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Abstract

The ground level enhancement (GLE) of cosmic rays (CRs) on December of 13,
2006 is one of the biggest GLEs in 23rd cycle (behind GLE 69 from 20 January 2005 only)
in minimum phase of solar cycle. The greatest maximum was recorded at Oulu Neutron
Monitor Station (92.1 %), i.e. the maximum of GLE70 was recorded at sub-polar stations,
which shows that the anisotropy source was located near the equator.

Here we compute in details the ionization effects in the terrestrial middle
atmosphere and ionosphere (30-120 km) for various latitudes. The computation of electron
production rate profiles q(h) is according the operational model CORIMIA (COsmic Ray
lonization Model for lonosphere and Atmosphere). This improved CR ionization model is
important for investigation of the different space weather effects. The influence of galactic
and solar CR is computed with the new version of CORIMIA code, which is with fully
operational implementations. The solar CR spectra are taken from recent reconstructions
from ground based measurements with neutron monitors. Hence we compute the time
evolution of the electron production rates g(h) in the ionosphere and middle atmosphere.

The cosmic rays determine to a great extent the chemistry and electrical
parameters in the ionosphere and atmosphere. They create ozonosphere and influence
actively the stratosphere ozone processes. But the ozonosphere controls the meteorological
solar constant and the thermal regime and dynamics of the lower atmosphere, i.e. the
weather and climate processes.
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1.Introduction

The relativistic solar energetic particles (SEP) cause an excess of
ionization, specifically over the polar caps and sub-polar latitudes, but also
over the high middle, respectively low middle latitudes, i.e. the SEP
influence has global and planetary character. The cosmic ray induced
ionization rate will be estimated from the particle flux using the basic
physics of ionization in air, an appropriate atmospheric model and realistic
modeling of cascade process in the atmosphere [1, 2]. The detailed study of
ion production in the ionosphere and atmosphere is important, because it is
related to various environmental processes in the space weather and
atmospheric physics and chemistry [3].

The solar cycle 23 (May 1996 - January 2008) have provided
altogether 16 GLEs (Ground Level Enhancements)
(http://cosmicrays.oulu.fi/ GLE.html), which are some of the largest SEP
events in the history of CRs, namely the Bastille day event on 14 July 2000
(GLE 59), Easter event on 15 April 2001 (GLE 60), October-November
2003 Halloween events (GLEs 65, 66 & 67), the enormous GLE 69 on
January 20, 2005 and the last event from the cycle on 13 December 2006
(GLE 70). This event occurred during the decline phase of solar cycle 23 in
conditions on the Sun and in interplanetary medium appropriate to a solar
minimum, however it refers to large events. This event was related to
X3.4/2B flare with the coordinates at the Sun S06 W24. The flare was
accompanied by radio bursts of types Il and 1V and by a halo type coronal
mass ejection (CME). The GLE 70 on 13.12.2006 during the initial phase
showed a large anisotropy [4] and the duration of the event of neutron
monitor energies was approximately 5 hours.

The present paper shows the results from CORIMIA (COsmic Ray
lonization Model for lonosphere and Atmosphere) programme [3, 5, 6] with
application to the GLE 70 on December of 13, 2006.

2. Determination of differential spectra of Solar Energetic Particles

The SCR spectra at different moments from the event onset, namely
03:00 UT(initial phase), 04:00 UT (main phase) and 06:00 UT (late phase)
are assumed as power law:

D(E)=J,E”

They are reconstructed on the basis of ground based neutron monitor
measurements (www.nmdb.eu) according [7] (see Table 1).
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Table 1. Rigidity spectra of SEP assumed for ion rate production during

GLE 70 [7]
Time UT Jo[m?stsrt GV y
03:00 78550 3.77
04:00 203100 6.75
05:00 181750 7.76

We take experimental spectra from the GLE 70 event on 13
December 2006 [7, 2]. We transform the spectrum D(R)=KR™ in its new
form D(Ex)=K'(Ex)R™.The latter is suitable for calculations with CORIMIA
model [3]. The measurement units are transformed in the new form as
follows:  particles/(m?.s.st.GV) become particles/(cm?s.MeV) by
multiplication with normalizing factor 27/(10%) and application of the
formula E=f(R)[MeV] [8] where Ex is kinetic energy of the penetrating
cosmic rays. For two characteristic points Ex;(R1) and Exz(R2) at lower and
higher energies we calculate spectrum values D(R;) and D(R;). Then the
following nonlinear system of equations is solved towards K’ and gamma’:

D(Rl): K'Ekl(Rl) _rY1

D(Rz): K'Ekz(Rl) -

On this way we obtain the new transformed spectrum
D(Ex)=K'(Ex)™. The calculated CR spectra for the case under consideration
are presented in Fig. 1.

Differential spectra of CR particles during GLE 70 at 03:00, 04:00 and 06:00 UT
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3. Electron production rate profiles during GLE 70

The ionization production rate during GLE 70 on 13 December 2006
is calculated as a superposition of ion rate due to SEP and to the permanent
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flux of GCR. The ionization rate due to GCR is computed considering
parameterization based on force field model [9, 10]. The atmospheric
simulations are fulfilled considering winter atmospheric profile, which
allows a detailed and realistic description of ionization profiles in specific
conditions. We apply our operational programme CORIMIA (COsmic Ray
lonization Model for lonosphere and Atmosphere). In the final version of
the applied model an approximation in 5 characteristic energy intervals of
the Bohr—Bethe—Bethe function including charge decrease interval is used.
For the first time we present these quantitative and qualitative appreciations
of the SCR fluxes impact from these Solar Particle Events (SPE) on the
ionosphere and middle atmosphere (30-120 km). Unlike the cases of
galactic cosmic rays (GCR), SCR differential spectra vary essentially in
time during the course of the investigated event. Also SCR fluxes differ
from one another for different events. The profiles behavior is explained
taking into account the structure of the CORIMIA programme.

