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The Solar Slap (75 points)

Please read the general instructions before you start this exam.

Solar Cycle 25 is heating up! It began in December 2019 and will peak in 2025. The start of a new cycle
means there will be increasing solar activity until roughly mid-2025. One direct consequence of such
activity is the more frequent occurrence of solar flares, which are intense bursts of radiation observed
near the Sun’s photosphere and low-corona. Solar flares are sometimes accompanied by coronal mass
ejections (CMEs), which expel coronal plasma into interplanetary space.

We are living in a golden age for solar astrophysics. In addition to entering a period of high solar activity,
we also have new solar telescopes that will allow us to study the Sun as never before. One of these
telescopes is the Parker Solar Probe (ParkerSP), the first spacecraft in history to fly into the low solar
corona. The ParkerSP has a somewhat eccentric orbit (€=0.88) and will approach the Sun as close as 7
million km (~10 solar radii) on its final orbital perihelion (in 2025).

Just recently, on May 28, 2021, a C-shaped CME was detected by the solar space telescope SOHO (located
at a distance of 1.5 x 10° km from Earth, around the Sun-Earth L1 Lagrange point) by means of the
onboard LASCO coronographs. The solar eruption generating the CME occurred at 22:19 UTC with an
ecliptic traveling angle of 55° (with respect to the Sun-Earth line), heading directly towards the point
where ParkerSP was located. Figure 1 shows a sequence of three consecutive images made by NASA,
highlighting the evolution of the CME, from the onset to the moment it reaches the ParkerSP.

Assume that all spacecrafts are exactly on the ecliptic plane and the images here show a top view of the
ecliptic plane.
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Figure 1: Sequence of images displaying on a heliospheric density map, the evolution of a
CME that had its onset on May 28, 2021 at 22:19 UTC. The images show the location of the Sun
(center) and of Earth (at 1 AU = 1.5 x 10® km from the Sun) and the spacecraft ParkerSP. Note
that the CME front impacts the ParkerSP in the last image of the sequence. The angle formed
by Earth-Sun-ParkerSP is 55°.
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Part 1 (30 points).

1.1 Using the JHelioviewer software find the CME which occurred on May 28, 2021,  10.0pt
by selecting images from the Solar Dynamics Observatory (full disk) and the
SOHO-spacecraft coronographs LASCO-C2 (imaging from 2 to 6 solar radii) and
LASCO-C3 (imaging from 3.7 to 30 solar radii), as shown in Figure 2. Indicate, in
a table, the date and time of each image that you have used.
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Figure 2: Exploration of solar data for May 28, 2021 with JHelioviewer.

1.2 Use a selection of images to measure the distance of the CME front from the  10.0pt
Sun in km.

13 Extend the table of data (that you constructed in previous part) to include 10.0pt
+ Date and time (as reported in 1.1)
+ Distance of CME front from the Sun in km (as reported in 1.2)
* Cumulative velocity in km/s (e.g. if you are at the 4th image, the mean
velocity between onset of CME until the time of the 4th image),
+ Velocity per time interval in km/s (e.g if you are at the 4th image, the mean
velocity of CME between the times of the 3rd and 4th image).

Make this table in the working sheet.

Note: Both the velocities are to be calculated with respect to the Sun.
Do not forget to label each of the columns of your table accordingly.
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Part 2 (15 points).
2.1 Make distance-time and velocity-time graphs (for both cumulative and velocity  15.0pt

per time interval) using the measured and calculated data from your table.

Part 3 (10 points).

3.1 Considering that the CME moves at constant speed for distances larger than30  10.0pt
solar radii, estimate the velocity (in km/s) of the CME front when it impacts the
ParkerSP, and the time (in hours) it takes to do so from its onset.

Part 4 (10 points).

From the following statements, mark which are TRUE and which are FALSE.

41 If we keep decreasing the time interval between successive images, the preci-  2.0pt
sion of measurements of the evolution of the CME and the calculated physical
parameters will always keep increasing.

4.2 A more accurate analysis and measurements of the CME evolution should con-  2.0pt
sider the differential rotation of the Sun, and therefore the calculated velocities
will be affected.

4.3 Any software (numerical) misalignment among the images when creating the  2.0pt
mosaic will have direct effects on the precision of the calculations.

4.4 The different assumptions made in order to construct the model displayed in  2.0pt
a heliospheric density map in Figure 1, may affect the estimation of the Sun-
ParkerSP distance.

