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So last week | thought | was a participant...

[ NN ESA Datalabs x IBF v
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ESA Datalabs is available as a private beta release, public access is planned for Q3 2022.
If you wish to join our private beta programme, please submit your request here.

«YOU CAN EITHER MOVE YOUR QUESTIONS
OR THE DATA. [..] OFTEN IT TURNS OUT
TO BE MORE EFFICIENT TO MOVE THE
QUESTIONS THAN TO MOVE THE DATA.»

Jim Gray, eScience: A Transformed Scientific Method

BRING YOUR QUESTIONS TO THE DATA

Mount data

There is a new paradigm, opening completely new opportunities for
discovery — a data-intensive approach to science. In many domains, we have
entered what could be called the golden age of surveys, with several large-

Datalabs
(notebooks)

scale projects, spanning decades, between finished, ongoing, and planned
activities. ESA is responsible, or is a major partner, in several of these
initiatives.
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Mounting an archive!

SOAR science data: 172.25.0.121:/solar_orbiter_public

eo0e ESA Datalabs x  + - L ® ESA Datalabs x + v
¢« C & https:/datalabs.esa.int/datavol-manager H % 06O : ¢« C @ https;//datalabs.esa.int/datavol-settings/7592295741a6632f a ® % N 0O 0 :
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Data Volumes ESA Datalabs [0.3.0/8e7A] A & B 0 ©

STOM

Data Volume Settings

& /media/data/Sol0 Name: SolO

7 nfs://172.25.0.121/solar_orbiter_public

Path in datalab: /media/data/SolO

Data source URL: Please fill at least the "Connection type" and "Server" fields below

Connection type: | nfs ~

server: 172.25.0.121
Port:

path: [/solar_orbiter public
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Start a Jupyterlab

ece ESA Datalabs x o+ v
ece ESA Datalabs x  + ~
&« C & nhttps://datalabs.esa.int/datalab-manager @ Mh % #» 0O Q H
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ESA Datalabs [0.3.0/8e74] A5 & 68 0 @

Datalabs ESA Datalabs (0.3.0/8¢14] Ao B 00

PanGaia I'"Fe'yed
. p— PanGaia JupyterLab
+ LAUNCH NEW DATALAB Jupyter
«mm® TestingThangs . e« S08
Jupyter Jupyter .
() DELETE (') DELETE . » ]upyterlab
Jupyter Plain JupyterLab for demonstration of basic functionality.
jwst
@ Jupyterlab JWST
jwst-miricle
A@ﬁ Jupyterlab JWST Miricle
jwst-nins
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Connect the jupyterlab and the mounted data

ece S08 - ESA Datalabs x  + v
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o . ESA Datalabs (0.5 0/e¢74] Q
Q} Name . : File Edit View Run Kernel Git Tabs Settings Help o

B data - [ T+ c & [Z Launcher
. I my_workspace | ||r data jll SU'G JII
= [ notebooks [o a
» G m/ |E| Notebook -

Mame
® : Tick to mount
B ‘} B epd

™ notebooks

Python 3 "
|* (ipykernel) L - &Ll
(; E Console i - mag
A B rpw
‘ opkerma) *' B solohi
| Other - spice
| s_ = M = W swa
Smpe (0 2 @o® & —_ v

= W Terminal Text File Markdown File Python File

—— STIX, PHI and Metis data is coming!
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Next, find a terminal

~

an & OO :

eoce SOB - ESA Datalabs x  +
& C @ https://datalabs.esa.int/datalab-viewer/fd9370c57e33dd36
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ece SO8 - ESA Datalabs x  +

ESA Datalabs 10.3.0/8e74)

File Edit View Run Kernel Git Tabs Settings

EMc : c ¢

Q

m/ E,\,

@ Launcher
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ESA Datalabs [0.3.0/8674)

Name - ~ File Edit View Run Kernel Git Tabs Settings

Google Translate W Wikipedia & SOAR Page Map Planio
~

< C @ hitps;//datalabs.esa.int/datalab-viewer/fd9370c57e33dd36

Help

B data - - [ T+ c & [Z Launcher
I my_workspace |
[ notebooks a

(i ld

‘} Name -
E M data

B my_workspace
™ notebooks

|E| Notebook

A

Python 3
(ipykernel)

(il E Console

A

Python 3
(ipykernel)

Other

Simple 2 0B ‘}

https:/datalabs esa int/datavol-manager | 4

M
v

Markdown File

Terminal Text File

WorkFlowy To De... @& HELIO Board [E] Dropbox

~

a @ % » 06 :

BS work B3 AllBookmarks S SolarOrbiter  »

2

Python File

Launcher
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Helio - ESA Datalabs
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Q Google Translate W Wikipedia
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x et
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Lesa

