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AOcTpaKr

B pabore npezcTaBieHbl pe3y/ibTaThl aHa/IM3a Bapyalliii KOCMUUYeCKHX Tydei 1
COJIHEUHON aKTUBHOCTU B IIepUoJl OKTI0pb-HOsI0pp 2013 r. Mcrosb3yroTcs
JlaHHble M3MEPEeHMH KOCMHUUYECKHX JIyueH, II0JIlydeHHble Ha MHUPOBOU CeTH
HazeMHblx HM (NMDB), B 3emHOM aTMoc(epe Ha paJul0O30HOAX, a TaKiKe
3aperuCTpUpOBaHHbIE [eTeKTOPOM Kocmudeckux ayder (perekrop GCR),
yctaHoBieHHOM B CERN a1 mpoBegenust pabot no npoekty CLOUD. Axanu3
CO/THEYHOM (BCIILIIIIEUHOM) AaKTMBHOCTU BBINOJHEH I10 JaHHBLIM Hab/Ir0geHui
conHeuHoro H-anb(da, peHTreHOBCKOr0, raMmMa M paJuOH3/IyuYeHHs Ha
Ha3eMHBIX YCTaHOBKax M Ha Kocmudeckux anrapaTtax (GOES, FERMI u ap.).

Ocoboe BHUMaHUe yIeeHo BO3paCcTaHHUsIM KOCMHUECKHUX,
3apervctpupoBaHHbiIM GCR getektopoM 15 okTsibps u 19 Hosiopsi 2013 .
XapaKTepUCTHKU TUX COOBITHI CXOKU C BO3paCcTaHUsIMH,

3aperucTpupoBaHHeiMu paHee 7 wMaprta 2011 r. u 23 guBapa 2012 r.
nerektopoMm KOBEP, pacrionokeHHbIM Ha acTPOHOMHUYECKOM KOMILIeKCe
CASLEO B AprentuHe. B pabore paccMoTpeHa BO3MOXKHasi CBSI3b TaKHX
BO3pACTaHUKU KOCMHUYECKUX JIydel, KakK C BCIIbIIIeYHOU aKTMBHOCTHIO COJIHIIA,
TaK ¥ MpolleccamMy B 3eMHOH aTMocdepe.



COSMIC RAY TRANSPORT IN THE
—ATMOSPHERE —

Primary
cosmic-ray
particle

Target nucleus

Softening of energy spectrum

-4

ar ) QL

. e -
Electromagnetic Mesonic Mucleonic

— GCR instr., NMs, MUON telescopes, etc. ~

Fig. 1.2. The secondary cosmic ray cascade in the atmosphere. Abbreviations
used: n, neutron, p, proton (capital letters for particles carrving the nuclear
cascade). «. alpha particle. e*, electron or positron, . gamma-ray photon, .
pion, p, muon. After Simpson and Fagot (1953), discussion in the text.

ra

Cambridge University Press 978-0-521-87380-2 - Cosmogenic
Nuclides: Principles, Concepts and Applications in the Earth Surface
Sciences, Tibor J. Dunai



ACTPOHOMUNYECKUIN KOMMEKC
'El Leoncito, CASLEO, Argentina)
RPET (KoBep) cosmic ray detector

UP, LOW : e> 0,2 MeV, p> 5 MeV , ¥> 0,02

] S

-----------

e> 5 Mev, p > 30 MeV, u>15
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- Analysis of atmospheric pressure and
temperature effects on cosmic ray
measurements, R. R. S. De Mendonca, J.
-P. Raulin, E. Echer, V. S. Makhmutov,
and G. Fernandez, ). GEOPHYS. RES.:
SPACE PHYSICS, VOL. 118, 1403-1409,
doi:10.1029/2012JA018026, 2013

[4] The pressure effect onmn secondary cosmaic ray varnnabomns
has been kmnvown tor a bong tome. Advssoweslor ardg Frovweirrr
[1926] amd Sreimnfe [1929] are among the first who hawve
studied the relatnon betrerecen cosmiec Ay e vartatiormns amnd
Aatmosplwerwee pressure changes. The barometrwe efttect 15 ex-
pernmentalby deterrmmed by eguation 1)

{i":"_;;] = & . A5 L)
£ i~

where (AN 15 the mommmalemed deviatnon ot the cosmec rawy
imtensity related wiath the pressure ettect. A& s the atmeo -
sphernc pressure deviattomnm and F s the barometrwe coetii-
ciremnt., which depends on many tactors, such as the mature
of the secondary component armnd the alotwde whers the
observanon 1s pertormmed [Arorrracarr. 201G ). Acartrmeoasphenic



LONG-TERM COSMIC RAY VARIATIONS RECORDED BY “CARPET”

- 100 -
- 320 Jis8
9600 | ]
1 L] -
= 2
- W 80 E 457
- E 2
_ 9500[-3 315 3
= -2 g -
E - g R
£ - 8 60 5 196
o S - =
= 9400 G £ 8
= - & E L3
5 : i 31.0 E 15582
& -0 40 m - E
= 93005 @ ;
— E 5 3
- O G 154
- 20 @ -
- 153
ato0h 0 =