4.5 The interaction of the CME-front with the remnant dust left by the 2019 Borisov ~ 2.0pt
comet broadens and diffuses the images. This reduces the contrast in the im-
ages, substantially increasing the uncertainty in determining the CME-front and
its propagation.

Part 5 (10 points)

5.1 The CME front carries a large number of protons and alpha particles. Calculate  10.0pt
the energy (in eV) of a single proton and a single alpha particle as measured by
the Solar Wind Electrons Alphas and Protons (SWEAP) instrument on board the
ParkerSP. Consider only the mechanical energy of the particles resulting from
the propagation of the CME front, neglecting all other forms of energy.

Tools:
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The JHelioviewer software (https://www.jhelioviewer.org/download.html) can be used to explore solar
data from several solar telescopes as shown in Figure 2. Using the graphic interface, you can select an
observing data (Observation Date) and upload multiple solar images by adding layers (AddLayer). Using
the option, you can inspect a sequence of images to study the evolution of an eruptive event. By moving
the cursor you get the information about the coordinates where you are located (in arcseconds) with
respect to the center of the Sun (x:0” y:0”).
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ConHe4yHasn nowieymnHa (75 ouKkoB)
MoxxanyncTa, NnpounTarite obLMe NHCTPYKLMN Nepes Hadaiom paboTbl.

25-1 conHeuHbI umkn HabrpaeT o6opoThl! OH Havancs B fekabpe 2019 roga, 1 CONHeYHast akTUBHOCTb
6yAeT pacTv npMmMepHo Ao cepeauniHbl 2025 roga. Yem BbiLle COTHeYHast akTUBHOCTb, TEM Yallie MPOUCXO-
AAT CONHeYHble BCMbIWKN — MHTEHCUBHbIE BCMAECKN U3NyYeHWs], BO3HMKatoLWwme B obnactn dotocdhepsl
N HUXKHE YacTn KOPOHBbI. MIHOrAa conHeuHble BbIMbIWK/A CONPOBOXAAOTCA BbIOpOCaMm KOPOHaAbHOM
nnasmel (CME) B MexxnnaHeTHoe NpOCTPaHCTBO.

Mbl XX1BEM B 30/10TO BEK COTHEYHOW acTPOPU3NKM: BCTYMas B Nepuroj BbICOKOV COTHEYHOW aKTUBHO-
CTW, Mbl IMEeM HOBble MHCTPYMEHTbI, KOTOpble NO3BONAT M3y4daTb COMHLE KaK HUKOraa paHblue. OguH
13 HUX — Parker Solar Probe (ParkerSP), nepBblIii KOCMUYeCcK1iA annapaTt B UCTOPUK, KOTOPLIA noaeTten
B HVXKHIOK YaCTb COIHEYHOWN KOPOHbI. ParkerSP 1MeeT BbITAHYTYIO OPOUTY (SKCLLEHTPUCUTET & ~ 0.88)
1 Npn6an3nTca K CoNHLY Ha paccTosiHMe 7 MUIZIMOHOB KM (~ 10 CONHEeYHbIX pagnycoB) BO Bpems Mpo-
XoXAeHunsa nocnegHero nepurenvs (B 2025 roay).

CoBceM HepaBHo, 28 mas 2021 rosia KOpoHasnbHbIN Bbibpoc Maccel (CME) B popme bykBbl «C» 6bin 3ape-
rMCTPMPOBAaH COMIHEYHbLIM KOCMMYeckuM Teneckornom SOHO (pacnonoXeHHOM OKOJ/10 ToYKK L, Ha pac-
CTOAHMM 1.5 x 10° km OT 3emMnun) ¢ NoMoLLbio 60pToBOro kopoHorpada LASCO. MopogmBLuee BbIGPOC CO-
6bITMe Nnpomnsowno B 22:19 UTC. Bbibpoc nponsowwén nog yrnom 55° Kk HanpaeneHuto ot CosHua K 3emne
N MPAMO K ToYKe, rae Haxoguncsa ParkerSP. Ha puc. 1 nokasaHbl Tpy nocieAoBaTeNbHbIX N306paXxkeHNH,
caenaHHbix NASA, KoTopble nokasbiBatoT aBostouuno CME oT dopMupoBaHms A0 MOMEHTa AOCTUXKEH S
ParkerSP.

npe,ﬂ,l’IOI'IO)KI/IM, YTO BCE KOCMUYeCKMe annapaTtbl HAX0A4ATCA TOYHO B NMJIOCKOCTU SKNTUNTUKNA; |/|3o6pa>Ke—
HUA NPeacTaBaaoT BUA «CBEPXY» Ha MTOCKOCTb SKNNMTUKW.

