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00:14 As an astronomer, | always marvel at the night sky.
28 PBY FTPODBMT e55°F0 TBLDN\ET° VNS0T SK000
00:20 It's beautiful, of course, but light from the Universe also helps us unlock its secrets.
IOV IS F0 BIPIJD BOoBEEIS, DILO0E HBN S°08, HDL SGDAPFDB0O
00:29 My name is Barbara Rojas-Ayala, and | study stars.
> D 6y EaDHS - 08re . BPEVR EIoHVO SRR
00:37 We have learned that almost every star we see hosts one or more planets—and we are finding
more planets all the time.
00 EIDE OB T°F, 2,8¢5° ol (0 EDA E0t0BA Do BELRVLT) 0. WX IT) GV
QBoesBo S0 0D &) 0
00:50 So for me, the night sky is filled not with distant, lonely stars—but with countless families of
planets
TED, T°Y 5578065 (GO &0l TPERD 2,080 oY), R0PFEDIRD (0 Lewoeron SO
€°) C30DD0D
01:01 | want to share some of these families’ stories with you—where they come from, how they take
shape—but | also want to introduce you to where | come from—a place where astronomers
study the sky, with the help of amazing technology and even more amazing people.
e9e°08) %"bcl 600870 ECen D abbomémim. [Z}9) agbamoa DTN, NS e b6}
BGILOT) OIS SPLOLR, DR & ER0D DTPNS 8 FoTed), W) ¢ VTFINGIECD FoSBLSE
5T G500 B PFTDIV, BBEOEE BENBRD SFHOV DBV BFR.
01:33 A place where people have experienced a strong connection to the night sky—for millennia.
%weg"wn", Dew essb& o°g es5vF0S VR esé.)eoowi)‘l DOV, €8 eséoa,“)a‘f()‘l eaﬁ"‘s&;_’goél
Srodo b,
01:51 | want to introduce you to astronomy in Chile.
D DOBF0S” PFY RO HOSAD B

02:03 Chile lies on the west coast of South America. A long, narrow mountainous country. The Pacific

Ocean lies to the west, the towering Andes Mountains to the east, and the Amazon rainforest to
the north.

02:03 DY, 580 0O D30 BGoS” €0d. esJodho, Dekey BEN DD Q0OG HOBEB Joct &) Bo.

DN DIDSE Dd0G0, BIEND IBoDd Andes DE(BZE, GBTS S ST CETIeD, OIS
QYR &%) 0.
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02:28 Chile is perhaps the best place in the world for observational astronomy, because of its special

climate.
aézgs BED® TPTPOGEI0 DV, ESYoRs escslgojoa“bé LETVT D00 D OBBLDD O B0, DO
Swgﬁo& .

02:39 The Andes block rainclouds from the east, whe currents in the Pacific Ocean bring cold waters
north from the Antarctic. Along the Chilean coast, the air temperature drops, and as the cooled
air sinks, it loses its moisture.

wmbmo:) éééoww ooz Andes DELTPRO DEILOETON. EST°D esoerdb&s’ 000 HADSE
AN’ DD, FBeBPOX B8 Faw. 39 860 Dowrds, &S 30, SO T G0y B
GRS %565&)0&

Chile’s coastal mountains, with few clouds. Perfect conditions for astronomy!

20eyR0 SO G0k, DO HEYosh DOEPeD, 'Y DOFTRVLH WSjos L.

03:16 Many maijor telescopes dot Chile’s mountainous terrain... We will visit just three. These
observatories are looking at places in our solar system and beyond to help astronomers
understand where planets like ours come from.

DEBR0DRD DOS°, ) ¢ WP, DY aa@b@w EJDIOW... S0 BTG SPgPo. 0D FP
D0 (5235 IE) RO DB BRDDOBOBIL, 20 6 algafoesﬂm eS8 eodder, e.a(l P SEW)
008083 & PHVDET D, PO TDBLL VIIFAVDETPOD.

03:48 Standing on the side of this mountain, you can understand why it was named “Cerro Tololo,”
which in the Aymara language means “At the Edge of the Abyss.” Cerro Tololo Interamerican
Observatory is home to dozens of telescopes.

