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Abstract: During December 13, 2006 a Ground-Level Enhancement (GLE)re@orded by the world-
wide network of neutron monitors. This paper describes the GLE prepiatal the response of three
cosmic ray detectors characterized by different rigidity cutoffs: LAR{Dg George Island - Antarctica),
SVIRCO (Rome - Italy) and OLC (Santiago of Chile).

Introduction Solar activity scenario during Decem-

ber 2006

Ground Level Enhancement (GLE) events consti-

tute an important subset of SEP (Solar Energetic |n spite of the fact that solar cycle 23 was ve
Particle) events. During the last month of 2006, close to its minimum, during December 20C
an enhanced solar activity interval was observed gn enhanced rate of solar-terrestrial perturbati
and an injection of solar relativistic particles in the \were revealed in the time variability of CR recorc
terrestrial atmosphere occurred (GLE70/SEP; see From ~ 8 to ~ 23 December the registered n
_Figure 1). The start of the event was identifieq dur- cleonic intensity was depressed from its previc
ing December 13 at- 03 UT by the _World-W|de level; an outstanding decrease occurred on 14
network of cosmic ray detectors. Since the mean cember & 8 % at polar regions). It was cause
free paths of .GLE particles (mainly protons) are by the arrival at near Earth space of the interpla
large and particles travel very nearly to the speed tary perturbation originated during the 13 Dece

of I'ght’ tlhfe |dSent|f|03;t/|on r?f t]t\e GLE olnzet '; @ per flare activity. The same activity had produc
good tool for Space Weather forecast. Indeed, so-y,o ) £70 in the terrestrial records.

lar high-energy particles need orly 8 min to ~ . . N :

20 min to travel from the solar source to the Earth, '€ time history of CR variability during- 8 to

Hence, the GLE alert is relevant to furnish a space ™ 2,3 Decgmber IS relateq to NOAA/USAF 1_09‘
active region. It appears in the Eastern hemispt

storm alarm [1, 2, 3]. of the Sun on December 4 and disappears fr
In Cosmic Ray (CR) research field, the GLE mod- the visible hemisphere on December 18°%((%-

eling (for each one of those identified) help us 90° W), after having produced 114 flares ran
to understand the acceleration/propagation mech—ing fronlw B (107 W/m2) to X (104 W/m2) flare
anisms involved in the phenomenon ([4] and refer-
ences therein). For this reason ground-based detec
tors have an outstanding role in the GLE identifica-
tion and reconstruction of its main characteristics.
The response of three CR detectors (characterized
by different rigidity cutoffs: LARC, SVIRCO and
OLC) is here presented.

classes. Table 1 summarizes for December 2
the characteristics of the four big flares produc
(upper part). Table 1 also reports all the Type
and Type IV radio emissions identified during tl
month in the spectral observations (central pi
and the SSC occurrences (lower part). Data sou
http://www.ngdc.noaa.gov/stp/SOLAR/.
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Date Start Duration Location X Class H, Class
5Dec. || 10.18UT | 27 min S07 E68 X9.0 2N
6 Dec. || 18.29UT | 31 min S05 E64 X6.5 3B
13 Dec.|| 02.14UT | 43 min S06 W23 X3.4 4B
14 Dec.|| 21.07UT | 79 min S06 W46 X1.5 SF
Date Start Duration || Frequency (MHz) Spectral Class Remarks
5Dec. || 10.28UT | 8min 100-300 Type Il (Herringbone) Bleien/*
10.33UT | 7 min 25-112 Type Il (990 km/s) Learmonth
10.34UT | 5min 38-73 Type Il (836 km/s) San Vito
20 min 25-180 Type IV San Vito
6 Dec. 8.15UT | 39min 25-180 Type IV San Vito
8.30 UT 9 min 100-400 Type Il Bleien/*
18.42 UT | 17 min 25-180 Type 11 (827 km/s) Palehua
18.44 UT | 18 min 30-180 Type IV Sagamore Hill
19.28 UT | 32 min 84/U-180 Type IV Palehua
12 Dec.| 23.17UT | 152 min 25-900 Type IV HIRA/*
13Dec.|| 2.25UT | 136 min 150/U-1300 Type IV (Fine structure) Culgora
2.25UT 99 min 25-2000 Type IV HIRA/*
226 UT 18 min 25-180 Type 11 (1534 km/s) Learmonth
227 UT 8 min 18-150 Type II/EN Culgoora/*
8 min 30-300 Type 1I/SH (1600 km/s) Culgoora
17 min 25-300 Type Il HIRA/*
247 UT | 385 min 25/U-180/U Type IV Learmonth
6.27 UT | 167 min 25-180 Type IV San Vito
14 Dec.|| 22.07UT | 65min 25-2000 Type IV HIRA/*
22.08UT | 62min 180/U-1600 Type IV Culgoora
22.09UT | 4 min 25-180 Type Il (1277 km/s) Learmonth
8 min 25-180 Type 11 (1140 km/s) Learmonth
9 min 25-180 Type 11 (918 km/s) Palehua
10 min 25-290 Type Il HIRA/*
22.10UT | 3 min. 23-75 Type II/EN Culgoora
3 min. 50-140 Type 1lI/SH (1500 km/s) Culgoora
9 min. 50-280 Type II/SH (850 km/s) Culgoora
22.12UT | 6 min. 30-60 Type II/FN Culgoora
22.20UT | 130 min 74-280 Type IV Palehua
Date || SSC Time CR A Quality B Quality C Quality
8 Dec. || 04.35UT Yes 4 Observ. 6 Observ. 2 Observ.
14 Dec. || 14.44UT Yes 11 Observ. 5 Observ. 1 Observ.+3
16 Dec.|| 17.55UT 1 Observ. 6 Observ. 4 Observ.
18 Dec. || 10.14 UT 3 Observ. 1 Observ.
16.36 UT 1 Observ. 3 Observ.
28 Dec.| 19.13UT 1 Observ. 3 Observ.

