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Motivation: SENSITIVITY

6,000 stars in reach! 0.2 cm?

Sensitivity = 1/(time) to get a given signal to noise ratio.
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Motivation: first we need collecting area
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Galileo’s Telescope
(2.6 cm)
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Motivation:

Yerkes 40 inch
(1m)

8,100 cm2  F=. uuuu;u b

s wmlt
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50,000 cm?
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Motivation: first we need collecting area GMT

Hale 200 inch
(5 meter)

195,000 cm?
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Motivation: first we need collecting area GMT

Gran
Telescopio
Canarias
(10.4 meter)

785,000 cm?

Miguel Briganti!
i
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Motivation: first we need collecting area GMT

Giant Magellan
Telescope (24.5 meter)

13,800,000 cm?

F

GMT InTrS
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GMT

History of telescope growth:

= Typical step size is about x2
= Factor of 1000 in diameter since Galileo (40 doublings)!

= Balance between technical limitations, scientific return and financial challenges
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Year of First Light
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Motivation: sensitivity = D/ 62 GMT

Sensitivity ~ collecting area / image size

= Collecting area ~ D?
= |[mage size ~ 62

** Sensitivity = 1/(time) to get a given signal to noise ratio.
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Motivation:

In the “seeing” limit: In the diffraction limit:
FWHM =04y ~ D? FWHM ~ (1.22 A/D) ~ 1/D?
Sensitivity ~ D? Sensitivity ~ D*

9.3x10% photons

EAAIAG 2018 — Bernstein Lec 1 — GMT Intro (Credit: VLT) 14



Motivation: sensitivity = D/ 62

In the “seeing” limit: In the diffraction limit:
FWHM =04y ~ D? FWHM ~ (1.22 A/D) ~ 1/D?
Sensitivity ~ D? Sensitivity ~ D*
HST resolution

Hubble Deep Field

9.3x10% photons

Credit: M. Bolte

30m + adaptive optics resolution
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Motivation:

L

sensitivity = information

= High resolution spectroscopy:

= Measurements of atomic transitions &
motion

REQUIRES ALOT OF PHOTONS
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sensitivity = information

Motivation:
AS [mc:r;ef:]
= High resolution spectroscopy: > TH
= Measurements of atomic transitions & motion I_ .‘ p— %
G o : - i?ﬁ' -

= High spatial resolution:
= Resolving motion inside galaxies

= Resolving planets

17
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Top-Level Science Areas:
* Planets & Stars

 Stars & Galaxies A

Report Release e-Townhall
Keck Center of the Natilonal Academies
August 13, 2010

» Galaxies & Cosmology

Giant Magellan Telescope
Scientific Promise and Opportunities
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Science Case: a brief lesson from history GMT

 The Black Hole at the center of our Galaxy
—> Coordinated evolution of black holes and galaxies

Correlation Between Black Hole Mass
and Bulge Mass

One
billion
solar
masses

One
million
solar
masses

Black hole mass

Increasing
Mass of central bulge

This artist's i rtuic Pﬂblsbd tha laf
s artist's im on, on 1 = " ” P
e Graphical representation of the black hole mass - galaxy bulge mass

the Milky Way viewed from outside the Gal ) b
correlation [Credit: K. Cordes & S. Brown (STScI)]

| 19
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 The existence of Dark Energy:

—> accelerating expansion of the universe

11 March 1997 13 March 1997 16 March 1997

Supernova

29 March 1997 7 April 1997 7 May 1997

’hoto Credit: ESO



Science Case: a brief lesson from history

« Gamma Ray Bursts (most energetic explosions seen) linked to Supernovae:
—> Tests of general relativity (binary star interactions)

- Back-lighting for studying the chemistry of faint galaxies.

- “Heavy” chemical element factories (nucleosynthesis)

Linking Gamma Rays with Supernovas (2003)

April 3, 2003 May 1, 2003

GRB030329 GRB030329
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Science Case: a brief lesson from history GMT

= First direct images (and spectra!) of exoplanets

First Picture of Exoplanet System (2008) First Direct Spectrum of an Exoplanet (2010)

Photo Credit: Christian Marois and Bruce Macintosh Photo Credit: ESO/M. Janson
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GMT Mission: 50 years of forefront science

GMT Science Book: science goals for the next decade

* Planets & Stars
Top-Level

» Stars & Galaxies Science Areas

» Galaxies & Cosmology

For planning: think broadly
 what data is useful for what kinds of sources?

e what instruments provide that?
« what operational strategies are most effective?

e How can we enable a diverse instrument suite?

For instruments: think specifically

« what wavelength range?
* What pixel scale?
* What field size?
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GMT Mission: 50 years of forefront science GMT

GMT Science Book: science goals for the next decade
» Planets & Stars

. Top-Level
e Stars & Galaxies . A

e Gal

Groundbased relative to space?

For planni

. w ¢ They can be bigger! (better

sensitivity: area + resolution)

w
o W
"« More modern instruments

For instruments: think specifically

« what wavelength range?
* What pixel scale?
* What field size?
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The GMT Partnership

il ¥ F W TN

= An international collaboration of academic and research institutions (not
governments).