& Soct Trens” Juerd By, oS “Cerro Tololo,” e Hd aocmg"&aﬁ 5P D COS0D.
“Cerro Tololo,” e90¢3, Aymara 2eS” “rreio e90tnR” 9 esdo “Cerro Tololo esoégve‘.'éoﬁ)
TS, cwd £Q B8O &™) ow.

04:06 Let’s take a look at the largest—the Victor M. Blanco Telescope, with a primary mirror four
meters in diameter.
) B8 2gad, “Victor M. Blanco Telescope” & ©039gro. SJLHI) D00 SByg0 50,
NIV ed) ibeod)

04:23 Astronomers designed this telescope to observe the same kind of light our eyes can see—it’s an
optical telescope.

200 89yS SrEdE 5208 Do 5208 OB e, PFFDG, AID  EIFDEVYD BT, Al
“optical telescope”.

04:34 Light enters the large opening and bounces off the giant mirror—it’s the first thing the light hits,
so we call it the primary mirror. The bigger the mirror, the more light it can collect, so
astronomers like to build large telescopes to gather as much light as possible!

’QS%J Q) DG o0& Tr(o° S°0DS PDIoB o, 26 GS6\E0 S PADOR0G. TP DG DES, A
s sdco BB, BIJ YT G0 0er0. &8 B0 oS DYRB, 0 S*0B DAEBOIHVABIOR.
908 R TDID b@éoé 5°0a VBB, DG é38)$3°b°@w Z)Oéﬁ*’do
The shape of the mirror focuses light on a giant lens—more than a meter across!
& g0 es°Go, bae)dasql oy SefRoeod, a8 Seso 658 5003 E0HEB0BL® &otod

05:02 That lens is part of an amazing instrument called the Dark Energy Camera.
e 8o, “Dark Energy Camera’ e e@g 00860, 28 arro.
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05:09 The Dark Energy Camera has 62 science detectors—one of the biggest cameras
in usage in the world right now.
“Dark Energy Camera’sS", 62 science detectors &z)ow. orcoges’
&) 8 DY SWTY’ TS .

05:19 Marco Bonati is the first of several people we’ll meet who keep these observatories running.
As an electronics detector engineer, he is responsible for what happens inside the instrument.
Marco Bonati, 500, S00060TP £e0R0HD8 DOD! HETeRRN DESMT HDABDET B3I oS <odeS’,
SODI L. HOEGS” 267 m@biéé er¢y(®, electronics detector engineer ean, Bonati mmad..

05:33 You need to be very careful that they are clean all the time because otherwise you have all
sorts of stuff deposited in the surface and the surface is especially coated. Basically, we want to
avoid any dust particles. So in the clean room, we have a controlled environment. We can
control the amount of dust inside by basically having filters and positive pressure that keeps the
dust out.

0060’ TPO) D w8 PBIERD S €:080080. WoRODY, eaaﬁfi)l, @) D¥er, DOBOFPOIT €0ker
(% SETY. TS0l TAEG AT) 5P SPeo Sy DEIBI0E. BVPJOTT GIY SEPeD, WV
DESTED. 808, DO &3 (565", QoSoBeh TPBPOGEI0 E:0LV0R. asc:seg ib%a)g), Q9D wbbsb
F0EPO HBE VP, S°DG DB\ ErY DOJPEFE) DooGotsHLN.

06:02 All the light that the telescope gathers goes to a single point basically, and this point you put the
detector. So the detector you put there depends on the science you want to do...

638@6:3 DAEBOB Do S0, 208 S FoQEBRDBI0R. Lore easbd 28 detector @by eotod.
00 dedodd detector 36, o 26 D DPAY VOFED A BEPEHAE Eots.

06:16 Once the instrument is out of the clean room and mounted on the telescope, other team
members help make the observations.
DORFRD ABS ED) VOLT) SROEDy, B LY S VTS, £3y0650e5°D ASBEG Va§en
DTG BOVEIS ST

06:30 Jackie Seron:

My name is Jacqueline Seron. | work at Cerro Tololo Interamerican Observatory.
My position is night assistant. This means taking care of the instrument and having
the telescope ready, taking calibrations, making sure that everything is working fine.
And during the night, operating the telescope, which means moving the telescope
to the position the observer wants and making sure that everything is working
correctly.

