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1.Cosmic Rays (CR).
1.1.From history.
1.2.CR, basic characteristics and heliosphere.

1.3.Energetic particles (EP), CR and magnetosphere.

2. Effects of CR, EP in Space Weather (SpW)
events.

3. Indirect relations of CR to SpW studies.



1.CR.
1.1 Fro

m history.

1912
Victor Hess , U. Wien — balloons to 5.3 km.
lonisation increased with altitude — cosmic

rays (CR) — coming from outer space .
In 1936, V. Hess — Nobel prize.
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From CR history 1

e 1912
e CR discovery - balloon.
e 1929

e Using Cloud Chamber (particle detection by tracks) Dimitry
Skobelzyn observed for the first time tracks of particles
.induced” from outer space

e 1932

 Discussion about nature of this ,radiation”.  Robert Millikan —
gamma rays from space, thus ,cosmic rays “ is appropriate name.

e Later — not exact. Mainly - positively charged particles with
extreme energy. CR remained as name..

1933

* During observations of CR in cloud chamber  Carl Anderson
discovered ,anti-electron®, positron . Mass of e, charge positive.

Mountains, balloons, different places on Earth / physicists studied
extremely high energy CR, its nature, new particles.
At extremal energies it continues



From CR history 2

1937

Seth Neddermeyer a Carl Anderson discovered new elementary
particles — muons in CR.

New scientific discipline — elementary particle physics - started
due to CR research. Particle physicists used CR for study almost
exclusively before 1950 (first accelerators).

1938

Pierre Auger put several detectors in Alps. He found that two
detectors separated (by tens of meters or more) observe signals
from accessing particles in time coincidence. Discovery of
Extensive Air Showers (EAS), I.e. secondary subatomic particles
created due to interactions of primaries with nuclel in air. EAS are
initiated by primary CR with energy up to 10 ° eV — by 7 orders of
energy higher than those observed before.

1949

Enrico Fermi put basis to clarification of CR acceleration to

extremal energies. One of the theories — acceleratio  n by shock
wave. Magnetic inhomogenities — mutual approaching. CR
acc_leleration remains one of the fundamental questions of CR physics
until now.



Tance 3.2, Tue ID1SCOVERY OF 11E ELEMENTARY PARTICLES
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discoverics madc using cosmic rays. The particies are listed in order of
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From CR history 3

1966

In 1960's, Arno Penzias a Robert Wilson found that low energy
photons (microwaves, 2.725 K or 0.235 meV) fill the universe.
Greisen, Kuzmin a Zatsepin — hypothesis about CR energy decrease.
Interactions reduces CR energy so that if CR overcome
intergalactic distances, its energy is below 5 x 10 P eV. GZK limit.

1991

Experiment Fly's Eye in US observed primary CR with energy 3 x
1040 eV. Events above 102° eV reported before.

1994
AGASA in JP reported event 2x 10%° eV.

Fly's Eye, AGASA Iidentify highest CR energies. From where they
come and how they are accelerated??. Not understood yet exactly.

1995

CR laboratory Project Pierre Auger. Gigantic fields of detectors for
large amount of EAS events — aim to obtain informations about fluxes
of CR with extreme energies.

Such ,tracking“ can help in understanding of origin and evolution of
Universe.



CR exceeds far the energy of accelerators

Equivalent c.m. energy s (GeV) GZK effect:
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Project JEM-EUSO.

Measurements of CR extremal energies via secondary UV radiation
produced in atmosphere — looking from ISS.

Slovak version at http://jemeuso.riken.ip/JEM-EUSO pamphlet sk.pdf
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o Although CR are rare, its energy density in our Galaxy
(1 eV/cm?3) is comparable with
energy density of light of stars
of interstellar magnetic field
of kinetic energy of interstellar gas (turbulence).