= GMTO Corporation formed in 2006. New partners welcome!

University of Chicago

Smithsonian

: l Instittition
FNORTH s
)

5

.
,, AMERIC A
B &

Arizona State University Harvard University

Carnegie Institution for Science \.,

Korea Astronomy and Space

e o
Science Instituite (KASI) SERAE Ity Of AZoRg

S&o Paulo Research

University of Texas at Austin Eoundegibn (FAERSP)

Texas A&M University

Cerro-Campanas, Las
Campanas Observatory, Chile

& 4 i\ Australian Natiqr)a'.l"University

Australian’Astronomy Limited"
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Site: Las Campanas Observatory (circa 2005) gmT

25.4 m GMT 2X 6.5 m Magellan 1 m Swope 2.5 m du Pont

Excellent atmospheric stability (0.3-25 pm)

Low water vapor

« Site owned by Carnegie Institution with a long term lease to GMTO
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GMT

Site Characteristics — Seeing

« MASS/DIMM measurements (1990-95 and 2005-2010)

 Active observatory: no apparent evolution in performance over 25+ years

* Median seeing: 0.63 arcseconds in V-band

1.0 ——
Manquis Ridge g
> ---- Co. Manqui
W .
g ] e Co. Alcaino
g 0.5 —— Co. Las Campanas Magellan GMT
c . .
@ Site Site
P \ /
)
-2 0.6 -
E < | Seeing Percentiles 10% 25% V 50% 5% 90%
= :
g M is Rid 0.46 0.55 0.67 0.85 1.07
an S e . . . . .
O 0.4 qui 109
® ¥
N Co. Manqui 0.42 0.51 0.62 0.79 0.99
©
§ 0.2 Co. Alcaino 0.42 0.50 0.62 0.79 1.01
=
Co. Las Campanas 0.42 0.50 0.63 0.79 0.99
°8.0 0.5 1.0 15 2.0
EAA IAG 2018 — Bemstein Lec 1 — GMT Intro Seeing (arcsec) | 28
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We operate in Chile under an

agreement with the University of Chile

The agreement is recognized by the
Foreign Ministry

Chilean Astronomers get 10% of the
observing time

NOVENO: En casc de

acuerdo,
interpretacién

primara
basada

Fecha: 15 ENE 2083

sobre la interpretacién de este

texto del acuerdo en Espaifiol.

UNIVERSIDAD DE CHILE

NINTH: In case of disputes over
the interpretation of

agreement, the

interpre

this
tation

based on the Spanish version of

the agreement will

GMT Corpor

By:

7/% T

Wendy L. Fr
Chair

Date:

prevail.

ation

**GM

™
90

o
-9Q®

L
(5
&

et

GMT
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REPUBLICA DE CHILE
ACIONES

Direccidn de Asuntos Jurddices
Cepa-tamento de Derecho Neciore! e Intemacional Privaco

VINISTERIO DE HACIENDA
OFICINA DE ARTES

RECIBIDO
S

CONTRALORIA GENERAL
TOMA DE RaZON

RECEPCION

DEsaRT [
JURIDICO

oEP TR |
YREGIST. [

DEPART.
CONTAEIL.

SUB OEP
C.CENTRAL

SUB. DEF
E. CUENTAS[ ™

$UB DEP.

C.PY.
BIENES NAC

CONCEDE PRERROGATIVAS Y FACILIDADES A GMTO
CORPORATION.

N° 74 Santiago, 26 de marzo de 2014.
VISTOS:

Lodspummlosatﬁumsnynmsmlaménw
de |a Repuiblica, la ley N° 15.172, articulo (nico, inciso tercero,
Cuyo texto vigente se encuentra filado por ley N° 17.318, articulo
48 y el Decreto con Fuerza de Ley N° 161, de 1978, del Ministerio
de Reladiones Exteriores.

CONSIDERANDO:

QxeGMTOCupwaﬁmoonrsldenciamelBtadodeDelawae,
S!adosUnuiosdeNnérkaconfedmsSyZSdememde 2013,
celebrd con la Universidad de Chile un Convenio de Colaboracion
Centfica en Investigaciones Astrondmicas, destinado a colaborar
con el desarrollo dentifico y técnico de la astronomia y astrofisica a
bavésdelairmbdMyopaaddr\del"Telmouion".mOﬁe.

QueGMTDCorporauoa,enm\.udedd"onwiohasollcltado
acogerse a los beneficios de la ley N° 15.172

DECRETO

Articulo (inico: La GMTO Corporation, con residencia en el Estado

DEMAT,
AUDITORIA. [

DEPART
VQPUYT

5.8 DEF.

vUNICEE [

- —
REFRENDACION
e

REF PO & —

T
—
srctrce y

wntac
| —_—
—_—
teoecro
E—\h‘

m—)

de Del , Estedos Unidos de América, y los clentificos,
asvdnomos,i\gede'os,néaioosyemplaadosmemgmm al pais
en funcionaes relacionadas con el proyecto denominado T

GMT", segin el Convenlo de Colaboracdén Gentifica en
Investigaciones Astrondmicas suscrito entre la GMTO Corporation y
la Universided de Chile, estardn sujetos 2l mismo régimen y
gozarén de iguales premogativas y facilidades que las establecidas
en el Convenio vigente de fecha de 6 de naviembre de 1963,
oelebradoentredsobbmdemleylaomanimﬁnEuopea
mhlmﬁgad&@m&ﬁcade”bmlsfemmm(iso).