To find out what's there already:
S pip list

ESA Datalabs [0.3.0/BETA] é @ 5 Q @ I k I’II d th .
: File Edit View Run Kernel Git Tabs Settings Help n OW n ee ese .
- B+ c & iemnl x % e astropy
Q (base) hmiddlet@datalab-298b097a84aad6cd-7fbfbd6fc5-t9211:/media/home$ pip list
o Package Version & ® a st roq u e ry
./ .
anyio 3.5.0
Name - argon2-cffi 21.3.0 ® m a tp I Otl I b
0 B data argon2-cffi-bindings 21.2.0
astropy 5.0.1
. Im my_workspace astroquery 0.4.5 ¢ n u m py
— D notebooks asttokens 2.0.5
attrs 21.4.0
« pandas
*, backcall 0.2.0
beautifulsoupd 4.10.0
black 22.1.0
bleach 4.1.0 7
brotlipy 0.7.0 B t I I I | d t I t "
carties 2071108 u alsO need at least.
cffi 1.15.0 . .
sl i « sunpy (which needs scipy)
colorama 0.4.4 -
conda 4.11.0 ) Cdfllb
conda-package-handling 1.7.3
configparser 5.2.0
cryptography 36.0.0
cycler 0.11.0
debugpy 1.5.1 . .
deccratii 5.1 S pip install sunpy
defusedxml 0.7.
entrypoints 0.4
executing 0.8.2 e t C .
Flask 2.0.3
Flask-Cors 3.0.10
fonttools 4.29.1
gitdb 4.0.9
GitPython 3.1.27
html51ib 1.1
Simple 1Mo & Q} Terminal 1 7
e EE . e I s - NNz mEm |
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Solar Orbiter Data Tutorial

SO8, Belfast: https://github.com/SolarOrbiterWorkshop/solo8_tutorials

GitHub - SolarOrb

_tutorials

B Workrlowy To Do

OrbiterWor

" ) 0@ :
@ HELOBoard [] Dropbox B Work B3 AllBookmarks B3 Solar Orbiter B3 Leftover

L4 0
¢« > c(a
o slate W Wikipedia $€ SOARPage Map ¢ Plar

Solutions Open Source

O Product

Pricing

Signin | Signup

2 SolarOrbiterWorkshop / solo8_tutorials Public L Notifications % Fork 22 Y7 star 19
<> Code (© Issues 7 Pullrequests 1 ® Actions [ Projects (@ Security |~ Insights
¥ main ~ ¥ 1branch © 0 tags Go to file m About

Solar Orbiter 8 Workshop Data Analysis

w hayesla Update README.md 5cb3ec5 on Sep 19 © 152 commits Tutorials

[0 Readme

ConnectTool_tutorial Added a pdf connect tool tutorial 3 months ago

¥ 19 stars
EPD_tutorial Add info on addtional (external) tools for EPD 2 months ago

® 4 watching
EUI_tutorial Add files via upload 2 months ago % 22 forks
MAG_tutorial Add astrospice+dep to MAG tutorial requirements 3 months ago
Metis_tutorial Update README.md 2 months ago Releases
PHI_tutorial bug fixes 2 months ago No releases published
RPW_tutorial Add scripts for manual install/run 2 months ago
SPICE_tutorial Run the notebook, includes run outputs 2 months ago Packages

STIX_tutorial First full draft 2 months ago No packages published

SWA_tutorial Delete solo_L3_swa-his-comp_20220510_10mi... 2 months ago

Contributors 14

PO -ELw
! -

+ 3 contributors

SolO-HI_tutorial Update README.md 3 months ago

images adding image 3 months ago

sunpy_tutorial Merge branch 'main' of https://github.com/Solar... 2 months ago

D .gitignore updating gitignore 4 months ago

D README.md Update README.md 2 months ago

D environment.yml| fixing env 2 months ago

Languages

tags Go to file About
Local Codespaces So\ar_Orb
Tutorials
B Clone ®
dedl 0 Readn
, HTTPS  GitHub CLI W 19sta
dinfo
& 4 watt
d files https://github.com/SolarOrbiterWorkshop/s r_l;| ¥ 22 for
d astri  Use Git or checkout with SVN using the web URL.
ateg (¥) Open with GitHub Desktop Releases
g fixes No releases
. :) Download ZIP
d scrif & W
n the notebook, includes run outputs 2 months ago Package:
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Play with it!