« Mutual interactions of CR and magnetic fields influences the
evolution of galaxies

« CR Is *“second channel of information " about
cosmophysical processes In addition to
astronomical/astrophysical observations of photons

(sensitive to the matter and fields through which passes ).
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Modulation of GCR in heliosphere — four processes in the
solar wind (Parker, 1965)

CR as a response to outflow of solar wind plasma with frozen in
IMF — convection

CR rotate around spiral field lines and are moving along too.
Inhomogenities of IMF are causing their — diffusion in pitch angle
space (isotropic in reference frame of SW).

SW plasma either expands (outflow from solar surface) or
compresses (shock waves) — CR is either adiabatically cooled or
heated — adiabatic heating

Since gyromotion around field lines is faster than diffusion
(scattering), CR undergoes to drifts due to large-scale structure
of ,spiral* IMF (curvature, gradient).



WIF ATM 0200 The University of New Hamp shire/EO5

Chicago/LASE Cosmic Physics Inshnom ents in Sp ace

Ha.mt c\:m:\ete

II'.‘D'[JI]IE]S

Earth Orhiting | Imrph.lle‘tﬂrj'

Minimwn Modulation Level

— Uosmic Hay Intensity, Percent of 1451

B
L OO P EELCE S A

EF P T_11].r555 solarp:darx:asss

P
T ¥ers |

Tmpafeea 2

i |
—
Bl

lDuu.hr_

'Enrhmfm
N

i AT

i} 1T

P opmlthens ———

. | Sunspot Number ; |

1950
« Jopate L2EN00G

http://ulysses.sr.unh.edu/NeutronMonitor/Misc/neutron2.htmi

B qumyp] Ppdamg papooug -

CR variability
at NM energies
- 11, 22 yr



PSD: many transitional effects with variable duration,
few quasi-periodic variations.
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Irregular variations, recent example: Decrease of C R (FD) 5-7 August 2011,
Data of IMF and SW by U.S. Dept. of Commerce, NOAA, Space Weather Prediction Center
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Time (days after Febr. 16, 2011, 00 UT)
IMF Bz>0, no geomagnetic storm, FD clear



IIIIIIIIIIIIIIIIIIIIIIIII

CRrel
o o o
(o) (de) O
EiN (@)) oo
| T T
>0 >
U c -
_|
2EZ
I\gl

13
April 2001

For Bz<0, geomagnetic storm, Dst depression, more usual



Short term increases — during some of solar flares G
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1.3.Energetic particles (EP), CR and magnetosphere.
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http://radbelts.gsfc.nasa.gov/outreach/Radbelts6.html

Basic Components of Particlie Metion: bounce, quration and drift
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CR — access to magnetosphere — for static field model IGRF —
trajectories numerically traced, asymptotic directions.
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Variability of transmission of CR via magnetosphere during geomagnetic
storm l
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7FP EU project NMDB, also Lomnicky stit , http://nmdb.eu




2. Effects of CR, EP in Space Weather (SpW) events

The conditions on the sun and In the solar wind,
magnetosphere, ionosphere, and thermosphere that can
Influence the performance and reliability of space-borne a nd
ground-based technological systems and endanger human

life or health.

Energetic charged particles can cause SEU, radiation
damage, degradation and change of potential of elements of
space systems. At higher energies — electronics at airplane S
can be influenced.

Radiation is potentially limiting factor for interplaneta ry
missions with people.



Effects of cosmic rays on Spacecraft and Aircraft Electronics
are listed e.q. in papers

(C. Dyer and D. Rodgers, ESA WPP-155, 17-26, 1999;
E.J. Daly, ESA SP-477, xvii-xxiv, 2002 among others)

Total dose effects
Lattice displacement damage
Single event upsets (memories corrupted)

Electrostatic charging, deep dielectric charging



High energy particles interacting with materials contribute to
three types of processes:

lonisation or excitation of atoms/molecules
destruction of crystal structures and molecular chains
nuclear interactions (at very high energy).

Heavy (p)

Ranges for protons and alpha particles can be

o8 found at
. " X http://physics.nist.gov/PhysRefData/Star/Text/programs.html
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The inset shows the loss rates in air as a function of the momentum of the particles.

