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Abstract Thefirst GroundLevelEnhancemen{GLE)f solar cycle 24 was recordedon 17 May 2012 In this work we try to identify the accelerationsourceof energetic
protons by combiningin situ particle measurementsdrom GOESL3, and solar cosmicrays registeredby severalNMs, as well as remote-sensingsolar observationsfrom
SDO/AIASOHO/LASC@nd RHESSTothis end, we derivethe interplanetarymagneticU S {INRF)path lengthand solarparticlereleasetime and we alsopresenttime-shifting
analysig TSAYor the first arrivingparticlesthat were detectedat Earthby NMs We demonstratethat the IMFdirectionwassuchthat the NMsthat were better connected as
derivedby the particlesasymptoticdirectionsat 1-2.5 GVrigidity range,were Oulu (0.80 GV)and Apatity (0.65 GV)resultinginto a prompt andfastrise in their countingrate.
Furthermore,we discusamodelingresultsfor GLE1 (i.e. spectrum,pitch-angledistribution and direction of anisotropy)obtainedby the data madeavailableviathe Neutron

Monitor Databas§ NMDB)
Background information of GLE71:

o On17 May 2012 the main sunspotgroupwasactiveregionARL1476 It produceda mediumsolarflare (M5.1),

which started at 01:25 UT and peakedat 01.47 UT The flare was accompaniedoy a halo CME SOHO/LASCQ®

pinpointedthe beginningof the CMEat 01:48 UT lIts linear speedwasevaluatedto be 1582km s! [Gopalswamyet
al., 2012 2013. Typelll radio burst that signifiedthe releaseof relativisticelectronsinto open magneticfield lines
wasspotted by STERE®@ and B and alsofrom Wind at L1. Theelectromagneticemissionsstarted at around01:33
UTandendedat 01.44 UT[Papaioannouet al., 2013. Thetype Il burst, indicatinga shock wasrecordedby STEREC
A and Wind at 01:.40 UT, but was not seenby STERE®. Signaturesf this event were clearlyseenin hard X-ray
(HXRemissiondLiet al., 2013. GLE1 is the first eventthat hasbeenrecordedby multi-spacecraftat 1 AU (e.g.
STERE(geeHeberet al., 2013. Detallsof the backgroundactivity canbe seenin Figurel.
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Figure1l. TheMb5.1 solarflare, together with soft X-rays, CME/LASCQ3 and Wind/Wavesrecordings(upperright
figure). PFS3$nodeledcoronal magneticconfigurationsof the AR11476 (middle upper left panel) and two-ribbon
flare in SDO/AIAL600 A (middle upper right panel), overlaid with the RHESS3HXRsources Radiospectrograms
recordedby the SWAVE$strumentsonboard STERE® (top panel), STERE® (middle panel),and Wind/WAVES
(bottom panel)

o Timingof SEPs/GLEsIth respectto flare emission(e.g., hard X-ray production, type Il radio bursts) and CME
signatureqe.g., type Il radio bursts)is generallya tool for identificationof particlesaccelerationsource

Neutron Monitor recordings: o
o The rapid rise as shown by the APTYand

OULUNM intensity time-profile (Figure 2; top
panel) indicates that relativistic protons had
reasonableaccessto the SunEarthconnecting
field lines

o Inspection of the NM data from various
stations around the world showed that the
eventwasrecordedby NMswith a vertical cut-
off rigidity up to ¥ 2 GV, indicatingthat there
were particleswith this vertical cut-off rigidity.
TheMoscowNM, with a vertical cut-off rigidity
of 2.43 GV, recorded an increaseof marginal
significancethat may or may not be related to
GLE L Thereforethe rigidity of the particlesdid
not exceedthis threshold [Papaioannouet al.,
2013.

o0 The APTY and OULU NMs have similar
viewing directions, which are very closeto the
nominal sunward direction (as is indicated by
the empty-circle sign in Figure 2; bottom
panel). The SOPOand FSMT NMs present
viewing directions close to the nominal anti-
sunwarddirection (indicatedby the plussignin
Figureb). The APTYand OULUNMs observedan
earlier onset and exhibited a more rapid rise
thanthe SOP@GNdFSMTNMs

Figure 2. Top panel A The groundlevel enhancementof
17.05.2012(GLE1) asit wasrecordedoythe OULUDblue),APTY
(gray), FSMT(brown), and SOPQgreen)NMs. A zoom of the

Data driven analysis of GLE71:

- Velocity Dispersion Analysis (VDA):
o Proton data in the energy range of y31 ¢ 433 MeV
obtained by GOESEvidently, GOES.3 hasrecordeda fast
risein the flux of non-relativisticsolar protons, followed by

a slower decay, which was still ongoingon 2012 May 18
(Figure3) (Lietal., 2013.