[ ] L] O GitHub - SolarOrbiterWorksho X Helio - ESA Datalabs x + v
&« c & https://datalabs.esa.int/datalab-viewer/da558c0733a86715 @ f & #» 0O 0 H
By Google Translate W Wikipedia §% SOARPage Map 96 Planio WorkFlowy To Do... & HELIO Board [&] Dropbox B3 Work 5 All Bookmarks B Solar Orbiter »
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Drag and drop into folder space,

ESA Datalabs (0.3 0/8e74) & & 6 0 ©®
.
: File Edit View Run Kernel Git Tabs Settings Help d O u b I e C I I C k to O p e n
» ) + c & @ Launcher > | [W 1_introduction.ipynb [ ] 5¢
o B+ X OB » m ¢ » Makdown~ @ # Python 3 (ipykernel) O
o & :
- is tutori Cont m f packages t
Q} Name - Last Modified . .
& data 39 minutes ago Welcome to part 1 of the Extreme Ultraviolet Imager (EUI) data analysis tutorial. In this set I n Sta I I /A a n d I 0 Ca tl O n Of a d a ta
= W my_workspace 39 minutes ago of Jupyter notebooks, we are going to have some fun with EUI data coming from it's three .
Sl « (%) 1_introduction.ipynb 2 minutes ago telescopes: p k g f t h d t t
I ey — daCcKkage 1ror the demonstration...
» « Full Sun Imager (FSI).
= This telescope has a field of view of 3.8 degrees, which means it can always
capture the full solar disc, even when it's close to the Sun. It has a filter wheel
that allows it to look at the Sun in either 17.4 or 30.4 nm. The filter wheel can also b t k d ,t d
be used to block all the light getting to the detector. e u W e n O W W e O n n e e
* High Resolution Imager Extreme UltraViolet (HRIEUV).
= This telescope has a field of view of approximately 0.28 degrees, and shows the I I l O St Of t h O S e b e Ca u S e a I I t h e
Sun in high resolution 17.4 nm. It has a filter wheel that has two additional 17.4 . . . I
nm filters, as well as an open position (no filter) and a blocking position. I n d t I rl g h t h r
Nominally, the filter wheel is in the 17.4 nm position to reduce the amount of light S C e Ce a a s e e "
hitting the detector in between the exposures. The open position is used only
when very high cadence is needed or when we are imaging quiet Sun areas.
* High Resolution Imager Lyman Alpha (HRILYA)
= This telescope has a field of view of approximately 0.28 degrees, and shows the
Sun in high resolution in 121.6 nm. In front of the detector is an image intensifier.
Python packages and data
Simple 1T E Q} Python 3 (ipykernel) | Idle Mode: Command @ Ln1, Cel1 1_introduction.ipynb
9
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What next for heliophysics?

[ ] + v -

<« c & 1l b-viewer/29dc2953189c8506 o« » 06 : Qulck and easy

B Go b4 Map 3 Planio WorkFlowy To Do... & HELIO Board [E] Dropbox [E5 Work 5 All Bookmarks [E5 Solar Orbiter B Leftovers

= + THE EUROPEAN SPACE AGENCY @ esa

2o800 « Inclusion of Proba-2 Jupyter

: File Edit View Run Kernel Git Tabs Settings Help

- + c ¢ 7 analysis.ipynb % A Untitled.ipynb X | [ EUL_fromScratehipynb X | [ mefis_nb1_data-visualiza | (A solohi_tutorialipynb X || gy n t b k I d t t d nd

Ty s mwmstphore O OTEDOOKS already tested a

o Q axs[2].set_ylabell'Mag. angle ($™{\circy$J") &

ik available in the Proba-2 archive
Q

*

« Inclusion of all Jupyter notebooks
presented at the September 2022
Solar Orbiter workshop

« Inclusion of some of the Jupyter
notebooks detailed at the first
Python in Heliophysics summer
school (ESAC, June 2022)
especially astropy tutorial for
heliophysics and sunpy tutorial
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What next for heliophysics?

More long term
« Inclusion of JHelioviewer (already planned) and Solar Mach (a python tool developed through
the Heliophysics archives user group), both very popular in the Solar Orbiter community

« Develop in-house Jupyter notebooks for science cases, especially on magnetic connectivity for
Solar Orbiter, based on interaction with the community

« Inclusion of SOHO data and related Jupyter notebooks

« Inclusion of Cluster data, which is not straightforward (files are concatenated on the fly), e.g.,
which data format? CEF, CDF, HDF5?

« Inclusion of Jupyter notebooks for Cluster (curlometer already developed by HM) and adapt
some of the many MMS notebooks already available on pySPEDAS

« Make Ulysses data available

11
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[ Launcher ¥ | M Terminal 3 * A Learning.ipynb ® | E time_utils.py ® | W 1_introduction.ipynb *

B + X O » m C » Markdown v Q@ # Python 3 (ipykernel) O

EUI (Extreme Ultraviolet Imager)

I've started by picking stuff out of the tuterial bit by bit and trying to get it to work. | don't want to just blindly load packages, but install and
import them as | need them. | know I'll need these:

# For TAP metadata request to SOAR (Solar Orbiter ARchive):
from astroquery.utils.tap.core import TapPlus

# We know we'll be plotting stuff:
import matplotlib.pyplot as plt

# For bigger plots:
plt.rcParams["figure.figsize"] = (1@, 10)

The EUI tutorial notebook uses sunpy_soar and its search and fetch functions (called Fido), but we can use a TAP metadata search to find the
filenames that we already have locally in the mounted data volume. We'll start with some Lyman Alpha images.