ANOTESE, TOMESE RAZON, REGISTRESE Y PUBLIQUESE.

4 ~
() h-feodeBor——
MICHELLE BACHELET JERIA
PRESIDENTA DE LA REPUBLICA

MINISTRO DE RELACIONES EXTERIORES

Presidential Decree
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Location, Location, Location:

Wagung = WFRAT T F W T T

Carrizal
Synergy with et ALVA (&° )
southern hemisphere bt e
observatories and Sarco | Vawenar R e
° : nsito
surveys: e
<t> GMT h)
complementarity G
Ilities! .
Capab teS é—a Sefif? 2 LSST gser%glgzonsn
v VY Viwa® O

Punta Lenga de Vaca * Pichasca

Ovalle .Samo Alto

Caleta Teniente * Punitaqui
-
Canela Ana. * Combarbala
Mincha*  j1apel
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GMT design

GMT

« Optical to Infrared (0.3 — 25um)
- 25.4 m diameter primary mirror 48 m o)
- Double segmented: >Mirrors”
o M1: seven 8.4m segmen 4om
o M2: seven 1.1m seg.
- Telescope mass: 1,400 tons  wirror 20m
Observation
floor "..10r1":.:
Shuttle for scale
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GMT design strengths

= Aplanatic Gregorian optical configuration

= Fast primary (f/0.7) & final f/ratio (f/8.2)

S4

”?‘5 s "
s2 .56 \ ‘
s \ N (

et &

— Compact structure: cheaper, more stable

-,

- Wide FOV: 10 arcmin (20 arcmin w/

corrector)
— Small plate scale: 1.0 mm/arcsec

facilitates wide field instrumentation

- Real primary focus for alignment &EI

calibration
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GMT design strengths

= Adaptive secondary mirrors for full time AO
- M1 & M2 segments are conjugate 1:1 A
— 2 reflections: high efficiency, low backgrounsé si

- GLAO enabled by M2 location
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GMT design strengths

= Adaptive secondary mirrors for full time AO

- M1 & M2 segments are conjugate 1:1 % %Ss
S2 .
- 2 reflections: high efficiency, low background st ™

- GLAO enabled by M2 location
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GMT design strengths

= Adaptive secondary mirrors for full time AO

- M1 & M2 segments are conjugate 1:1 ¥ %Ss
S2$‘
- 2 reflections: high efficiency, low background st ™ N\

\ -,

- GLAO enabled by M2 location

- Standard M2 system (FSM) for backup

A

EAA IAG 2018 — Bernstein Lec 1 — GMT Intro ‘ 36



ASMs provide full time AO: NGAO

Natural guide star AO (NGAO):

Atmospheric seeing limit:
0,= 0.5 arcsec

Hubble Space Telescope
0,= 0.2 arcsec

Webb Space Telescope
0,=0.07 arcsec

GMT with NGAO
6,= 0.02 arcsec

EAA IAG 2018 — Bernstein Lec 1 — GMT Intro
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ASMs provide full time AO: LTAO GMT

Laser guide stars AO (LTAO):

> 80% sky coverage

EAA IAG 2018 — Bernstein Lec 1 — GMT Intro



ASMs provide full time AO: LTAO

* Galactic Cénter _at_2-.'2 plm

- i - #

. 20"%20”
EEN Laser guide stars AO (LTAO):

e

VLT Laser AO

EAA IAG 2018 — Bernstein Lec 1 — GMT Intro



ASMs provide full time AO: LTAO GMT
~Galactic Cénterat 2.2 gm - .- . % & 20%20"
NI P, T . SRR | aser guide stars AO (LTAO):

e

GMT: B8,=0.05 arcsec

~ | GMT simulation
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ASMs provide full time AO: GLAO

10 arcminute fields of view

EAA IAG 2018 — Bernstein Lec 1 — GMT Intro



ASMs provide full time AO: GLAO --- GMT

Ground layer AO: 30-50% improvement over natural seeing

Factor of >1.5 more light into slits.

EAA IAG 2018 — Bernstein Lec 1 — GMT Intro



Full time AO: NGAO, LTAO, & GLAO

I Ml ® 7 N i W I % S0

Telescope + planned instrument field of view:

Keck GMT GMT with T™MT ELT
(2 mirrors) GLAO (3 mirrors) | (5 mirrors)
Ag 1 6 6 9 14

Q 81 50 50 24 11
92 (0.65")? (0.65")? (0.25")? (0.65")? (0.25")?
AeQ/0? 1 4 25 3 10
(relative)

Ground Layer AO

Metric for wide field science: AgQ/02

A = Area

e = efficiency (0.8 — 0.9 per mirror)
Q) = Field of view

0 = image size (flux concentration)

