT4 [
DYASTIMA
(Desorgher et al., 2006) CARI-7
(Copeland et al., 2017) (Paschalis et al., 2014)

ANe.Mo.S &\&&&;esa

‘Athens Neutron Monitor Station (A.Ne.Mo.S.)




DYASTIMA

DYNAMIC ATMOSPHERIC SHOWER TRACKING INTERACTIVE MODEL APPLICATION

ANe.Mo.S

‘Athens Neutron Monitor Station (A.Ne.Mo.S.)

Monte Carlo TTpOCOUOIWCEIC TWV KATAIYIOHWY OEUTEPOYEVWV [
owHaTIOiWV aTNV aTHOCPaIpa VOGS TTAAVATN.

YAotroinenke atro tnv Oudada KoopikAg AkTivoBoAiag EKTIA.

Baoiouévo O0TO TTOKETO TTPOCOUOILCEWY

DYASTIMA

(Paschalis et al., 2014)

(Geant4 Collaboration 2003;2006;2016)

¥ DVASTIMA - Simulation of cosmic ray showers in the atmospheres of planets - V2.4 - o x
Previous scenario 830f 83 [l
Scenario ID: | | [2] [cneck

Planet  Spectum Simulation Energy Cuts Results

Planet Settings E Atmospheric Composition n Atmospheric Temperature n

Planet Racus (o). [ 3 section 1o 1 [] (S Attude (n)  Temperature (C)
Starting altitude (m). g
oocn: [ X
Ending akitude (m):
< [
G a Molecule  Abundance (% Vol)

o s, N 2100066 KoouikAg AkTivoBoAiag Tu. duaoikig EKTIA
http://cosray.phys.uoa.qgr/index.php/dyastima

gast Magnetic Fieid (n7): | I
Vetical Magnetic Field (nT): | [ [ I B
>

Eupwtraiki AiaoTtnuikn Ytrnpeoia (ESA)

i http://swe.ssa.esa.int/web/guest/dyastima-federated

Simulation  Export Results Dosimetry Extension

TN NEW RUN: Current Scenario

© Athens Cosmic Ray Station 2014-2020
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http://cosray.phys.uoa.gr/index.php/dyastima

DYASTIMA-R

O Néa emréktaon Tou DYASTIMA

O AoociyeTpikoi UTTOAOYIOHOI YIa TNV agloAdynon TNG
€KOEONG 0€ KOOMIKN aKTIVOBOAiIa TwV TTANPWHATWY
AEPOOKAPWYV r/Kal dIACTNUIKWY OKAPWV.

o~
DYASTIMA INPUT

atuoohalpa YEWHETPLA . .
mAavi hovritn daopa KA aAAnAemibpaocelg
N SN l SN N
e~
DYASTIMA OUTPUT
\T/
apLBuog evépyewa Katehouvon XPOvoC adiEng evamBean
EVEPYELOG
SN—r S N N—

TWV OEUTEPOYEVWV KOOMLKWY CWLATLOLWY 0TO ATROOHOLPLKOE OTPWLLOTO

\ J
|

1" Mpooopoiwon

ANeMoS {&\@ eSa

DYASTIMA -R

!

4 NN //\\///\

—— = = = = I __v_______ _,____

~‘.'f “

’n

i Y
N

Avﬁpmmvo oﬁouu p:q K ‘

\ (npou(peuko) Bwp&ktdﬁ dépbﬁluvov
Eotiaon og cwpatidia oe l
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—
p DYASTIMA - R OUTPUT
———
~ -~ ~
EvanoBeon Evepyelag . ,
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(Paschalis and Tezari, 2019) 2N ”POGONO'NGH




AZloAoynon tou DYASTIMA-R ()

2Ta TTAQiola Tou TTpoypdupartog ESA SSA P3-SWE-III R-ESC, mrpayuaTotroinke
aglohoynon tou DYASTIMA / DYASTIMA-R, woTe va yivel “federated product” oto ESA SSA
SWE R-ESC, 61ou n Opdda Koouikng AKTIVOBOAIOG CUMUETEXEI WG expert group.

