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A mature field ?

~Use 3D for science, not as a gogto
~ Labelledpapersj Oymectrol £ . ' #8886
~ Used In conjunction with other facilities / tools

~ Multi | , Multi facilities science
)l ACET C 2 Ww$O O Q$0O0 O ¢
n [-coverage is ESSENTIAL
~ Space + Grounfdased
~ Modelling, simulations




A mature technology?

& YESs
~ More systematic use of IFUs
n Expertise is better distributed
~ Fast diversification of instruments
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~ Fast Diversificationof instruments
¢ Many different technologies
¢ new challenges
¢ Innovations




Fitting 3D onto a 2D detector

Samplingthe data cube: volumes
sampled by equaletector elements
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How tgmap:3D0n 2D 2 D

Focal Spectrograph Spectrograph
Plane Input Output
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The TIGER concept: The trick

Uniform illumination at the
entrance of the array

The array samples the field
and focus the light into micro -

pupils

The array is rotated to avoid
overlapping between the
spectra

The micro -pupils are dispersed
via a classical spectrograph

A filter limits the Y range
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Example SAURONMhask

x Flexures: needs reference expo
x Criticalblends
x Samplingof the spectral PSF

Detailed optical model:

To know where each x,y,l lie on the

— Integrated profile
— — Profile fit
Fit components

Integrated cross-dispersion profile & of the geometrical
micropupil (solid line) and its fit (dashed line) with three Gaussian
functions (dotted lines ).
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Microlens + Fibre

Sky image = Ref&f}’ed pupil
Pupil image image \ e
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Focal ratios] Fy >> Fr> Fy |where Txtelescope, Fxlibre, S=spectrograph
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MIRI_':_;" JWST

Image Slicer &

NIR Slicer (5-30 mm) : MIRI

Pros:

> Compact design

> High throughput

> TNEasyo cryogc¢
Cons:

> Difficult to manufacture

spectral dimension

16 x 25 pixel detector array




The MUSE / VLT Slicer




CCD Mapping

~ Lenses and Fibers:

x The spatial and spectral information are decoupled on the CCD
C Each spectrum (x,y, for all | ) is a separate entity
~ Slicers:

x Spatial & spectral information entangled as in long-slit spectroscopy
C Spatial dimensions x06 and yoé ar




Deployable IFUs

20 Square Microlenses
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Microlens Array
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Specific Information Density

Objective comparison independent of scale

@ = 1 (73m)
L. =
# resolution elements 4d? \ faM?

_n(p ot ) s 25)?]
0 NNy @i (L) [ )]
o ?7 _n 1 . fa
/ N{LﬁNy QS— 4 |:2 (1 /_Ne)]
throughput  # detector pixels n fo \17°
Qu =1 [ara, (14 575}
example d Ngr M 9 fe @Q/Qmax
Lenslet array SAURON(5) 52 1600 0.16 0.7 1 0.02
Fibre system  GMOS-IFU(2)? 5.5 1500 - 06 4 0.11
Image slicer ~ GNIRS-IFU(4; 13) 1 700 - 08 4 0.68
Micro-slicer MEIFU(8)? 15x51 ~10% 029 0.7 3 0.26

O AllingtonSmith




Best technique?

lenslets —
fibres e
slicers -
microslicers I l i i
0.0 OI.2 014 O.I6 Oi8 1.0
Q/Qax

C Slicers .... but difficult to make

© J.Allington Smith




Fibers

Table 1. Fiber Integral Field Instruments

Instrument  Coupling Telescope Dy Q dQ2 Ny AXA R Np ¢
Method (m) (arcsec®) (arcsec®)
Existing Optical Instruments
DensePak fiber WIYN 3.5 5640 6.2 91 1.02  1000. 1024 0.04
WIYN 3.5 564. 6.2 91 007  13750. 1024 0.4
WIYN 3.5 064. 6.2 91 0.04  24000. 1024 0.04
WIYN 3.5 119. 1.3 91 1.02  1000. 1024 0.04
WIYN 3.5 119. 1.3 91 0.07 13500. 1024 0.4
WIYN 3.5 119. 1.3 91 004  24000. 1024 0.4
SparsePak  fiber WIYN 3.5 14170 17.3 82 1.02  800. 819 007
WIYN 3.5 1417 17.3 82 007 11000. 819 0.07
WIYN 35 1417 1.3 89 003 24000 819 007
PPak fiber Calar Alto 3.5 2070.0 5.64 367 0.15 7800.0 1183 0.15
INTEGRAL fiber WHT 42 326 0.159 200 022 2350. 515
WHT 42 326 0.159 200 094 550. 515
WHT 42 1393 0.64 219 022 2350. 515
WHT 42 1393 0.64 219 094  550. 515
WHT 42 T773. 5.73 135 007 2350. 300
WHT 42 T773. 5.73 135 090  3550. 300
Future Optical Instruments
VIRUS fiber HET 9.2 32604 1.0 32604 0505 811, 410  0.16