The production rate is computed for different rigidity cut-offs,
namely 1 GV, 3 GV and 5 GV corresponding to sub-polar and polar
latitude, high middle, and respectively low middle latitudes. The obtained
production rate at 1 GV rigidity cut-off is presented on Fig. 2. Accordingly,
the ion production rate is plotted on Fig. 3 for 3 GV rigidity cutoff and Fig.
4 for 5 GV rigidity cut-off. As was expected the maximal effect is observed
at polar and sub-polar regions (Fig. 2).
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Electron production rate q(h) caused by GLE 70 for 3 GV

at 03:00, 04:00 and 6:00 UT on 13 December 2006
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Flectron production rate q(h) caused by GLE 70 for 3 GV
at 03:00, 04:00 and 6:00 UT on 13 December 2006
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4. Analysis and conclusion

Ground Level Enhancements are more likely to occur when the Sun
Is very active. The investigated GLE was a maverick. It occurred near solar
minimum, but it was a large event by historical standards, with a peak
increase exceeding 90% at some stations - f.e. the ground level neutron
monitor Oulu, 5 min average, detected count rate increase by 92%.

The obtained results are important for improvement of recent models
of cosmic ray induced ionization and the studies of solar-terrestrial
influences and space weather. The cosmic rays determine to a great extent
the chemistry and electrical parameters in the ionosphere and atmosphere.
They create ozonosphere and influence actively the stratosphere ozone
processes. But the ozonosphere controls the meteorological solar constant
and the thermal regime and dynamics of the lower atmosphere, i.e. the
weather and climate processes. This hypothesis of the solar- terrestrial
relationships shows the way to a solution of the key problems of the solar-
terrestrial influences.
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WU3CJIEJABAHE HA MTOHM3ALMSITA B CPEJHATA ATMOC®EPA
10 BPEME HA CbBUTHETO GLE 70 OT JEKEMBPH 2006
MOCPEJICTBOM MOJIEJIA CORIMIA 1 HOPMAJIN3UPAHE HA
CNIEKTHPA HA KOCMUYECKUTE JILYA

II. Beaunoe, C. Acenoecku,/I. Mamees, E. Bawmuniok, A. Muwes

Pe3rome

Cooutnero GLE (Ground Level Enhancement) na Kocmuueckute
apun (CRS) ot 13 nekemBpu, 2006 roj. € €IHO OT HA-MOIHUTE CHOUTHS 32
U3MHHAINS 23-TH CITbHYEB IUKBJI (€IMHCTBEHO MPeaXxoqHOTO choutne GLE
69 ot 20 Suyapu, 2005 e mo-momHO OT Hero). Haii-rosieMusiT MaKCUMyM
(92.1 %) Geme peructpupan oT HeyTpoHHHs MonuTop B Oymy (Oulu
Neutron Monitor Station), Toect makcumyma Ha GLE 70 Gemre peructpupan
OT CyO-TIOJISIpHA CTaHIMs, KOETO IMOKa3Ba, Ye aHM3OTPOIHHIT U3TOYHHK €
JIOKaJIM3UpaH B OJIM30CT O €KBaTOpa.

Tyk Hue paeraillHO uH3UUCIsIBAME HOHM3AIMOHHUTE €(QEeKTH B
cpennara armocepa u onocdepa (30-120 kM) 3a pa3iMyHE T€OMArHUTHU
HIMPUHH, KaTO BB3JICHCTBUETO HA rajlakTHYHKUTE KocMudecku Jibun (GCR) u
cpHYeBHTe eHepreTuHu yactui (SEP) ca npencraBenu otaenso. Tesu
W3YHUCIICHUS Ca HANpaBeHU mocpenctBoMm onepanunoHHus MoaenCORIMIA
(COsmic Ray lonization Model for lonosphere and Atmosphere), upes
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KOMTO 3HAYUTEIIHO CE€ YyBEJIUYaBaT BBH3MOXXHOCTHTE HU 3a U3CJICJBAHE Ha
pa3IMYHM MPOSABJICHUS HA KOCMUYECKOTO Bpeme. CIIEKTPHUTE Ha CBHUCBHUTE
CHCPreTUYHH YACTHLIM Cca TOJIYYCHH TPU  PEKOHCTPYKIUH  Ha
CKCIIEPUMCHTAIHA JIJaHHM OT HEYTPOHHM MOHHUTOpH. Upe3 W3Ioj3BaHe Ha
pa3inYHU CIEKTPH HW3MECTCHH BBB BPEMETO 3a IOTOKAa OT CIIbHYEBU
CHEPreTUYHH YaCTHIM, HUC CME MPEICTaBWJIM BpEeMeBaTa €BOJIIONHMS Ha
enextponHara npoaykiwms g(h).

CbBpeMEHHHUTE H3CIICABAHMS ITI0Ka3BaT, Y€ KOCMHUYECKHUTE JIHUU
(KJI) ca emuH OT OCHOBHHTE (AKTOPH B XUMHUYHUTE U CICKTPUUYCCKH
mporecu B armocepara u ionocepara Ha 3emsaTta. KJI BIussIT BBpXY
o0pa3yBaHETO Ha O30Ha B aTrMmocdepara, KOETO IUPEKTHO TI'M CBBbpP3Ba C
KJIMMaTHIHUTE MTPOIIECH.
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