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An amazing suite

Imagers

EFOSC2 visible
SOFI IR

FORS2 visible
HAWK-| NB, JHKs
VISIR M

NACO AO JHK, Lp
SPHERE AO visible, JHK
Multiplex

FORS2 MXU

KMOS IFU (24 arms)

MUSE IFU 1'x1’

SINFONI IFU

FLAMES 130 fibers

Polarimeters

FORS2

EFOSC2

SOFI Interferometry
SPHERE PIONIER

NACO GRAVITY

Resolving power

Spectrographs: Resolving Power versus A
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B> VIRCAM
0

Attached to VISTA,
a 4m telescope

Wide-field infrared imager
0.9-2.5 um

Pixel: 0.34"

BB and NB filters

FoV:1.5deg®
in 6 pawprints |
16 CCDs

=ik i+ 101"™ ] e BN E 5SS B EE Ex



ES+
"0
+

OMEGACAM

Attached to the 2.6-metre // |
VLT Survey Telescope (VST)

Visible: 350 to 1000 nm

BB and NB filters

———

32 individual CCDs
Pixel size: 0.21

FoV: 1 x 1 degree
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Optical Infrared




FORS2

FOcal Reducer
low dispersion Spectrograph
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FORS2
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FOcal Reducer

low dispersion Spectrograph

A wonderful German
understatement!

It should be called

FOcal Reducer Fast Imager and low dispersion
Single and Multi-Object Spectropolarimeter

FORFISMOS
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JES+ The Workhorse instrument In
Paranal!

O
+

A IMagng as

OCC | imaging with ooculing Dars FIMS

LSS OGN OO0y as

wos | x"mm'w FIMS - SR collemanoe onty
VO WW|M) nussammm
M7 'mwmmm o saowmmwy

MIT-5 ‘mmmmwm ::sﬂeummy = VIOr Mode

AT | gh bme resolsSon mutiple shae S5t SR colimaion only « Wi ior mode

VS | MO only
SOL | imaging polanvety us
V05 'Mommoodwwy FIMNSG & fasr*” - sﬂoolmlbtow

-"hslm memmmummnmmumlm 1

=ik 10™ 1] = BN S5 B EE E=



+

+ES+ FORS Iconic Images

O
-+

FOV: 7'X7’ Pixel scale: 0.125”
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Imaging
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The direct imaging "Mag-limit" is the broad band magnitude
calculated for a point source of zero colour (AOV star) which would
give a S/N of 5 in one hour with dark sky, clear conditions, a seeing
FWHM of 0.8" and an airmass of 1.2. The U, B, V magnitudes are

calculated using the broadband filters of the standard instrument
configuration.

FORS2 E2V U=25.9 B=27.6 V=27.3 R=26.6 |1=25.8
FORS2 MIT U=24.5 B=27.1V=27.0 R=26.7 |=25.7 z=24.7
VIMOS E2V U=26.1 B=27.4 V=26.9 R=26.6 [=25.9 z=25.1

Remember;: FORS2 has a LADC and narrow band filters
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IMAGING
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+ES+ Long-slit spectroscopy

O
<+

Odd pair of aging stars sculpt spectacular shape of planetary nebula
330 — 1100 nm
" .
- .- a . e % Y
- .
-

Cosmic Sprinklers Explained

Slits: 0.3" t0 2.5
R~ 150 - 2600

Mag limit ~ 23 — 24

Fleming | PN: host
of a post-CE binary

Boffin+ 12, Science
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MXU

B Up to ~100 slits
® Slit width: 0.1 ->30”
m Slit length < 30"

M slit shapes: rectangular,
circular, and curved

B Wavelength range
depends on position on
CCD (x-axis)
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+ES+

0 Transmission Spectroscopy
+

Transiting exoplanets

1.02T
= 01: broadband_LC
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: peimseetsarmoe——= |Use MXU and measure transit
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ESO Faint Object Spectrograph and Camera 2

FOV:4.1'x4.1
Pixel scale: 0.12"
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¥ The little but older brother: EFOSC2
+

Arp 271 » . -
Imaging (BB, NB) ' 8
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¥ The little but older brother: EFOSC2
+ : .

