DARK 20mins Fulldome Format 4k

Script by: Alan Duffy and Peter Morse H AFE#R : AltairLLC
© 2012 Alan Duffy & Peter Morse Xk 2015.11.4
—1.1—

I'm an Astronomer, and I’ m looking for something that is very hard to find
WE 7505 T74— F—RFSVTODEERRXEETY,

Imagine trying to search for something that you can't see
AMFETERAGVWHLSIBLDEFFELTULET,

You don't know what it looks like, what it's made of, or where it is.
EFNHANS LMD, A TTETNT, ECIZTHIDOLHMY FEA.

But you do know that nearly 80% of the mass of the universe is made of it
TH., TNIEFHEEED 80%1 H HHTWET,

Now that's a real problem.
ETCHEELRBETT .

At least we' ve been able to name it — it's called 'Dark Matter’
=blEnzd §—H <42 —] E&FHTELT,

One way scientists investigate the natural world is to look for patterns
BlEHEIE, BARAROENI S ENFEEZSELTWET,

Now we can discern patterns across a range of scales
ZLTE. Sh=BIERIBET,

From the foam on this beach, to the stars above us
CDEMNS, BBELICECELDHEEA

From something very small, local and intimate — to something across the very distant
COoSmos.
Z LT, FEBIC/NELGIDHMENAS, EBXRETLAVWFHEORANE,
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One way we might understand Dark Matter is by the effects it has upon the patterns
of normal matter around us

- the stuff that we, our planet, the stars and galaxies are made of.

BN T—O I3 —4BRBTHHED— D&, Fhl=bORE, 24, ZTLTEREADHE
ZHRRDHIETT,

We can’ t observe it directly, but we can infer its existence — by looking for subtle
hints of its presence
F—OI3—FEEBRTEHLIETEFEFRA. TH, DI LBEY FEFET I LITES
T. TOHFHEZHANTHLETEET,

If we are to learn about Dark Matter, firstly we need to understand galaxies

=023 —DEREMBICIE, FTEF-EDRALERTILEANAHYET,

The long pale strip of light across the sky is our galaxy, the Milky Way.
RKELHERDDZRNAEDTE KD (&, Fh=-BDERADETT,

The Milky Way is like a giant disk, made out of stars
KXKDINNFEXLZABOHELGER T, CChLELPRELET,

Our sun lies at the edge of the disk, which is why we see a thin band of |ight completely
surrounding us
=BlE., COABDIHKIZNWEST, TDEH, KDINZEHXDHFELTRTWADTT,

Dotted along the arms are red points of light

— these are the birthplaces of millions of stars, shrouded in a thick layer of dust
— which to us appears red.

RO R, RADKICR>TRELTLET,

ZIlIE, MERLDENEFENTL HERT. ELWFUTELATWET,



The blue regions show young stars which have since blown away the gas clouds that
surrounded them by the strength of their stellar-winds
CONMTEEN-ELADEERIZE>T. BEBWFUIRERIEENEE. TIMHEFL
EVWEL-BNEZHLFET,

The dark material lying along the arms are other regions of dust and gas — which have
not yet formed stars
RAIDBEIZRA>TREWF Y EHRNHBY FIMN, CIHLEFFELEFEYHIATHEE
Ao

So what triggers star formation in the galaxy?
RAILEECOHRLBEEZLTLWADTLLS?

The answer is gravity
ZTDEZAIZENTT,

But often these processes are hidden from us by the gas and dust itself
LAL. SBAIDFIZHDENFY EHRIE, LIFLIFSRBOMEE LY FI,

So how’ re we going to to see them?
TlE, ES3P2THRRNIELLDTLELS ?
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Have you ever been lost in the fog?
FITA-CEIEHYEFITM?

