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Motivation

Generation & & s P g'at'i'ah" in the
_ ,;: - celeratlon q_ . '!,5--' anetary space Penetration & moving
£ Sun_.____-_ “3* | i n the Eart
| = magnetosphere

Precise measurements of cosmic
ray spectra over a wide energy
range from a fewtensof MeV to
tens of GeV over an extended
period of time will be helpful for
study of these tasks




The ResursDK1 satellite with A
PAMELA & ARINA spectrometers onboard P

Position and orientation of tHAMELA & ARINA spectrometers

The orbit is sempolar.

- up to Nov. 2006 elliptical,
altitude350610k m, i1 ncl i n

- after Nov. 2006 near circular,

altitude 567574km, inclination 69.%\




Characteristics of PAMELA and ARINA detectors in the SCR 7;;
energyrange: PaM{La

PAMELA ARINA

Energy resolution ~ several % m ¢ TP
P
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Other instruments to compare

GOES (geostationary orbit)
EPEAD channels GeV)
“cpflux” 0.015 0.03, 0.05, 0.04).1;
“pl7 €©WI2,:0.031, 0.063, 0.166.433;
HEPAD channels GeV): 0.375 0.465 0.605
http://satdat.ngdc.noaa.gov/sem/goes/data/

ERNE (SOHO, L1-Lagrangian point)

HED sensor channelsGeV):

0.015 0.020, 0.031, 0.041, 0.052, 0.073, @@998
http://www.srl.utu.fi/erne data/main english.html

Sensors onboard balloongpolar region with geomagnetic cutoff ~ 0.6 GV)
E=0.1-~0.5GeV
[Yu.l. Stozhkovet al., Advances in Space Research 4%(2009)11241137]

Neutron monitor world -wide network E > 1 GeV
http://www.nmdb.eu/
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PAMELA ARINA

Protons, number of events Helium, number of events protons, number of events

> 200 MeV 31 > 100 MeV/nuc 4 > 45 MeV 95
> 500 MeV 18 > 500MeV/nuc 1 > 100MeV 58
>11 4 4

ARINA PAMELA

>45MeV  >100MeV >200MeV >500MeV >1000MeV

2006 4 4 2 2 2
2011 11 10 5 2 0
2012 27 18 13 7 1
2013 22 14 6 3 0
2014 20 10 3 1
2015 11 2 1 1 0
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Energetic protons from solar flares
(23 and 27 January 2012)

23 and 27 January 2012



Energetic protons from solar flares
(23 and 27 January 2012)
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January 2012

+ PAMO0.101

a PAM0.117-0.136

* PAM 0.158-0.211

—— PAM 0.243-0.321

—— PAM 0.367-0.479

GOES 13 0.1GeV

ERNE 0.087-0.131 GeV
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Energetic protons from solar flares
(23 and 27 January 2012)
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Energetic protons from solar flares

(23 and 27 January 2012)
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Energetic protons from solar flares \é,\
(23 and 27 January 2012) PaMcLa
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Energetic protons from solar flares \é,\
(23 and 27 January 2012) PaMcLa

10 . .
23/01/12 08:50-08:55
@ ARINA
A ® PAMELA
4 & GOES
10 ¢ &
- A 15-19/01/12 s ARINA, 45-55 MeV
% o™ o ARINA * PAMELA, 90-115 MeV
0 @ m PAMELA . * PAMFLA, 620-780 MeV
" b 10 . . . .
= 7 -’- iy
" 10 3 S )
|m ._‘(D 5 \
o = 10 Foa N >~
= 2 AN N
o = Wg y “~ L.
B o 510 “'\ - N 4
'z 10 z (g S 0V a2
E ﬁ E 10_2 I I I I I I I I
= 22 23 124 25 26 27 28 29 30 31
:.::.:_._ Tamiary
, i
8
10 r -
7
10 10 10 10

Kinetic energy, GeV

14



Energetic protons from solar flares \é,\
(23 and 27 January 2012) PaMcLa
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Energetic protons from solar flares