Existing Near Infrared Instruments

GOHSS fiber TNG 3.6 442 1.77 25 012  4380. 3512 0.13

Future Near-Infrared Instruments

O Bershady




Fibers + Lenslets

Table 2. Fiber+Lenslet Integral Field Instruments

Instrument. Coupling Telescope Dy 0 dQ N AMXA R Nz €
Method (m) (arcsec®) (arcsec®)
Existing Optical Instruments
PMAS lensglet+fiber Calar Alto 3.5 64, 0.5 256 0.11 H400. 1000 015
Calar Alto 3.5 64 0.5 256  0.52 1930. 1000 015
Calar Alto 3.5 144, 0.75 25  0.11 H00. 1000 015
Calar Alto 3.5 144 0.75 256 0.52 1930. 1000 015
Calar Alto 3.5  256. L0 256 0.11 400. 1000 015
Calar Alto 3.5 256 1.0 256 0.52 1930. 1000 015
SPIRAL-B lenslet+fiber AAT 3.9 25l 0.49 512 0.29 1700. 495 e
AAT 3.9 25L 0.49 512 0.07 T500. 495 ces
MPFS lensglet+fiber SAQ 6.0 256. 10 256 0.12 &800. 1024 0045
SAO 6.0 61 0.25 25 047 2200. 1024 0045
lenslet+fiber A 0.04 1500 0.21 J150. 730.
Gemini 80 19.6 0.04 1500 0.32  2300.  730.
Gemini 8.0 496 0.4 1500 0.82 8X). 730.
Gemini 80O 248 0.4 750 042 3450. 1460.
Gemini 8.0 496 0.4 1500 0.64 2300. 1460.
Gemini 8.0 496 0.04 1500 1.00 &%) 1460.
VIMOS lenslet+~fiber VLT 8.0 2916. 0.45 G400 0.6 250. 150
VLT 8.0 698 0.11 6400 0.6 250. 150
VLT 8.0 7T29. 0.45 1600 0.2 2500. 500
VLT 8.0 1745 0.11 1600 0.2 2500. 500
ARGUS/IFU lenslet+fiber VLT 8.0 &39 0.27 315 0.106 11000. 1155
VLT 8.0 &9 0.27 315 0.042  39000. 1625
ARGUS lenslet+fiber VLT 8O 217 0.09 315 0.106  11000. 1155
VLT 80 217 0.09 315  0.042  39000. 1625
Future Optical Instruments
Exiting Near-Infrared Instruments
COHSI lenslet+fiber UKIRT 3.8 .. cen 100 0.26 500. 128
SMIRFS lenslet+fiber UKIRT 38 242 0.3 72 0.023  5500. 128
CIRPASS lenslet+fiber Gemini 8.0 515 0.13 490  0.41 2500. 1024
Gemini 8.0 BH15 0.13 49  0.085 12000. 1024
Gemini 8.0 270 0.06 190 041 2500. 1024
Gemini 8.0 270 0.06 490  0.085 12000. 1024

Future Near-Infrared Instruments

O Bershady



Image Slicers

Table.3 Slicer Integral Field Instruments

Instrument Coupling Telescope Dr dQ Ne AMXA R Nr ¢
Method (m) (arcsec?) (arcsec?)
Existing Optical Instruments
ESI shicer Keck 10.0
Future Optical Instruments
WiFeS slicer ANU 2.3 775 1. 775 103 3000. 3090
ANU 23 775. 1. T 044 7000. 3090
S i Magellan 6.5 -
MUSE advanced-slicer VLT 8.0 3600 0.4 et 0.67 3000 2000 024 |
Existing Near-Infrared Instruments
PIFS slicer Palomar 5.0 51.8 045 115 023 550. 128 0.22
Palomar 5.0 51.8 0.45 115 010 1300. 128 0.22
GNIRS advanced-slicer Gemini 8.0 15.4 0.023 684 0301 1700. 512 ...
Gemini 80 154 0,023 3 ;
| SPIFI slicer VLT 8.0 0.54 0.006___ 1024 :
VLT 8.0 10.2 0.001 1024 0.34 3000. 1024 03
VLT 80 64.0 0.06 1024 034 3000. 1024 03
NIFS advanced-slicer Gemini 8.0 9.0 0.01 900 019  5300. 1007 .-
Future Near-Infrared Instruments
[_KMOS advanced-slicer VLT 8.0 1880  0.04 4204 028 3600. 1000 |
FISICA/FLMINGOS advanced-slicer GTC 10.4 72.0 0.53 136 079  1300. 1024
Future Optical-Near-Infrared Space-Based Instruments
NIRSpec advanced-slicer JWST 6.5
MIRI advanced-slicer JWST 6.5
SNAP advanced-slicer SNAP 2

