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t. The solar a
tivity was very high in Mar
h 2012. There were four geoe�e
tivesolar �ares asso
iated with Earth-dire
ted 
oronal mass eje
tions (CMEs) during the pe-riod between 5-10 Mar
h. The magneti
 disturban
es in the interplanetary magneti
 �eldprodu
ed two 
onse
utive Forbush de
reases between Mar
h 08 and 13. Both of them wereregistered by neutron 
omponent dete
tor of SEVAN instrument and by the muon tele-s
ope at BEO Moussala. The obtained results are presented showing the level of measuring
apability of the 
osmi
 ray devi
es operating in BEO Moussala.Key words: Cosmi
 rays; CME, 
herenkov muon teles
ope, SEVAN1.Introdu
tionThe Basi
 Environmental Observatory (BEO) Moussala is 
omplex resear
hfa
ility for 
osmi
 ray, atmosphere physi
s and 
hemistry studies. The obser-vatory is lo
ated at peak Moussala (2925 m a.s.l., 42′

17o N, 23′

58oE) withrigidity 
ut-o� of 6.3 GeV. The 
osmi
 ray measurements are performed withwater 
herenkov muon teles
ope [1℄ and SEVAN 
omplex devi
e [2℄ for regis-tration of neutron, high energy muons and low energy parti
les, mainly ele
-trons of se
ondary 
osmi
 rays. There are registered three Forbush de
reasesdue to the strongest in last seven years Solar eruptions during the period of8th-15th Mar
h 2012. The obtained results are 
ompared with satellite datafrom NOAA sour
es and 
on�rmed by other SEVAN network dete
tors andneutron dete
tors.The Forbush de
rease (FD) is variation in density and anisothropy of
osmi
 rays intensity due to disturban
es 
aused of solar wind [3℄. FD are
lassi�ed in two types - re
urrent and Non-re
urrent. When FD has slowand time-dependent symmetri
 trend it is assumed as re
urrent. This e�e
tis supposed to follow 
orotating high speed solar wind �uxes [4℄. The Non-re
urrent FD is 
onsequen
e of short in time interplanetary events 
aused bysolar �are. The trend is sudden and sharp for less than a day, then slowlyrestore to normal values.2.EquipmentThe fully operating 
osmi
 ray equipment of BEO Moussala 
onsists of Muonteles
ope and SEVAN 
omplex devi
e. The Muon teles
ope produ
es results ofhard 
harged 
omponent, separated in dire
tional positions - verti
al, South-North, North-South, West-East, East-West. The �ux intensitying interval is15 se
onds. The Sevan equipment measures parti
le �ux variations, separatingBulgarian Astronomi
al Journal 18(2), 2012
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harged and neutral 
omponent. The �ux intensity time intervalis 1 minute. However, for purpose of this paper we sele
ted to use only neutrondata from SEVAN devi
e, due to availability of more detailed and pre
isemuon data from muon teles
ope.2.1. Muon Teles
opeThe muon teles
ope was spe
ially developed and 
onstru
ted for BEO Mous-sala observatory of the Institute for Nu
lear Resear
h and Nu
lear Energy -BAS. The 
ontinuous measurements began in August 2006 [1℄. The teles
opeis operational for 
ontinuous measuring the intensity of the muon 
omponentof the 
osmi
 rays and data are used for exploring its variations and possible
orrelations with environmental parameters. The a

ura
y of the teles
ope is
0.27% [1℄ in verti
al dire
tion and better than expe
ted be
ause of the highermuon �ux intensity at this altitude.

Fig. 1. Muon Teles
ope.The teles
ope is 
onstru
ted with 8 water Cherenlkov dete
tors 
onne
ting12 
oin
iden
e 
hannels. Ea
h of the dete
tors in
ludes a mirror tank withdistilled water and photomultiplier with preampli�er mounted at its housing(Fig. 1). The dimensions of the dete
tors are 50x50x12.5
m, and the distilledwater layer used as radiator is 10
m. When a 
osmi
 rays muon passes throughthe radiator, Cherenkov light is generated if the energy of the muon is highenough that its speed is greater than the speed of light in the water. Partof the Cherenkov photons rea
hes the photo
athode of the photomultiplier