The fog blocks visible light, which makes it very difficult for you to see through
it.
FEAEAZEZTOVI LTLEN., EHYERETCELEZEBICHLILET,

Astronomers have the same chal lenge when they try and look at galaxies
LM LERXEEX, ThERLELFYLUODHELTOET,

They try and look through the gas the galaxies are made of, to try and determine the
inner structure of the galaxy

as well as all the other hidden processes, such as the formation of our Sun and the
formation of the stars

WOEARZRBLT, SRADLGY - EPNEBE. -EOKRBELEDZ LR HBE
LTWLETD,

TN, Wofzlb\ EDEILGFERZFEL>TLADTL LD,

When you’ re in the car in the fog — you can still hear the car-radio play, even when
you can’'t see through the windscreen
JAOYMASANRZAGVEEDRBVEDRICENAASTLESTEH, B—3 DAL
CENTEFET &1,

This means that radio waves can be detected even when visible light cannot
DFEY., EODRTIE, AIREFRAGK TELEBRIIBSIZLEEZEKRLET,

So astronomers use radio telescopes to peer through this thick gas and make unique
observations that visible telescopes can’t.

5. RXFERFEREEZREFE-> T, AFERFTETELL, BRLWVARXZRELTFH
FRARTWLEHDTY,

We can look at the skies above in all of these different wavelengths — we can reveal
all of these different structures in our universe
AKXBEIBALGERDOBERTEL2ARZEHAL., FHEAOEBEZHLOMNILELESELT
WET,
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This is the Parkes radio telescope in Australia, nearly 400 ki lometres West of Sydney.
CCEHA—ARSYT7 - R=Z—Hh5H400F0O4A— kL, IN—Y RAEREEETT,

Radio waves have a longer wavelength than visible |ight — which means that to get
the same level of detail,

radio telescopes have to be larger than optical instruments
BRIFA[RAEFIVEREVERRED-D., AKX LR LHEZEDIICIEIEXRLGEREREL D
ETY,

For instance, the Parkes dish is 64 metres across — but your eye can still see details
10 times finer!

BlZIE, COBRERBIIER 64 A—FILEHYFEITH, HLE-OBDOAH 10 FLHH
WHLDARZATULET,

We need something bigger.
FEHEHATAICEL2EXRELGLDONIVLETT,
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In Western Australia, a new telescope called the Australian Square Kilometer Array
Pathfinder — is under construction.
BAA—XESUTDOHFLWERRKXE ASKAP LMFEATWVETD,

With 36 dishes spread over 6 kilometres, this instrument will see details 100 times
finer than the Parkes telescope.

6 ENEREEEE 6 FOA— FLLUEICHR, /S— XBHRERED 100 51 DIEEE
/BTLWET,

Yet what real |y sets ASKAP apart are the Australian-built phased array feeds sitting
at the focus of the dish

BREEEFLCRUERSZET, TNETEXRGIDICRITHEHEZRFSIZEMNT
ZFHMDTY,



These are the eyes of the telescope, able to view 30 times more of the sky in a single
snapshot than a standard receiver.
NEDINSHEFRLERFIL. SEFTODNFLULDOMREZF>TVVET,

Similar to your digital camera — they can take in light (in this case radio waves)
and create digital images

ZLTINoERBEORERIT. HLEOTOFILAASERLELIIC, TOR2IILLET S
ZENTEEY,

This happens across all the dishes and we can later add them together using a
supercomputer, to form a giant virtual telescope.

FTRTDEREEZFEDERE., A—/\—aAVE21—A2THEL,. EXGN—F v ILERKE
EEBEEELHDTT,

Because of this ground-breaking technology, ASKAP will be able to survey the sky 10
times faster than Parkes

- making it amongst the most powerful radio telescopes ever built,

capable of viewing more of the Universe,

- faster, than ever before

- creating an unprecedented wealth of data.
COESHTI/7a0—I2&Y ., ASKAP [F/3—H REFREZFHEICHNR, 10 ECEZRE
TEHIENTEET,
BALGERLREDOHREIZE ST, FYLWFHEEZELIYERCEHRAL, TLTKEDOHAT
—3%#/{HDTY,