Figure4. Thestraight line
IS the linear regressionto
the observations The
Interceptiongivesthe SPR
time and the slope
correspondsto the IMF
path length. The SPR
times of electrons and
protons are marked by
triangleson the time axis

o Velocity dispersionanalysis(VDA)(Figure4) is basedon

determiningthe onsettimes of the event at a number of

_ _ _ _ _ energiesand presentingthese onsettimes as a function of
Figure3. Topleft panet Differentialprotonintensity  he inversevelocity of the particlesat respectiveenergies

profiles detected by the GOESL3 in four energy  Theyelocitydispersionequationat 1 AUcanbe written as
channels(30.6-433 MeV); Bottom left panel SCR

Increasegecordedby four NMs (SOPBSOPOAPTY,
OULU)

- Time-Shifting Analysis (TSA):

o Time-shifting analysis(TSApeenperformedfor the particlesof the APTYNM that presentedthe earliestonset
time aimingat the identification of the relevantsolarevents We havecalculatedthe length of the nominal Parker
spiralandassumedscatterfree propagationof the nearrelativisticprotons(seePapaioannouet al., 2013.

o Thealow-endenergylimit of particlesrecordedby a

NM stationis AGV(i.e. 433 MeV). Thecorresponding
mean velocity for such relativistic protons would be

u=0.73c.

o APTYNM station and obtainedt,, ..~1:50 UT. The
travel time of the relativistic protons of C1 GV was
calculated to be @3 min and the corresponding
anticipatedSRTs 1:.45UT

Modeling GLE71.

Figure 5. Left panel
Derived spectra of
RelativisticSolar Protons
(RSP)Right panel Pitch
angle distribution for the
three momentsof time.

0 Modeling has shown
that at ~ 90° pitch angles
an intensity gap Is

present

0 An exponential form

of the spectrumis being
derived for RSP

Conclusions: [Vashenyulket al., 2013.

0 GLE1 is the first GLEof solar cycle 24. It is the result of a mediumstrength solar flare (M5.1) and its
correspondingCME Theimportanceof this eventliesin the fact that sofar it isthe only GLEof solarcycle24, which
underlineshow modest,in terms of solaractivity, this solarcyclehasbeensofar.

0 TheGLEprotons injectiontakesplaceat 01:39f 00:02UT[01:47 UT, adding8.33 min] (asdeducedby VDA) their
Injectiontime is in accordancewith the type Il radio burst (at 1:40 UT)and the prominenceeruption, whichdrivesa
high speedCME[the shockof the CMEwasformed at f4Rsat 01:48 UT], the data driven analysis(VDA& TSA)f
GLBErotonshasshownthat most probablythose are acceleratedoy the CMEdriven shogk

0 Modelingresultsof GLE1implythat GLEprotonsof the prompt phaseexperiencedscatterfree propagation

A possible scenario for GLE71

2222 CF:)SI?)SreC(())fdShzslbaesef’lh:p\glziiesdr)effgrrl?eOCZII_tJL%IZt?Oe ONZI\/CI)SES(3.|6. oThe SOPONM (to_gether_with SOPB¢ not &) [b] Facts SOPONM is looking closeto the anti-sunward direction
BN . . . . shown), although shifted slightly further from and yet recordsthe highestincrease[Papaioannouet al., 2013;
Bottom panel Viewing directionsof neutron monitors in the the nominalsunwarddirection and closerto the Thereis a blob of hot plasmaprecedingthe CMEat ~ 40 min
GSEcoordinatesat 01:50 UT on 17 May 2012 Geomagnetic anti-sunward one recorded the most intense [Gopalswamyet al., 2017; A scenarioof CMECMEinteraction
conditionswereslightlydisturbed(Kp=2; DstA34 nT) flux during GLEZ1 hasalreadybeenproposed[Shenet al., 2013.
Result Particlesshouldeither be confinedinsidea loop [b] or
Gopalswamyet al., SH21/2180, AGU FallMeeting,02012 Gopalswamyet al., Ap.)JL Letters;#652030)2013 mirrored becauseof an ejectadriven shock[a] [Ruffoloet al,
Heber etal,,:3% ICRC;2013 Li et al,,/Ap. J.7 770,434 20 L3PapaioannoLet al., Sol. iPhys.pDOI001007/s112013-0336-2, 2013 200qg. Evidenceshould be searchedfor in the pitch-angle
Rufolloet al., Ap.1J.5689; 118@006> Shenet al., Ap. 1,,763,114, 2013 > Vashenyulet al., 33¢ |ICRC;2013 From Ruffolo et al., 2006 distributionsof relativisticelectrons
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