(From A. M. Hillas (1972). Cosmic rays, page 30, Oxford: Pergamon Press.)
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GCR:
During 1 weekat 10 km, 1GV, 0.7 mSv

| Tl 0 microsieverts During strong GLE 23.2.1956 2-3x
more (few hours)

During ,weaker* flare in 1989 — dose
half after 2 hours

(I FLCCE N At 17 km: total dose 1.8mSv

During GLE 1956 ~ 9.3mSv (1SEU
every7 <)

Cosmic Rays

. 6.7km =8 1 microsiever (for astronauts in free space - probably
Himalayan Peaks fatal consequences)

okm Dyer, 2001)
Mexico Ciy 2.22 Em
m
’ Denver 1.6 km
o Sealevel 0,03 microslever T it

Shea, M.A. and Smart, D.F., 2000

TABLEI
wriation in cosmic ray exposure

Var
0 1 ml r i n Effeet Range of variation  Within Magnetosphere
1 c os eve Aldtitude Factor of 1000 From sea level to 30 000 f1

Latitude Factor of ~2 Highesi at polar latitudes

Solar cycle Factor of ~2 Highest at high .t ude




Solar CR significantly changes the dose at airplane altitudes.

Effective dose at 200 g/cm” at 6:55 UT on January 20", 2005

_— &
= =

-k
=
(%)

geoqr. latitude [degree]
effective dose [mSw/hour]

10°
-100 0 10C
geogr. longitude [degree)

Results of the computations of the dose

done by using the code PLANETOCOSMICS
http://cosray.unibe.ch/~laurent/planetocosmics/
(group of University of Bern, Switzerland) for
January 20, 2005 event.



Dose is increasing during solar flare/CME acceleration of protons to
high energy. From (Spurny, F. and Dachev Ts., 2001).
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While GLE increase ionisation and dose in the atmosphere, strong FD

iIndicate clear depression of the dose measured on a
SW 2004; Getley et al, SW 2005)
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Lantos (RPD, 2005) reviewed doses on
airplanes during FDs in 1981-2003 and
using NMs he proposed a simplified
method to estimate dose variations from
GCR variations during FDs.



Dorman et al (AG, 2005Db) - satellite anomalies (220 satellites)
found characteristics for quiet and dangerous days (table 1)
Indicating clear difference in energetic particle fluence.

Satellite anomalies - plasma induced charging (external and internal), sputtering effects, phantom
commands, induced mode switching, loss of attitude control/orientation, loss of signal phase and amplitude
lock, solar cell degradation and common electronic malfunctions) are listed by McKenna-Lawlor (2007).

Table 1. Average characteristics of space weather i days with and without satellite anomalies (1971-1994).

Parameter “quier” days “probably dangerous™ days “dangerous” days
(no anomalies)  (anomalies in 1-2 satellites)  (anomalies m =3 satellites)
Total No. of days 5862 2606 208
No. of anomalies (per day, per satellite) 0 1.68+0.04 4.5540.18
No. of satellites with anomalies (per day) 0 1.2440.01 3.514£006
Daily A, 14 57018 17552036 21.15£1.32
Maximal A, 29 26040 34 461073 40.03£2.53
Minimal Dg; nT —31.7540.38 —36.4910.70 —42.66+2.20
Daily proton flux =10MeV, pfu 0.3040.09 0.4640.12 17412
Maxumal proton flux =10MeV, pfu 8.20£1.70 18.1+44 91+£30
Electron fluence >2MeV (x)107), em™  4.9040.29 7.59:£0.60 12.742.7
Solar wind speed_ km/s 4419415 4662425 500+9
IMF mtensity, n'T 6.6510.04 6.96+0.06 6.72+0.18
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Fig. 2. MAGION-5 solar array degradation during the period from
May 1998 to July 2002. The two curves in the central part of the
figure show the radiation belt indices based on NOAA POES data:
>30keV (red) and the >300keV (blue) electrons. Daily proton
flux values measured by FOES-8 are shown in the lower panel. So-
lar proton events are denoted by red marks on the time scale. Note:
most of the step-like decreases in the solar cells’ output power are
connected with strong solar proton events; periods with a steeper
decrease in the output power correspond to periods of enhanced ra-
diation belt indices.
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From (Triska, P. et al., Ann.
Geophys., 23, 3111-3113,2005):

