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much earlier than the NM network owing to data higgatistic
Abstract—The anticoincidence system of the spectrometeraccuracy and temporal resolution.
on INTEGRAL (ACS SPI) is sensitive to primary and £condaryy- We can't quantitatively estimate fluxes of SEP nueed
rays with energy >150 keV and effectively responsee arrival of py ACS SPI, since we don’t know its response fumstito SEP
solar protons and electrons. If a flux of primary y-rays is small, \ith unknown composition, spectra and angular itlistion.
then ACS SPI registers an arrival of solar protonamuch earlier in However there are indirect evidences that ACS SPhri
comparison with neutron monitors (NM). For example,on 2006 . N .
effective detector of relativistic solar protons this case

December 13 the solar proton onset was observed B\CS SPI b id h d ideri h .
only about 3 min later the hard X-ray flare, that is 10 min earlier ecomes evident that we need reconsidering therumews

than the ground level enhancement (GLE). However if flux of ©ON solar proton release into the interplanetary amgagation
primary solar y-rays is large enough, then a solar proton onset istheir. For example, the solar proton onset, registdy ACS
observed by ACS SPI simultaneously (2005 January p@r later SPIl on December 13, 2006, corresponds to theictioje into
(2003 October 28) in comparison with NM. Obtaineditnes of solar the interplanetary medium during the solgburst that is
relativistic proton arrival to the Earth do not contradict to their  jnconsistent with conclusions obtained from datagedund
acceleration duringy-ray flares. based detectors [4-6].

|. INTRODUCTION ll. RESULTS OF OBSERVATIONS AND THEIR ANALISYS
or analyzing of solar proton events it's very impaot to

know a time moment of first relativistic protonisal to the We consider four SEP events of thé“2®lar cycle, which

Earth (see [1,2] and references therein). A GLE€DN§ e showed an enhancement of ACS SPI count rakedoe
observed by one of NM's is arbitrary consideredttas time 14 hrimary and secondayrays. Some characteristics of parent
moment. A typical temporal resolution of NM withasbnable g4 oy fiares are presented in Table 1, for eachtete pre-flare
statistics is about +/- one minute. Such accuraeghtmbe p,q1qr0und caused by galactic cosmic rays wasaatbtt from
satisfactory for estimates of release time of splatons into A~g'sp| data and the intensity-time profiles ofning average
the interplanetary space taking into account fr@@meters of 5o gepicted in Fig. 1 relatively zero-time (Tabje These time
propagation models like a length of interplanetarggnetic o ments might be considered as a beginning of éighgetic
field (IMF) line and mean free path. Depending ofaswind processes during these solar flares [7-8]. Abarst f10-

velocity a length of IMF line might be varied byvseal tenth of i tes the enhancements above background areitelfin
AU and a mean free path is within the Palmer cosisemange ., sed by primary solar-rays, but later a considerable (in

[3] that gives a comparable error for the release.t However ,me cases — dominant contribution) from secongiaays has
this definition of solar relativistic proton onsiites not account o observed

a intrinsic background of the detector and a r&tsotar proton

intensity increasing. These unaccounted factors omagte a TABLE |
larger error of proton arrival time, which will lédo incorrect SOME CHARACTERISTICS OF SOLAR FLARES DISCUSSED
estimate of solar proton release into the integdtary medium  Date ZERO  COORD. X-RAY EVENT
and, therefore, moment of their acceleration. 15122006 (8222 o623 'M;-3 A Sr ART8 MAX'MLJ;/'S END+35
_ In this work we L!nderllne a unique ab|_I|ty o_f AC®IS0 12122006] 2207  S0BWA6  XL5 60 8 119
register solar energetic particle (SEP) arrivalsome casessg g1 2005 0640 N12W58  X7.1 4 +20 +45
28.10.2003| 11:00 S16E08 X17.2  -59 +10 +24

. . . ) . One can normalize count rates of the ACS SPI artdNM
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possible impact of primary-rays to the ACS SPI count rate

100000 [9]. Therefore the solar proton onset was simeiarsly
2003 October 28 observed on 2005 January 20 by ACS SPI and NM’s.
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Fig. 1L Running average count rate of ACS SPI (background min since 06:40.5 UT, January 20, 2005

subtracted) during the considered events (Table 1).
Fig. 3 The GLE event of 2005 January 20: count rates of
In Fig. 2 we see two distinct enhancements @f88S ACS SPI (black) and the McMurdo NM (red). A vertica
SPI count rate (maxima are out of scale) causeprinyaryy- arrow marks the proton onset.
rays. The ACS count rate increase due to secongaays
began between 16-17 minutes at a rather high bagkd; so a  The event of 2003 October 28 (Fig. 4) is an exaroplether
possible onset of relativistic solar protons mighteven 2 min case.sBusercs nmpuMepoM apyroro poxa. The anisotropic GLE
earlier than marked in Fig. 2. Note, we may notasafe an phase with duration of about 15 min coincided mnetiwith high
impact of primary and secondayyays between 12 and 20 minplateau of the ACS SPI count rate observed aftey iarge
solary-burst. An intensity level at the plateau is coasidbly
higher than the peak intensities of primaryays observed on