Detailed instructions for this are on the lovely SOAR help pages at https:/jwww.cosmos.esa.int/web/soar/home

# Equivalent te sunpy_soar Fido search:

#instrument = a.Instrument('EUI')

#time = 3.Time('2822-93-06 18:0:088', '2022-03-96 18:18:80"')
#level = a.level(2)

#product = a.soar.Product('EUI-HRILYA1216-IMAGE")

#result = Fido.search(instrument & time & level & product)
#print{result)

SOAR = TapPlus{url="http://soar.esac.esa.int/soar-sl-tap/tap/")

results = SOAR.launch_job("SELECT filename FROM v_sc_data_item "
"WHERE descriptor='EUI-HRILYA1216-IMAGE' *
"AND begin_time=='2022-83-06T18:00:00"' "
"AND end_time<='2822-83-06T18:10:00"' "
"AND level='L2' "
"ORDER BY filename"
)

lya = results.get_results()

lya
Table length=10
filename

object 12

solo_L2_eui-hrilyal218-image_20220306T180030287_VO01.fits
. = g = o Em .
I
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solo_L2_eui-hrilya1216-image_20220306T180130287 V01 fits



[ Launcher % | M Terminal 3 * A Learning.ipynb ¥ | E time_utils.py b4 A 1_introduction.ipynb x

B + X O » m C » Markdown~v @ # Python 3 (ipykernel) O

lya

Table length=10

filename

object

solo_L2_eui-hrilyal216-image_20220306T180030287 VO1.fits
solo_L2_eui-hrilya1216-image_20220306T180130287_VO1fits
solo_L2_eui-hrilyal216-image_20220306T180230287 VO1.fits
solo_L2_eui-hrilya1216-image_20220306T180330287_V01.fits
solo_L2Z_eui-hrilyal216-image_20220306T180430287 VO1.fits
solo_L2_eui-hrilyal216-image_20220306T180530287_VO1.fits
solo_L2_eui-hrilyal1216-image_20220306T180630288_V01.fits
solo_L2_eui-hrilya1216-image_20220306T180730288_V01.fits
solo_L2_eui-hrilyal216-image_20220306T180830288_V01.fits
solo_L2_eui-hrilya1216-image_20220306T180930288_V01.fits

# 'data/Sol0/' + instrument (lower case) + level (upper case) + year
# Given our request, the data will be here
EUIDATAPATH = 'data/Sol0/eui/L2/2822/'

# GIVE WARNING HERE ABOUT OPENING LARGE FOLDERS!!!

OK... sunpy needs scipy which isn't already there, so go install it.

import sunpy.map

mymap = sunpy.map.Map(EUIDATAPATH+Llya['filename'][@])

mymap . peek()

140
120
HRI_LYA 1216 A 2022-03-06 18:00:32 100
80

60

2400"

2200"
vl % THE EUROPEAN SPACE AGENCY

||
|
]
(]|
ol
de (Solary)



[Z Launcher X | M Terminal 3 X " Learning.ipynb X | E time_utils.py X #| 1_introduction.ipynb X
B+ X O B8O » m Cc » Makdwnv O # Python 3 (ipykernel) O

import sunpy.map

mymap = sunpy.map.Map(EUIDATAPATH+lya['filename'][0])
mymap.peek()

1140
120
HRI_LYA 1216 A 2022-03-06 18:00:32 +100

80

60

2400"

2200"

2000"

Helioprojective Latitude (Solar-Y)

1800"

1600"

600" 400" -200" o 200" 400" 0
Helioprojective Longitude (Solar-X)

ct/s
Just the map on its own gives info about the image:
[H! Click!]
mymap
<sunpy.map.sources.solo.EUIMap object at 0x7f191878b5b0>
Observatory Solar Orbiter 14
Instrument EUI
. — mm =-— B Detector HRI_LYA 3
— I I HE -l Image colormap uses histogram equalization 'I THE EUROPEAN SPACE AGENCY

Measurement 1216.0 Angstrom Click on the image to togale between units



[ Launcher % | @ Terminal 3 * A Learning.ipynb ®¥ | E time_utils.py *® | A 1_introduction.ipynb x

B+ X OO » = C » Makdown~ O & Python 3 (ipykernel) O

Just the map on its own gives info about the image:

[H! Click!]

mymap

<sunpy.map.sources.solo.EUIMap object at @x7f191878b5ba=

Observatory Solar Orbiter
Instrument EUI
Detector HRI_LYA
Image colormap uses histogram equalization
Measurement 1216.0 Angstrom Click on the image to toggle between units
Wavelength 1216.0 Angstrom

Observation Date
Exposure Time
Dimension
Coordinate System
Scale

Reference Pixel

2022-03-06 18:00:32
50s

[1024. 1024.] pix
helioprojective

[1.028 1.028] arcsec | pix

[511.5 511.5] pix

Reference Coord [-75.15083347 2037.1043B067] arcsec

Cumulative distribution of pixel values

Helioprojective Latitude (Solar-y)