2 Jackie Seron. 3 “Cerro Tololo Interamerican Observatory”es® HSJeo.
D0 TBDY D0 HLHTO. HOEG0 DodLes, 5853“6@&) f‘ocoso B2 &odco, & ‘33, fojoil3)
0850 DB, eabi RgB0oM HIBLOVY &0 :)gvoom?o'ao, erf, TP QDY DOT LD
o gvaoes‘é, BOTY D0 Ay DD HIBowosio, DA a,sbes DES0T HABDEr

BrioSSdco, o e

07:11 What | really like is to learn in general how the telescope works, how it takes data, and all
these different systems that are interconnected and accomplish such a huge task—you know, all
the engineering involved, it's amazing.
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R BIJYL o DIV, PITET ) e DAEBR0O, 2wETPIE T EED VRGO &)
DA IOV, 0B MHEBEROD eFEBI0 Jer Ddsir@m:o? fabb‘l BeE Do TL Do @g0.
©3oB° s wcoyBo.

07:38 Let’s hear more from Kathy Vivas, a Venezuelan astronomer living in Chile...
DO esotn), Venezuela ffvdg Kathy Vivas @os° 920 338 Beniogronro

07:45 Kathy Vivas:
| am part of the support team of one instrument in the Blanco telescope, the Dark
Energy Camera. Which is a wonderful instrument, it's a special to make surveys to
cover large portions of the sky.
grof BOIYD & 208 DOLBROD T, DVY ST WIFADE ex0cs0eS” D& Lre
8 grfo. € BB HOLCo S FoS” DYBore WY BaHErdS
003D COBV0B.

08:00 As part of the support team, we make sure that the camera is producing science quality
data that is really for astronomers from all around the world, to come and do
their science projects with the telescope and that they can achieve their science
goals with this instrument.&s
RDFOE 22065065 &forr, D0 S ST VBSBERVD VAPTT) VEBode
WP, & DICETG0 DI FRROD PHTDBVL B0 DOFEHOL EDOATOE
Deorr E00) 08 MRV VEJVRD Tl BF .

08:27 The Dark Energy Camera was designed to peer into the farthest reaches of
the Universe. But because it can observe a large portion of the sky, it also helps us search
for objects much closer to home.

Dark Energy Camerax, D308 @8 J5rhiure Fomros's oh trerdier 6rdodomd.
A8 e5°308” DFED Foord) 003D anm%o €0) 0C0DY, HDH BHGS® &D) DDV
(R LT Syd0d.

08:49 Leaving Earth behind, we see the orbits of planets around the
Sun...Mercury,Venus, Earth, and Mars. Jupiter, Saturn, Uranus, and Neptune.

But our solar system includes many other objects—not just planets!

B8 woHBo, 1-'03"635‘0 tﬁ)%)).) xTeTeNgred3) Sizge)éo, POLINT) massm‘). VR, G,
2P0, K22, (A, 3HT0, TEID, 5955... 5D, dod ;G :>5:>§e‘56 00 (5955 =08,
QOS® AT HRDLVT) AN

09:16 Astronomers have used the Dark Energy Camera to find numerous small, icy bodies in
the outer reaches of the Solar System. We have tracked thousands of these objects, which
reside far away from the Sun, past the most distant planet,Neptune. They make up what’s
called the Kuiper Belt.

»ffvdgen, Dark Energy Camera 2ifapod, 76 o508 @osg’, osod D6ye, @00argER0d
D) DI S0PV SRFT) . ArdES wdfod Erorr, 88 drdes” &) §iro - IRFN O &re

D0, QDB HRVPRD, DO VoS &) & Vo WoTr0. TV B BOLE IBYAD I, “§06 B
(Kuiper Belt)"r 255303060
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09:44 Billions of years ago, everything we see here likely revolved in the same plane. But the
massive planets’ gravity tugged the lightweight Kuiper Belt Objects into different orbits. They
now travel far above and below the plane of the planets’ orbits.

?ega QPodBYT O Socsty o SBRORY oLy ausbefﬁ, 28 doo(plane) Dcs HOZOD &0ciOTON.
50, g8 (50 850 33, SEVRS gsb5o°% 608G 506 ﬁgé Kuiper Beltes’ @00, DD
555066 S
P 00, WDYED, FF0 LGOS e LDV T, BHDD % BEMHBIT) A,

10:05 Each tiny icy world we discover helps us answer questions about the history of our solar

system. What did it look like billions of years ago, when the planets were taking shape? We
can’t go back in time, but we can observe our planetary systems in the process of forming.