160 r 7 12000 2006 December 13. A gradual increase of the ACSitcate
140 Eeadksof started on ~25 min and corresponded to the GLEOpmt
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o] T 100 phase, i.e. the ACS proton onset was delayed inpadson
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Fig. 2. The GLE event of 2006 December 13: count rates of 0l—d 1°
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min since 11:00 UT, October 28, 2003

The event of 2005 January 20 (Fig. 3) is distingaide from

other GLE events by anomalously quick arrival dasprotons Fi9- 4 The GLE event of 2003 October 28: count rate\QS
to the Earth (see [9-10] and references thereibge@vations of SP! (red) and the Norilsk NM (blue). Vertical arranark a
this event by ACS SPI occurred at a high pre-fleaekground proton onset as observed by different instruments.

created by the previous proton event [9]. Thearopic GLE o ) ) )
phase, observed best of all by the South Pole achluvbo At present an origin of this plateau is unknownsst?ply, this
NM's, started about 9-10 min after the zero-timed aits plateau as well as a broken time-profile aroundl2 Inin (that
beginning practically coincided with the second kped the 1S 2-3 min earlier than the anisotropic GLE phasep
ACS SPI count raste. We can not normalized corates of associated with additional impact of secondassays from
ACS SPI and NM's as in previous case, because #rey interactions of rglativistic solar protons. Fronother hand it
considerably different. This might be caused byvagable Was supposed in [11] that a time interval of thetemu

angular distribution and spectrum of solar protoms as Corresponds to the second episode of neutron ptioduand,
therefore, y-rays. Note that according to estimates [12] for



fitting of the GLE event a gradual (about 40 minjection of
protons into the interplanetary space was necedsaginning
from 11:11+2 UT.
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pointing or a collimated proton flux did not heéla¢ Earth. The
anisotropic GLE phase was registered only once 0852
January 20 with large fluctuations of the couneréfig. 3).
The gradual increase of proton intensity observed®S SPI
on 2006 December 13, apparently, does not correspoithe
anisotropic GLE phase.

The solar flare of 2006 December 13 is a unique
considering a relationship between hard X-ray aictowave
emission [8], its hard X-ray intensity in the magmeak was
depressed by about one order in comparison withrathses
for comparable microwave intensities. This is aidence of
dominant acceleration and interaction of electrans a
optically thin target and a small fraction of etect energy
consuming for plasma heating, i.e a classical isipelphase
of the flare was not observed. Possibly, we de#d wicoronal
source of high energy particles, which arbitrary rist
associated with GLE anisotropic phase.

IV. CONCLUSION

Fig. 5 The proton and electron intensities observed by HET

STEREO on 2006 December 13 and 14 (upper and lower -

panels) and the ACS SPI running average count rate.

. DISCUSSION

Relativistic solar electrons might be consideredaource of

secondaryy-rays on 2006 December 13. Indeed the HET

instrument aboard STEREO shows a clear onset gviHual
increase around the 15-th minute (lower panel ig. ).
Observations of the 2006 December 14 event excbudé a
possibility. As seen in Fig. 5 a gradual increafsthe ACS SPI
count rate on December 14 is not accompanied byektgron
enhancement. Besides proton intensity within 60V was
at the background level more than 30 min. Therefmee
conclude that gradual increase of ACS SPI courg iat
associated with relativistic protons, which intéyns below the
NM threshold.
The proton event of 2006 December 13 by data of AP$
started at 02:39 UT (<17 min), of the NM netwotl0a:50 UT
(28 min) [4-5] and of the MEPhI muon hodoscope b8 UT
(32 min) [6]. These detectors are listed by indreasf their
threshold energy. Is an onset time of protons issed by a
difference of background level or by a differendetoeshold
energies? The effect of threshold energy assunatgp#ticles
with higher energies have been released consigelatbl. This
later release was not observed in other considevedts. We
suppose that the most natural explanation is doein€e of a
detector background (a signal/background ratio)cesirthe
background level was different in the considereents. A rate
of proton intensity increase would determine irstbase an
error of proton arrival time.

A clear anisotropic phase of GLE on 2003 October

b

An onset of anisotropic GLE phase does not
correspond always to arrival of first solar protdas
the Earth. Determining a moment of first solar prot
arrival one needs to consider a detector background
and a rate of proton intensity increase. An error
caused by these factors may be greater than ataletec
time resolution. The GLE onset not always
corresponds to a moment of first relativistic proto
arrival to Earth.

During the 2006 December 13 event, when the
intensity of primary gamma-rays was rather low, a

massive gamma-ray space born detector (ACS SPI)
appeared to be a more effective instrument for
observations of the proton event onset than the NM
network. The proton event onset was observed by the
ACS SPI about 11 min earlier than the GLE onset.

For two other considered GLE events, when a lefrel o

primary gamma-rays was rather high, an arrival of

first solar protons was observed by ACS SPI

simultaneously with NM’s (2005 January 20) and

later (2003 October 2003).
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