O Earth W ParkerSP

AT = —3.4° Ecliptic Plang . 20W902 LAT = —3.4° Ecliptic Plane, 2089021 LAT = -3.4°

.........

Puc. 1. MocnegoBaTeNlbHOCTL KapT NIOTHOCTU BellecTBa reanocdepsl.
asontouna CME, chopmumpoBasLuerocs 28.05.2021 B 22:19 UTC.

Ha un3o06bpaxeHusix nokasaHo pacrnonoxeHuve ConHua (B LeHTpe) 1 3emaun (Ha paccTos-
HUNM 1 au ~ 1.5 x 10% km oT CoNHLA) 1 KoCcMUYeckoro kopabns ParkerSP.

O6bpaTtute BHUMaHWe, 4to ¢poHT CME pgoctur ParkerSP Ha nocnegHem m3obpaxeHuw.
Yron 3emna-ConHue-ParkerSP paseH 55°.
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Yactb 1 (30 6annos.)
1.1 Ncnonb3ysa nporpammy JHelioviewer, npocnegute 3a onucaHHelM CME, npo-  10.0pt

n3oweawinm 28 masa 2021 roga, COBMeCTUB N306paxeHus, NoayveHHble Solar
Dynamics Observatory (nonHbiii gnck ConHua) n kopoHorpadpos SOHO LASCO-
C2 (yywacTok OT 2 A0 6 coniHeuHbIX pagunycos) n LASCO-C3 (yuacTtok ot 3.7 go 30
CO/IHEYHbIX PajuyCcoB), Kak MOKa3aHOo Ha puC. 2. YKaxunTe B TabNYHOM Buje
AaTy 1 BpeMs UCMNOJ/Ib30BaHHbIX N306paxeHunia.
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Puc. 2. N3yueHne nsobpaxeHnii ConHua 3a 28 masa 2021 B nporpamme JHelioviewer

1.2 Ansa Kaxaoro 13 BbIOpaHHbIX N306paxeHWin onpegennTe renvoueHTpuyeckoe  10.0pt
pacctosHue ¢poHTa CME B kKnnomeTpax.

1.3 JononHute Tabnuuy 13 nyHkTa 1.1 cnegyowmmMmm ceBefeHnaMm ans kaxaoro ns  10.0pt
n306paxeHuni:

+ Date and time. JaTa n Bpems (onpegeneHsbl B NyHKTe 1.1)

+ Distance of CME front from the Sun. lennoueHTpu4yeckoe paccTtosiHue
¢poHTa CME B KM (OnpegeneHo B nyHkTe 1.2)

+ Cumulative velocity. KymynaTMBHas CKOpoCTb B KM/C (CpeAHsIs CKOPOCTb
dpoHTa CME o1 chopmupoBaBLuero CME cobbITUSt 4O MOMEHTa CbEMKMN
JaHHOTo n306paxkeHus),

* Velocity per time interval. IHTepBanbHasa CKOPOCTb B KM/C (CpefHssa CKo-
pocTb ppoHTa CME Mexay MOMeHTaMU CbEMKW NpeablAyLLero U JaHHOro
n306paxeHus).

Cpenalite 3Ty Tabnuuy B pabouem nucre.
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YKa3aHue: Bce CKOPOCTU BbIYUCAATCA OTHOCUTEeNbHO CoHLUa.

He 3a6yabTe 03arnaBuUTh KaXkablid ctonbel Tabnmubl!
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YacTtb 2 (15 6annoB)

2.1 MocTpoinTe rpadumkn paccTossHUe-BpeMs U CKOPOCTb-BpeMs (Ana kymynatme-  15.0pt
HOW 1 MHTepPBa/IbHOW CKOPOCTE) NO AaHHbIM TabANLibI.
YacTtb 3 (10 6annos)
31 Mpegnonaras, YTo Ha re/IoLEeHTPUYECKMX PacCToAHMAX bonblue 30 conHey-  10.0pt

HbIX pagnycoB CME aBUXeTCst C MOCTOAHHOM CKOPOCTLIO, OLLeHUTE CKOPOCTh (B
KM/c), c kKoTopoli CME HaneTten Ha ParkerSP, n Bpems (B Yacax), 3a KOTopoe OH
npeoAosien COOTBETCTBYHOLLee paccTosiHME C MOMeHTa cBoero GopMUpOoBaHMS.