**Typical 75t percentile, R-band seeing.

43

EAA IAG 2018 — Bernstein Lec 1 — GMT Intro



Full time AO: NGAO, LTAO, & GLAO

I Ml ® 7 N i W I % S0

Telescope + planned instrument field of view:

Keck GMT GMT with T™MT ELT
(2 mirrors) GLAO (3 mirrors) | (5 mirrors)
Ag 1 6 6 9 14

Q 81 50 50 24 11
92 (0.65")? (0.65")? (0.25")? (0.65")? (0.25")?
AeQ/0? 1 4 25 3 10
(relative)

Ground Layer AO

Metric for wide field science: AgQ/02

A = Area

e = efficiency (0.8 — 0.9 per mirror)
Q) = Field of view

0 = image size (flux concentration)

**Typical 75t percentile, R-band seeing.
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= Upper truss support:
= Quter segments unobscured (clean pupil)

= Facilitates high contrast AO

EAA IAG 2018 — Bernstein Lec 1 — GMT Intro 45



Structure secondary mirror support

= Upper truss support:
= Quter segments unobscured (clean pupil)

= Facilitates high contrast AO
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... hotice anything strange? GMT

- e e = A
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M1 center
segment

M3 mirror
(deployved) | N .
Al L -l

e AL
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Gregorian Instrument Rotator (GIR)

= Carries science instruments and
acquisition, guide, & wavefront sensing system

EAA IAG 2018 — Bernstein Lec 1 — GMT Intro ‘ 49



Instrument mounting locations

10 mounted
instruments

-

s

0SS CoordinateiSystemy ==

* Folded Port (FP)

e Instrument Platform (IP) bG

e Gravity Invariant Station (GIS) 28x2.8x5.5
o Auxiliary Port (AP) 1.5 x‘i‘,?x 48
e Direct Gregorian (DG) GIS
6.7x3.7x3.0
FP - Dimensions in meters

EAA IAG 2018 — Bernstein Lec 1 — GMT Intro 55x38x1.9
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100,000
30,000

3000
AN/ ON

Science Instrument Parameter Space

GMT

Instrument Type

Echelle Spectrographs
MOS Spectrographs

Imager/Imaging Channels

B ru

G-CLEF GMTNIRS

GMACS

03 06 1.2 24 45 10

Wavelength (um)

EAA IAG 2018 — Bernstein Lec 1 — GMT Intro

(")

1.0

0.3

0.03

0.01

Wavefront Type

Seeing Limited
NGS or Laser AO
Ground-Layer AO

[ ]

|

MANIFEST
GMACS

0.01 0.1 1.0 10 @520

Field of View (arcmin)
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First instrument. Commissioning Camera, Imager

Filter wheel (2)

2.3m

CCD camera

0.5m| &

Control |
Electronics | S-FSLSY CaF2 CaF2 CaF2

BAL3SY BAL15Y BAL15Y

Filter wheel S-FPL51Y  S-FPIS1Y

motor and L
encoder(2) ! 13 oeter®

Commissioning Camera
Pl. J. Crane (Carnegie)

Engineering first light:
* Alignment & image quality, 6x6 arcmin field of view
« Simple, low cost, fast development cycle
Early Science: Narrow- and Wide-band imaging (10 filter slots)

» Stellar populations in nearby clusters and galaxies

* Nearby and distant emission line object studies (e.g., Narrow-Band)

EAA IAG 2018 — Bernstein Lec 1 — GMT Intro 54



G-CLEF
Pl: Andrew Szentgyorgyi, CfA/SAO

Stabilized, fiber-fed, dual channel echelle
e R =1/A21=19,000 - 35,000 — 108,000
* Velocity accuracy: < 50 cm/s per observation

 Abundances: Planetary atmospheres, stars,
transients, QSOs, absorption line systems

 Dynamics: planets, clusters, dwarf galaxies

 Precision Radial Velocities: exoplanets (<10 cm/s)

GMACS

Pl: Darren DePoy, Texas A&M

Multi-object, slit-fed, red/blue channels
R = 1/AA = 1,000 — 6,000
7.5 diameter FoV spectroscopy / imager

Abundances: stellar pops, galaxies, ISM,
IGM, exoplanet atmospheres

Dynamics: galaxies & clusters, Lya systems,

stellar systems

EAATAG 2018 — Bernstein Lec 1 — GMT Intro
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G-CLEF:
Chemical Enrichment & Dwarf Galaxies

Boo Il
T
"
»
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G-CLEF:
Chemical Enrichment & Dwarf Galaxies GMT

T

%\ " W’*W“f’*""ﬁlﬁ’” “"“‘m \' W
Fell | J l
VI At Fal ‘ -

H
| Fel

Mil w‘
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i
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6150
favelength (A)
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G-CLEF:

Chemical Enrichment & Dwarf Galaxies

et ¥ L

18
Fornax
Current
4 A 19
Limit
> 20
GMT - -
b adE
00 05 10 1.5 20 25 30
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17
CVn |
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> N
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21 A
o
l'ug'
22 e A%
-1.0-05 00 05 10 1.5 20
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GMACS: galaxy, stars, planets

el ¥ 7 N8 WE X R

GMT, 8m, 4m spectroscopic limits (20hrs) at ~0.8um
50 detection limits for imaging surveys