(23 and 27 January 2012)
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Energetic protons from solar flares
(23 and 27 January 2012)
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Energetic protons from solar flares
(23 and 27 January 2012)
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Energetic protons from solar flares ‘/\

(23 and 27 January 2012) PaMcla
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Energetic protons from solar flares \é,\
(23 and 27 January 2012) PaMcLa

10 ; .
26/01/12 00:45-00:55
@ ARINA
® PAMELA
4 & GOES
10
- A 15-19/01/12 s ARINA, 45-55 MeV
% o ARINA o PAMELA, 90-115 MeV
0 m PAMELA . * PAMFLA, 620-780 MeV
- a 10 : : :
2 10° % ,
' L, e ":’
e " 10 r A N\ - .
= $ 2 So: Ny
2 i) ® '\ B .
n g u} \
2 =10 L el N
'z 10 o T e e, i el
g ¥ Z
= e - W25 24 25 25 27 28 20 30 31
’-';,‘.;._ Tamiary
&
-2 =
107+ +:.:
=
_2 1 1 PR T T | ||_1 L1l D 1 1 L33l lr
10 10 10 10

Kinetic energy, GeV

20



Energetic protons from solar flares \é,\
(23 and 27 January 2012) PaMcLa
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Energetic protons from solar flares \é,\
(23 and 27 January 2012) PaMcLa
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Energetic protons from solar flares \é,\
(23 and 27 January 2012) PaMcLa
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Energetic protons from solar flares \é,\
(23 and 27 January 2012) PaMcLa
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Energetic protons from solar flares
(23 and 27 January 2012)
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Energetic protons from solar flares \é,\
(23 and 27 January 2012) PaMcLa
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Energetic protons from solar flares \é,\
(23 and 27 January 2012) PaMcLa
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Energetic protons from solar flares
(17 May 2012)

17 May 2012
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Energetic protons from solar flares

GLE 71
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» PAM0.117-0.136
* PAM 0.158-0.211
—PAM 0.243-0.321
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——GOES 13 0.1 GeV
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Energetic protons from solar flares ‘{«"‘
(17 May 2012) PoMcla
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Energetic protons from solar flares ‘{«"‘
(17 May 2012) PoMcla
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Energetic protons from solar flares ‘/\

(17 May 2012)

«  ARINA, 45-55 MeV
« PAMELA, 90-115 MeV
* PAMELA, 620-780 MeV

L] .“ ‘
“a Vv,
. ."\-uh~ Mo, o
3 ’ sl o]
sevn, .V'”.*“ W e, e VP o, 83, .qu""a-—

i}
10 - '
17/05/12 07:00-07:05
e ARINA
B PAMELA
. & GOES
10* } 3
T':} 15-16/05/12 ~ 10
> o ARINA % 10’
0 & m PAMELA -~
g {07 _n 101 L
% 10° | ‘!,,. %
'T'm '_E 0
] l.. S 10
E 'é-) gt
@ .l. z 107 poiee
2 m E 2
g 10 .'_._ 10 16
: =
= W‘ -y
g
; £
107} T
B
A | 1l 1 1 1 P R A1 |:=
- -1 1] 1
10 10 10 10

Kinetic energy, GeV

17 18 19 20 21
May

32



Energetic protons from solar flares

(17 May 2012)
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Energetic protons from solar flares ‘{«"‘
(17 May 2012) PoMcla
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Conclusion PaMcLa

V  PAMELA extendghedirect measurementf the SEPenergyrangefrom tensMeV up
to GeVsenergies

V  PAMELA andARINA registered31 and95 solarflares,correspondingly

V  The PAMELA & ARINA resultsare in reasonableagreementwith the dataof the
GOES spacecrafandballoonexperiments

V  In a numberof eventssometemporaldiscrepanciesre observedbetweendifferent
Instrumentgdmostly ARINA & GOES)which certainlyaren'tinstrumentalorigin. It will be

studied in futureworks

Thank you forattention!