In coordinate space using WCS information

2400"

2200"

2000"

1500" 4

g0

kS 1600

a

10 s00" 400" 200" O 00" 400"
H Helioprojective Longitude {Solar-X)

=

=R

E 10¢

E

()

] 10° 10° 10°
Pixel value in equalized bins

This following cell is supposed to give a lovely animation, but | couldn't get it working. It uses
%matplotlib notebook

or

Smatplotlib widget

seguence = sunpy.map.Map( [EUIDATAPATH+x for x in lya['filename']], sequence=True) 15

ani = sequence.plot(interval=1008)

2+ THE EUROPEAN SPACE AGENCY
plt.show()
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Just the map on its own gives info about the image:

[H! Click!]

l [19]: mymap
[19]: <sunpy.map.sources.solo.EUIMap object at @x7f191878b5b0>

Observatory Solar Orbiter
Instrument EUI
Detector HRI_LYA
Image colormap uses histogram equalization
Measurement 1216.0 Angstrom Click on the image to toggle between units
Wavelength 1216.0 Angstrom )
In pixel space
Observation Date 2022-03-06 18:00:32 1000
Exposure Time 5.0s
Dimension [1024. 1024.] pix 800
Coordinate System helioprojective
Scale [1.028 1.028] arcsec | pix - 600
=
Reference Pixel [511.5 511.5] pix ,‘_‘
Reference Coord [-75.15083347 2037.10438B067] arcsec 400
Distribution of pixel values [click for cumulative] 200
il
n i, - " " " g
¥ 10 ] 200 400 800 8OO 1000
= X pixel
o
*
10

o 20 4an 60 a0 00 120 140
Pixel value in linear bins

This following cell is supposed to give a lovely animation, but | couldn't get it working. It uses
%matplotlib notebook
or

Smatplotlib widget

seguence = sunpy.map.Map( [EUIDATAPATH+x for x in lya['filename']], sequence=True)

16

ani = sequence.plot(interval=1008)

2+ THE EUROPEAN SPACE AGENCY
plt.show()



[Z Launcher X | ™ Terminal 3 X " Learning.ipynb X | E time_utils.py X #| 1_introduction.ipynb X

B + XTO 8 » m C » Code v ©® # Python 3 (ipykernel) O

sequence = sunpy.map.Map( [EUIDATAPATH+x for x in lya['filename'l]], sequence=True)

ani = sequence.plot(interval=1000)

plt.show()

HRI_LYA 1216 A 2022-03-06 18:00:32

2400

2200"

N
=]
=}
<

Helioprojective Latitude (Solar-Y)

1800"

1600"

600" 400" -200" o 200" 400"
Helioprojective Longitude (Solar-X)

But | can look through the details of each image:

[H! Remember to click!]

# Show the map:

17

sequence

m - I I == - .l WARNING: SunpyUserWarning: Rendering the summary for a MapSequence of 10 Maps may take a while. [sunpy.map.mapsequence] ',I 3 THE EUROPEAN SPACE AGENCY
f— — <sunpy.map.mapsequence.MapSequence object at @x7f195963b370>
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# Show the map:

sequence

WARNING: SunpyUserWarning: Rendering the summary for a MapSequence of 10 Maps may take a while. [sunpy.map.mapsequence]
<sunpy.map.mapsequence.MapSequence object at ©x7f195963b370>
MapSequence of 1@ elements, with maps from EUIMap
[ = | Map at index 0
<sunpy.map.sources.solo.EUIMap object at 0x7f1959abb370>

Observatory Solar Orbiter
Instrument EUI
Detector HRI_LYA
Image colormap uses histogram equalization
Measurement 1216.0 Angstrom Click on the image to toggle between units
Wavelength 1216.0 Angstrom ) . i i
In coordinate space using WCS information
Observation Date 2022-03-06 18:00:32
Exposure Time 50s
2400"
Dimension [1024. 1024.] pix
Coordinate System helioprojective 2200"
Scale [1.028 1.028] arcsec [ pix
Reference Pixel [511.5 511.5] pix 2000"

Reference Coord [-75.15083347 2037.10438067] arcsec

1800" 4

Helioprojective Latitude (Solar-Y)

Distribution of pixel values [click for cumulative]

10° 1600

R 600" 400" 200 o 200" 400"
Helioprojective Longitude (Solar-X)

10°

# of pixels

0 20 40 60 80 100 120 140
Pixel value in linear bins

Now try a different filter: HRI EUV174

# Fido code:

#instrument = a.Instrument('EUI")

#time = a.Time('2022-03-27 21:24:00', '2022-83-27 21:50:00')

#level = a.Level(2)

#product = a.soar.Product('EUI-HRIEUV174-IMAGE" ) 18

results = SOAR. launch_job("SELECT filename FROM v_sc_data_item " bI * THE EUROPEAN SPACE AGENCY
"WHERE descriptor='EUI-HRIEUV174-IMAGE' "
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MNow try a different filter: HRI EUV174

