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YES, ABORIGINAL AUSTRALIANS CAN AND pDIp DISCOVER
THE VARIABILITY OF BETELGEUSE
Bradley E. Schaefer
Department of Physics and. Astronomy, Louisiana State University
i

Baton Rouge. Louisiana, 70805 UsA
Email: schaster@isy, gy

Abstract Recently 5 Widaly publicized ciaim Tas Geen e that the Absrginal Ausiraiians discovared the
Variability of the req g Beteigouse in me medern Orion, phus. the varabilty of two other Prominent red starg
Aldebaran and Antares. Thig RSl has excitod thy ugyal haalthy skopticiem, with questiar, about wheth,
Yahined peoples Can dacover the roniabilty and whether such 5 discovery is Waly 1o be placeg L)

iransmitted for long pariods of time. Hore, | am offaring Svaluation. baged on broad gy
Paked-eyo shy viewing and astro 1 axporienced observerm 1o detec

Vo ks range I brighiness from y o xampla in noticing from
the slar varias from eoniicantly bighter than Pracyon 1 fainter than Procyon

0los in e Soutnay inent rod star, 5o 1 i

cracabilty of Botelgeuss was discovarms many tim e a0t 65 milennia. The process
Facovery inio & cullural contexy (1 this case, py ' e laithiul transmission for many
ikennia is contidently kown fog i, 59 this shows that the whoj elaim for o
changing Betsigeuse in the Apoy lian d lkely. Given that me discovery ang
Iransmission is easily possive, 1 Aboriginal lore gives an unambiguous: stalement ihat mese

Sars do indeed vary in brighinegs e arcled by many sthnographers v eayery 390 rom many Aborginal
Nides. So | $rongly conclude tha e Aborigial Australians ooty arg Ok SCOVer the variauisy of Bateigeuse
Aidebaran, ang Antares

Keywords: Aborgingi Astronomy, variable siary Botolgeuso, Antares Aldobaran
1 INTRODUCTION o 0. 9Chr® tunning away into the sy,

1@ Now $its in a canoe on the Milky Way, flank
#d by two stars representing two Women, being
OMINent in the Seplembar ovening  shies
Wa ® dafinitivaly identified ag 4 aros
a1es that when Waiyungg brightans
and gats hottar, this incroases (g sexual dosirg
of ihe peopla. These are cigar statements from
Multiple communities ang Multiple ethnograph
& that the thoe red stgrs 0ot brighter ang
tainter

Boteigeus (. Ori) ig the bright reg Supergiant
Star in the shouider of Qxrigr and it varies in
brightness from visyal Magritude 0.0 10 1.3 mag
With a quasi-periadicity of 429 days. Thig v
bility was first ‘Oiscovere By Sir John Hersche
" 1836, or at loast this wag the first surviving
bservation to maka it inggy Westem science jour
nals. Recently, therg hag been substantial excite.
ment in the press and in the Intermational var,

a

Ao star communities over g claim that he
Abariginal Australiang hag long ago discovereq This basic claim (that ihe Aboriginal Augtra,
the variability of Batsigeyse (plus Aidebaran ang lans discovered thg yan ability of Betelgeyse|
Antares) and incorporatad this discovery into lorg has excited skepticism in gome Quartors. The
passed down through untold gang, ations, and ba. oo ed oot of this skapticiem s the view that
0 &ven today recognizatie Aboriginal peapie were tog ‘rim ve' to be ablg
wha have collected thig fore 1o make a discovery that i morg ypical of ma

&N Wes 35 & general trygy

The Abariginal Austratian o Very was first
roted by Fredrick (2008) ey ore
40pth in Leaman ang Hamacher (2014) ang fur
iner analyzed in Hamacher (2018, They point
1o lore coliected g g iry ago from southern
Ausiraia lor multple groups, with I
s Plus the usual variants, T
S1ory is about a hunger (eprasented by the mog.
oM stars of Orign) chasing after someg young
' (f0progontod by the Pigiagag) with hi

2. 88 wel ;
ration from having hearg o many implaus
o of discovenies of logt.ancse t-wisdom
This skeplicism can pg ilemized under the
quastion "How could the Aboriginal Australigng
pScover [he variability when sq many great
Wasten astronomigal Observers from befor
1836 all missed it ang under the statemen
The variabilly of Betaigeuse ig 100 sublle ang
Infrequent for any casugl discovery”