000 SRFD, 0B D) Aot PDOTRS’ VB 2B, D B DIIY WYL KoLOGODD VodiFew
AENEITIS FeycdB000. EEFO DY §80, 0D (e OB DY, VB 6old? ...,
Se0S” D) DYT0 59, ErTFoteud) 3SR B HERHIHHOR HBIDoLIVO.

10:30 This work requires our most powerful telescopes, so let’s return to Chile. We are heading to
a mountain called Cerro Pachén, only about 20 kilometers from Cerro Tololo.
wer SoemdS, S ¥8BoSRD BV °ord. S8, 6N DY D¥ero. Lo BV, “Cerro
Tololo”<d> 20 8. D Br6oeS” &), “Cerro Pachon” e0d Hd(so D) 0BT 0

‘10:59 Here we find the Gemini South Observatory, which began viewing the sky in 2002
200 ¢ 2002 Joow) 57T :oé%&)@é‘l, “Gemini South Observatory”d creidesoy.

11:09 Inside the dome, we can see the giant telescope, with a mirror more than eight meters
across—more than twice the diameter of the Blanco Telescope!
& oyt D0, 28 BIIYID LIV, oIS’ Byro J°5Ro, Blanco Telescoped’
(564830 §5), Toc B LD, ot 8 P Dod) 0008

11:20 This giant mirror must remain highly reflective, which means it needs cleaning every week.
Such a big job requires a lot of teamwork.
& 28 (36890 RDYET, 3FHodore PBDIYP Gotre0d, TTIEI0 30go Ay &otod.
2 S 50 Z)ds:reas.), 28 20 DD 30359

11:35 Vanessa Montes:
My name is Vanessa Montes: C I'm an electronics engineer. We have different disciplines
like optics, mechanics, electrical, soffware also. | think that’s very unique to observatories and
astronomy in general.

S~ o Vanessa Montes. 338 (electrical) 95§56 Q0206 . @g),¢ optics, mechanics,
electrical, e

software Ho8 dS) Gorroes® D 2EMDLSB0B. a:h‘wegoaé, 20RO DETVVL, VG VBIEHOD

TP DR

We all work very well. It's a lot of team effort. And a lot of collaboration between everyone. And
| think that's very positive. The more you can encourage people to participate more creatively in
the different projects that we do, it's a more collaborative work environment.
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DI0T° 2 BT, @030 ¢k DATPS(S’ S8 OB 0 SFo. T &FFoeS” B wrer
PR HOET0. Ky} Sorr DBV Jodme Ty, o Hdw 30 I TEHees’
RYBTY $S SADR0B. B, G DOV)O DBS™ TEB0E0 6:3) S FaAVES’ Gotwod.

12:06 Cooperation on Gemini extends around the globe. Astronomers rarely travel to Chile
to use the telescope; instead, they telecommute.
Gemini B, PDOBBEB Wod VIS0 90T od. BOT) 2D DIAPAoSTEIS
RS O Do VA, T06 “BIERX”

12:17 Here in the Gemini Base Facility in the coastal town of La Serena, nearly 100
kilometers from Cerro Pachén, technicians can operate a special instrument that looks at
young planetary systems, called the Gemini Planet Imager, or “Gee-Pie.”

A0 Htiso - La Serena, Cerro Pachong 100 &. Qo Gr6oes” God. %) COX) B 330
REOFO00"S® JrodDE DRpraveD, Sthr GErHgbROR0 030D, aﬁzgc&ﬂo:béb 28 OB
obécvbibosa@vdo €8 DBSTN), Gemini Planet Imager Sor “Gee-Pie.” e eotrd.

12:39 Almost 10,000 kilometers away, at Stanford University in California, observers see the same
displays—and guide the work with GPI.

o) 10 do 8. D &rdeds”, Californiaes®d  Stanford University &° es) 2030ee, 0d dyzegomn
SR - GPLES® 206 0D DEHIF.

12:50 Astronomers need somebody they can trust on the other end of the line, and that's where
Alysha Shugart, Science Operations Specialist, comes in.