O Bershady



Lenslets

Table 4. Lenslet Integral Field Instruments

Instrument Coupling Telescope Dr dQ Ne AAMX R Nr
Method (m) (arcsec?) (arcsec?)
Existing Optical Instruments
SAURON  lenslet WHT 4.2 1353 (.88 1577 011  1213. 128
WHT 42 99 0.07 1577 010 1475, 150
OASIS lenslet WHT 42 192 0.002 1100 050  1000. 40
WHT 42 310 0.026 1100 0.50  1000. 400
WHT 42 180. 0.17 1100 050  1000. 400

Future Optical Instruments

Existing Near-Infrared Instruments

OSIRIS lenslet Keck 104 12 0.02 3000 012 3400. 400
Keck 104 30. 0.10 3000 012 3400. 400
Keck 104 03 0.02 1019 047  3400. 1
Keck 104 7.5 0.10 1019 047 3400. 1

Future Near-Infrared Instruments

O Bershady




Optical/Near Infrared spectroscopy

~ Resolution

> Spectral = Shannon (Nyquist)

i Usually FWHM or s
> Spatial but which SPAXEL geometry? < > Q

i Usually FWHM or s
+Sampling | Resoluti on

> Sparse or Continuous
C Example : VIRUS




Warning: Spectral Resolution

4 lllllllllllllllllll T

e | OASISWHT
-6 -4 =2 0 2 4 6

X Variationsin spectral PSF across field
X Need to homogenize before merging
x Can be measuredsinge.g., twilightsky







IFU evolution

Name Year N spatial N spectral N total
TIGER 1987 572 270 154,440
OASIS 1997 1,200 360 432,000
SAURON 1999 1,577 540 851,580
GMOS 2001 1,500 2,048 3,072,000
VIMOS 2002 6,400 550 3,520,000
SINFONI (NIR + AO) 2005 2,048 2,048 4,194,304
OSIRIS (NIR+AO) 2005 1,019 2,048 2,086,912
MUSE 2008 90,000 4,096 368,640,000

VIRUSS HET - 34,500 2,048 70,656,000




Survival of the fittest:

An interesting example
» JWST

> 6.5m telescope (25 m?)

> 0.6-29 mm coverage

> 0.1 arcsec resolution or better
> operating temperature < 50° K
> 5-10 years lifetime

> Launch 2018 A 1.5 Mkm orbit at L2

U Science mission U Instruments
o first light o NIRCam
0 galaxy assembly 0 NIRSpec
o birth of stars and proteplanets o0 NIRISS
o planetary systems / origins of life o MIRI




JWST survivor sl

~ An IFU In space

> Already in use for military purposes (FTS, and also in climatology)

> Optical device initially thought as a good technology for space

~ Deep-field spectroscopy

> Large field of view and large multiplexing capability
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|l a MUSE® ( a




JWST survivor sl

~ An IFU In space

> Already in use for military purposes (FTS, and also in climatology)

> Optical device initially thought as a good technology for space

~ Deep-field spectroscopy

> Large field of view and large multiplexing capability

(+ NIRISS: slitless spectroscopy)




JWST survivor sl

~ Spatially resolved spectroscopy of individual objects

> NIRSpec and MIRI
C NOT Science driven technology?
C Slicer approach

the 1 kg = $ 1M principle

A cost + technical readiness




Dedicated Instruments ?
SAURON

> Fast, cheap and good (really??):
i Good marketing principle
i But hard to implement
C Need for a good software
[and a few patient astronomers]

|
|

Micropupil | Continuum

Arc Galaxy
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Validation

Comparing
x SAURONsOASIS

datasets
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Building of angular momentum

0.8 Emsellem MC, DK et al., 2011 (P3)
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The Comb
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Slow Rotators Fast Rotators
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From ETGs to Spirals
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~ Can we also cover
Spirals?

~ Can we go beyond 1
effective radius ?
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Go Broad
Mosaicing Example: NGC936

x 22fields(37 expo)
coveringthe full bar

x « Aligned» usingHST
Images andaint field
: stars and star clusters

l - Emsellent Jourdeull 5 }




Mosaicing Example: NGC936

Reconstructed Image

Mean Stellar Velocity

SAURON WHT |

Emsellent Jourdeuil




Fibers IFUs O going out

A Existing optical instruments on 3.5m telescopes: WIYN @Galhr
Alto -- a lineage: | -

DensePal@ WIYN SparsePal@ WIYN PPak@ CAHA

90 x3 -fibers 82 x 5 -fibers 367 x 2.7-fibers(65% filling)
27 x43 70 x 70arcsec 74 x64 arcsec

DI /~14,500 DI /| ~ 11,500 DI /~B000

Barden et al. 98 BershadyAndersen et al04 Kelz Verheijenet al. 05







