Introduction to Aurora
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Can be seen as
soon as darkness
comes (~ third star)




Exposure time = 5~30 sec
(high resolution = low sensitivity)
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eye) =

short exposure (real

aurora has vertical lines




color:

~ green and red



“red aurora” ~ very rare




Before watching, everybody asks
“Can | see (beautiful) aurora tonight?”
“Can | see very beautiful (or red) aurora tonight?”
“Can | see aurora like this photo?”
“What time can | see aurora tonight”?”
“Where is the best place to see aurora?”
“How often do you see aurora?”

...and some “advanced” people ask
“Is it cold enough to see aurora?” (=wrong knowledge)

“Is solar activity high enough for beautiful aurora?”

“Is aurora useful?”
"What causes aurora?, and its color?”



After missing aurora: everybody shouts
“Was there aurora! last night! --- Why did | miss?”

“Is aurora white?!”

After watching, excited people ask

“Was it big?.... | mean How often do you see aurora
like last night?”

“Did | miss any other aurora last night? (archive)”

"“Why so beautiful? Why moving so fast?”



Summarizing:

Q1) Prediction (of “beautiful” aurora)

Q2) Morphology (color, motion, location, etc)
Q3) Logistic (“Am | doing right to see aurora?”)
Q4) Curiosity (spin-off of aurora research)

To answer the questions, we need to know:

§1. Detecting aurora
§2. Cause of “beautiful” aurora
§3. Meaning of real-time data (Space weather)



§1. Detecting aurora
§2. Cause of “beautiful” aurora

§3. Meaning of real-time data



§1. Detecting aurora
--- methods to detect aurora ---

* Optical (ground)

* Electric current (magnetometer)
* Radar / Riometer

* In-situ (inside aurora)

* In-site (aurora particles)

* Optical (from above)
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http://www.irf.se//Observatory/?link=All-sky sp_camera
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http://www.irf.se//Observatory/?link=All-sky_sp_camera
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Probability to see aurora
(2003.9 ~ 2005.4, 444 nights)

weak strong q b'g. mostly
ancing
aurora aurora cloudy
aurora
If tourist
staysonly| 0.61 0.57 0.35 0.42
1 night
If tourist 88% 86% 66% 1%
stays |(on one of|(on one of|(on one of|(cloudy all
3 nights | 3days) | 3days) | 3days) | 3 days)

reading from mpeg movie:
http://titan.irf.se/misato/ (under fixing)



http://www.irf.se/Data/?chosen=data

Examining mpeg movie takes time
= not optimum for quick check of daily activity

= Keogram (only north-south meridian sky)
all-sky images . _ . 2017-1-21
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cloud clear sky

http://www2.irf.se/allsky/asckeo north
16 UT 18 UT 20 UT 22 UT 24 UT

“Laziness develops technology’



http://www2.irf.se/allsky/asckeo
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http://www2.irf.se/allsky/asckeo

§1. Detecting aurora
--- methods to detect aurora ---

* Optical (ground)

* Electric current (magnetometer)
* Radar / Riometer

* In-situ (inside aurora)

* In-site (aurora particles)

* Optical (from above)



emission = 1. oxidation (fire), 2. thermal (bulb lamp), 3. non-

thermal (combination of 3a: florescent light + 3b: LED)
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partlcles




Aurora = AC current

Induced current on ground

-

Strong electric current on con Lg/cti
structures of > 100 km length':" | = %%
(1) high-power line = power failute.
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Strong electric current on conductin T o R
structures of > 100 km length : . , .
(2) pipe line = heating A s
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§1. Detecting aurora
--- methods to detect aurora ---

* Optical (ground)

* Electric current (magnetometer)
* Radar / Riometer

* In-situ (inside aurora)

* In-site (aurora particles)

* Optical (from above)



EISCAT ionospheric radar = 3 km from IRF

| l[;]% f > 200 km
| ' 100-200 km
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§1. Detecting aurora
--- methods to detect aurora ---

* Optical (ground)

* Electric current (magnetometer)
* Radar / Riometer

* In-situ (inside aurora)

* In-site (aurora particles)

* Optical (from above)
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Many aurora-related facilities
In Kiruna !

= Best place to observe aurora

= You are at the right place
(Just find a dark spot!)



§1. Detecting aurora
--- methods to detect aurora ---

* Optical (ground)

* Electric current (magnetometer)
* Radar / Riometer

* In-situ (inside aurora)

* In-site (aurora particles)

* Optical (from above)






§1. Detecting aurora
--- methods to detect aurora ---

* Optical (ground)

* Electric current (magnetometer)
* Radar / Riometer

* In-situ (inside aurora)

* In-site (aurora particles)

* Optical (from above)






ISS (NASA public domain)



Ring over pole




VIS Earth Camera
2000;‘”043 02:00 UT (2112, AM 3:00)
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High prob / gion Distribution of aurora
L[ during 1700-1942

O (Vestine, 1944)
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Same for other
planets
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Because plasma moves only along the
magnetic field



Jupiter Aurora HST « STIS * WFPCZ saturn Aurora

PRC98-04 « ST Scl OPO « January 7, 1998
J. Clarke (University of Michigan) and NASA

Magnetic field + Planetary rotation =
Aurora (not related to solar wind!)