76 Authors Suppressed Due to Ex
essive Lengthafter multiple re�e
tions from the mirror walls of the 
ontainer. The 2.5 in
hphotomultiplier tubes type FEU-110 or FEU-139 are used.2.2. SEVAN 
omplex devi
eThe SEVAN 
omplex devi
e is a part of the developing SEVAN 
osmi
 raynetwork. The SEVAN dete
tor and the network have been developed in theCRD-YPI of Yerevan Physi
 Institute (YerPhi) as an element of the Instru-ment Development Program for the International Heliophysi
al Year. Thedevi
e that operates in Moussala is installed in 2008 in 
olaboration betweenYerPhi and INRNE [5℄. The dete
tor works permanently sin
e then. One ofthe major advantages of this multi-parti
le dete
tor is simultaneously mea-surements of basi
 
omponents of the se
ondary 
osmi
 �ux initiated by pri-mary parti
les in the terrestrial atmosphere.Fluxes of neutrons and gammas,
harged 
omponents of low energy and high energy muons are measured by abasi
 dete
tor of SEVAN network. The obtained diverse information gives theopportunity to estimate the energy spe
tra of the highest energy solar 
osmi
rays and distinguish as very rare events of dire
t solar neutron dete
tion.

Fig. 2. SEVAN Teles
ope.
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tion of the SEVAN dete
tor is based on three plates of 50x50x5
m plasti
 s
intillators slabs separated by lead absorbers. The middle plate
onsists of 5 plates 
onstru
ting thi
k assembly. This part is en
losed as 'sand-wi
h' from up and down by lead absorbers and thin plates of 4 s
ientilatorsin parallel. The neutral parti
les pass through upper plate and due to nu
learrea
tions stop at ti
k assembly. The signal in thin plates registers 
hargedparti
les - the 
oin
iden
e in upper and low plate is a result of muon traversal(See Fig. 2).3. Data veri�
ationFor purpose of this study we used a real time short data series en
losed inMar
h 2012 measurements only. It is the time period approximately starting1 week before CME arrival on earth and 1 week after spa
e weather return toresting mode. In addition, the SEVAN devi
e is run out of operational modein the end of month. The sele
ted data set is su�
ient for registration reportin 
omparison for both hard and neutral nu
lear 
omponent of se
ondary
osmi
 rays during events.Moreover, the raw data used for resear
h 
onsist of uninterrupted time se-ries - 1 minute neutral parti
les data from SEVAN and 15 se
onds intervals fordi�erent dire
tion 
oin
iden
es from Muon teles
ope. The raw measurementsdata is available in real time and stored in spe
ially dedi
ated data server.However, the 
ontrol of data quality is established for data veri�
ation before�nal data set to be performed. The pro
edure used for data veri�
ation di�ersfor both devi
es due to devi
e operational possibilities. The muon teles
opeprodu
es operational 
ontrol meta data in addition to raw measurements.Assuming any operational problems, the 
orresponding measurements are re-moved from operational data set. Conversely, the SEVAN does not supportreal time meta data produ
tion and this step is removed from data qualitypro
edure for it.In next step neutral and muon data undergo data �ltering for severe dataoutliers. This pro
edure removes all items outside the 3σ 
on�den
e intervalof estimated value for ȳ from time series
y1, y2, ...yn (1)where n is index for one hour ba
k in time. The most and very distant datafrom lo
al 1 hour time series is removed with �ltering. The statisti
al e�e
t islower data deviations with trade-o� of data removal in theoreti
al estimationof removal of 2 re
ords in 6 hours data set for neutral parti
les and 4 for 3hours measurements for muon data (See Fig. 3).The data is thermodynami
ally 
orre
ted with 10 minutes pressure datafrom Vaisala meteorologi
al station. The 
alibration 
oe�
ients are 
al
u-lated over all data ex
ept this during the spa
e weather disturban
es fromMar
h 8th and 15th.For pressure 
alibration we used General Linear Models(GLM). In proposed GLM model we assume that every dependent variable

ȳ is generated from a parti
ular distribution in the non-linear family. Thenthe expe
ted value µ = Ey and variation Dy are dependent on link fun
tion
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g(µ) of linear predi
tors X with β regression 
oe�
ients. The mean value forexponentially distributed data is:

Ey = µ = g(βX)−1 (2)
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Fig. 3. Graphi
s of raw and �ltered data for neutral parti
les measured with SEVAN forthe period Mar
h 1- Mar
h 25 2012. The �rst hour of Mar
h 1 is missing from �ltered datadue to �lter 
alibration.In �nal step the data �u
tuation and trend are �tted by 3 minute two-side exponential smoothing. The newly estimated values show trend in solarevents produ
ed by weighted in time period distan
e t = τ with 
oe�
ients
λ:

x(t = τ) = λ0∆xτ + λ1∆xτ−1 + ... (3)
λi = α(1− α)i; where 0 < α < 1 (4)
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ted α = 1/3 is 
loser to 0 than 1 for the purpose for higher weightof the 
losest in time interval values, than the distant. In �nal 
omputationdata is normalized for the whole period. Finally we normalyzed data withaverage value for whole period. In this way we present general 
omparison ofintensity �ux levels.The data stability di�ers for devi
es. The Muon teles
ope is measuring on15 se
onds and data is �ltered with this time resolution. The smaller intervalsand larger in size time series redu
e error with magnitude of ∝ 1√
(n)

. Theresults for verti
al muons and SEVAN neutrons are 
on�rmed by larger 3σ
on�den
e intervals. A

ording to this we used 3σ intervals to estimate levelsof a

eptan
e. But the magnitude of intensity variation for dire
tional muonsis lower 
ompared to verti
al ones. All data is presented by value and lowerand upper intervals for normalized data.4. Overview of NOAA observations and CME eventsBelow brief satellite information for CME events is provided. The sour
e forthis information is Spa
e Weather Center of NOAA [6℄. A