10°

104}

10°

102_

101 L

10°}

Solid angle (sq. degrees)
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23

24

8 - 10 meters

25

26

LSST

GMT

27
Limiting AB Magnitude

~\

28

GMT will be able to take
spectra of nearly any
object in the LSST deep

catalog

29
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GMACS: galaxy, stars, planets

Detecting Ilfe o atmospheres

R TS IC LIS TRV

- dlsappear and reappear

Relative Reflectance

Primary eclipse
Exoplanet’s size relative to star

See star's radiation transmitted
through the planet’s atmosphere

S

-
vt
[

GMT

Turnbull et al. 2006

0.7 09 1.0 20 22 24

wavelength (um)

0.6 0.8 1.2

Water (H20)

gisxide (CO3)

Carbon Dioxide |f£031




AO-Fed, near- and mid-IR Spectrographs

W T =

GMTIFS GMTNIRS

Pl. Rob Sharp, Australia National Univ. Pl. Dan Jaffe, UTexas, Austin

Slit & IFU spectrograph & imager (0.3” - 20x20”) High resolution, high throughput IR echelle

e A1=yJHK e A=JHKLM (simultaneously!)

e R =A1/A2=5,000 or 10,000 e R =1/A1=50,000 (JHK) — 100,000(LM)

» Pixel scales: 6, 12, 25, or 50 mas » Efficiency: x10,000 gain over current best
* Galaxy chemical enrichment history « Composition of stars & nebulae

* First galaxy structure and assembly « Galaxy chemical evolution history

* IGM at high redshift  Exoplanet structure and atmospheres
 Black hole masses o Star and planet formation
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Galaxy assembly, evolution, & chemistry

Targets: M* galaxies at z~2, peak galaxy formation

Method: Velocity channel maps (IFU spectroscopy)

VLT+SINFONI, with AO
(Genzel et al.)

5L

+400(+130)

VLT+SINFONI, w/o AO
(Forster-Schreiber et al.)

Only massive galaxies
are within detection limits
of 8m telescopes

EAA IAG 2018 — Bernstein Lec 1 — GMT Intro

02346. BUS

Q1623- 8\6!53‘ P

Q)‘é 3-BX528
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Galaxy assembly, evolution, & chemistry GMT

Mllky Way size galaxy 10 hr mtegratlon

Simulation: Gemini 8m IFU Spectrograph
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Galaxy assembly, evolution, & chemistry GMT

Milky Way size galaxy, 10 hr integration

—400:-2B0

‘._

L

=200:-150 —160:—100

100:150 150:200 200;250

400:450 450:500

Clump cluster

Simulation: GMT simulation
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GMTIFS

Pl. Rob Sharp, Australia National Univ.

Slit & IFU spectrograph & imager (0.3” - 20x20")

A =yJHK
R = A/A42 =5,000 or 10,000
Pixel scales: 6, 12, 25, or 50 mas

Galaxy chemical enrichment history
First galaxy structure and assembly
IGM at high redshift

Black hole masses

EAA IAG 2018 — Bernstein Lec 1 — GMT Intro

Silicon immersion gratings + Bigger telescope
+ 1 exposure vs 200

= 5,000-20,000 times more efficient
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Facility robotic fiber feed to multiple instruments:

STARLIGHT

CURVED GLASS
{ FIELD PLATE

7

STARBUGS

HANGING
FIBRES

MANIFEST
Jon Lawrence (AAO) / Matthew Colless (ANU)

Characteristics: G-CLEF

2-3 min configuration time GMACS
Single fibers, IFUs, Image slicers
Extendable to thousands of fibers Future IR MOS

Extends/Adds multi-object capability over 20’ FoV

Enables very high AQ survey science (stellar abundances, galaxy surveys)
Allows simultaneous observing with multiple instrument (“parallels”)
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NIRMOS (developed to CoDR, 2011)
Pl: Dan Fabricant, CfA/Harvard

Multi-Object, wide field near-IR spectrograph
A =yJHK

R = A/AA ~ 3,000

Field of view: 6.5'x6.5’

Slit-fed or MANIFEST (J-band)

EAA IAG 2018 — Bernstein Lec 1 — GMT Intro
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Addition 1St generation:

~ r L

SuperFIRE GMT

5m

RN v

NIRMOS (developed to CoDR, 2011)
Pl: Dan Fabricant, CfA/Harvard

Multi-Object, wide field near-IR spectrograph
A =yJHK

R = A/AA ~ 3,000

Field of view: 6.5'x6.5’

Slit-fed or MANIFEST (J-band)

Super FIRE (prelim. studies)
Pl: Rob Simcoe, MIT

Single object, near-IR echellette
A = JHK (simultaneous)

R = A/AA ~ 6,000

Slit fed: 8” slit length

Heritage: FIRE on Magellan

First light targets (z>7), galaxy evolution z~2,

Galactic Center, near field cosmology, planets...