IUSI" (representeq in the star Betg Jeuse) In this note, | willbe Ovaluating the basic claim

aning. while the older protective that the Aborigings Australiang dig discover the

! (reprasontad by Aldobaran) aigg variabilty of Bateigause. Thg just an inde.

ils and empties of the fire magic', The secong Pendent and critical gxam ion of promingny

slory is also g marality talg, with 5 slory about g Claims in the fiekd of the histary ang haritage of
YOung male initiate (na od Walyungari) coverag astronomy, as our fieid so desperately needs

NARIT - p, ided by the NASA Astrophysics Data Syste
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When will Betelgeuse
explode?

Dave Darling

5,2 t visninger - for 8 maned...

Betelgeuse is

Spinning faster than
Expected may have...
nemesis maturity

87 tvisninger - for 2 ar siden

Betelgeuse's Size
Captain Chaos
725 tvisninger - for 8 ar siden

What if Betelgeuse

Star Explodes?

*Scary*

Mr Scientific

135 t visninger - for 4 uger s...

Beetlejuice - Meet
Betelgeuse - HD
YoureAJagOff

175 tvisninger - for 5 ar siden

Cosmic Front
Betelgeuse Death of

a Star 720p HDTV
Spacevelocity

4,4 t visninger - for 1 ar siden
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What Will It Look Like
When Betelgeuse

Goes Supernova? (4...
V101 Science

1,1 mio. visninger - for 4 ma...

Betelgeuse is Getting
Ready to Go
Supernova

nemesis maturity
545 t visninger - for 6 mane...

Does Betelgeuse

Even Exist Anymore?
Sperd3

6,3 t visninger - for 6 maned...

Betelgeuse Surface
View

Zahid lkram

40 t visninger - for 9 ar siden

Betelgeuse
Supernova And Its
Impact On Earth - S...

Insomnia Team
106 t visninger - for 1 ar siden

Betelgeuse Star’s
Surface Observed by
ALMA Array
VideoFromSpace

10 t visninger - for 1 ar siden
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The Coamos News

Supernova ‘!
View from Earth! 4

Betelgeuse: The

Clock Is Ticking,Great
Supernova Explosio...
The Cosmos News

757 t visninger - for 4 ar siden

Birth of the First
Stars & Death of a
Star Betelgeuse - S...
Discovery channels

73 ser med

Beetlejuice - Day-o
(Banana Boat Song)
lipebianc

29 mio. visninger - for 9 ar si..

Betelgeuse sunrise
from one of its

planets
SirSpunkyTheHunk

87 tvisninger - for 5 ar siden

Betelgeuse Star
Supernova View from
Earth

SCIENCE AND UNIVERSE
227 tvisninger - for 1 &r siden

What If Betelgeuse
was our sun?

Angelica Courtney

3,9 tvisninger - for 1 ar siden
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NEWS POLITICS EN\'ERTAINMENT LIFESTYLE IMPACT VOICES VIDEO ALL SECTIONS
—

GREEN 1 g7 | Updated M

Two suns? Twin Stars Could Be Visible From Earth
By 2012

. By Dean Proetorius

—

Earth could be getting a second Sul. at least remporarily.

Dr. Brad Caner. Senior
news.com.au- Bet

.onﬂolthimg!’!lsky'sbﬂgm:m,lswsmgmn. md-caungn-sco\upwg.l\wndm
it

out of fuel and go super-nova at any time.

mnma\mppms.!otalbastahwwasks.we'dsaoa;ocoﬂds\m.cmursaysmmmmmnmmwm
that timeframe

Thssm‘Wars.qu scenario by2012.carlersays..‘ orit could take longer The explosion could also

cause a neutron star or result in the formation of a black hole 1300 light years from Earth, reports nEWS.Com.al-

But doomsday sayevssm»d pe careful about speculation on this one. |f the star does go super-nova. Earth wilkbe——
icles, according 10 Carter. “They will fiood through the Eartt and bizarrely enough, even

i wmngmupmragmsky,aﬁpe«

ies and through the Earth with absolutely no harm wha\aoevu.‘ he toid

npews.com .au.