Yactb 4 (10 6annos)

[Nns Kaxaoro 13 NpuBeAEHHbIX HUXE YTBEPXAEHWM 0TMeTbTe, UCTUHHO OHO (TRUE) nam noxHo (FALSE).

4.1

Ecnn ymeHbLLaTE BpeMeHHOW MHTepBan Mexay BblopaHHbIMU N306paXxkeHN-
MUK, TOYHOCTb OnpejeneHns napameTpoB 3sontounm CME 6yaeT NoCTOAHHO
ynyyLaTbCs.

2.0pt

4.2

Mpwn aHanunze 3sonwouum CME Heobxogmmo yunTbiBaTh anddepeHumanbHoe
BpalleHve ConHua, 3TO BNSAET Ha BblUMC/IEHHYHO CKOPOCTb ABvxeHuna CME.

2.0pt

4.3

CaBuUr n3obpaxeHni Npy oTo6paxeH MO3auKu B MPOrpaMme Harnpsamyro
BANSIET HA TOYHOCTb PaCYETOB CKOPOCTEN.

2.0pt

4.4

PasnnyHble gonyLueHns, caenaHHble AN MocTPOeHUs MoAenu, oTobpaxaemoi
Ha KapTe MJIOTHOCTU BellecTBa reanocdepsl Ha puc. 1, MOryT MOBAUATL Ha
OLIeHKY rennoLeHTpnYeckoro pacctosHus ParkerSP.

2.0pt

4.5

B3anmogerictene ¢poHTa CME c nbiiblo, ocTaBneHHO komeToll bopucoBa
2019 roga, pa3mMbiBaeT GPOHT BbIOPOCA. DTO CHUXAET KOHTPACT N306paxeHn,
CYLLLeCTBEHHO yBen4YnBas NorpeLHocTy B onpegeneHnn ¢poHta CME n aHa-
NI3e ero pacnpocTpaHeHus.

2.0pt

Yactb 5 (10 6annoB)

5.1

BbI6pOC HecéT 60/bLLOe KOMNYECTBO MPOTOHOB U anbda-yactuu. Beluncante
KVHETUYEeCKY0 SHeprmio npoToHa 1 anbda-vactuubl B CME, KoTOpyo n3sme-
pun nHcTpyMeHT SWEAP (Solar Wind Electrons Alphas and Protons) Ha 6opTy
ParkerSP.

10.0pt

NporpammHoe o6ecneyeHue:

Mporpammy JHelioviewer MOXHO ncnonb30BaTh 415 U3y4eHUs n3obpaxeHnii CoNHLA, NOAYYeHHbIX Ha



Observational Round: Solar Physics

BLR-3 B-1 Q-6
International Olympiad on Astronomy and Astrophysics B LR (Be | a rus)

Pa3INYHbIX COJTHEYHbIX TeNeckonax, Kak mokasaHo Ha puc. 2. Micnonb3ys rpapuyecknii nHTepgeinc Bos-
MO>XHO BbIOpaTh Nepunoj HabarAeHUA 1 3arpy3nTb AaHHbIE 13 Pa3HbIX UCTOYHNKOB, AobasuBe cion (Add
Layer). MpocmoTpuTe nocnefoBaTelbHOCTb U306PaXeHUiA, UTO6bI U3YUNTb 3BOOLMIO Bbibpoca. MNepe-
MeLLasi Kypcop, Bbl nosiyvaeTe MHGOPMaLVIO 0 KOOpAMHaTaXx (X, y) YKazaHHON TOYKN OTHOCUTESTbHO LieH-
Tpa ConHua.



Observational Round: Solar Physics

o A=

International Olympiad on Astronomy and Astrophysics B LR (B
elarus)

ConHeyHas NoweéymHa

Part 1 (30 points).

1.1 (10.0 pt)

1.2 (10.0 pt)
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1.3 (10.0 pt)
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Part 2 (15 points)

2.1 (15.0 pt)
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2.1 (cont.)
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2.1 (cont.)
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Part 3 (10 points)

3.1 (10.0 pt)

t =

Part 4 (10 points)

4.1 (2.0 pt)

4.2 (2.0 pt)

4.3 (2.0 pt)

4.4 (2.0 pt)

4.5 (2.0 pt)

Part 5 (10 points)

5.1 (10.0 pt)
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