Magion-5 (subsatellite to Interball-
auroral) — Energetic p have
immediate negative effect on
solar array efficiency; step-like
decreases in solar array power
output ; cases of distinct
decreases of power output can be
explained by increase of RB
particle flux.

Significant difference of solar
array power at three subsatellites
(almost same construction) at
different orbits: highest rate of
degradation is for auroral one
(Magion-5).



SPE contribute also to the trapped population.
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Significant difference of electron energy loss with that of proton is
bremsstrahlung (breaking radiation).

If a charged particle is accelerated or decelerated, it emits
electromagnetic radiation (in the encounter between electron and nuclel

of the material). At high energy, for electrons this process is more
Important than ionisation.
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Figure 3.5. The total stopping power for electrons in air, water, aluminium and lead.
At energies less than 1 MeV, the dominant loss mechanism is ionisation losses. At higher
energies, the dominant loss process is bremsstrahlung. For comparison, the contribution
from ionisation losses for electrons in lead is also shown. (From H. A. Enge (1966).
Introduction to nuclear physics, page 190, London: Addison-Wesley Publishing Co.)



Range and stopping power,
different for electrons and protons
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Penetration of electrons into the atmosphere.

Production rate of ions IS on X axis.
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According to(M.H. Rees,
Planet. Space i, 11,

1209, 1963), the altitude
profiles of the rate of ion
production in the
atmosphere along the 1cm
of the electron path has a
maximum close to th
range of electrons and
below that it is abruptly
decreasing. The profiles
have energy as a
parametert-or 300 keV

the peak is about 70 km,
for 40 keV about 95 km,
for 6 keV about 110 km.



UOSAT-2 MEMORY UPSETS

Single Event Upset effects at
UOSAT-2 satellite

From F. Nichitiu, 2004,
http://www.Inf.infn.it/seminars/nichitiu.ppt

Map of gamma ray flux ~3-8 MeV
on 500 km, CORONAS-I satellite,

From (Bucik, R. PhD thesis, 2004
and Bucik, R. et al., Acta Physica

Slovaca, 50, 267-274, 2000).
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Electrons due to their
penetration ability into
materials (cables, inner
spacecraft system) are
dangerous for satellites.
Deep dielectric charging.

From (Baker, D.N. et al.,
Disturbed space
environment may have
been related to pager
satellite failure, Eos, 79,
477,1998)



Surface charging anomalies occur at places where energetic electrons are
injected to geostationary orbit (from Rice University and NOAA web sites).

Rice University &
NOAA f NGDC

&

17 5 KeV Electraons



3. Indirect relations of Cosmic Rays to Space Weath  er
studies.

3.1. Short term alarms before radiation storms.

lons - tens to hundreds MeV cause the main radiation damage on satellites
during solar radiation storms — failures of electronic elements, communication
and biological consequences.

Before their massive arrival, NM , if with good temporal resolution and
network in real time is working, may afford useful warning few minutes - tens
minutes before (Dorman, 2005).

a. NM at a single site _ (high latitude, good statistics ) allows to obtain energy
spectra of solar CR: South Pole, combining NM64 and monitor without Pb
(Bieber, AOGS, 2006) event 20. january 2005.




Su Yeon Oh et al, ICRC, 2009 checked the potential of South Pole NM data
for prediction of radiation storm intensity measured by GOES. The energy
spectrum was estimated.

