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Dynamics of cosmic rays and ionospheric parameters during periods
of increased solar activity and magnetic storms
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In the work, variations of cosmic rays and ionospheric parameters during periods of strong and moderate
magnetic storms of 2010-2015 were studied according to the data of ground stations. The data of the
neutron monitors of Apatity, Cape Schmidth (Russia) and Kingston (Australia) stations and data of
ionospheric stations Paratunka (Russia, Kamchatka), Wakkanai (Japan) and Norfolk (Australia) were
analyzed (we used the resources www.nmdb.eu, http://spidr.ionosonde.net/spidr and
http://wdc.nict.go.jp). The study is based on new methods of data analysis, described in [1, 2]. The
application of these methods made it possible to describe an adequate model of the time course of
cosmic rays and in their dynamics to identify abnormal intensities (pre-increases) arising 8-20 hours
before the onset of strong magnetic storms. Such anomalies in cosmic rays were first discovered and
described in [3, 4]. Their timely detection is of interest in space weather problems [3, 4]. A comparison
with the dynamics of the ionosphere parameters showed that during the pre-increase periods in cosmic
rays, an appreciable increase in the electron concentration of the ionosphere was observed and positive
ionospheric storms lasted from 10 hours to one and a half days. lonospheric disturbances were observed
at different stations with a possible time delay of up to several hours. During the periods of the main
phases of magnetic storms, the intensity of cosmic rays was significantly reduced (Forbush-lowering
effect), and intense and prolonged (from 12 hours to several days) negative storms appeared in the
ionosphere.

Analysis of the events of 2010-2015 showed a high correlation of the allocated effects in cosmic rays with
anomalous processes in the ionosphere at the analyzed stations. The results of a number of works [for
example, 5] testify to repeated observations of this anomalous effect in the ionosphere, but questions
related to its nature and mechanisms remain open for the time being. The results obtained, according to
the authors, indicate the solar nature of the identified anomalous changes in the parameters of the
ionosphere. This confirms the hypothesis proposed in [5] that such anomalies in the ionosphere have an
external source and are associated with a certain channel of energy penetration from interplanetary space
and the magnetosphere.

The research is supported by a grant from the Russian Science Foundation (project No. 14-11-00194-P).
The authors are grateful to the organizations recording the data which were applied in the paper.

1. O.V. Mandrikova, Yu. A. Polozov., |.S. Solovev., N.V. Fetisova (Glushkova)., T.L. Zalyaev, M.S. Kupriyanov,
A.V. Dmitriev Methods of analysis of geophysical data during increased solar activity/ //Pattern
Recognition and Image Analysis (Advances in Mathematical Theory and Applications). -2016. -Vol. 26.-No.
2.- P.406-418.

2. 0.V. Mandrikova, N.V. Fetisova, Yu.A. Polozov, I.S. Solovev, M.S. Kupriyanov Method for modeling of the
components of ionospheric parameter time variations and detection of anomalies in the ionosphere
coupling of the high and mid latitude ionosphere and its relation to geospace dynamics/ // Earth, Planets
and Space.-2015.-Vol. 67.-No 1.-P. 131-146.-D0I:10.1186/s40623-015-0301-4.

3. Munakata, K. Precursors of geomagnetic storms observed by mound detector network / K. Munakata, J.

©2018. Japan Geoscience Union. All Right Reserved. - PEM11-PO3 -



PEM1 1 'P03 Japan Geoscience Union Meeting 2018

W. Bieber, S. Yasue, C. Kato, M. Koyama, S. Akahane, K. Fujimoto, Z. Fujii, J. E. Humble, andM. L. Duldig //
J. Geophys. Res. —2000. -No. 105. -P. 27457-27468.

4. Ruffolo, D. Transport and acceleration of energetic charged particles near an oblique shock / D. Ruffolo
// Astrophys. J. -1999. -No. 515 -P. 787-800.

