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CORRELATED TOPICS:

- Terrestrial effect of cosmic rays
(Flueckiger talk)

- Long-term variations of galactic
cosmic rays ... (Muscheler talk)

- Energetic particle observation ...
(Marsden talk)
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ENERGETIC PARTICLES NEAR EARTH

WEATHER CONCEPT

CLASSICAL METEOROLOGY TERRESTRIAL WEATHER
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RARAMENERS [the complete atmosphere*]
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CR RELEVANCE - WHY?
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BASIC SEP CHARACTERISTICS

DATA SOQURCES: Instruments on Balloons, Satellite & Spacecraft and Ground-
based.

DATA INFO: intensity-time profiles (depending on the magnetic connection of
the acceleration site with the observation point). Particle energy channels, SEP
particle composition and anisotropies. MAXIMUM ENERGY: ~ 30 GeV for protons
? ; ~ 100 MeV for electrons ? BULK ENERGY: at low energies (only 70 GLEs
were identified), particularly for electrons.

ARRIVAL AT THE EARTH: electrons before middle energy protons but relativistic
protons before electrons.

PRESENT SEP CLASSIFICATION (impulsive & gradual events - not satisfactory):
oversimplified.

DATA BASES FROM MULTISPACECRAFT: require data calibration before their
use (e.g. IMP & GOES series).

ANISOTROPIES: large at low solar latitudes (hence Earth) but small at high-
latitudes. LINKS WITH SOURCE REGION & ACCELERATION/PROPAGATION
PROCESSES: more difficult for electrons than ions.

DEPENDENCE ON THE INTERPLANETARY MEDIUM CHARACTERISTICS: quite
time; traveling interplanetary perturbations = simple or complicated IMF
structures.

CME THEORY AND MODELS
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GEOEFFECTIVE ALERTS from ground-based data

THE HELIOSPHERIC ENVIROMENT M. Storini / Torino - 23/10/2009

Storini, 2000 (ICRC 1999) |
FROM THE SUN: |

(75}

g - SW streams (SWSs) + interaction regions (IRs)

F_D (transient and/or corotating; CIRs for corotating IRs) < 5-10AU
8 - merged interaction regions (MIRs)

E (local, transient and/or corotating) > 5-10AU
@ . global merged-interaction regions (GMIRs) >10-20 AU
O . . ‘

5 - heliospheric boundary region: >50 AU
E —_INNER SW termination shock

) N heliosheath

O s

= heliopause

w

T

heliospheric bow shock.

...............................................................................................................

/
N\ g, /) : N
— //, / Cartoon to emphasize the individual stream zone
y from regions of concentric shells where
pressure waves dominate the structure.

(see Burlaga L.F. et al., GRL 10, 413-416, 1983. )
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PRECURSORS BASED
ON:

(Neutron monitor hourly
data [loss cone: up to 9h;
enhanced variance: up to
4 h];

(Neutron monitor 5-min
data [Wavelet technique:
up to 9hj;

(Muon data [Global Muon
Detector Network &
URAGAN hodoscope: up
to 15 hj;

(+ SEVAN array (Armenia).
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GEOEFFECTIVE
RSORS IN SPACE

M. Storini / Torino — 22/10/2009
ELIOSPHERIC ENVIRONMENT

Energetic particles to probe the
magnetic topology of ejecta

———EJECTA

See:

Richardson I.G. in Coronal Mass
Ejections, Crooker et al. (eds.),
Geophys. Monograph 99, 189-
196, 1997.
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TRANSIENT SOLAR WIND STREAM
EFFECTS ON CRs -Cane & Lario, S.S.
Rev. 123, 45-56, 2006
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ICME/flux rope geometry in GSE coordinates deduced from CR ( left panels) & force-
free cylindrical flux rope (right panels) models.
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SEP FORECASTING
Alert from Neutron Monitors