B TABLE [ Linear and Logarithmic Correlation Coefficients. Left: Correlation coafficients tetween observed and

predicted peak intensity of proton channels. Right: Correlation coefficients between observed fluence of proton
energy channel and predicted intensity of proton energy channel.
| i Proton | Energy Range Peak Intensity Fluence
I_ _ Channel McV) Lincar | Logarithmic | Lincar | Logarithmic
E — 5 P4 [5-40) 001312 (.40u1 D.0504 0.4093
g " ps 4080 | 0233 | 0513 [ 01058 | 09763
_' e 4] 80-165 0.8631 0.7543 0.0203 0.5037
- T o ] 7 165500 | 09376 | 08657 | 0.0386 | 0.5888
| % Ps [0420 | 00010 | 00798 | 06003 | 05106
! LS P9 420510 | 09991 | 09601 | 07090 | 0.6335
i N P10 S10-7000 | 09996 | (.9823 (.8:46 0.5663
T ] P11 =700 0.0002 (.0834 0.9657 0.0088

Erergy (ke

Fig. 1 Energy spectrum of I:he .SPE of July 14, EDDD SP GLE ObservatIOI’IS Ca‘n be used ]
(Bastille event). The dashed line is the spectrum derived to predlct radlatlon |ntenS|ty Of the hlgher

from neutron monttor observations at the time of the neu-

fron nonitor peghk, Filled circles are 8 GOES channels energy proton Channels from GOES

plotted at the mean energy of the channel at the time
of the peak for the corresponding GOES channel. Open
diamonds are the predicted proton intensity of the GOES
channels, derived by extrapolating the neutron monitor
spectrum downward in energy.



b. NM network at high latitudes.
GLE alarm in real time — Spaceship Earth— 9 out of 10 GLE in 2001-2005

provide alarms. with earlier warning than satellite system (SEC/NOAA).

2001 Apr 15
2001 Apr 1B
2001 Nov 4
2001 Dec 26
2007 Aug 24
2003 Oct 28
2003 Nov 2
2005 Jan 20

daote

GLE

0 10 20 30
Minute

Figure 5. Number of minutes by which GLE alert
ecedes earliest SEC proton alert.
precedes earlies proton aler Kuwabara et al, 2006



c. Including NM at various cut-offs.

Several steps of GLE alert algorithm using NM network described by

Mavromichalaki et al., 2009. NMDB project of 7FP EU.

Table 3

Comparison of the GLE alarm times [rom our system to the alarm times on the basis of satellite proton data.

GLE number Event date Flare time (UT) Location Flare's type GOES alert (100 MeV, =1 pfu)  Stations GLE alert (UT)  Difference of the two
60 I3 April, 2001 1319 S20WRS 2B/X144 14:21 14:07 14

61 I8 Apnl, 2001 02:11 S20WLimbh 2 311 2:51 20

64 24 August, 2002 (0:49 SO2WE] [F/X3.1 L4 44 4

63 28 October, 2003 (19:51 SI6ED8 4B/X17.2 11:51 1:18 33

66 29 October, 2003 20:37 SISWO02 JB/X10.0 - NO GLE -

67 2 November, 2003 17:03 S14Ws6 2B/X8.3 17:56 17:46 10

68 [7 January, 2005 - - NO GLE -

69 20 January, 2005 (6:36 NI4We6! 2B/XT.1 7:04 656 8

TABLE 1II: NMDB
on-line

stations contributing to GLE Alert

Almaaty
Apatity
Athens
Aragats
Nor-Amberd
[rkutsk
Mt Hermon
Jungfraujoch, 1GY

Tungfranjoch, NM64
Kerguelen
Kiel
Lomnicky stit
Mobile Cr lab
Magadan
Moscow
Mirny

Norilsk
Novosibirsk
Oulu
Rome
Terre Adelie
Tixie Bay
Yakutsk

From Souvatzoglou et al., 2009

Anashin et al, ICRC, 2009 — development of alert signal for GLESs.

http://crO.izmiran.ru/GLE-AlertAndProfilesPrognosing



d. Energetic electrons from flares.