POETIIOL, WIBO DY), 308 HDABDHID D%&“oboing &oci¢io TP 9I0C0. Qg«‘()S?@
segare dyewen Alysha Shugart eserodsoedd.

13:02 Alysha Shugart:

We operate the telescope at night. We take the data for the astronomers who have
all contributed proposals for science and when we shift between night and day
schedules, we take turns. We rotate to day schedules where we do data quality
analysis and daily instrument health inspections.

20500 BTV TGETe DABWVF0. TR DOFTHVLH DAIBH ot PFFIIL
E20 DATTTD) DEOF0. DIBD o83, T°G 000 HABS GEPIED BP0
€080, D) D c&r5é3 200300€5° DTS ey DFAF°o. QA2 HOETLD DESOTT
DAV & A6 068r0

I really enjoy observing. | think about it as if these photons that literally... are billions of
years old arriving and I'm seeing them for the first time.

D D098oc3co HOTP. AT §G Iy SavRVD) Tergh SHr Gokae) DO
95D €506, TPBD QVSBIO IPFPOT) <.

13:25 Not all photons are billions of years old. Many were created more recently, closer to home.
Light detected by GPI reveals what happens when planets form around nearby stars..

08 Terpd), £ DY B Y. TrHGDH BB P00, o1 SE6S°S 8. GPI wso"
SR 0, A0S’ 60) TG BT (350 DBNEIDYED, 92 2686 Z)Démoa
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13:43 We can imagine traveling to one such place, so far away that its light takes more than sixty years
to reach us.
2030 erofd 208 WETE PATIS DR €0 T otLTRo. BE) G S0 LK oo, 60 T P
DEOBV0H.

This star is more massive and much brighter than the Sun. The star and its planetary system are
less than 30 million years old, mere infants compared to our own, middle-aged solar system. Dust
and debris form a disk around the star.

& dEGo D wci>5& Eot3 a8, VB0 PS°IDoBOTP &ob. & T°G, TP (50355:)@0 Sodo 3 é‘e;
RoDS\TR 5% DA Hoes® &0) J0D %“dbngcoé? 9%, evdose %%a":)coeSé &) 0. Gr9, 26eren
o> SUAVEIS cico.)ber adbc:*’an

Some tiny objects in this disk will end up like our Kuiper Belt—icy bodies at the edge of the
system.

& GRS’ Q) 3seren, DH6S 3 Kuiper Belts'orm, e &50% eosod dowdriger, DAY

Dorow.

14:25 GPI allows us to peer into the center of the disk. Astronomers then use computers and the
laws of physics to simulate what might be happening.

GPI &, es &,coob 065§ 2ti0e5°8 waam‘) BT, PO YD, SoRRged K0, A TRATGO
EDATNOD, )¢ I a,d)déxss') B39 BRSO SOy .

We have discovered one giant planet—more than a dozen times more massive
than Jupiter—whose gravity has sculpted the dusty disk into a warped spiral. Could something similar
have happened in our solar system billions of years ago?

LAET0 $3Y, dﬁio&oée)g) Do) 28 &) 28 doﬁz&l S0 smﬁ’a‘ 0. & e84 33,
GrOE Dod e G0N, BBD spiral easvcsoe% 200Q0b. Serd c\)oéébo‘e» Bo0c3e, 208 6 D508
DN0300e5° 5 et 200 oo ?

15:05 For the next part of the story, we must now travel much farther north in Chile, to the Atacama
Desert, one of the driest places on Earth.
& saé‘ BE0DO (o BRVEDEIS, o DOBBS”, e Yo G LRSI arod DvnyD.
FPES dgod TEForrd’ 0d Lroe w88,

15:25 Home to a collection of 66 radio antennas, the Atacama Large Millimeter/submillimeter Array,
or ALMA.
o8 ¢, ALMA e 533, 66 3d.adr eolo) o 363 - “The Atacama Large Millimeter /submillimeter
Array”, &od.

15:39 The skies of the Atacama Desert are famously clear, and people have observed the sky from
here for millennia.
Atacama &6, Z)dée);}oé 35078 33%?305 DS. FTPEIPROMT SRV }Y) ¢ 08 easw’btlesc.szgo:béo
t-s}:\_).’“ éﬁ"()d)
David Barrera is president of the indigenous community of San Pedro de Atacama.
David Barrera ¢, “San Pedro de Atacama”eS°D, TV DoAY e EIen.