10
University of Delaware i
Bartol Research Institute { In the January
Meutron Monitor Data | 20, 2005 GLE,
Normalized to iuvik 0630.0630 LT the earliest
= McMurda = Main = Newark 1 neutron
_ = [muvik —;::‘tISmith = Z. Pole mt}nitﬂr Dnset
E = e | preceded the
g earliest
% Proton Alert
5 issued by the
849 Space
& ] Environment
o | Center by 14
E {1 minutes.
J.W. BIEBER
ICRC07
A& WORKSHOP
SEC issues 100 MeV Proton Alert: 07:04 UT
SEC issues 10 MeV Proton Alert: 07:02 UT
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OTHER METHODS: NOAA; Posner, 2007; Laurenza et al., 2009; NMDB resources
(ATHENS, IZMIRAN, ESO,...) [see also Vainio et al., 2009]



SOME TOPICS TO BE IMPROVED for SW

A) Cosmic ray variabilities and their
Cycle 24 Sunspot Number Prediction (September 2009) . . . .
relationship with solar activity
22-yr cycle .
(Space Climatology)
: B) Cosmic ray periodicities during

quite and perturbed time
intervals

C) Particle spectra or at least
geographic latitude flux curves
(for different altitudes) on
monthly and daily basis [useful

for radiation hazard events (e.g.

o T " anomalies and failures on space

Hathaway/NASAIMSFC vehicles; biological bodies on

ROLE OF PERIODICITIES T > 22 yr flights or at mountain heights)]

 to be established from further studies

D) Role of geomagnetic field during
interplanetary perturbation

_ passage [SW/magnetospheric

RADIATION HAZARDS: coupling]: CR transmissivity, CR

- Atmospheric ionization (quite and disturbed times) trajectories in the terrestrial

environment with appropriate

- Radiation doses (particularly from SEP incoming) field models



EXAMPLE I: Solar activity parameters
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EXAMPLE Il: Solar electrons and protons
Laurenza et al., JGR 114, A01103, 2009 Chowdhury & Ray, MNRAS 373,

P2/MP-8 DATA WPS (Morlet) GWPS 1577,2006
0.25 | - | 1 @® E>0.6MeV and E > 2 MeV (IMP8)
0.5 4+ - 50
§ > |11l ~152d-cycle 21
8 2 N 1 1|® ~330d,~604d —cycle 22
Y ar B Y 7
N _ | §.. ~152d,~176d - cycle 23
1 -1 — -
1980 1990 2000 1 %3
Year Power (pix10) ELECTRON ACCELERATION
SOURCES:
P2/IMP-8 DATA WPS (DOG) GWPS
THT " Bl - solar flares;
\«—1 [[|® -accel. & released in conjunction with
41 | {90 CMEs;

) - high corona

_ - with radioemission phenomena (e.qg.
Type lll bursts)

— - g =t L1
1980 1 990 2000 123
Year Power (pfu’x10°)




Speed (km/s)

Annual Speed Distribution ALL CMEs
12876
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Mittal & Narain,

341-346, 2009
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G Gap  New Astronomy 14,

EXAMPLE Ill: G Gap

Annual Distribution of Kinetic Knergy

No. of CMEs
6808

Average

Gap

Madian
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See also: Cremades & St. Cyr, JASR 40, 1042, 2007; Li et al., Solar Phys. 257, 149-154, 2009.
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QUASI-BIENNIAL MODULATION OF SOLAR NEUTRINO FLUX AND SOLAR AND GALACTIC COSMIC
RAYS BY SOLAR CYCLIC ACTIVITY
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ABSTRACT

Using some solar activity indicators such as sunspot areas and green-line coronal emission during the period 1974—
2001, we find that the quasi-biennial periodicity is a fundamental mode of solar variability. We provide evidence
for the quasi-biennial modulation of the solar neutrino flux, thus supporting the hypothesis of a connection between
solar neutrinos and solar magnetic fields, probably through direct interaction with the neutrino magnetic moment.
The same periodic modulation has been detected when fluxes of solar energetic protons and galactic cosmic rays are
investigated. These modulation results significantly correlate to that of the neutrino flux. Finally, the superposition
of the quasi-biennial cycle to the eleven-year cycle can explain the Gnevyshev Gap phenomenon.