] Arp 271
Imaging (BB, NB)
Spectroscopy
MXU
Polarimetry
Spectrum of a
Young Star in M17
. CLARRAN RARAE ':
£ 1 3 3
k7 e 3
5 0.8 2 : 3
;é 0.6 \ el e loay _j:
0.4 od | 3
1 1 1 1 | 1 1 1 1 | 1 1 1 -
600 700 800 900
Wavelength
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2.0

1.5

1.0

0.5

L The little but older brother: EFOSC2
+

Rest (z=0.042) Wavelength (A)
3839 4798 5758 6718 7678 8637

SN 2018aca
Type IA

4000 5000 6000 70Q0 8000 9000
Observed Wavelength (A)
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B> SoFI: Son of ISAAC

<+

0.9-2.5 um range
Imaging (0.28”/pix) - BB and NB filters.

Spectroscopy: low resolution (R=600)
and medium resolution (R=1200-1500),
with fixed width slits of 0.6, 1“ and 2”.

Gbject: AT2017gfo Obadate: 2017-08-21 Inat: ESO-NIT - Sofi

Kilonova

AT2017gfo
Smartt+ 2017
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B> SoFI: Son of ISAAC

<+

0.9-2.5 um range

Imaging polarimetry

High time-resolution imaging in
burst and fast photometry mode with
integration times of the order of a few
tens of milliseconds via hardware
windowing of the detector array.

1.02 ——r—

1.01 F

Flux (Jy)
o
o
o

T T T T T T T

RUN C - Sofl
o, = 46 mmag
g, = 14 sec

1

PV S R VY i A VR Loy TRty [ Y T T |

27772

277.74 277.76 277.78 277.80 277.82
HID - 2454000 Ivanov+ 11
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+]E+S+ HARPS.
9 The exoplanet hunter!

HARPS is an exceptionally
STABLE spectrograph

380 to 690 nm
Resolving power: 115,000

* RV accuracy:

~ 0.5 m/s on the short term (instrument, guiding, ThAr, atmosphere);
~ 1 m/s on the medium term (2 years);

* Limiting magnitude: 17 (T~ 1h, RV ~ 100m/s).
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B> HD 10380
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)
5 to 7 planets in one ] sl
system: : ol
+ (1 Super-Earth, with 1.4 iy, -
Earth masses, orbital : ST B
period of 1.18 days) X
» 5 Neptune-like planets, il i 2
with masses between 3t
13 and 25 Earth A" I T
masses, orbital periods I}, A
from 6 to 600 days i i B
« 1 Saturn-like planet, i LI Lo
with 65 Earth masses, :f i g
orbital period of 2200 et My f L e [ e
days AT (e ||
< IO RPN | Pt G 0 A

102
Period (days)

10° 1

Hara+ 16 - 6 planets secure

Lovis+ 2011 & -
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Proxima b

8- | R

A UVES
l o HARPS pre-2016 7
s @ HARPS PRD

I
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) _.t:—:-—
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b —
=05
o g
0

K=1.4m/s ZIE ‘JIJ

JA O 1.
M sini=1.3 Mg NILILIRE h
P=11.2d 170 g l
0 2 4 6 8 10
Phase [days]

Anglada-Escudé + 16
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8 Big Brother: ESPRESSO 2
0

380-686 nm

R= 120,000 — up to 220,000
(1 UT) or 30,000 (4UTs)

RV precision < 10 cm/s (1 UT) §
<1-5m/s (4 UTs)

S/N=260 in one hour on a V=12
star (1 UT) To be offered soon!