Posner, 2007 — possibility of short

Delay Time of 31-50 MeV Protons
|

term alarm from relativistic solar
electrons. 10

New results:

http://ccmc.gsfc.nasa.qgov/RoR WWW/w
orkshops/2010/Tuesday pdf/Posner REI
eASE CCMCWS final.pdf

# Events

(Jan. 20, 2005) - e precursor
observed 20-25 min before
radiation storm.

Figure 3. Histogram shows the distribution of 31—
530 MeV proton onset delays over relativistic electrons.

The diagram uses 43 SEP events from 1996 —2002 with

10 20 30 40 50 60
-20-30-40 -50 -60 -70

Nelay Time Interval [min]

their observed delay times.

48 Events
Conn. Long. Distance:

Blue: =308
Red: <3(r

70
=100

=100




e. High energy n, gamma from the Sun.

On the ground:
Solar Neutron Alert: http://crO.izmiran.ru/SolarNeutronMonitoring

Low altitude satellite(s). Example: CORONAS-F (500 km, polar), SONG.

4 20 January 2005
10 M) M AR M M | M AR
- p
- B
3 B 06:44:40-06:45:40 UT
10 3
. 3
= N
B 06:46:40-06:47:40 UT
10° E

—-— i  The observation of a broad 70-100 MeV

- B 06:49:40-06:50:40 UT 1
—-— o

excess, associated with T° decay
Indicates exact time of energetic p
appearance in the solar atmosphere

Kuznetsov,S.N. et al., 2007, 2011.

Photons*cm *s *MeV ™




10,017,

s

T gl
N, cm™=

.

Tool for identification of onset time of p
acceleration to HE (Kurt, Yushkov and
Belov, 2010).

Main SCR increase is preceeded by
statist. signif. precursor at individual NM.
SONG on CORONAS-F.

Fig. 1. Count rates of gamma-ray emission with an energy >60 MeV (curve /, the right scale) and some NMs during the
January 20, 2005 event, Curves 2, 3, 4, and 5 correspond to the South Pole, Oulu, Baksan, and Norilsk, respectively. The

- | i | statistical errors of the NM count rates are given in these and subsequent figures,
06 20 06 30 06 40 06 50 078pOm
UT
1ALE 2, DESIC ClLdl A LENISLIUCS U1 LIIE EVELILS
Parameter GLL 48 GLLESI GLL52 GLL65 GLL69

Date May 24, 1990 June 11, 1991 [June 15, 1991 Oct. 28, 2003 Jan. 20, 2005
Coordinates W76 N36 WI7 N31 W69 N33 E08 S16 W6l NI14
Onsel tirme of 20:48:30 02:12:56 08:15* 11:03:51 06:45:30

“pion” gamma-ray
burst

Precursor
recording time

20:49—20:50

2:16—2:18

8:20—8:21

11:09—11:10

06:47—6:48

At s

60 + 30

240 + 60

330 + 30

250 + 30

120 4+ 30

Magnitude of effect

6.60 (Mt. Wellington)

3.00 (Newark)

8.50 (Kiev)

2.70 (Cape Shmidt, Irkutsk)

Ho (Norilsk)

GLE onset time

21:02—21-03

02:35—2:40

=830

11:12—11:13

06:49—6:50

* The time corresponds to the first radio cmission maximum.



f. Short — term warning of SEP based on position, Si ze of flare.

Laurenza et al., Sp. W., 2009 developed a technique to provide short-term
warnings of SEP events that meet or exceed the Space Weather Prediction
Center threshold of J (>10 MeV) = 10 # cm(2 s(-1) sr(1)- The method is based
on flare location, size, and evidence of particle accelerat lon/escape as
parameterized by flare longitude, time-integrated soft X- ray intensity, and
of type lll radio emission 1 MHz, respectively. In this technique, warnings are
Issued 10 min after the maximum of >= M2 soft X-ray flares



3.2. Relativistic electron variability.

Models (static)

Strong changes of e
populations in outer belt
during storms
(CORONAS-F, also
CRRES)

Strong time variations

SAMPEX:ELO/Electrons, 2-6 MeV

1 1 1 1
1 Sep 1 Nov 1Jan

Measurements SAMPEX

Electron Flux (fcm"-s-sr)
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Lazutin et al., 2011.