To help make sense of all this information, as well as guide the design of such a
groundbreaking telescope,

astronomers create simulations of the Universe inside supercomputers.
COEHMLGERELFEL. TORBRRERMTL, RXFELERX—/—aVE21—42 TFH
2aLb—2arvEEoTLKDTY,

\'l
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As astronomers we are in a different position to other scientists

RXFEIMOBFELRECERLGIRDHY FT,

We can’ t perform repeatable experiments on distant galaxies — we couldn” t have them
collide in a different way.
TNIEEBATELZODTY, ERTIHRAIRLZEHREIESLIEITEEFHA

What we do have is a series of stunning images, these snapshots in time,

of — stars forming and galaxies colliding

and we can use those to try and infer what's going on underneath

to do that, we use powerful supercomputers just |ike this one

to simulate the stars and even entire galaxies

BB TUVSERIE. RFvToayv bDL5%, FAO—ROBETT,

ThiE. BORATRAINEETVSEINETHRT 5-DITFE>TLET,
ZEIMBNRTINER—/IR—aVE1—3 T, EOHFEVIaL—2a3vsEBHDTY,

This gives astronomers a kind of laboratory in which they can test their physical
theories and observe

galaxies colliding in as many different ways as they want, over and over again
NIZkY, RXEENEZDIEHBERA—/NN—OVE21—FDHRTTALL, AIETH.
B LH5ARAT, RAZERIELIIENTEDLLSICH DT,
NFETHEPHGEILETT,
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In the real world we can only see a snapshot of any galaxy at a single point in a
lifecycle lasting billions of years
BEOHRATIE, EQJ|/FADAFT YT ay bEHA+HEEO—BTLMIDY FEA.

But computer simulations can make a movie of how galaxies evolve over time
LML, avEa—4—(, BADE/LLDBEEEX., FHATHEDKSIZVZIaL—3Yy
THoEMTEET,

This helps us to |link together observations and theory — to form a bigger picture
of galaxy formation.

ChiE, BRALEREROMAIT, FYREGRABEDREEYHIFITLGYFET,
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This is an example of a simulated galaxy, which is forming from gas that cooled after
the Big Bang, the point at which the Universe began
INEPIaL—2arEnfRBAOHITY., FENMEESLEVINVEROSATH
AhLEELET,
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Giant galaxies take hundreds of millions of years to rotate
EXGIRAIIEERT 5DICHEENNYET, <UEE>

If we calculate the gravity of all the visible material in a galaxy — they shouldn’ t
rotate as fast as they do.

In fact, they spin so fast — all the stars in the galaxy should be flung into space
- the galaxy should disintegrate.

This can only mean that there's a huge unseen amount of material providing the extra
gravitational force, keeping it all together.
BICRASIRTOMEDESEZHET HE. ARFINEFERSEBELLGLDTY, <
PDRE>

LALERICEHAEIYVLECEELTVWEY, TH, TATEHBADIRNTOEFTFH
[CRFHEINA, BAVBRELETAERY FEA. <HEE>
DFEVYBICRALGULVYENFEL. TOEAICK>TRADEZLEHTLNSIDTY,

This unseen material is Dark Matter.
M 45—y <42—| T,
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But, we can only indirectly detect Dark Matter through its gravitational effects on
the gas and stars

LHOL., HREBDENDEEZFARND LT, MEMICA—I I3 —2BRHETH2LIE
AIRET Y,

In computer simulations, however, we know exactly where the Dark Matter, gas and stars
are,

because we put them there!

DFEY, AVE2A—4233IaL—2arTR AREESDIM>TLETAL, F—U 7
B—MNEZICHAINGTETAHIENTEET,

This can aid astronomers in understanding how Dark Matter causes galaxies to form
and stay together.
F—oI3—MRADEZICHT L., GE—RIBFEFLI0N, AVEL1—F[ERXFEED
FHFELFET,
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The Dark Matter extends beyond just the galaxies
=933 —ILBAIEBZ TV TLET,

We think it is connected into long strings, or filaments, that stretch across the
Universe.