D& o7 0s 09 10 11 12
Time (year after 2000)

The CARPET temperature uncorrected cosmic ray data (dashed black curve) and the
corrected data using: first method (grey curve with squares), second method (grey
curve with triangles), and third method (grey curve with asterisks) observed between
2006 and 2010. The black curve with crosses shows the fourth method corrected
cosmic ray data and the grey histograms and black dotted curve shows the monthly
mean and 13 months smoothed Brussels Sunspot Number. The bar in the left upper
corner indicates the upper limit of the RMS estimated on daily mean data. The Moscow
and Rome Neutron Monitors measurements (diamonds and plus symbols respectively)
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During a powerful solar blast on March 7, NASA's
Fermi Gamma-ray Space Telescope detected the
highest-energy light ever associated with an
eruption on the sun.

The powerful March 7 flare, which earned a
classification of X5.4 based on the peak intensity
of its X-rays, is the strongest eruption so far
observed by Fermi's Large Area Telescope (LAT).

The flare produced such an outpouring of gamma
rays -- a form of light with even greater energy
than X-rays -- that the sun briefly became the
brightest object in the gamma-ray sky.



Solar Particles Event on 23 January
2012
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GCR counter

e UP (top), LOW(bottom )
and TEL channels of
the GCR device

(120 counters).

 Integration time:

25 ms -5 s;
500 ms - standard

e PC online data
visualisation and
recording.

e Continuously operates
since july’09 at CERN

Dimensions: 750 X 610 X170 mm; ~

55 I~
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STANDARD DAILY RECORDS
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15 OCTOBER 2013 EVENT
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SUMMARY

» Solar and geomagnetic activity at ~
“quiet” level during
15 Oct. - 20 Dec. 2013:

(a) no STRONG solar proton events observed
in the Earth’s environment

(b) no significant FDs of galactic cosmic
rays

» Small cosmic ray count increase (~ 4 -6 %)
was recorded by GCR

on 15 Oct. (15-20LT), 19 Nov. (11-20
LT), 22-Nov. (5-24 LT)

EarIy count rate of the CARPET (KOBEP) Was detected

P . e g S S amm  smm p— N S amm AN % amE e



Cnacumbo !



To determine an expected relative count rate increase
produced by these incident protons in the ground-
based neutron monitor records, we have used a
well-known equation,

Kmuax
N=/ m(R.x) - J(R) -dR
R

where N is a count rate of NM at selected geomagnetic
lo-cation characterized by certain geomagnetic cuttoff
rigid-ity Rc, m(R,x) is a specific yield functions for
protons. J(R) is a rigidity spectrum of incident solar
proton flux at the top of the atmosphere in the proton
rigidity range from Rc up to Rmax. There are a few
estimations of the m(R,x) and some of them are
presented in Figure 2 [21]. We used the set of m(R,x)
given in the paper [22] to estimate relative in-creases of
NM counting rates caused by proton fluxes de-scribed by

(1Y and (D) with 1intarmaoadiata cnartriim 1in ha _fwoan
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Re, GV 0.5 24 9.6
dN/Np, % | 5.5+0.5 | 45405 | 1.6£0.5

Table 1: Expected mmcrease of NM counts produced by the
incident solar proton flux characterized by energy spec-
tra in the form J(E) = 3-10"-E7’ for 5 - 900 MeV
range, J(E) = 1.6-10°-E=2> for 0.9 - 9 GeV and J(E) =
1.5-10%E=>7 for 9 - 15 GeV energy range.
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Flux, p/(cm?*s)

Secondary particles produced by primary
solar protons in the Earth’s atmosphere
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Summary

As a preliminary result we conclude:

(1) count rate of the CARPET (KOBEP) was detected during 07.03.2011,
23.01.2012, 15.10.2013, 19.11.2013. We suggest this increases is the indication
of the long-lasting presence of high-energy solar protons entering the Earth’s
atmosphere (or unknown reasons ? ).

(2) independent results of the analysis of VLF propagation data and riometer
records during these events support this conclusion [24].

(3) the study of the low ionosphere behavior during the SPEs that occurred on
23 January 2012, strongly suggests that it was disturbed by few GeV protons in
Antarctica and at lower latitudes in the South America region.

(4) the ionospheric absorptions detected with the riometer and VLF propagation
measurements done at two differ-ent sites with high geomagnetic cutoff rigidity
is an evi-dence of >10 GeV protons penetrating into the Earth’s atmosphere.
The long-duration of the absorption effects on 23 January (from 03:30 to 10:00
UT) also suggests long-lasting presence of higher-energy protons in the Earth’s
atmosphere. This suggestion is supported by significant in-creases of cosmic
rays detected with CARPET cosmic ray device. A similar case was observed
early during the solar flare event detected by the CARPET instrument on March
7, 2011 [4].
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