(ESA SSA P3 SWE-IIl Acceptance Test Report R.137, 2019)

Welcome to the A Space Weather Service Network
+ THE EUROPEAN SPACE AGENCY P e

o Welcome to the SSA Space Weather Service Network

& * THE EUROPEAN SPACE AGENCY Flease nate that al SWE e urder e,

VE S

CURRENT SPACE WEATHER 1 Se timr e CURRENT SPACE WEATHER pert Se t ace Radia tima-fede
SPACE WEATHER AT ESA v SPACE WEATHER AT ESA v

Federated products from the Cosmic Ray Group (NKUA) Federated products from the Cosmic Ray Group (NKuA)
SERVICE DOMAINS v SERVICE DOMAINS v

EXPERT SERVICE CENTRES  ~ EXPERT SERVICE (ENTRES ~ ~

ANeMoS DYASTIMA

e
v

- ANeMoS DYASTIMA

ESC Space Radi
‘ Home FAQ Database Request Publications  Acknowledgments Home FAQ Database Request Publications  Acknowledgments

ESC Tonospheric W

DYnamic Atmospheric Shower Tracking Interactive Model Application o Database

DYnamic Atmospheric Shower Tracking Interactive Model Application (DYASTIMA) is a standalone software application for the In this section, results of previous runs are provided. Each run corresponds to a specific simulation scenario, hence, specific
OTHER RESOURCES v simulation of the cascades produced in the atmosphere of a planet due to cosmic rays propagation. It is implemented in Geantd by OTHER RESOURCES v canditions for the planet, the atmosphere, the cosmic ray spectra and the simulation parameters. A description of each simulation
the Athens Cosmic Ray Group. The input, provided by the user, can be easily parameterized via a very user friendly Graphical User scenario s given along with the corresponding results.
Interface (GUT). The output of DYASTIMA provides all the necessary information about the cascade, such as number, direction, arrival
CONTACT time, energy, and energy deposit of the secondary particles at different tracking layers. With DYASTIMA-R extension, Monte Carlo
simulations can be performed on the ICRU sphere (International Commission on Radiation Units and Measurements) or on a human
REQUEST FOR REGISTRATION phantom in order to perform radiation dose calculations.

CONTACT

anuary 1998
hanuary 2000
REQUEST FOR REGISTRATION hanuary 2002
|Solar Minimum
[Solar Maximum
ear 1996, cut-off 0GV
[Year 1996, cut-off 2GV
gar 1996, cut-off SGV
ar 1996, cut-off BGY
[Year 1996, cut-off 10GV
@ar 1996, cut-off 15Gv
IYear 2001, cut-off 0GY
IXear 2001, cut-off 26V
(ear 2001, cut-off SGV
IYear 2001, cut-off 8GY
ear 2001, cut-off 10GY
[Year 2001, cut-off 156GV
cades n the atmosphere [Xear 2006, cut-off 0GV
ear 2006, cut-off 2GV
[Year 2006, cut-off SGV
web page the user can find all the necessary information about DYASTIMA, distributed in the following sections: gar 2006, cut-off 8GY
[Year 2006, cut-off 10GY
[Xear 2006, cut-off 15GY
ear 2009, cut-off 0GV
IYear 2009, cut-off 5GV
ear 2009, cut-off BGY
[Year 2009, cut-off 10GV
IYear 2009, cut-off 156Y
ear 2014, cul-off 0GV
[Year 2014, cut-off 2GV
gar 2014, cut-off SGV
aar 2014, cut-off 8GV =

Figure: Cosmic ray ¢

AQ": Provides information about the most common issues. The link to DYASTIMA software is also available there.
Database": Provides results from previous runs of specific simulation scenarios.

equest”: A form where the user is able to request a specific scenario run, not available in the database.
ublications": Provides a list of relevant publications as well as a link to the software user manual.