Table 1: Major flaring activity from NOAA/USAF 10930 activegion (upper panel), type II/1V solar radi
emission identification (middle panel) and SSC occurrefmeef panel). Symbols are: * for frequencic
beyond the instrument range; U for uncertain frequency; &iNFlindamental emission; SH for Second:
harmonic emission; CR for nucleonic intensity decreasz%.
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Figure 1: CR intensity registered on 5-min time base durrgfirst half of December 13, 2006 by thre
neutron monitors: SVIRCO (Rome), OLC (Santiago of Chilej &ARC (Antarctica).

December 2006 GL E/SEP event

Four neutron monitors are running with IFSI-INAF
partnership: ESO (6-NM-64, Mt. Hermon - Israel:
33.30 N-35.78 E, 2020 ma.s.h- 11 GV), OLC
(6-NM-64, Los Cerrillos/Santiago - Chile: 33.45
S -289.40 E, 570 m a.s.l.~ 11 GV), SVIRCO
(20-NM-64, Rome - Italy: 41.86N - 12.47 E,
s.l.,~ 6 GV), LARC (6-NM-64, King George Is-
land - Antarctica: 62.20S - 301.04 E, 40 ma.s.l.,
~ 3 GV).

increases from 2N to 4B (GLE70/SEP) and clc
with SF. Moreover, GLE 70 is preceded by anott
SEP occurring during 6 December and relatec
the big flare of 5 December.

We believe that the build-up of the GLE prehi
tory of solar activity may be useful to GLE fore
cast. The idea is to collect each GLE prehistc
for the current solar activity cycle and to search
common features. It is an event-oriented mett
proposed by Storini [8] to obtain a learning (sc
nario) for the development of a GLE forecast co

Figure 1 shows the detector response to GLE70 (see Figure 2, for the main steps).

for LARC, SVIRCO and OLC, by using the 5-min

time scale (the counting rate average for 01-02 UT

was used as a pre-increase baseline [5, 6, 7]).

While the GLE profile is outstanding at the Antarc-
tic latitude, there is not a clear evidence of solar
proton particles at the Rome and Santiago of Chile

locations.

Conclusion

The sporadic emission of solar relativistic charg
particles causes GLEs in the terrestrial cosmic
records (which are good alerts for several Spi
Weather issues). Nowadays, we are able to mc

As derived from Table 1, the main characteristics many GLE aspects (by using different availat
of the GLE70/SEP are associated to the particle techniques), but to our knowledge there is no w
emission from 08 S - 23 W. It is interesting 10 {9 forecast the GLE occurrence during the sc
observe from Table 1 that although the X-class of 4ctivity cycle. Here preliminary work to build-u
the big flares produced by the involved active re- G| E70 scenario is described.

gion decreases from X9.0 to X1.5, the, dlass
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METHOD OF INVESTIGATION - A

Event-oriented method > each event is a case study
(to derive a common scenario for GLEs)

Event list > select > aTARGET event[ T:(1) ]

Te (1) parameters > select >  a TARGET feature

Looking for a precursor event (Pg)
the GLE time occurrence [ t; ]
is here selected as “target feature”
P = X-ray flare (?)

METHOD OF INVESTIGATION - B
Jr

Te (1) = GLE N°

Look for
v

CANDIDATE PRECURSOR EVENT: [ CP¢:]

Define a time window

i TARGET
PRECURSOR L EVENT

E, E

METHOD OF INVESTIGATION - C

identify

CP(1) ... CP¢ (n)
eg.. ASSUMED CONDITION: T. & P ori
FIX: LATITUDINAL WINDOW ( +/-5° ?)

If identified: collect Pg (1) characteristic features

ate in the same solar region

i SCENARIO
GO TO THE NEXT T. AND REPEAT PROCEDURE

v
BUILD-UP Sc(i) SERIES for i=1,... n from P.(i)

CLOSE SELECTING COMMON ELEMENTS IN THE SERIES

Figure 2: Sketch of the event-oriented method pro-

posed by Storini [8] to build-up each GLE Scenario
(learning for a code; see the text).
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