EXAMPLE IV: SEPs & ATMOSPHERE

OH radicals / MLS-AURA: Selected Geographic band
75° - 82° (towards the pole)

oH(wmr) 0™ o™ o o' o ot . .
suitable region to perform

investigations by using zonal means
oh a daily basis;
e e R +  completely located inside the polar
cap (geomagnetic latitude greater than
607);
70 E . mainly outside the auroral belt;
§ +  the winter night is roughly maintained
50 % for many months;
§ +  region inside the core of the polar
s0 £ vortex:
| lll II + region less disturbed by planetary
an waves.
1 16 17 18 18 20 21 22 23 24
January 2005 (T5-22°N) NOTE:

1. Low background values at nighttime for

Discovery of the mesospheric trail of SEP events! ) ,
the mesospheric hydroxyl (OH) radical.

[see also: Usoskin et al., Acta Geophys. 57(1). 88-
101, 2009] 2. GOES data for the proton flux level.

M. Storini, A. Damiani and E.G. Cordaro ECRS, 3 — 6 August 2010, Turku, Finland



M. Storini, K. Kudela, P. Diego, R. Bucik, EGU2006, SESSION ST5.6 , ABSTRACT EGU06-A-05876

VERTICAL CUT-OFF CHANGES DURING NOVEMBER 20-21, 2003

GREEN: Upper Cut-off
BLACK: Effective Cut-off
RED: Lower Cut-off
BLUE: Dst index

4

Staircase: Ts89Kp/Dst (Boberg et al., GRL 22 (9), 1133, 1995).

Continuous line: Ts04 (Tsyganenko & Sithov, JGR 110, 2005,

A03208, doi:10.1029/2004.JA010798).
Dst

RIGIDITY (GV)
[+

Dst Min: 19 UTy

LARGC

B
;o

ABSOLUTE RIGIDITY

100 Cut-off LOWER UPPER EFFECTIVE
Ts89Kp/Dst 0.77: 22 UT - 1.38:24 UT -1.00:21 UT
Ts04 0.96:18 UT - 1.37:18 UT - 1.14:18 UT
- -200
+-300

* Results from Ts04 gave stable time
for minimum rigidity cut-off (18 UT),

| _a00 preceding 1 h the Dst minimum, while
the ones for Ts89Kp/Dst follow the Dst
minimum from 2 to 5 h.

=500

20 21
NOVEMBER 2003

Dst

RIGIDITY (GV)
o

DstMin: 19 UT »

ABSOLUTE RIGIDITY
Cut-off LOWER UPPER EFFECTIVE
r-100
Ts89Kp/Dst 3.66:19 UT - 4.86:20 UT - 4.49:20 UT

Ts04 4.09:18 UT - 5.13:17 UT - 4.82:17 UT
T -200

* Results from Ts04 gave the time for
minimum rigidity cut-off, preceding 1
4 .400 || or 2 h the Dst minimum, while the
ones for Ts89Kp/Dst coincide or
follow the Dst minimum 1 h.

-500

20 ' 21
NOVEMBER 2003

EXAMPLE V:
Inside the Earth

Different models for the
geomagnetic field provide
different results for CR
cutoffs at different
observational sites.

LARC: King George Isl.
(Antarctica) — Chile/ltaly
collaboration.

SVIRCO: Rome (ltaly) —
INAF/UNIRoma Tre
collaboration.



PERSONAL CONCLUSIONS

- The relation between SW and CRs is not completely investigated,
particularly at fine scales [seconds/minutes; see also poster by
Laurenza et al.].

» CR periodicities contain relevant info on space variabilities (probe
of the heliosphere; see also poster by Storini et al.; Diego and
Storini, ICRC2009).

« CR measurements at high mountains (fine scale acquisition)
should be complementary of the ones obtained from balloons and
satellites. The atmosphere response (particularly of its minor
components and radionuclides) to CR flux deserves special
attention for SW.

» Data calibration is a heavy task!

Much work ahead!