[Reeves et al., 2011] by extensive analysis confirmed that the
geosynchronous relativistic e flux (1.8-3.5 MeV) is best correlated with the
solar wind velocity measured 2 days earlier. However, the dependence is

not linear, high fluxes are observed for various sw velociti es (triangle
distribution).
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Recently, the cross-correlation of energetic e flux at low orbit (low equatorial
pitch angles) vs sw speed, Kp etc using SERVIS-1 data (>0.3 MeV).

Preliminary example ( L=4, 448 points in years 2002-2004, 0.3-1.7 MeV):
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Event in February 2011
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3.3. CR as precursors of geoeffective events.

NMs show precursors before arrival of IP shock to Earth and before FD
(Dorman, 1963). Time evolution of Dst and FD are sometimes strongly different
(e.g. Kudela and Brenkus, 2004; Kane, 2010).

Reviews on relations CR to Space Weather (Flickiger ECRS, 2004; Storini
ECRS 2006, 2010; Kudela et al, 2000; 2009; Siingh et al., 2010).

Because CR has highv a )\par, Information about created anisotropy related
to IMF inhomogenities is transmitted fast to remote sites (Earth) : CR

deficit is observed down to 0.1 . A, . cos(®), ® — IMF angle (Ruffolo, Ap.J.,
1999).

Precursors of FD near shock depend on magnetic turbulence, mean free path
and decay length for energies to which NM and muon detectors (MD) are
sensitive.

Typically NM ~4 hr before shock arrival ,
MD ~15 hr before shock (Leerungnavarat et al, Ap.J., 2003).



a. Example.

Precursor to FD 14.12.06.

207 T L 20 . .
o] H GMDN (Fushishita et al., 2009;
VL gfm et E 0 Apd., 2010)

e | AR S S
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) E e (=7 hafter CME release from Sun,
] Z N | ' shock at ~0.4 AU).



b. Statistical studies.

2001-2007, before geomagnetic storms. Data GMDN.
(Rockenbach, M. et al., GRL, 2011 in press)

100 | Dis’gributiorll of Storms j 10 IPrqcurlsor Applear.lanc? Time IDistlribL{tionl

90 /1103 -NP 1 of
go L[ 11-EV | &
70 k- Bl 1°9-LC : _‘g .
50 | | 5
40 | | 4
30 F | Es
20 | 1Z,
10 | [

0 0

SS IS MS -18h  -15h  -12h  gh -6h -3h 0

Occurrence of precursors before SSC increases with |Dst, |-
15% for MSt, 30% for IS and 86% for SuperStorms is accompanied by CR
precursor observed in average ~ 7.2 h before the storm onset




Few open questions:

-May CR provide informations about validity of geomagnetic field
models during strongly disturbed conditions?

-To what extent the relativistic electrons of outer belt are
iInfluenced by solar wind and IMF?

-What is the contribution of solar protons penetrating to
magnetosphere to the trapped population (radiation belts)? Which
are the control processes in interplanetary space influencing
penetration of solar CR into magnetosphere?

-Preparing the forecasts for measurements in future
experiments with CR (AMS 02) with use of simulation s and
theoretically known principles of modulation (p, e, ...). What
will be its consistence with measurements.



Activities of Department of Space Physics IEP SAS KoSice at
http://space.saske.sk.

Review “On energetic particles in space” at
http://www.physics.sk/aps/pubs/2009/aps-09-05/aps-09-05.pdf

In 04/2009 there was created in East Slovakia ,,Center of
Space Studies: influences of space weather”, Astronomical
Institute SAS T. Lomnica, partners IEP SAS KosSice and U.
P.J. Safarik in Kosice (Structural Funds of EU).

This presentation was created by the realisation of the project
ITMS No. 26220120009, based on the supporting operational
Research and development program financed from the
European Regional Development Fund.