# Fido code:

#instrument = a.Instrument('EUI")

#time = a.Time('2022-93-27 21:24:89', '2022-83-27 21:58:88"')
#level = a.level(2)

#product = a.soar.Product('EUI-HRIEUV174-IMAGE" )

results = SOAR.launch_job("SELECT filename FROM v_sc_data_item "
"WHERE descriptor="EUI-HRIEUV174-IMAGE"' "
"AND begin_time>='2022-03-27 21:24:00" "
“"AND end_time=="'2022-@03-27 21:50:00°'
“"AND level='L2"' "
"ORDER BY filename"
)

euvl74 = results.get_results()

euvl7a

Table length=26

filename

object
solo_L2_eui-hrieuv174-image_20220327T212410251_V01.fits
solo_L2_eui-hrieuv174-image_20220327T212510251_V01.fits
solo_L2_eui-hrieuv174-image_20220327T212610250_V01.fits
solo_L2_eui-hrieuv174-image_20220327T212710431_V01.fits
solo_L2_eui-hrieuv174-image_20220327T212810252_V01.fits
solo_L2_eui-hrieuv174-image_202203277212910252_V01.fits
solo_LZ2_eui-hrieuv174-image_20220327T213010284_V01.fits
solo_L2_eui-hrieuv174-image_20220327T213110252_V01.fits
solo_L2_eui-hrieuv174-image_20220327T213210252_V01.fits

solo_L2_eui-hrieuv174-image_20220327T213310262_V01.fits

solo_L2_eui-hrieuvi74-image_20220327T214010253_V01.fits

solo_L2_eui-hrieuv174-image_20220327T214110277_V01.fits
solo_L2_eui-hrieuv174-image_20220327T214210252_V01.fits
solo_L2_eui-hrieuvi74-image_202203277214310253_V01.fits

solo_L2_eui-hrieuv174-image_20220327T214410253_V01.fits

19

solo_L2_eui-hrieuv174-image_20220327T214510328_V01.fits

- solo_L2_eui-hrieuvi74-image_20220327T214610255_V01.fits
- — - '3 2 THE EUROPEAN SPACE AGENCY
F— I I - - -l solo_L2_eui-hrieuv174-image_20220327T214710254_V01 fits I
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Note that EUIDATAPATH is the same for the different descriptor/dataset.

mymap = sunpy.map.Map(EUIDATAPATH+euv174['filename'] [0])
mymap. peek()

#%  Python 3 (ipykemel) O

/opt/miniconda/lib/python3.9/site-packages/matplotlib/animation.py:889: UserWarning: Animation was deleted without rende
ring anything. This is most likely not intended. To prevent deletion, assign the Animation to a variable, e.g. ‘anim’, t

hat exists until you have outputted the Animation using ‘plt.show()’ or “anim.save()'.
warnings.warn(

1000
- HRI_EUV 174 A 2022-03-27 21:24:11 L 800
- 600
‘7“’.‘ ~
400
400"

200"

Helioprojective Latitude (Solar-Y)

-200"

400" &
600" 400" -200" o 200" 400"
Helioprojective Longitude (Solar-X}

ct/s

Those lines do stuff for stretching and normalising: https://docs.astropy.org/en/stable/visualization/normalization.html

from astropy.visualization import ImageNormalize, SqrtStretch, PowerStretch

mymap = sunpy.map.Map(EUIDATAPATH+euv174['filename'] [0])

mymap.plot_settings['norm'] = ImageNormalize(vmin=0, vmax=2000, stretch=SqrtStretch())
mymap.peek()

T 2000

20

% THE EUROPEAN SPACE AGENCY
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L=y

Those lines do stuff for stretching and normalising: https://docs.astropy.org/enfstablefvisualization/normalization.html

from astropy.visualization import ImageMormalize, SqrtStretch, PowerStretch

mymap = sunpy.map.Map(EUIDATAPATH+euv174['filename'] [@])
mymap.plot_settings['norm'] = ImageNormalize(vmin=8, vmax=2008, stretch=SqrtStretch())
mymap . peek( )

— 2000
HRI_EUV 174 A 2022-03-27 21:24:11 1750

600"
1500
1250

400"
- 1000

200"

Helioprojective Latitude {Solar-y)

200"

400"
500" 400" 200" o 200" o0
Helioprojective Longitude (Solar-X)

ct/s
MAG (Magnetometer)
RTN is the reference frame, and this is 1 minute resolution data: 21
[r— T results = SOAR. launch_job("SELECT filename FROM v_sc_data_item "
- — I I HE - 'l "WHERE descriptor='MAG-RTN-NORMAL-1-MINUTE' " 'I * THE EUROPEAN SPACE AGENCY

“AND begin_time=='2022-82-88' "
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MAG (Magnetometer)