ording to satelliteinformation the solar CMEs begun in very early hours of Mar
h 5th. The �rstlargest solar event started on 0230 UTC, peaked at 0409 UTC and de
ayed at0433 UTC. It was 
lassi�ed as X1/2B solar �are and its dire
tion was towardsEarth. Then there was another 15 large solar �ares with 
lassi�
ation M orX during the periods of Mar
h 5-7 and Mar
h 9-10. But only 3 of them weredire
ted to earth - X5/3B Mar
h 7, peaked at 0024UTC; M6 Mar
h 9 peaked0353UTC; M8 Mar
h 10, peaked at 1444 UTC [6℄.The X1/2B CME arrived at Mar
h 7th following sudden geomagneti
impulse.The following X5/3B CME arrived at the Earth on Mar
h 8 andimpa
ted geomagneti
 �eld on 1105 UTC. The CME persisted with strongstorms 
aused by Interplanetary magneti
 �eld (IMF) during Mar
h 9. Theweather started to 
alm in next two days. The M8 event from Mar
h 10rea
hed Earth on Mar
h 12 midday with high solar wind speed (775 km/s).The IMF also in
reased to 28 nT during CME arrival. Another geoe�e
tiveCME was observed after sudden sho
k of 27nT on Mar
h 15th. This stormwas brief, but with very high wind speed of about 800 km/s. The probabledate of sour
e is any of M 
lass events of Mar
h 14th [6℄.5. Results and dis
ussionThe X5/3B CME solar event is registered with high statisti
al signi�
an
e byForbush de
rease. The registered Forbush de
rease was non-re
urrent withvery large magnitude larger that 8%. The �rst sign was dete
ted as shortweak de
rease after 0830UTC followed by qui
k resume after 30 minutes. Theevent begun shortly after CME arrival at about 1130 UTC for both - neu-trons and muons. The parti
le �ux intensities started to de
rease afterwardsuntil 2100UTC when Forbush de
rease turned to signi�
ant and permanent.The extreme low values due to Forbush de
rease were registered at level of((0.9158± 0.0246) at 2240UTC for neutron and (0.9377± 0.0102) for muons)
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essive Lengthat 2231UTC for muon �ux intensity. Then the �ux intensities varied in next 24hours, �u
tuating with lower than normal magnitudes of �ux intensities. Se
-ond very short sharp parti
le fall was registered at 0403UTC for neutrons and0341UTC for muons. The measured intensities are (0.9562±0.0104) for muonsand (0.9158 ± 0.0248) for neutrons. The intensity 
ontinues to vary rea
hinganother three signi�
ant steep extreme de
reases in next 18 hours. Four sig-ni�
antly deep low extreme values were registered at 0635UTC,1727UTC,1949UTC and 2056UTC for neutrons and 0640UTC, 1726UTC,1937UTC2117UTC for muons. Afterwards the parti
les �ux intensity started to in-
rease to normal values at the end of Mar
h 09. All signi�
ant �ux intensityde
reases are shown in Table 1 1.Table 1. The largest measured intensity steep de
rease (Normalized)Date Time[UTC℄ Neutron [%] Muon [%]2012-03-08 2235 0.9158 ± 0.0246 0.9377 ± 0.01022012-03-09 0400 0.9158 ± 0.0248 0.9562 ± 0.01042012-03-09 0635 0.9285 ± 0.025 0.9584 ± 0.01032012-03-09 1735 0.90385 ± 0.0243 0.9504 ± 0.01032012-03-09 1940 0.933 ± 0.0252 0.9511 ± 0.01032012-03-09 2100 0.9231 ± 0.0248 0.9504 ± 0.0102The �ux intensity was elevate to normal with 
oin
iden
e with spa
eweather until arrival of M8 solar �are. The measured parti
les started tode
rease slowly about late midnight on Mar
h 12 and persisted until mid-day on next day, Mar
h 13th. The extreme attenuation was measured in13/0138UTC for Muon and 13/0133UTC for neutron 
omponent. The geo-e�e
tive CME amplitude was smaller 
ompared to the X5/3B CME. Therewas only (0.96± 0.0103) de
rease for muon and (0.925± 0.024) for neutrons.The FD was re
urrent with sudden qui
k attenuation. The total attenuationwas less than 3% . It was very short in time and lasted less than 12 hours.This explains the very low error.The CME from mar
h 15th produ
ed very brief event with small attenua-tion less than 2% with lower amplitude 
hange to (0.9738±0.0106) for muonsand (0.9575±0.0258) for neutrons. The event was very short and lasted aboutan 6 hours and fell to lower intensity at 2008 UTC for muon dete
tor and1854UTC for SEVAN data. The low magnitude and error intervals do not giveserious 
on�rmation for reality of registered CME event. Another reason forthis is asyn
hronous in time of 2 hours in the lowest intensities registrationfor muon and SEVAN. The data with 30 minutes averages for verti
al muonand SEVAN neutron �ux intensities for observed period are shown in Fig.4.The possible e�e
t when Earth dire
ted CMEs solar wind travels is gala
-ti
 