S/N =20 o0naV =20 object in
one hour (4 UTs)
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B> UVES

4

Echelle Spectrograph

300-500 nm (blue arm)
420-1100 nm (red arm)

Spectral resolution ~ 40,000
up to 80 000 (blue arm) — 110 000 (red arm)

SN 1987Ain 1999
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+ES+

0 Rapid Response Mode
e

Rapid Response Mode Request Aeceived: TELESCOPE PRESET! - @wuves i l 4

1]

Observe within
minutes of discovery

ATTENTION!

Rapid Response Request Received. PR PR B ~g_:ﬁ'(fk1(lef¢§
THE TELESCOPE WILL PRESET! s I i et
Please follow the instructions below wihout delay. e pues i s :"W“”/ 3

J\/“/ 08 | v'\/",\f,\ﬂ\j( 4 osf \*.\' ;} 4 osk 1\_‘ A N4

B Aol s IO ofMs1rzoze {3 ofFe 1; .D'?'lﬂ;z 3 kS nr= u_u?ﬂ’ e

Telescope Operator: b st st B b e Y i il aadas Y T
VN\\,V[A 1 ‘-.w ff s

o ¢ i
4 osf (W Josf/ Ty | g
W : W/

0s 05 1 J J
The telescope will preset when the countdown reaches zero. g L L L T U
b roeniiaiaiio! L b s . o) Y s e snais B et i
To preset now: press PRESET. Ifis is unsafe to preset: press STOP, oSN i s © e I e s 4L .
05 3 we 05 F Josp! T A 3
o EMn 1 a2pe os L AT offel iz 1 (Es |\§r xh'rh( -~

RS TR PR pst
AR %/ N /

RA 1 0sF 3 P osE 3 os kN A4
200665‘000 Mn 1I A2608 Ni IIAI'I:IIH Fe 1l %, A2629 1 Al n‘\; A E|
PRESET| | 26 SN d LA ] ofSATAIER] oRNANR,

s ek rﬁ_f;‘,-.wg;.f_r* VS WG e ©

Dec ~240000.000| 0s \\\ osfF LA 1YY 4 4%
0 su llﬂdﬁzj Ni I A1751 Fe It "./’ A1702 AL 11 21854
Errbr e 08 bt O Bt O Bttt
1 :\u“"“‘-"- BN e Vs pae Lo a1 AL lx""\rV‘
\ 8 W W
L f Vo esp Elal3
f
'nsm.mem opem“: 0 ES lll 'F;}hyg}‘l ‘1 o N ll 'r.,} Aa‘w 4 0 Fe l‘l ‘D'/‘n azsles 4 ofM lll All’z X
~100 -50 0 S0 100 -100 -50 0 S0 100 ~100 -50 0 S0 100 -100 -50 0 S50 100
Relative velocity (km s~1) Relative velocity (km s~1)

Any previous observation is being ended now (shutter closed, reading out). G R B O 6 O 4 1 8
The Rapid Response Mode OB has been started on a new BOB: the Acquisition is running. Vree SWij k+ 107
Please execute the rest of the RRM OB WITHOUT DELAY.

Check the e-maill account for the finding chart, and the RRM PSO procedure web page for more information. AlSO for k| IO novae , GW

|8
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Detecting CO molecules

% f“ o

il Iy

i il (' Il

-| CO A-X (3-0) CO A-X (2-0)

CO A=-X (1-0)

i

CO A-X (0-0)

f "~
YT YR
T .

— \
| 1)
,f \3\. i
H,, HD DLA | ;
E . , W P/ ]
=~ " i
:‘-‘.‘l \‘Y wy i - .-;‘-M--quu.o—-‘ s 1 ¢ KAIW v ’/
\ — . " " 1 " " A 1 a 1
350 400 450 500
Observed wavelength (nm)

Srianand+ 08

8h spectrum of a
distant quasar

Detect CO molecules
11 billion ly away

Measure Temperature
of Universe at this
epoch: 9.15 K

(in excellent
agreement with Big
Bang)
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Normalized flux