5. Danilov A.D. lonospheric F-region response to geomagnetic disturbances // Advances in Space
Research. 2013. Vol. 52. No. 3. pp. 343-366.

Keywords: ionosphere, cosmic rays, magnetic storms, data analysis

©2018. Japan Geoscience Union. All Right Reserved. - PEM11-PO3 -



PEM11-P0O3

Japan Geoscience Union Meeting 2018

Beginning of the storm

2015 !
Neutron Monitor data, Kingston(42.3 5, 1472 E)
‘ T : T

7500 Y T T — B T
i L | Akt 4 B | I s AL | iy
g 7000 WINPT TR o bl i I i e b bkt
= s | ! ! | d 1 ol il "
2
65 | 1 1 l 1 | 1 | I 1 1
Woz om0 1600 1602 0800  16:00 4702 08:00 C16:00  18.02  08:00  16:00  19.02
75 ; ; ~Smoothed component and ith model
I
= (= Tt Ve R I R e & “’\"‘WW"W\M
=5
= I
6 | | | 1 | I | 1 1 1 1
802 08:00  16:00 1602 08:00  16:00 702 0%:00 Ne:00 1802  08:00  16:00  19.02
0.02 . . .
E wn-
< = =7 Ay CreAST
TN i [ / | | ] i
Ao w0 w00 102 0 00 16:00 1702  08:00 f6:00  18.2 0 00 16:00  19.02
] Allnr‘afPr‘l rmqmvn: (rPrll ;mrl nPoahve (l]jlnF-\ anomalies
= 1 ]
L] =
1#7] . o = S
A e FEl i L L dgr L L : S|
1502 08:00  16:00 02 08:00 16:00 17.02  08:00  16:00  18.02  08:00  16:00  19.02
ox 10" Intensity of positive (red) and negative (blue) anomalies
10 T T T T T T L] T T T
. //w\\ [ i
o 1 I prsbing, | I | J"\..L | [ it o
1302 08:00  16:00 1602  08:00  16:00  17.02  08:00 [16:00 1802  0B:00  16:00  19.02
foFZ Paratunka (53. 0 N 158 7 E
N 20 T T T T T
o 10 | B
0 | I | | | | I | | T
15.02 08:00 16:00 16.02 08:00 16:00 17.02 08: DO I'EG :00 18.02 08 00 16:00 19.02
Allocated posmve (red) and negative (blue) 1onosqphenc anoma
e
L+
v 15.02 08:00 16:00 16.02 08:00 16:00 17 02 08: 00 H6:00 18.02 08 00 16:00 19.02
20 Intensitv of ionospheric anomalies. Pardtunka (53.0 N. 158 7 E)
T T T T T T T T T T T
I
10 I &
0 - Il dee L Il Jla—-. L | T
15.02 08:00 16:00 16.02 08:00 16:00 17.02 08:00 |15 :00 18.02 08:00 16:00 19.02
- Allocated posmve (red) and negative (blue) ionodpheric anomahes Wakkanai
p T
= 50 -
ﬁ et ottty
15,02 08:00 16.00 16.02 08:00 16:00 17.02 08:00 {6.00 18.02 08.00 16:00 19.02
Intensity of ionospheric anomalies. Wakkanai (45.16 N. 141.75 E)
10 I 1
1%.02 08:00 16:00 16.0Z 08:00 16:00 17.02 08:00 }6:00 18.02 08:00 16:00 19.02
E 50 T T T DSt ]rlldex T I T T T
0 I

Km/s

-50 Il | | } } | 1 7
15.02 08:00 16:00 16.02 08:00 16:00 17.02 08:00 H6:00 18.02 08:00 16:00 19.02

Solar wind speed '

T T
400 - W
300 ——T | | T } | — ! } !
15.02 08:00 16:00 16.02 08:00 16:00 17.02 08:00 16:00 18.02 08:00 16:00 19.02

©2018. Japan Geoscience Union. All Right Reserved. - PEM11-PO3 -