osmi
 rays 
ut-o� due to IMF disturban
es. This magnitude of 
osmi
ray solar modulation variations depend on dire
tion and speed of solar windwhi
h 
onsists of plasma of low energy protons and ele
trons. As a result theparti
les entered to the Earth are with lower density with energy su�
ient torea
h ground level. The Forbush event followed X5/3B �are lasted for morethat 2 days, de
rease was deep but slow and has two signi�
ant plateau on
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Fig. 4. 30 minute averages for neutrons and muons measured at Moussala. The neutronsare measured by SEVAN equipment for period Mar
h 1 0000UTC until Mar
h 25 2359UTC.The data from muon teles
ope is for period 0000UTC until Mar
h 30 2359UTCMar
h 8 and Mar
h 9th. We assume this FD as re
urrent due to CME sho
kwaves. The next M8 �are event registered on Mar
h 13th has qui
k sharpde
rease and follows signi�
ant solar wind. It is assumed as re
urrent event.The last event on Mar
h 15th is 
onne
ted to very high wind speed.The anisotropy is investigated with east-west e�e
t during the X5/2BCME, registered on late Mar
h 8. The Forbush de
rease was registered in east-west(EW) dire
tions with di�erent magnitude. East-west 
oin
iden
es low-ered at 2124UTC to (0.9438 ± 0.0133)% 
onversely to lower West-East(WE)magnitude (0.9851 ± 0.0139)% at 2119UTC. The �rst important noti
e ondire
tional measurements is that FD de
rease amplitudes are lower than 5%for EW dire
ted and less 4% for WE. This is be
ause longer path of traverseof 
harged parti
les in dire
tional measurements 
ompare to verti
al. Thisresults to measurements of se
ondaries of 
osmi
 parti
les with higher energywhi
h are less dependent on magneti
 �eld disturban
es.
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essive LengthAnother important noti
e is that measured lower values for dire
tionalmeasurements are asyn
hronous in time with verti
al dire
ted parti
les. Thereis only one 
oin
iden
e in time between extreme low values between verti
aldire
tion and EW and WE measurements. This is steep de
line at 1739UTCfor WE and at 1744UTC for EW dire
tions. The magnitudes are (0.9346 ±
0.0132)% for EW and (0.9489 ± 0.0132)% for WE dire
tions. There are twosigni�
ant falls in WE dire
tion at Mar
h 9th and three for EW dire
tion. Thepossible reason for asyn
hronous in time registering the extreme low valuesare large period when CME persisted and possible statisti
al �u
tuations dueto diurnal 
ir
les and atmosphere perturbation through parti
le traverse. Allof them are shown in 2.Table 2. Dire
tional intensity steep de
reases (Normalized)Date Time[UTC℄ Dire
tion Muon [%]2012-03-09 0128 EW 0.9138 ± 0.01332012-03-09 0003 WE 0.9488 ± 0.01322012-03-09 0259 WE 0.9244 ± 0.0132012-03-09 1201 EW 0.9401 ± 0.01352012-03-09 1529 EW 0.944 ± 0.0134The M8 solar �are was dete
ted with lower statisti
al signi�
an
e due tolower de
rease magnitude. The trend was symmetri
 and the lowest valuesare registered with more than 1 hour advan
e in EW dire
tion at Mar
h 13th0530UTC with magnitude (0.953±0.0135). The lowest value for WE parti
le�uxes is measured at 0752 UTC with (0.9488 ± 0.0132)%. For the supposedevent on Mar
h 15th there was dete
ted faint attenuation at WE dire
tionwith amplitude (0.9758± 0.0138)% at 1900UTC. The EW de
line was insidethe statisti
al error and is at (0.9755± 0.0138) at 1906 UTC. The de
line forboth dire
tions lasted very shortly to about 90 minutes and were very 
losein time. The WE and EW data series are shown in Fig. 5.6.Con
lusionThis paper reported in brief the registered solar �are events at BEO Mous-sala. The results managed to generate statisti
ally signi�
ant results for solar�ares in the period 5-10 Mar
h 2012. In addition it pointed out supposedFD de
rease after strong spa
e wind in Mar
h 15th 2012. This paper shows,that the analysis of FD overview 
ould be performed very soon after eventground dete
tion with quite signi�
ant pre
ision. The development of datatreatment and �ltering pro
edures are good basis for pra
ti
al systemati
real-time resear
h of spa
e weather events.Referen
esAngelov I., Malamova E., Stamenov J., 2008, Sun and Geosphere,3(1): p.20-25; MuonTeles
opes at Basi
 Environmental Observatory Moussala and South-West UniversityBlagoevgrad.
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Fig. 5. 30 minute averages for East-West dire
ted muon �uxes measured in Moussala. Thedata from muon teles
ope are for period 0000UTC until Mar
h 30 2359UTCA. Chilingarian and A. Reymers½ 2008, Ann. Geophys., V. 26, p.249-257; Investigationsof the response of hybrid parti
le dete
tors for the Spa
e Environmental Viewing andAnalysis Network (SEVAN).Belov A., Eroshenko E., Oleneva V., Struminsky A., and Yanke V., 2001, Advan
es inSpa
e Resear
h, V. 27, No. 3, p.625-630; What determines the magnitude of forbushde
reases?Cane H. V., 2000, Spa
e S
ien
e Rev., 10, p.41-62; CMEs and Forbush de
reases.Chilingarian A., at al,.., 2009, PROCEEDINGS OF THE 31st ICRC, Å��ODZ 2009;NewParti
le Dete
tor Network for Solar Physi
s and Spa
e Weather resear
h.http://www.swp
.noaa.gov/