KXFEIX., TNARVVDEN T A TAVMDESIICFHEAFREZEUTHATNSEEZART
WET,

Just |ike morning dew is found on a spider web in the back garden,

our simulations show the galaxies dotted along the Cosmic Web, the Dark Matter Cosmic
Web.

Except this web is many millions of |light years across... It’ s enormous
TNEFELTHENDERET., MIKOREZRRL-BOL I,

22alb—2 3T, BAE, FEOMKOEDLSIZRAELTLET,

LML, TORSEHEBFAFIZLERS, EXLGHLDTY,
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This simulation represents a small region of the Universe, 600 million light years
across.
DI AL—YavIdEREREOREERLTLET,

The simulation begins just after the Big Bang
DZal—YavFEYINUOEEREMNSIBEY ET,

Everything starts off smooth
FTRTIEF/ELOMZIIFLFYFET,

but tiny quantum mechanical fluctuations cause some regions to be slightly denser
than others

- regions that will collapse under their own gravity, forming the seeds of modern
day galaxies.

LHL. DGR 5 EICK->T, WOHDBET, MENDVLELLLGLITEILEFN
F9., DFEYINMRADELGY FT,

So, we can see, Dark Matter forms into enormous filaments along which the galaxies
are strung

ZFLT, =973 —I&, RAMNLEUVBRICEODTERBIATAVEREFELTLILD
T,
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The Australian Square Kilometer Array Pathfinder telescope will not only see the fine
details of individual galaxies

but also reveal their place along the Cosmic Web
BRERKFIIWADKBEL LT THLS, FEHOBEICOVWTELREAMNLET,

The telescope surveys a much larger volume than this simulation alone

- but remember that the galaxies are what we see, not the Dark matter.

B, SOV aAL—P a3 KYFEEICLEWVFEERAELET,

LHL., BB AERICETVWSEDIIBATH LI LE#BELTLES L, ¥—9U 7
2—TRHY FEA,



Observers use these simulations to help them play a ' cosmic game' of ' join the dots’
linking galaxies together to

learn about the underlying Dark Matter filaments

BAIEE, RAE—BITHEOTVWIT—IIFI—T 4T AV RERRDIZD. ChoDd
Salb—YarvEFE-L-TVET,
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We’ ve used some of the largest supercomputers in Australia to follow the formation
of a galaxy from the Big Bang until now.

F-BIEIhET, A==V E21—8%F>T. EVINUDLIRANTEILHFE
RTZFL,

But this is only a model.
LHL. SREETIVIZTEEEA

To see what’ s actually happening we need the futuristic ASKAP Telescope.
EBRIABRHE2DOMNEFARDBICIK, H 2 EHEALBERIENDLETT,

The first 24 of the dishes are already onsite in the Murchison Radio—-Astronomy
Observatory, in Western Australia

It's already taking data.

And we' re already analysing it — at the International Centre for Radio Astronomy
Research in Perth
ZOFEEFETITITIHEL>TVT, BBIT—2 250, ERNGHREETHITEZIROTL
F9,

ASKAP will help us to answer some fundamental questions
MBI Ins o ELLAEFEORICHEY FI,

- what are the hidden processes by which stars form?
ESV-TEIFIEFENTE=Dh,

— are there organic molecules in the atmospheres of exoplanets
ANBEZRNDBEIZITKRIZANBHDDH,



- Why are galaxies distributed across the Cosmic Web? and the greatest puzzle of all
HE., FHIE, WBROEDKS(ZH-TWLSADH,

- what is the nature of Dark Matter?
this mysterious substance that makes up 80% of all the mass in the universe

FLT. FEHOBLZF8OUEZLHDB., SRTYTFTREYE., §—H<782—] DEKE
[ SCHCE