Infact. 2 neutrino shower could be peneficial 1o Earth. According 10
jiteralty makes things like gold, silver - all the heavy
unslanu-floqmnqlorusa!lsodsmma\-'&‘dﬂmgmsmdatoﬂ\slmlou ownamh awdouawnbodﬂs

past supemovi.” said Carter.

UPDATE: To clarify, the news.com.au article does notsay a neutrino Shower could pe beneficial 1 garth, but implies 2
a could be peneficial, stating, “Far from peing @ sign of the apocwpsl. according 1o Dr Carter the supernova
will provide Earth with elements for survival and continuity.” p——

UPDATE Il: In @ foliow-up piece an news.com.as Dr. Carter stressed that there s no way of knowing when the star
may qosupcrncvn. U.S. astronomer Phil Plait added. ~Betelgeuse might go up tonight, of it fmight not bé for 100,000
years. We're just not sure.”

Dean Sugaest areorrecton

Practorius ¥
Director of Trends and Social Media. The Hulfingtor
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SREEN

n, at |east lemporan\vy

. Brad Carter, Senior Lecturer of Physics at the University of Southern Queensial
wS.COm.au Betelgeuse. one of the night sky's prightest stars, IS josing mMass. ing

it of fuel and go SURBCNEYS at any time.

Nhen that happens for atleast @ few weeks. we'd see 2 second sun, Carter say!
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SCIENCE FOR THE CURIOUS

Discover

MAGAZINE | BLOGS | TOPICS | PHOTOS | PODCASTS | SHOP | SEARCH

SUBSCRIBE

DIGITAL EDITIONS
RENEW | GIVE A GIFT
BACK ISSUES

DIGITAL PRODUCTS
CUSTOMER SERVICE —

BI-UGS D-brief 1 The Crux | Body Horrors | Citizen Science Salon | Dead Things | The Extremo Files |

ImaGeo | Inkfish | Lovesick Cyborg | Neuroskeptic | OutThere | Science Sushi |

2 Bad Astronomy

« Mt. Etna erupts!

Betelgeuse and 2012

By Phil Plait | January 21, 2011 7:00 am

1 swear, I need to trust my instincts.
As soon as [ saw the article on the
news.com.au site desperately trying
to link Betelgeuse going supernova
with the nonsense about the
Mayans and 2012, my gut reaction
was to write about it.

But no, I figured a minute later, this
story would blow over. So to speak.

I should've known: instead of going
away, it gets picked up by that
bastion of antiscience, The
Huffington Post.

GrrrT.

Squishy moonrise seen from space! »
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Functional ——
Connectivity ‘
Between
Surgically
Disconnected
Brain Regions?

The Hobbit: A

Lineage More

Ancient Than
Once Thought?

Exploding Sea
Cucumber Butt |
Threads Area ——

New Material

Naked Mole-rats |
Can Go 18
Minutes Without
Oxygen

Giant Virus
Found in Sewage
Blurs the Line
Between Life and
Non-Life




Rpde superkeemper

FORSK
NINGENS
DAGN




Far-infrared

Infrared

Visible
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. “ NGC 2023

Near-infrared

www.esa.int

Visible

European Space Agency

An Orion Nebula Comparison

NASA / JPL-Caltech / 5.T. Megeath (University of Toledo, Ohio)

Spitzer Space Telescope * IRAC
Visible: NOAO/ AURA/NSF/ A, Block/ R, Steinherg
ssc2006-16c
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.. Massive Star Red

\ (more than 8 to 10 times the mass of our Sun) Superglant
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Cassiopeia A Supernova Remnant
NASA / JPL-Caltech / O. Krause [Steward Observatory)
ssc2005-14¢
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Spitzer Space Telescope * MIPS
Hubble Space Telescope * ACS
Chandra X-Ray Observatory
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Crab Nebula Supernova Remnant Spitzer Space Telescope * IRAC « MIPS