« "Acknowledgments": Acknowledgments and rules regarding the use of data.

SWE Portal [3.2], Copyright 2000 - 2021 ® European Space Agency. All rights reserved. SWE Portal [3.2.1], Copyright 2000 - 2021 & Europsan Space Agancy. All rights reserved.

http://swe.ssa.esa.int/web/quest/dyastima-federated
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AZloAoynon tou DYASTIMA-R (ll)

O YmoAoyiouog dH(10)/dt (uSv/h).

O 20ykpion ye Ta dedopéva avagopac ICRU.

O AvwTtepn atmrodekTr) atrokAion: £30%.

o e €2 (ICRU 84, 2010; ICRP 132, 2016)

Journal of the ICRU
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‘Athens Neutron Monitor Station (4.Ne.#o.S)

dH*(10)/dt (uSv/h)
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AZloAoynon tou DYASTIMA-R (llI)
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2UYKPITIKN MeAETN

Jan 2002 - FL310
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AocoIyeTpIKOI UTTOAOYIOUOI - TAIVN aTpOC@aIpa
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AOCIMETPIKOI UTTOAOYIOHOI - YWOUETPA TTTOEWV
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O n 40%-60%, p 10%-20%, e/ e* [y /[ 4 MIKPOTEPN CUVEICQPOPA.
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AoOCIMETPIKOI UTTOAOYIOUOI - RC

2001 - Rigidity Cutoff Map 2001 - Dose Map

2009 - Rigidity Cutoff Map

2009 - Dose Map
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AociyeTpikoi uttToAoyiouoi - HAlakn dpaocTnpioTnTa
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AOCINETPIKOI UTTOAOYIOHOI - XEIPOTEPN TTEPITTITWON

“Worst Week” (19-25/10/1989)
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EKTipNnON 000ewV o0& agPOTTOPIKES TITACEIG (1)

H €ékBeon o€ pia rTrion e¢aptaral armo:

O To uwduetpo ITAoNG, g

i i Reykjavik Stockholm
O Tn didpkeia TTAONG,

Berlin
Amsterdam

Lon(g,%?is Brussels Parnaca

O To yewypagikd TAGTog (Rc), Kal RomeAthens

Madrid

O Tn @daon 1ng nAiokng dpactnpIdTnTaG.

~
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EKTipnon 00cewv og agpotropIiKES TrTRCEIG (1)
HAlaké MéyioTto (2001) HA1aké EAdGyioTo (2009)
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EKTipnon 000swv og agpotropikES TrTRCEIG (lI)
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Y1troAoyiopoi 86cewv oe dAAoug TTAaviATeG ()

H mrepirrwon tng A@epoditng

J H Adpoditn ival o eltepog o oelpd TAAVATNG TOU
NALOKOU pOlG CUCTAMOTOC Kol areXeL armo tov HAwo 0.72 AU.

J H yapnAotepn atpoodatpa tng Appoditng eivat mepirouv 90
bopEC MUKVOTEPN OoTNV ETLPAVELA O OoXEON UE TN N.

J H Adpoditn, oe avtiBeon pe tn ', S&v £XEL ONUAVTIKO
EVYVEVEG HOyvNTLKO Tiedio.

J MNBavn katowknoun {wvn ota 43 - 62 km.
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Y1troAoyiopoi 86cewv oe dAAoug TTAaviATeG ()

H mrepitrtwon t1ng Appoditng
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Y1roAoyiopoi 06cswv o€ aAAoug TTAaviTeg (ll)

| H mrepitrtwon Tou Apn I

J O Apnc¢ elvat o Tpitoc o€ oelpd MAQVHTNC TOU NALAKOU MO
OUOTAMATOC Kol amtéXeL amo tov HAlo 1.5 AU.