A Pristine Star

L} LE L} ] T L) T l L T LS l \ EEnY L) l | | Ll
" X-Shooter 7
2.0
1.5k -1
: UVES CanH :
1.0
05k -
0.0} —
: . 1 ° = IS 1 [ :
- H 3932 3933 3934 3966 396.8 3970 3972 H .
P> » M » | 4 4 3 | ) 3 N | N M " | 4 4 4 1
388 390 392 394 396 398
Wavelength (nm)
Caffau+ 11

"% heavier elements

£25% helium
{
|

75% hydrogen

Extremely metal-poor star
~13 billion year old
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+]E©S+ X-SHOOTER
+

300-2500 nm

2B i N N
Echelle spectrograph g ¥ Ng m

R ~4000-17 000

(various slit widths)

Mag limit ~ 21

Three arms:
UVvB

VIS

Near-IR
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Brightness

. X-SHOOTER

A Colliding Neutron Stars

55 e
0.0
751
8.5 P -
EE_,......._- —r ' o —
TG e Wt i i v ESO/E. Pian et al./S. Smartt & ePESSTO
085 1 15 20 25

Wavelength (um) =M IE ™IS SISO D



370-950 nm

R=7000-24 000 with GIRAFFE (up to
130 fibres)

R=47 000 with UVES (up to 8 objects)
FoV: 25" diam.

Fibre fed: 17or 1.2” diam
IFU also possible (2" x 3")
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FLAMES

NGC 6752

Second generation of
stars fail to enter AGB
phase

T T T T T T T T T T T T

[Na/Fe)
: L
»
>

-0.5 L 1 L L I L L L L L
4,000 4,500 5,000

Campbell+ 13 6
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Integral Field
Spectrograph
24 spectrographs

24 x 48 = 1152 mini-slits
365-930 nm

R ~ 4000

Pixel scale: 0.27

FoV: 1" x 1

With or without AO —— ‘ i
(AOF)
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gl  MUSE: Redshift 5 Galaxy
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McLeod+ 15 . 3D Structure
Lifetime: 3 Myrs
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For each star in the cluster,
we have a spectrum -
spectral classification >
extinction - magnitude -
isochrones - age of cluster

Mehner+ 15
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The octopus of Paranal...
But with 24 cryogenic arms...
and each is an IFU
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0.8um to 2.5um
1Z, YJ, H, K, H+K

R =2000-4200

24 |[FUs

In 7.2 arcmin diameter circle
Each IFU: 2.8" x 2.8

0.2" x 0.27 pixels

to understand how galaxies grew and
evolved in the early cosmos
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KMOS3P

Stellar light Stellar light

HS 1
logl £ (Mx) ] -

-
- .

logl £ (M) ]

Star formation

AMOS

COS.165954 UM COS_ 16954 HoK

=103 1]
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ID4796

2=1,03 [2)

04796 HaK

.

2=1.03 [2)

- !
loglE (Ms) )

@

CO5.25038 WUH CO5.25038

:=0.85 [1]

Hak,

3D HST and CANDELS

Velocity field
KMOS

COS_16954

Major axis velocity profile
[N He o [ni)
| |

L <.

(N He
|

(Ni) He i)

R A NG S

1000 km /s
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HAWK-I: High Acuity Wide field K-

band Imager

near-infrared 0.85-2.5 um

wide-field imager 7.5 x7.5
Pixel scale 0.1064"
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HAWK-I: High Acuity Wide field K-

HAWK-I limiting magnitude

band Imager

examples

Filter Limiting mag Limiting mag

[Vega]
J 23.9
H 22.5
K 22.3

[AB]

24.8 1 hour
integration

23.9

24.2
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HAWK-I: High Acuity Wide field K-

band Imager

5=
e
2

Y J. H, K and 6 NB ] . ‘
filters available | |

, 1
L U LJJ \

1500
wavelengih {(nm

.
/
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Down to 0.2” resolution
- Better resolved