Hubble Space Telescope (NASA public domain)

HST « STIS
PRC98-05 « ST Scl OPO « January 7, 1998 « J. Trauger (JPL) and NASA




The reason why aurora ~ arctic :

(yes) Geomagnetic field
(no) Cold Climate / Temperature

No relation to temperature, but...
*cold ~ often clear sky = can see
*warm ~ often cloudy = cannot



Geomagnetic field = aurora ~ arctic

1. Uranus’ magnetic pole = @equator
= Aurora@near equator

2. Secular motion of the geomagnetic pole:
= Secular motion of auroral zone

& Aurora@near equator during reversal
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How quick is the
secular motion?

The latest 20 year are
very quick!



Motion of Magnetic Pole (RianeEh=)

secular motion
of magnetic
pole

It has been closer
to China at B.C.

J

Many old record
of aurora in China
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wounding, green body
= dragon




flying, green body with some red







flying = phenix




flying = phenix jrovie




end of §1
start of §2



§2. Cause of “beautiful” aurora

What means “Beautiful”?

* naturally emit (but, not as bright as moon)
* with color (but, not as colorful as rainbow)
* rare (but, more often than rainbow)

* various forms (not as various as red sky)

There are other important reasons:



movie

move fast!



movie

lMAﬁEFUV '




movie

20031118
1630 UT



every b sec




Aurora moves fast over entire sky !

= Photo is completely different from
reality.

Aurora for good photo is a weak
stable one in only one part of sky.

Attractive aurora is too large and too
quickly-moving for any photo



§2. Cause of “beautiful” aurora

“Beautiful” scientifically means

* naturally emit

* with color

* rare

* various forms

* move fast

* entire sky (like milky way)



§2. Cause of “beautiful” aurora

* emission (florescent light)

* cause of color

* rareness (geomagnetic pole)
* cause of variety

* cause of motion

* entire sky (global scale)



Colors of aurora
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Green = Oxygen Atom
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Why different color appearances?
= pbecause of the RGB filtering method
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Blue-purple =
Nitrogen lon

= only April and September
> 200 km

blue-purple N2'+

B Raichoe )
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active red

=— Il 375+

(~6700 A)

e Mainly during early September or
- aurora late March (sunshine is important)






> 300 km

Oxygen atom
i 35 IR

s —
dark red

(6300 A)

only after largest CMEs

Red = Oxygen

=y Very Rare, but now have chance
- aurora to see during next few years









Four major colors are determined
by composition of the ionosphere
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movie

2003.11.20
many colors 1448 UT



630.0 nm

A

55°

A2

65° Different colors come 450
from different distances.

Schematic diagram (exaggerated) of auroral
locations for different colours.



1. To have aurora, a planet must
have both:
Magnetic field & lonosphere
(& Atmosphere)

2. Color tells composition:
Green = Oxygen
Blue-purple = Nitrogen

= Can check condition for life!



§2. Cause of “beautiful” aurora

* emission (florescent light)

* color (ionosphere)

* rareness (geomagnetic pole)
* cause of variety

* cause of motion

* entire sky (global scale)
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only one minute!

10:29 UT
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Largest activity = quick & midnight

Why midnight?

= Solar wind energy is stored there.
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* Cause of moderate motion
= plasma disturbance moves

the start location of the auroral
electron

* Cause of explosive motion
(named as “substorm™)
= nhot well understood



§2. Cause of “beautiful” aurora

* emission (florescent light)

* color (ionosphere)

* rareness (geomagnetic pole)
* cause of variety

* motion (interaction + ?77?)

* entire sky (global scale)



* One reason is viewing angle
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corona = zenith movie




movie

20050112
omega band = after midnight 0200 0T



movie

'‘pulsation’= late after midnight



red = only special condition of sunspot




§2. Cause of “beautiful” aurora

* emission (florescent light)

* color (lonosphere)

* rareness (geomagnetic pole)
* variety (time, angle, etc)

* motion (interaction + ?7?7?)

* entire sky (global scale)



end of §2
start of §3




§3. Meaning of real-time data

* Weather (search for clear sky)
* All-sky camera (shown in §1)
* Magnetometer (shown in §1)

* Solar wind

* Solar surface

* Others

A collection of data link is found at
http://www.irf.se/~yamau/manuall/irf_data.html


http://www.irf.se/~yamau/manual/irf_data.html

Real time data from the Kiruna All-S
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Geomagnetic coordinates. More about image
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http://www.irf.se//Observatory/?link=All-sky_sp_camera


http://www.irf.se//Observatory/?link=All-sky_sp_camera
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http://www.irf.se/Data/?chosen=data
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http://wdc.kugi.kyoto-u.ac.jp/ae_realtime/presentmonth/index.html

Can we make long-term prediction?