NASA / JPL-Caltech / R. Gehrz (University of Minnesota) sig05-004




TEMPERATURE OF STARS

12,000 'C
Rigel

3,000°C
Betelgeuse
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Size of Star

g =
Size of Earth’s Orbit

L1
Size of Jupiter’s Orbit

Atmosphere of Betelgeuse - Alpha Orionis
Hubble Space Telescope - Faint Object Camera
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7‘min Radic Image of
Betelgeuse's Atmosphere
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Courtesy of J. Lim, € Carilli, 3. M. White,
A I. Beasley, & R. &. Maraon
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AAVSO DATA FOR ALPHA ORI - WAW. AAVSO.0RG e 2 WHT 7100m: 1991-01-03  WHT, 546nm: 1991-01-04  WHT, 633nm: 1991-01-04
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Fig. 1. WHT and COAST interferometric observations in the visible
and near IR. The images were compiled from published data of spot
positions and intensities, covering a time interval of almost 9 years

A SRR (for references see text).
UNIVERSITETSBIBLIOTEK
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Fig. 1. WHT and COAST interferometric observations in the visible
and near IR. The images were compiled from published data of spot
positions and intensities, covering a time interval of almost 9 years
(for references see text).



Bow shock
Motion of Betelgeuse

with respect to the
interstellar medium

Motion of Betelgeuse
with respect to the
interstellar medium Betelgeuse

Betelgeuse
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Videnskab

“I'm Sciencing as fast as I can!”
= Professor Farnsworth

. Opdagelse / spgrgsmal
. Hypotese / teori 1. Make an Observation - "What is happening?"

An QObservation is when you notice something in the world around you
E k . / and decide you want to find out more about it

2. Define the Question - "Why is this happening?"

Defining the Question creates an idea that can be tested using a
series of Experiments.

OO0 w >

. Analyse / observation

3. Form a Hypothesis - "I think this happens because..."

A Hypothesis is a statement that uses a few observations, without
any experimental evidence, to define why something happens.

m

. Konklusion

4. Perform Experiments - "Let's test my Hypothesis..."

An Experiment is a series of tests to see if your Hypothesis is correct
or incarrect. For each test, record the data you discover.

5. Analyze the Data - "Was my Hypothesis right?"

Analyzing data takes what you found in your experiments and
compares it to your Hypothesis. If needed, perform another
Experiment to gather better data.

6. Conclusion - "Experiments show my hypothesis was...”

Forming a Conclusion presents the Experimental Data and explains
how it proves or disproves your Hypothesis. Often, Scientists will

A take this Conclusion and perform other Experiments on it to discover
S D U ,a‘ SYDDANSK new things.
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A. Observation / spgrgsmal

Betelgeuse har gigantiske bobler / varmeceller

AAVSO DATA FOR ALPHA ORI - WWW.AAVSO.0RG
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Fig. 1. WHT and COAST interferometric observations in the visible
and near IR. The images were compiled from published data of spot
positions and intensities, covering a time interval of almost 9 years
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B. Hypotese / teori

Solen er magnetisk, fordi
den har varmeceller.
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The Convection Zone

Energy continues to move loward the surface
through convection currents of heated and
cooled gas in the convection zone.

Energy moves siowly outward—taking
more than 170,000 years to radiate through
the layer of the Sun known as the radlative
zone.

Coronal Streamers

The outward- flowing plasma of the corona
Is shaped by magnetic Neld lines into tapered
forms called coronal streamers, which extend
milions of miles info space.

The Corona

The lonized elements within the corona glow in
the x-ray and exireme ultraviolet

NASA instruments can image the Sun's corona at
these higher energles since the photosphere |s

Energy is generaled by thermonuciear reactions
craating exireme lemperatures deep within the

'.“ Sun's cora,

T e are

The relalively thin layer of the Sun called the
chromosphare is sculpted by magnetic fleld lines
thal restrain the electrically charged solar plasma
Occasionally larger plasma features—called
prominences—form and extend far info the very
lenuous and hot corona, sometimes efecting
material away from the Sun




The Corona

- The lonized its within the in
B. H PO tese / teori — /i
\ NASA instruments can image the Sun's corona al
Energy continues 1o move loward the surface o e
e y I through Son s of heated and Vi these higher energles since tha photosphere Is

cooled gas in the convection zone. . AT quite dim in these wavelengths.

Solen er magnetisk, fordi
den har varmeceller.