15:59 David Barrera:
| feel that the cosmos walks with me. It walks with you, with human beings, it’s part of our life.
DF50, TPE'W, DEW, ArSTISW §OD 3COP0BD T 9IDHA. BB JD EDeSoeS’ 2.8 erto
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16:15 We human beings are nothing compared to what the great cosmos is, that’s why we’re part
of the cosmos. We walk together.
mﬁagaaosa Désoés DOy, DUV B0, BSBfRVYO! WO Hdo EXT D%Soée
A0 S £ m::avo

16:29 We make up a single unit. That’s the marvel of human understanding.
D50, V0 S S°D. &3, DINS E:) DIV D IIQES.

16:39 ALMA has been a respectful neighbor because it has asked: “What is the ancient wisdom of
the native people in regards to the cosmos?” And ALMA'’s invitation to the indigenous
community is in some way to unite scientific knowledge with indigenous knowledge.

“D7°( IS 080003, FIE Hae) FIS Dgredo D SBenE0B?” 930 BeVRVLOI0HDH LTYBRVEDS
Feorpoder ALMA exdhs OF) @0, 58 Scsorr 7% Dgred3, FOS Dgrrd) o) 8,
F08 addsvmratrd), ALMA ©9) oo D38 efé‘l aéa;go

17:12 Astronomers have come to this unique spot on Earth, to build an array of telescope antennas
that benefit from the clear, dry skies 5,000 meters above sea level.

BT DGLRROD S Fo0D VAIFRM0 T80, DB EFJS 5000 e B, 89S
0BT\ © F 363 LTV, ENRE T eoéséoi)&m &s marrwi)é DTN

17:30 These giant antennas work together, like a single, enormous eye observing the sky in
unprecedented detail. And they can work both night and day.

eISPH0  IEDEWDA KD IhoT 0BIDol, s TSR Dhoer, & a8 e.aoe.“)a*’;ob‘l a,éblgbcov’ S3)
DIBIFO0. WoBT°E, @ T YT, DABDY Lo daaa"&l)

17:46 Each dish weighs about 100 tons! And they need to move from place to place, both to make
different kinds of observations and to receive maintenance when needed.
Felx) 30833°) RO, 900 LV O QYoEVOB. DA B5°0 HDOIVDED 2BOCVL, 9eTH :)(55063
DR DVEPODDNE, TB 28 e o) 08 SBE $8DQr Gord

18:03 Alfredo Elgueta is one of only four people trusted to operate the transporters that move the

telescopes.
esafrzj:@om 36908 &y S“ggm, QRGO DEDTED D0 SA0DY Serdoes® Alfredo Elgueta

w850

18:12 Alfredo Elgueta:
The transporter has just one basic work that it’s designed to do and it’s move this big radio
telescope from one point to another.
2SN S‘ddm SFOL0rT, 208 2 DITD0 ETToBoTTH. T HD, 2376 BABF ﬁ@@b@om 08
Se8000), BB ESENLH SEDoxEo.

18:24 When you’re doing the maneuver of trying to load the antenna or unload the antenna
you have to do it with the remote.
SO STHVVD DGO DEDEOMT), 0BT O T°eS°8 D) 0¢0 T, WEPTF BODEO T, oL

owes 655 301»8)
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18:34 from the cabin.
DS oot Bdaird

18:41 Every time that an antenna needs a big fixing or anything we try to bring it down. But it takes
a lot of coordination to do that.
€50BT) VD B DG 8O BAIrdy &), HTo BoIrOT) &) S0 B0 D08, e BoEEAS
ooer &Aﬁoé&oﬁ:og AW

18:53 It takes around five hours, driving like five kilometers per hour.
9063080, (oI DD 8.2 DIoS DADT®, KATED D (081D DEIAOA. ..

19:05 Once the antennas are in their correct locations, they collect a huge amount of data. And they
work as a network: data from each antenna is compared to data from every other one.

28D 0BT O BFD P WBY Trew, B s network e» HABYF, VICAD VAT )
VEBFAW. DB BB BN VIPTTD) , WHYD e50BT) e By DTS Ty S

Celia Verdugo, an astronomer and data analyst, collects and studies these observations for
astronomers from Chile and other parts of the world.