EAA IAG 2018 — Bernstein Lec 1 — GMT Intro
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NIRMOS (developed to CoDR, 2011)
Pl: Dan Fabricant, CfA/Harvard

Multi-Object, wide field near-IR spectrograph
A =yJHK

R = A/AA ~ 3,000

Field of view: 6.5'x6.5’

Slit-fed or MANIFEST (J-band)

Super FIRE (prelim. studies)
Pl: Rob Simcoe, MIT

Single object, near-IR echellette
A = JHK (simultaneous)

R = A/AA ~ 6,000

Slit fed: 8” slit length

Heritage: FIRE on Magellan

First light targets (z>7), galaxy evolution z~2, Galactic Center, near field cosmology, planets...

EAA IAG 2018 — Bernstein Lec 1 — GMT Intro
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Distant: Formation and Evolution of Galaxies

When did the first galaxies form?
When and how did re-ionization begin?
How do galaxies assemble and evolve throughout cosmic time?

How do black holes and galaxies co-evolve?

Years after the Big Bang

400 thousand 0.1 billion 1 billion 4 billion 8 billion
[ T
The Big Bang 9

seby Mieq oyl
$108(qO [edlWouol}se
*18.Y Stj} JO UOHBWIOY
Aep juasaid

Reionisation

A

Fully ionised » Fully ionised

|
10
Redshift + 1
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Distant: Formation and Evolution of Galaxies GMT

When did the first galaxies form?

When and how did re-ionization begin?

How do galaxies assemble and evolve throughout cosmic time?

How do black holes and galaxies co-evolve?

Years after the Big Bang

Most distant galaxy
identified with HST

400 thousand 0.1 billion 1 billion

| B l
The Big Bang

$109[q0 [BOIWOoUO.}SE
*1SJ) BE} JO UOKBWIOY

seby Mieq oyl

Reionisation

A

Fully ionised » Fully ionised

l

10
Redshift + 1
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Distant: Formation and Evolution of Galaxies GMT

Methods:
= Surveys provide candidate targets — WFIRST satellite!

= Follow-up spectra: distances, chemistry, dynamics (mass, dynamics, content)
Most distant galaxy
identified with HST

Distant Galaxies in the Hub¥ie Ultra Deep Field HST = ACS/WFC
Years after tif o &

; :
alo v 216 48o 1
; £

0.1 billion
| 1
The Big Bang b

.
$108[qO0 [BOIWOoUO.ISE

seby Mieq oyl
"181Y 9Yj} JO UOHRWIOY

Reionisatior | .-

Fully ionised

A

l .
10 PR

Redsh NASA, ESA, R. Bouwens and G. lllingworth (University of California, Santa Cruz) STScl-PRC06-12
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Distant: Formation and Evolution of Galaxies

0.8F

0.6
0.4
0.2

0.0 n

F, (107" erg cm™ sTA™

0.2¢
—0.4F

| [CIm] jcm]

ﬂ

\

Observed Wavelength (um)
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GMT
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Dlstant Formatlon and Evolution of GaIaX|es GMT

| [CHI] _CIII]

T o6l - ]  Keck/NIRSpec
c;f" 0.4 HM Hm 1 4 hours
5 02 | : |
= O20 W\ ~ 13ci A1906,1909
@ 0.0 <
S -02 o 1'03' i ,
S I ! . .
- ' I
o4l Jo L] S o5 : M
1650 1655 1.660 | &
Observed Wa| «®
5> 0.0 /‘/\/ )
x
LL(<

GMT/SuperFIRE -0.5 w .......

4 minutes 1.655 1.660 1 665 1.670
Wavelength (um)
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Dlstant Formatlon and Evolution of GaIaX|es GMT

0.8F ' ]
~ : [CII_I]_CHI] ;
;{ 06 - __ Keck/NIRSpec
c;f" 0.4 HM ‘ lm ; 4 hours
: 0.2 l | l
= 21N W\ = "®[CilA1906,1900
@ 0.0 <
% 02 (\'Jw 1.0:'
o IE . 15 ....... T T
04 do Ll S osf T | CIlI1A1906;1909
1.650 1.655 1660 | & - T 4ol P
Observed Wa| « ' D Tt
o 0.0 ' :
= f S 05}
GMT/SuperFIRE o5l L 2 |
4 minutes 1.655 1.660 | L 0.0f
Wave| — :
LL(< _05 .
GMT/SuperFIRE 1655 1.660 1.665 1.670
4 hours Wavelength (um)
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TIGER

Phil Hinz (Univ Arizona)

Dual channel imager and spectrograph
A=1.5-5um; 7-14 ym

R ~ 300; Spatial ~
Field of view: 30 arcseconds
Contrast to 10 in L band @ 3 A/D

7 mas / pixel

EAA IAG 2018 — Bernstein Lec 1 — GMT Intro
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Addition 1st generation: before the ASMs GMT

G-MagAO-X (Co-Is: Laird Close, Jared Males, UA)

» Technology being developed at Magellan (NSF funded)

* Visible and near-IR Exoplanet Imaging
- Internal deformable mirrors

- State of the art coronagraphy

Exoplanet imaging in first year!

EAA IAG 2018 — Bernstein Lec 1 — GMT Intro 7



Proxima Centauri b: 0.38 arcsec angular separation
e 8m telescope: 1.2 MD ... Hard!