Varmeceller giver T

The Radiative Zone .~ &

bevaegelsesenergi S
L e remesphen
Bevaegelsesenergi forstaerker e T e R ]

s shaped by magnatic field lines into tapered N g . Occasionally larger plasma features—calied
forms called coronal streamers, which extend 'S prominences—form and extend far into the very
millions of miles info space. % lenuous and hol corona, somelimes ejecting

magnetfelter o
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B. Hypotese / teori

Solen er magnetisk, fordi
den har varmeceller.

Det giver den solpletter.
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B. Hypotese / teori

Solen er magnetisk, fordi
den har varmeceller.

Det giver den solpletter.

Magnetisk energi bygges op
og frigives som strdling
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B. Hypotese / teori o I

1996 2006

Solen er magnetisk, fordi
den har varmeceller.

Det giver den solpletter.
Og varierende lysstyrke.
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B. Hypotese / teori

_ _ 2004
Solen er magnetisk, fordi

den har varmeceller.
Det giver den solpletter.
Og varierende lysstyrke.
Hypotese:

Maske har Betelgeuse
”Stjernepletter” fordi den har
gigantiske varmeceller?

Teori: Betelgeuse er magnetisk.
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C. Eksperiment / test

2004

B
(,— = -VXE,
ot
E = —-(wxB) + nlJ,
J = VXB,
)
(("i: = —V-([)V).
y,
'(Tr(pv) = —V'(P"V + I) - VP + JXB.
: . =
%
(.‘—;;- = =V.(ev) — PV:.v + Q\'i.\'c + Q-l-
C

Fig. 2. Simulated surface intensity snapshots at four dif-
ferent instants, time = 256, 347, 457 and 494 years (from
upper left to lower right).
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C . E kS p e rI m e nt / te St Dorch: Magnetic activity in late-type giant stars

120 1.60 ‘*15?: = —80 —40 ]

a®

2004 U T

Fig. 8. An illustration of the unsigned magnetic field strength |B| at the spherical surface r = R of the model star

using an orthographic map projection. The darkest patches correspond to a maximum field strength of 500 Gauss
= 695 vears. The views are centered on longitudes of

(black on the continuous scale bar). From a snapshot at time
100° (left) and —100° (right). The grid indicated has a longitudinal spacing of 40° and a latitudinal spacing of 20°.

I'he numerical resolution of the map is 180~ grid points.
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Imaging the Spotty surface of Betelgeuse in the H band
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S ABSTRACT
| = eports on H.by observation o leleSTOpe trver feromerer- ey W
" mmetries <. including its diameter, limb o kening
- wroundimg by
+ different theos A L oament to model the visibility datg We made
, modeling and pa ¥E reconstruc 1thms: MIRA and WISARD
] 13 o erape limb-darkened diameter of 28 2 0.15 mas with liney, dels &
e With 8 MARCS model. These measurements lead us 1o ve o
" fully-resolved enyirg which the silicate dust shel i sir
irface of Betelgeuse. O a 1
' ved (diameter 9 mas B Mal flux
Q % Conclusions. Resolyed o ymme e level of & few pescent_The MOLsphere s pgy
L - detected in thie *ed limb-darkening is in good agreement with model py The two
O b Spots imaged at the ¢ ures of convective gells
— Key words. Convection interfer tric- stars: fundament; Ip nfrared: stars- stary: ind Vidual: Betelgeuse
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'E; = 1. Introduction the size for S1 and $2. An outer radius of and ~7 are
)

Located in the Onon constellation Betelgeuse (o Orionis) is g with other measurements mag
»¢  Ted supergiant (hereafior RSG) of spectral type M21ah It is one
ke Of the by

hiest starg

S°¢ were derived, respectively althougl the fag

onsistent
by the ( ARMA interferometer

optical w
biggest angular diameter (43
R Doradus (Bedding ey al, 1997)
it shows pe;

clengths and has the second
i et al, 2004) afier
Classificd as Semi-regular
wdicity in it brightness chan
Sometimes interrupted by + nous imregularitics (Guinan, 1984).  ctry at 1l g b
According to a recent reanalysis of 3 Hj

its d

s, Pe

12 A dusty environment

BES, accompanied or A shell of dust was firsy detected with heter

by Sutton et al (1977 Ouite
Pparcos satellite dataset,  of the inney radius of Bete
lance is now estimated at 197 4 45 Pe (Ha

ne interferom
a few estimates

cuse’s dust shell have since been
Peretal, 2008). made. Bester of gf (1991) used

" model with an inner ra
fentificd at least 7 components  dius of 0.9 aresec | 45R,) 1o

