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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.

ESA JHelioviewer

[J

Q Q o + o S o 9 ® % o | H 7] < [¢] <
Zoom In Zoom Out Zoom-Fit Actual Size Reset Camera Pan| Rotate Axis Track Differential {Corona| Multiview Projection Annotation SDO Cut-out SAMP
v Image Layers
il
janj
4 P > @ options~ 28/98
Play 4 {  Frames/sec B and Loop a
Record © One loop Screenst hot Unlimited
Size Onscreen <]
4~ 2021-05-28T16:27:36 m 2021-05-29T02:12:15 m CR M~
© New Lay: & sync
2021-05-29T00:15:41
LASCO C2 2021-05-29T00:12:08 x
LASCO C3 2021-05-29T00:18:08 x
Viewpoint 2021-05-29T00:15:41
Grid
Fov
Timestamp
Miniview
Difference © None Running g Base i *
Opacity 97%
Blend 63%
0 0%
siit i
Sharpen 0%
0%
Levels w
Color  SDO-AIA304 A e o @«
Channels Red Green Blue
¥ Timeline Layers
© New Layer @  Custominterval ]
Callisto Radiogram —
@ SWEK Events

> Timelines

—) | Gyl -Le7e, +2.33°) |

—n | (p,y):(  9.77Ro, +24.67°) | (g,8):(

FPS: 0 CR: 2244.64 FOV: 50.68Ro | Do: 1.014au  H:

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:



Observational Round: Solar Physics

International Olympiad on Astronomy and Astrophysics E ng ||Sh (OffICIa |)

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”).