RTHN is the reference frame, and this is 1 minute resolution data:

results = SOAR.launch_job("SELECT filename FROM v_sc_data_item "
"WHERE descriptor="MAG-RTN-NORMAL-1-MINUTE" "
"AND begin_time>='2022-92-08' "
"“AND end_time<='2022-03-085"' "
"AND level='L2'"
)

mag_fn = results.get_results()
MAGDATAPATH = 'data/Sol0/mag/L2/2022/"
mag_Tn
Table length=24

filename

ohject

solo_L2_mag-rtn-normal-1-minute_20220304_V01.cdf
solo_L2_mag-rtn-normal-1-minute_20220303_V01.cdf
solo_L2_mag-rin-normal-1-minute_20220302_V01.cdf
solo_L2_mag-rtn-normal-1-minute_20220301_V01.cdf
sole_L2_mag-rtn-normal-1-minute_20220228_V01.cdf
solo_L2_mag-rin-normal-1-minute_20220227_V01.cdf
solo_L2_mag-rtn-narmal-1-minute_20220226_V01.cdf
solo_L2_mag-rtn-normal-1-minute_20220225_V01.cdf
solo_L2_mag-rin-normal-1-minute_20220224_V0l.cdf

solo_L2_mag-rtn-normal-1-minute_20220222_V01.cdf

solo_L2_mag-rtn-normal-1-minute_20220217_V01.cdf
solo_L2_mag-rtn-normal-1-minute_20220216_V01.cdf
solo_L2_mag-rtn-normal-1-minute_20220215_V01.cdf
solo_L2_mag-rtn-normal-1-minute_20220214_V01.cdf
solo_L2_mag-rtn-normal-1-minute_20220213_V01.cdf

solo_L2_mag-rtn-normal-1-minute_20220212_V01.cdf

22

solo_L2_mag-rin-normal-1-minute_20220211_VO1.cdf

2 | Bl B | solo_L2_mag-rtn-normal-1-minute_20220210_V01.cdf 1| » THE EUROPEAN SPACE AGENCY

enln | 2 man-rtn-narmal-1-minutea 2022707209 VN1 ~df
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import cdflib # needed installing first

def cdf2df{path):
with cdflib.cdfread.CDF(path) as file:

# Extract epoch times
epoch = file.varget(variable='EPOCH', expand=False, to_np=True)

# Extract epoch times
CDF_epoch_class = cdflib.epochs.CDFepoch()
time = CDF_epoch_class.to_datetime(epoch, to_np=True)

# Extract B vectors times
B = file.varget(variable="B_RTN', expand=False)

norm = np.linalg.norm(B, axis=1)

# Get data attributes
attributes = file.globalattsget(expand=True)

df = pd.DataFrame({'BR': B.T[@],

'BT': B.TI[1],
‘BN': B.TI2],
"|E|": norm}, index = time)

return df

import pandas as pd
import numpy as np

data = pd.DataFrame()

for file in [MAGDATAPATH + x for x in mag_fn['filename']]:
temp_df = cdf2df(file)
data = pd.concat([data, temp_df])
#data.sort_index(inplace=True) # What happens if I don't sort here?

#just plot the data to check its ok
plt.rcParams[*figure.figsize"] = (1@, 1@)

fig, axs = plt.subplots(4,1, sharex=True)

axs[@].plot(datal'|B|"'], color = "black')
axs[@].set_ylabel("'|B|")
axs[1].plot(datal'BR'], color = ‘red')
axs[1].set_ylabel('BR")
axs[2].plot(datal'BT'], color = 'green')

axs[2].set_ylabel('BT") 23
axs[3].plot(datal['BN'], color = ‘orange')
En EE  — axs[3].set_ylabel('BN")
_— Il 2= — . 4 l > THE EUROPEAN SPACE AGENCY

fig.autofmt_xdate()
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#just plot the data to check its ok
plt.rcParams ["figure.figsize"] = (10, 10)

fig, axs = plt.subplots(4,1, sharex=True)

axs[@l.plot(datal'|B|'], color = ‘black')
axs[@].set_ylabel('|B|")
axs[1].plot(datal'BR']l, color = 'red')
axs[1].set_ylabel('BR")
axs[2].plot(datal'BT'], color = 'green’)
axs[2].set_ylabel('BT"')
axs[3].plot(data['BN'], color = 'orange')
axs[3].set_ylabel('BN')

fig.autofmt_xdate()

20

Bl
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results = SO0AR. launch_job("SELECT filename FROM v_sc_data_item " 24
"WHERE descriptor="MAG-RTN-NORMAL-1-MINUTE"' "

- = g = 4 B S 'l > THE EUROPEAN SPACE AGENCY

“"AND leyel="'L2'"
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results = S0AR.launch_job("SELECT filename FROM v_sc_data_item "
"WHERE descriptor="MAG-RTN-MNORMAL-1-MINUTE' "
"AND begin_time=='2022-02-08" "
"AND end_time<=='2822-03-85"' "
"AND level='L2'"
"ORDER BY filename"
)
mag_burst_fn = results.get_results()
mag_burst_fn