HluwF*\.r\,.'u-n-u;ﬂun.n\ have i¢ “xplain both their |1 het
of the complex Betelgeuse atme phere: two outer shells, a dust crodyne interferometry (IS1) and
environment, a chromosphere ! gascous envelope, a molecul,
_-I 0 _20 _30 shell also known as MOLsphere ( Tsuji, 20004)
0 photosphere Some of riu-wmml'
some are overlapping

er speckle obsery itions by
Sutton et al. (1977) and nmﬁnﬂaw»w»’m

and finally the resolved mig infrared (mid-IR) slit 5
1Cenls are not symmetric, and  (1993) find no silic

3 20 10

Pectroscopy, Sloan ¢ al

E Cmission within the central
around Betelgeuse Danchi ¢ al (
ISI data that the

arcsecond
¥94) find from || 15 pom
inner radius must be | 00 « 0.05 arcsec

Relative RA

Le
roughly SOR,. But this result disg S With later findings by
1-1. Two outer shetis Skinner et al. (1997), who claim 1 inner radius of not more

" 0.5arcsec. This environment of h

Two shells (S1 and §2) have been observed in absorption in  0-Sarcsee, Thi environment ! y

CP0 and "¢iog it 4.6 pm by Be et al. (1979) byt theur
€Xtent was not direc tly determined p

hoenix 4.6 m spec

tra obtained by Harper et 41 (2009) led to an estimation
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D. Analyse / observation

—_—

2016

ShU-é&

Detection of the lincarty Polarised Spectrum of the g Supergian

star o O
Conference Proceeding of the 8 Spjuy Polarization Workshap
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he solar limb, lincar polarisation is dye 1 Anisotropy of the radiation

Abstract,
field induced by limb darkening, 1y js maximal whep iy jy Seen parallel to the limb and
M vanishes whey s integrutey Over the sphericyl), ;

Iy'm"k‘lfﬂ

for distan Stars, that preseny Spherical h " polarisation Signatures are very
difficuly 1o obserye. However Strong linear polarisation Teatures have been reported jn
the Prototypical reg SUPCIgIant star o O (Betelgeuse), With an analytical mode| we
Propose 1o explain them,

2v2 [asrm-ph.SR] 8 Feb 2017

arXiv:] 702.02002+

1. Introduction

Red Supergiant stary (v 'YPe supergiants, hereafter RSG) are coof :
K and 4,000K) ang Massive (M > 1o M) stars They have o very extended Atmosphere
(from 100R,, 1o 100000R,,, for the bigges; i
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the phoy sphere

detected 5 weak magnetic field at the surface of ¢ O, o=

! f the stars (of about |5 Years) g small-scale dynamo Bencrating g gloy|

magnetic field js Supposed. Thig detection comforts the idea that turbuleny motions jj

the giang convective celjg may generate 5 global magnejc field (see for instance Dorely

004). From recent observations Of RSG stary, Auriére et 5. (2046) ang- Fessore e
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E. Konklusion
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Opdagelse / spgrgsmal 2002
Hypotese / teori 2003
Eksperiment / test 2004

. Analyse / observation 2009, 2010, 2016

Konklusion / spgrgsmal 2017
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Venus at Hubble
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Super-tungt sort hul i M87: Event Horizon Telescope Collaboration.
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Cassiopeia A Supernova Remnant Spitzer Space Telescope * MIPS
NASA / JPLCaltech / D. Krause [Steward Observatory) Hubble Space Telescope * ACS

S D U /{‘ STEANSE ssc2005-14c Chandra X-Ray Observatory
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Atmosphere of Betelgeuse - Alpha Orionis
Hubble Space Telescope - Faint Object Camera

PRCOE-04 - 5T Scd QPO » January 15, 1596 - A Dupres (CTA), NASA, EBA
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Danmarks astronomiforening for unge
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Abn og udforsk de tre kapitler herunder
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KVANTEBY

Kvanteby er et offentligt orrongemen med populcervidenskabelige foredrag i Odense.
Foredraget er gratis og henvender sig il alle fra ca. 16 &r og opefrer.
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Kvanteby er en del af Ki itter, som er fi i af.
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