. GMT 3.8 ND ... Easy!

« Contrast needed: 5,0‘00.,_0’0_0-:1 .

Current capabilities: o | 3 . o

Beta Pic: 10 M,

VLT/AO at 3.5um
Angular Differential Imaglng and

apodizing coronagraphy
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Direct imaging:

Proxima Centauri b: 0.38 arcsec angular separation
« 8m telescope: 1.2 A/D ... Hard!

e GMT: 3.8 AD ... Easy!
 Contrast needed: 5,000,000:1

GMT simulation:

1 hr total integration
ADI, apodizing coronagraph

Planets detectable at 0.5-10 M i
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Motlvatlon

BE . - - e o A - e

Hlstory _ L S
S SC|ence case for the Iarge telescopes o
? _'Partnershlp & Slte - e
.+ Telescope®
o '_Instruments :
~+ Enclosure & Site
. Status |

* Key characteristics & how they enable science
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A moving 65m tall building:

* Follows telescope pointing

* Reduce wind load

* Allow rapid thermal equilibration

* Provide adequate work space
(instrument labs. mirror coating

facilities.)

e  Support assembly and

maintenance activities

EAA IAG 2018 — Bernstein Lec 1 — GMT Intro

Enclosure Development

Bi-parting
Shutters

Upper
Enclosure

Ventilation
Openings

LR

(YT Y Y Y Y

Lower
Enclosure

| 81



Enclosure GMT

= |deally the Enclosure would disappear during operations

= Finalizing design to minimize impact
on image quality based on
computational fluid dynamics
modeling
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Boeing CFD Group modeling of airflow around and thru the enclosure

= Optimizing:
Enclosure Placement on the Summit
Lower Structure

Wind Screen Design

EAA IAG 2018 — Bernstein Lec 1 — GMT Intro

Vmag (m/s)

10.0
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X
0
9
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Enclosure crane:
critical to build and maintain the telescope

(Off-axis mirror cells are interchangeable) -
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~ » Telescope*
flnstruments :
~+ Enclosure & Site

. Status |

* Key characteristics & how they enable science




Telescope design:

ven

A W 3

Elevation rotating mass: 940 tonnes

Side section-view

° ani / T\ \aN
@ 60° zenith s 4 I a3 o N

E 7 % -

EAA IAG 2018 — Bernstein Llec 1 — GMT Intro

12,285

Azimuth rotating mass: 1,250 tonnes
Telescope mass w/o pier: 1,400 tonnes
(including ~300 tonnes payload)

)
Or
)
Ca®

GMT

o
o
o
o))
(0]
R10,500 ;
_Elevation-axis N =0\ ! 1/ 7
" centerline i“ = ot
h K\ "U A A Z:
\'i Eﬁ";l-& | -
Azimuth?axis L “///’w;wlﬂ i
centerline i L i m=mm N
;_.Iﬁl.& wesobo e
© gl 11,47
, Top of azimuth NIOEED T = 000 0 |
track - T L = v
I | N | I
Telescope/ pier / :
interface level ’ (Z)r19,(g000 i
A arinal
Front section-view | | _______nominal .
i / I i1 AN\
@ zenith 57 7 F 4 g\%j4 |
@
] | | 86



Primary Mirror Production

Cast in November 2018
Rear Surface Polishing

Glass on Hand
\) /
Ready for Front

Surface Generating
\) \_) \)\ class on Order

| UA SCIENCE

Front Surface

Polishing
RICHARD F.CARIS
‘| MIRROR LAB

Steward Observatory

COMPLETE

EAA IAG 2018 — Bernstein Lec 1 — GMT Intro 87



Primary Mirror Production GMT

GMT
Giant Magellan Telescope

Mirror Segment #2 Casting

University of Arizona
Steward Observatory
Mirror Laboratory

March 2011 - May 2012

VAN




2012: Site Cleared and Leveled, Road Graded

EAA IAG 2018 — Bernstein Lec 1 —GMT Intro



Construction progress: support sites

~ G

IMMITOTNICES & METrology o
- | 9y O




Construction progress: summit




Construction progress: summit

_ocation of GM I

.‘.-:.\ - - -




®
Or

(@)
®a®

Site: Las Campanas Observatory (circa 2025) emT

2 m du Pont 2x 6.5 m Magellan

~

-+ Summit Utility Building

S

M2 Metrology e NG, s

Lodge
Dining
Recreation -

L T 0N P

GMT Site
Masterplan Rendering
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Rendering of GMT at Las Campanas Site GMT

Enclosure

-3
e .y -




Rendering of GMT at Las Campanas Site GMT




Timeline to early science and operations:

Final Procurements

» Telescope: Full performance
 Instrument: Widest field of view (20 arcmin)

Intermediate Procurements

» Telescope: 7 M1+M2 segments, Adaptive M2s
e Start AO
* Instrument: AO-fed IR spectrographs

Early Procurements

e Essential infrastructure

* Enclosure, Telescope Mount » Telescope: 4 M1+M2 segments
e Summit Support Building e Instruments: Imaging, non-AO spec
S
2017 2019 2021 2023 2025 2027

Close
| o
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The Vision GMT




The Giant Magellan Telescope: Science &
Status

0 (ELEVATION AXIS)
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THIS SLIDE INTENTIONALLY LEFT BLANK.
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8 N'ear il Pla”ets._ & Stars
. Mid — Stars & Gélaxies
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Science nearby: Exoplanets GMT

How do planetary systems form?