Table length=7

filename filesize

object inté4
solo_LZ_mag-rtn-burst_20220208_V01.cdf 145016554
solo_L2_mag-rtn-burst_20220209_Y0l.cdf 161503352
solo_L2_mag-rtn-burst_20220210_V01l.cdf 75255039
solo_L2_mag-rtn-burst_20220211_V0l.cdf 167052440
solo_L2_mag-rin-burst_20220212_V01l.cdf 166567753
solo_L2_mag-rin-burst_20220213_V01l.cdf 134615639

solo_L2_mag-rtn-burst_20220214_V01l.cdf 129284630

What other MAG datasets are there? | know we can look in the v_sc_data_item table, but what are the column names? Am | looking for
experiment or instrument or semething else?

table = SOAR. load_table('soar.v_sc_data_item')
for column in (table.columns):
print{column.name)

Retrieving table 'soar.v_sc_data_item'
begin_time
data_item_id
data_item_oid
data_type
"descriptor"
end_time
file_format
filename
filesize
generation_time
icon
insertion_time
instrument
is_active
is_public 25
"level"
- o il == — = Sosteard item oid el > THE EUROPEAN SPACE AGENCY
nraon end
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results = SOAR. launch_job("SELECT DISTINCT descriptor FROM v_sc_data_item "
"WHERE instrument="MAG' "
"AND level='L2'"
)

mag_ds = results.get_results()

mag_ds

Table length=11
descriptor
object
MAG-VS0-NORMAL
MAG-RTN-NORMAL
MAG-RTN-NORMAL-1-MINUTE
MAG-VYSO-NORMAL-1-MINUTE
MAG-RTN-LL
MAG-RTN-BURST
MAG-SRF-NORMAL
MAG-SRF-LL
MAG-RTN-LL-1-MINUTE
MAG-VS0-BURST

MAG-SRF-BURST

results = SOAR. launch_job("SELECT filename,filesize FROM v_sc_data_item "
"WHERE descriptor='MAG-RTN-BURST"' "
"AND begin_time=='2@22-82-08' "
"“AND end_time=='2022-82-15"' "
“AND level='L2'"
)
mag_burst_fn = results.get_results()
mag_burst_fn

Table length=7
filename filesize
object int64
solo_L2_mag-rtn-burst_20220214_V0l.cdf 129284630
solo_LZ2_mag-rin-burst_20220213_V01l.cdf 134615639
solo_L2_mag-rtn-burst_20220212_V01l.cdf 166567753
solo_LZ2_mag-rin-burst_20220211_V0l.cdf 167052440
solo_L2_mag-rtn-burst_20220210_V01l.cdf 75255039

solo_L2_mag-rtn-burst_20220208_V0l.cdf 161503352

*

A _introduction.ipynb x

-

Python 3 (ipykernel) O
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solo_L2_mag-rtn-burst_20220211_V0l.cdf 167052440

solo_L2_mag-rtn-burst_20220210_V01l.cdf 75255039

solo_L2_mag-rtn-burst_20220209_V01.cdf 161503352

solo_LZ_mag-rtn-burst_20220208_V01l.cdf 145016554

print(sum{mag_burst_fn['filesize']))

979295487

%%time
data_burst = pd.DataFrame()

for file in [MAGDATAPATH + x for x in mag_burst_fn['filename"']]:
print(file)
temp_df = cdf2df(file)
data_burst = pd.concat([data, temp_df])
data_burst.sort_index(inplace=True)

data/Sol0/mag/L2/2022/s50lo_L2_mag-rtn-burst_20220214_Vel.cdf
data/Sol0/mag/L2/2022/s0lo_L2_mag-rtn-burst_20220213_Vol.cdf
data/Sol0/mag/L2/2022/s0lo_L2_mag-rtn-burst_20220212_V@1l.cdf
data/Sol0/mag/L2/2022/s0lo_L2_mag-rtn-burst_20220211_Vel.cdf
data/Sol0/mag/L2/2022/s0lo_L2_mag-rtn-burst_20220210_V0l.cdf
data/Sol0/mag/L2/2022/s0lo_L2_mag-rtn-burst_20220289_Va1l.cdf
data/Sol0/mag/L2/2022/s0lo_L2_mag-rtn-burst_20220208_V@l.cdf
CPU times: user 59.4 s, sys: 27.4 s, total: 1lmin 26s

Wall time: 1min 265

Get the filenames already sorted, instead of sorting in the dataframe:

My code
Can drop and drag my own utility code into the box and import it!

import time_utils as tu

Solar Orbiter Notebooks

https:/fgithub.com/SolarOrbiterWorkshop/solo8_tutorials

Python in Heliophysics (PyHC)

27

https://heliopython.org/
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