9 Deeper = kiZ I = B EIEEEE [
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ReY] VISIR: VLT Imager and Spectrometer
for mid-Infrared

n T y P Ay % N
w7 W 4
B e s ’ o
g ' :~ \ ~ -
KON 4.8 T A =
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A o A% ‘:-, 4
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" .
vt
.
o .
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. 3
 /
g
B
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+

Mid-Infrared
Imager, spectrograph

N-band 8—-13um
Q-band 16.5-24.5 ym

Pixel scale: 45-76 mas
FoV: 36x38” or 60x60”

Spectroscopy: 350 to 25,000
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‘Hot’ South Pole of Neptune

Troposphere

Stratosphere




Yellow hypergiant

Huge dusty
double shell

ESO/E. Lagadec
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JES- NAOS-CONICA (NACO)

0.8-5 um

Adaptive-optics-assisted imaging
Imaging polarimetry, and
coronagraphy

Pixel scale: 13, 27 or 54 mas

Equipped with one infrared (0.8-2.5
Mm) and one visual wavefront sensor
(0.45-1.0 ym). Reference star can be
off-axis!

Can provide Strehl of 50% with V=12
reference star
Magnitude limit ~ 23.5-24 in J, H, K
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Image of an “Exoplanet”

eMASSWJ1207334-393254

e
P
y

//"/' 778 mas
~ 55 AU at 70 pc

Chauvin et al., 2005

Brown Dwarf “2M1207”
25 Jupiter-masses
8 million years old
“Giant Planet Candidate
Companion (GPCC)”
100 x fainter
1000 °C
95 AU distance
5 Jupiter-masses
TW Hydrae Association
230 light-years
Water molecules
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Galactic Centre

NACO May 2002 S2 Orbit around SgrA*

1994.32 1995.53




SINFONI

ES+
0
+

Near-infrared integral field
spectrograph with adaptive
optics capabilities

1-2.5 um

R ~1500-4000

Pixel scale: 25 to 250 mas

Can use a Laser Guide Star

FoV: 0.8"°x0.8" to 8"x8”

Mag limit ~ 18-20
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Galactic Centre

. .

SINFONI 0.0758"

resolution

=i+ 11" = BN
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SPHERE

High-contrast Imaging (coronagraph), |
low-resolution spectroscopy
(R~30-350),
polarimetry

ES+
+

Extreme AO: Strehl ratio of ~75%
in H-band

On-axis reference star (R < 13 mag)
In visible and in near-IR: 0.5-2.32 uym

FoV: 1.73"x1.73" (IFU),
3.5"x3.5" (optical) to 11”7 x 117 (IR)
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Better than Hubble

Jupiter and lo

Hubble Space Telescope

Sphere/IRDIS

Wide Field Planetary Camera 2

L e |
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+ES+

0 VY CMa, a red hyper-giant
*.

SPHERE, JHK

SPHERE, V-band




PIONIER at the VLTI

4 telescopes

Visibilities on 6 baselines and 4 closure
phases simultaneously

Highly efficient (1 point ~ 5-7 min)
A typical calibrated sequence is 45 min
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PIONIER: Measuring Stars

Studied 6 symbiotic or related stars

Star designation Date Diameter  Error sza
(mas)  (mas)

V1472 Agl HD 190658 2012-07-03 2.33 0.03 0.82
AP Psc HD 352 2012-08-13 1.49 0.02 248
V1261 Ori  HD 35155 2012-03-03 2.25 008 0.87
ER Del - 2012-08-13 0.61 0.04 0.80
FG Ser - 2012-07-03 0.83 0.03 0.69

- 2012-08-13 0.94 005 026
AG Peg HD 207757 2012-08-13 1.00 0.04 131

Boffin+ 2014

Visibilities

1 ;
08 W .
e 6 *s,
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Application to Binaries
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Achieve 1% or better precision on stellar mass!
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GRAVITY

Four-beam combiner
2.0-2.4 um (K-band)

3-mas resolution

Spectroscopy - S
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The wind of Eta Carinae
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