Using global monitor (AL) of the
aurora’s electric current, let’s check
long-term activity



http://wdc.kugi.kyoto-u.ac.jp/aeasy/index.html
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“about 27 days = rotation period of sun!

There are periods of high/low activities
These periods returns every 27 days
= WE CAN PREDICT (but @solar minimum)
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http://umtof.umd.edu/pm/
http://www.irf.se/Data/?chosen=data

Solar wind

High chance to see “strong” aurora

(1) When solar wind is fast

(2) When solar wind magnetic field points
specific direction

Both data is available over the internet
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http://umtof.umd.edu/pm/
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http://umtof.umd.edu/pm/

Long-term behavior of the Solar
wind

* Sun’s rotation (~27 days)
* Sunspot cycle (~11 year)
* Longer cycle (> 100 years)



1. Solar
Minimum

http://umtof.umd.edu/pm/
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during Solar Minimum:

1. One can “predict” a month
before.

2. But, sometimes we see good
aurora even when the solar
wind is slow (difficult to predict
this type of aurora)



2. Solar
Maximum

http://umtof.umd.edu/pm/
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http://umtof.umd.edu/pm/

during Solar Maximum:

1. One cannot “predict” a
month before.

2. But, activity is generally high
such that chance is high if one
stays three nights



There is slight difference between
aurora during Solar Minimum and
aurora during Solar Maximum.

This is because solar surface activity
Is different.



Solar Surface

because all the energy comes from
Solar Corona in the form of Solar Wind
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SPACE WEATHER
Current conditions
Solar wind

speed: 506.8 km/sec

density: 0.9 protons/cm?

explanation | more data
Updated: Today at 1745 UT

X-ray Solar Flares
6-hr max: B2 1220 UT Mar11

24-hr: B2 1220 UT Mar11

explanation | more data
Updated: Today at: 1745 UT

Daily Sun: 11 Mar. 10

New sunspot 1054 poses no threat
for strong solar flares. Another new
sunspot may be emerging at the
circled location. This is a magnetic
map of the sun, temporarily
standing in for the usual white-light
image. Credit: SOHO
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Everybody asks
“Can | see aurora tonight?”

and what time?

not easy like weather forecast



NOAA 1-day prediction of “storm”
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No way to
predict time

This is why
tourists miss
the aurora



Why do tourists miss aurora ?
* Check the sky only once an hour

* Check the sky in turn with friends.
= The friend tells you "It WAS beautiful !!"

* Check the sky under street-lights
= (Go back before the eye is tuned to darkness

* Check only half of the sky
* “Cloudy now” does not mean “cloudy all night”

* Mistake weak aurora as cloud
111 Use digital camera to monitor the color !!!

* Found weak one, but too cold to wait break up
Il Wear warm & walk around to keep warm !!!

* Yes, there was no aurora (very rare if not cloudy)



and

Cloudy now does not mean cloudy all night.
Some aurora can be seen through could!



N 5.04.04
over cloud * I 2312200TC




end of §3
start of Appendix



Sound of Aurora ? nobody knows.

Aurora & Season : some relation, but...

* solstice = less, but long night

* equinox = more, but short night
—> same chance to see aurora
—> other factors (weather) determine



movie

spring time 1957UT



Why do we research aurora ?

* Unknown
-> somebody must study

* Unknown + Beautiful
- attract scientists
* Requires high-tech
-> attract sponsor for research



Aurora promotes:

Myth & Tales (dragon/phenix),
Philosophy (3£F),

Arts (poem, music, paintings),

and Science.
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How to take photo/video

* Think about taking stars (use night-view mode)

* Never use flash

* Include something (tree, house) to compare the size

* Street light should be blocked

* Need tripod (or automatic shutter)

* Your hand will be cold!

* The battery of your camera will be cold.

* The lens will be wet if you take inside (warm) from cold.
* Color depends on lens, film, paper etc.

* flush light is useful



old version
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This real-time aurora and blue-sky camera system is
developed by Misato Observatory in Japan. The
camera is installed in Abisko tourist station in
Abisko, Sweden in collaboration with Swedish

S O u t h Institute of Space Physics.
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Before watching
“Can | see (very beautiful) aurora tonight?”
“Can | see aurora like this photo?”
“What time can | see beautiful aurora tonight?”
“Where is the best place to see beautiful aurora”?”
“How often do you see beautiful aurora?”
“Is it cold enough to see aurora?” (=wrong knowledge)

“Is Solar activity high enough for beautiful aurora?”
“Is aurora useful?”

"“What causes aurora?, and its color?”

After watching/missing
“Was there aurora”? ---- Why did | miss it?”
“Is aurora white”?”

“Was last night’'s aurora big?”
"“Why so beautiful? Why moving so fast?”