How common are systems like ours?

Are there other Earths?

Can we detec’fe?

Methods:

 Measuring Masses

» Direct Imaging

o Detecting atmospheres
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Measuring masses of Earth-sized planets

Proxima Centauri b:

e parent star: red dwarf

e 1.3 Mg planet

* “habitable” zone (liquid water)

 0.05AU, 11.5 day orbit

Days since 1 Jan 2016
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Measuring masses of Earth-sized planets

Proxima Centauri b:

e parent star: red dwarf

e 1.3 Mg planet

* “habitable” zone (liquid water)

 0.05AU, 11.5 day orbit
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I
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-20
-0.2 0.0 0.2 04 06 0.8 1.0 1.2
Phaose




Measuring masses of Earth-sized planets

Proxima Centauri b:

e parent star: red dwarf
« 1.3 Mg planet Low Mass Planets Cause Slow Stellar Wobble
* “habitable” zone (liquid water)

 0.05AU, 11.5 day orbit

9 Exoplanet

Host Star 4 Sun’s Wobble Speed Due to
Jupiter Hnwh

Earth | 0.23mph

Speed of Desert Animals &  EPDS Precisi

Gila . :
Monster I 1 mph EPDS Minimum Preci:

Desert B
~ Tortoise I 0.2 mph EPDS Precision €

Radial Velocity (cm s™')

-0.2 0.0 0.2 04 06 0.8 1.0 1.2
Phaose
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Quasars & the intervening absorption line systems: eMmT

Light travel time from this distance is ~3 Billion years:

o ’(Ar,t'i'st‘"sx-i._rnpr.‘es‘siotr],-Cr‘\e‘dit: ESO)
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Quasars w/in reach at z=2:

8 Quasars (m, < 18)

I d | . |
o
O
—_—
g
o
S — -
i :
]
or (s el
=3 0 - - : - - -1‘
0 o . , 3 . Credits:
54 X -y by Cen & Ostriker
: NASA / HST
-2 =1 Subaru Telescope
www.gimp.org
K. Adelberger
L l Il l L l A l A
210 212 214 216 218 220

RA (deg)
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8 Quasars (m, < 18)

Quasars w/in reach at z=2:

L]

Dec (deg)

L | L 1 L 1

210 212 214 216
RA (deg)
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Credit: G. D. Becker, Ryan Cooke
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Quasars w/in reach at z=2:

Single exposure, multi-object spectroscopy

8 QS0Os (1T, ~ 1O]

I d I . |

Dec (deg)

L | L 1 L 1 L |

ITUUU

210 212 214 216 218
RA (deg)
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Galaxy formation and the IGM:

GRB'’s as cosmic probes:

GRBs are easily detected at their peak ... but fade very rapidly.
O T T —TTT — T v o S

Yy ——rr T T T T YNy —r

LR | LELELRY | LA |

080319B

050904

10}

magnitude assuming z=1
= 3

K-band [Vega mag]

15]

20

Corrected Rc
<

NN
W

—_
(=)
P Ty I T [ O sy DR /5 A PO T %03 B AN A TR TR IR R G IR B 1 R TR A SR Y K P R

[ 3o
w

20 | Bloom et al. (2009)

[~}
(=)

e e s s e e s L LR -

I L L llllll Il I I llllll 'l | 11""[ 4 27 \
1 O 1 OO 1 000 1 OOOO lo-s PR ....I..(I)—‘ Rk ....I..(l)-s Pa— ....l..(l)-2 PR ....]..(l)-l Al .....I.;)o Al ....;.;)] P— .....I.;)z 2
Observer Time Since Trigger [SeC] t (days after burst in the observer frame assuming z=1)
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Galaxy formation and the IGM:

GRB'’s as cosmic probes:

o0

! | ! T T T T T
40 FGRB050904 z=3.6 i Hi Eimieat BLA
30 EMIKE/Magellan | ,L e ‘l,
<0 e eom—————— “ ST T o AL el [’[’l [ 4l | I,
10 | | | LI T e “ | |
. TUGT AT T L Wt
O |
=0 4500 5000 5500
40 | l l | l I ' I l I I SIII Sill SI:I' ' IOlOI‘IOI“ ' CIIClII' ' I
GRB host at 2=3.968
20 ﬁ, ‘
1o Hr |
O i L 1 l 1 - l_ - L - _l_ _l_ _l - l_ _l L 1 L
106 5800 6000 6200 6400 6600 6800
1 T 1 ] ] I T T 1 | ] T I T T T
8 O C::/t z=3.514 i, zh:g:.I?a;s excited Fell
60 i n(r | []
40 ol ‘ il | |
: {l
20 Clv Fell
0 | 1 1Y A R 1 | | 1 i 18 e P B LI 1 o o
7000 7500 8000 8500 9000

Wavelength (A) Chen et al. (2005)
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