Celia Verdugo, 2.8 g, data analyst. DI 3, H0osos” 0y &
&0) PHTIBD o0 E0, B0 VIFTT ) DAEOD, DFDYPE
19:33 Celia Verdugo:
The kind of light we are collecting from the sky is a light is emitted in the radio wave shape,
you see. We are looking at the parts of the universe with the lowest temperature and
because of that low temperature they emit their energy through radio waves.

2000 e55°F0 D00 PDEB0B ST e &otolS Bene. AW BEoMre EIrHoS’ Gotwod.
ool D¥oes” B0 B D eﬁ“ne &0l FroTPORD, oo g@%@mao&o
08 B D &LI'IS eocicio HY, e %é:) BABr SGorre ErHoeS” DenHBIroD

19:52 We collect that signal and from that, we can get either spectral information—which means
either the emission or absorption lines in the spectra of the object we are observing -
or we can also get images of source we are observing.

20T HRDOD), VOSTPVRL VEBIP0. TR0, BBors FE BB VAT G0 - 90E3 DS
S0PR) DY) BBoriFeISD, & S (557060 Ben - TocoTo. Se30es, o oo%&ooé‘l 5208
DUIBRODY HRY dr@ésoe)m & Toddtienriaro

20:02 We are taking data for projects that are really breaking the limits of what we know.
Going beyond the limit of our knowledge. That is really fascinating.
00 TR Daﬂéo DeeD B3Aod3, Q"a‘ﬁ‘sae)ga)o 0ad0° eo;iﬂavovfi’)oz fos‘onvazzo
20 o‘.’)aﬂéo D009 ©BMocSEo | L, e0er 5655 oSG0 od

20:16 One of the ways ALMA has revolutionized our view of the Universe is by giving us a close-up
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look at young planetary systems.
ALMA, 8608 (5 S5000%0, 98 GHom Srd edsdo )y, o Hoew BVod. DB HOD 0D
GyEYE08° DHIBY EOD oy BDod

Here we are seeing not just the leftovers of planet formation, but the actual disk of material
from which planets take shape.
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20:40 This is ALMA's image of PDS 70, a very young star, less than 10 million years old.
20 ALMA 090600, 88 Doddyoren £rae 89, ainddgdo PDS 70 orarsd Ogo

Its debris disk looks more like a ring of dust surrounding the star, with a large gap where at

least one Jupiter-sized planet is forming. That planet has a small disk of its own,
where moons could be forming around it.
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21:10 Here, we are seeing the results of a computer simulation, which we can compare with data
from ALMA and other telescopes to help astronomers understand how planets grow.
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Perhaps our solar system looked like this billions of years ago, a family of planets taking
shape...
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21:40 Pioneering work in astronomy requires investing in the next generation
of telescopes.
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21:48 When completed, this telescope will observe the entire visible sky every few nights. It will

generate 20 terabytes of data each night—twice as much as the Hubble Space Telescope
generates in a whole year!
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All the data will be made freely available to the world, enabling anybody to make the next great
discovery.
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22:20 The future of astrononomy lies in all our hands. That’'s why | enjoy meeting with students of all
ages. | hope some of them will grow up to work with me at one of Chile’s great
observatories—or elsewhere in the world. All of us you met today come from different
backgrounds with many different talents and skills to contribute.
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22:56 We invite everybody to look, to learn, and to enjoy astronomy. We hope to share the wonder of the
sky—and the excitement of discovery—uwith the whole world.
Qdgosore AP, BLVLD, mﬁ@bgvbi 239000ICP IS T° VAT, €900 ea::‘sb@amio. e95°%0
VENTPOR, DY CRS” Herdd Ango JoeS DoETVI H .

23:35 If you'd like to meet more amazing people and hear more stories about big astronomy in Chile,
visit BigAstronomy.org, where you will find live conversations with observatory staff, exclusive
behind the scenes content, and educational activities.
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Voices

F1 . Barbara Rojas-Ayala - 0.14 M1 . Marco Boneti -5.09
F2 .Jackie Ceron -6.30 M2 . David Barera - 15.59
F3 . Cathy Vivas -7.45 M3 . Alfredo Algueta -18.12
F4 . Vanessa Montez -11.35

F5 . Alysha Shugart -13.02

F6 . Celia Verdugo -19.33
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