J H atpoodapa tou Apn eival Wdlaitepa apaitr) Kot
SLOKATEXETOL ATTO EVTOVA KALPLKA POLVOUEVA, OTIWC
Katouyideg okovng.

J O Apnc o avtiBeon pe tn M, eV £XEL OCNUAVTIKO EYYEVEC
HoyvnTLko medio.

ANeMoS @2esa

ens Neutron Monitor Station (A.Ne.Mo.S.)




Y1roAoyiopoi 66cewv og dAAoug TTAaviATEG (Il)

| H mepitrtwon Tou Apn I
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Kupiotepa ZUuptTepAc AT

 H koopikn akTivoBoAia gival 1ovilouoa akTivoBoAia.

d Ta TTANPWHATA AEPOCKAPWY KAl O A0TPOVAUTEG EKTIOEVTAI ETTAYYEAUATIKA O€ KOOUIKI aKTIVOBOAIQ.

- O puBudg ddong akTivoBoAiag péoa oTnv ATHOO@AIPA TTAPOUCIAlEl apvnTIKI) CUCXETION PME TNV NAIOKN
dpaoTtnplotTnTa. Autd TTaparnpeital T6oco otn 'n oo kal otV Appoditn Kal otov Apn.

 O1 mmoAikég Treploxéc (Rc=0 GV) xapaktnpidovial ammd uynAotepo puBud dO60NC Kal EVEPYEIOKNC
EVATTOBEONG, EVW Ol heaaiou TTAATOUG Kal o1 IoNUEPIVES TTEPIOXEC (RC=17 GV) aTrd XauNAOTEPEG TIMEG.

O Ta vetpdvia £xouv Tn MEYOAUTEPN OUVEIOPOPA oTO pUuBPO ddong (40-60%), evw yevika To 60-80% TnG
dooNn¢ ota ouvrbn aTthoo@AIPIKA UWOUETPA TITAONG aTTapTiCeTal aTTO cwaTidia uwnAng LET.

O Ta Tnv ekTipnon tng d6ong o€ pia TTAc, KaBopIoTIKO poAo TTailel n dladpour Tou AEPOOKAPOUGC,
Kal 01 MOVo N JIAPKEIQ.

L O puBudcg 660oNnc¢ Katd TN OIAPKEIQ EVOC £VTOVOU NAIOKOU YEYOVOTOG UTTOPEI va €ival £wg Kal 3 TACEIC
MEYEBOUC PEYAAUTEPOC O€ OxEon UE NPEPEC ouvBnkec TOoo oTn I'n, 6co kal otnv AQPodiTn Kal oToV
Apn. ZTnv TTEPITTTwoN TNG 'Ng, dev @aiveTal va eTTnpeddovTal Ta ouvridn aThoo@aIPIKA UYPOUETPA.

U

O puBuog ddonc akTivoBoAiac otnv mOavy “katoikAoiun dwvn” ™S Aepoditng cival Aueca
OUYKPIOINOG ME QUTOV OTNV KatwTtepn atudéoeaipa NG 'nc. Aev 1oxuel 10 id1o yia Tov Apn, OTTOU
TTapaTnEoUvTal TTOAU uWPnAOTEPEC DAOTEIC.
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EuxapioTtw TTOAU!

-~

Euxapiotw 18iaitepa TV Opdda Koouikig AktivoBoAiag tou TuAuatog Puoikng EKTIA.

ANeMo.S

‘Athens Neutron Monitor Station (4.Ne.Mo.S.)

ouvepyaoia kal UTtTooTApIEn oTo va yivel To DYASTIMA €éva

IMoAAéG euxaploTieg otnv ESA kai 1o BIRA-IASB yia tnv dpioTn
federated product oto TAcioclo Tou ESA SSA P3-SWE-Ill R-

BIRA.IASB

\_ ESC.
ANeMoS  f-esa

anatez@med.uoa.gr

atezari@eef.edu.gr
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