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1. Motivation
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„In summary, the main advantages of the method are:

• simultaneous spectra with full 2-dimensional spatial resolution
• break-up of the classical coupling of spectral and spatial resolution (slit-width) with
micropupil principle

• sub-arcsec spatial resolution
• absence of slit eects (light-loss, wavelength is dependent on PSF center-of-gravity
• on slit, dierential atmospheric dispersion)
• aperture-free ux measurement
• a-posteriori advantage for objects with unknown properties (spectral structure vs.
• surface brightness distribution)
• uncritical telescope pointing for objects at detection limit
• allows for spectrophotometry of faint point sources on a bright, variable background
(similar to CCD photometry)

• upgrade for high spectral resolution (FP) possible
• upgrade for 2D-spectropolarimetry possible“

PMAS Science Case (1996)
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Other topics of potential interest:

• T Tauri stars
• faint central stars in high surface-brightness planetarynebulae
• stars in globular clusters
• stellar populations in nearby galaxies ( OB associations, A supergiants, 
WR stars,etc.)

• 2D-spectroscopic extension of surface brightness fluctuation
measurements

• spectrophotometry and spectropolarimetry of supernovae
• spectropolarimetry of AGN (scattered light, dust tori)
• quasars and quasar host galaxies
• gravitational lenses
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1.Motivation:

part 2

Lehmann, I. Becker, T., Fabrika, S.,  Roth,M.M., Miyaji, T., Afanasief, V., 

Sholukhova, O., Sánchez, S.F., Greiner, J., Hasinger, G.,  Constantini, E., 

Surkov, A., Burenkov, A. (2005), “Integral field spectroscopy of the ultraluminous
X-ray source Holberg II X-1”, A&A, 431 (2005) 847
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1987

Hesser et al.  1987

47 Tuc

Crowding !

1977
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2. Crowded Field Photometry
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PSF
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αααα
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Integral field “3D” Spectroscopy

Datenkubus
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3. Crowded Field 3D Spectroscopy

- early experiments
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Wisotzki et al. (2003), Integral-field spectroscopy of the quadruple QSO 
HE 0435-1223:  Evidence for microlensing, A&A 408, 455

Magellan

PMAS

gravitational lens HE 0435-1223

CrowdedCrowdedCrowdedCrowded----field 3D spectroscopyfield 3D spectroscopyfield 3D spectroscopyfield 3D spectroscopy
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Planetary Nebulae in the Bulge of M31

Roth et al. (2004), ApJ 603, 531
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Roth et al. (2004), ApJ 603, 531

Planetary Nebulae in the Bulge of M31
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H

V
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4. Crowded Field 3D Spectroscopy

in Globular Clusters

recent progress

→ thesis Sebastian Kamann

S. Kamann, L. Wisotzki, M.M. Roth 2013,

Resolving stellar populations with crowded field
3D spectroscopy
A&A 549, 71
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LARR IFU PPak IFU

74 arcsec8 arcsec

PMAS at the Calar Alto 3.5m Telescope
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M3

PMAS at the Calar Alto 3.5m Telescope
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M3

PMAS at the Calar Alto 3.5m Telescope
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M3

PMAS at the Calar Alto 3.5m Telescope
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M3

PMAS at the Calar Alto 3.5m Telescope
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PSF-fitting crowded field 3D spectroscopy,

assumptions:

(1) a priori knowledge of stellar centroids

(2) smooth variation of centroids and FWHM between

datacube layers (fitted by polynomials)

(3)  PSF adequately described by analytical function

(4)  Use of sparse matrices for source description

(to make source extraction numerically tractable)
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Crowded field 3D spectroscopy: Kamann et al. 2013

Modelling the Point Spread Function (PSF):

Moffat Function
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Global Model:

observed datacube:

model datacube:

minimization:

Crowded field 3D spectroscopy: Kamann et al. 2013
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Recovering the PSF throughout the entire datacube:

Crowded field 3D spectroscopy: Kamann et al. 2013
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Extensive tests using numerical

simulations:

• recovering the PSF

• recovering the centroid

• measuring effect of blending on flux

• measuring effect of blending on S/N

• measuring effect of blending on equivalent width

• measuring effect of blending on radial velocities
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5. SN Ia and their environment
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Christensen L., Becker T., Jahnke K., Kelz A., Roth M . M., Sánchez S. F., Wisotzki L.
Integral field spectroscopy of SN2002er with PMAS
A&A, 401 (2003) 479
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Christensen L., Becker T., Jahnke K., Kelz A., Roth M . M., Sánchez S. F., Wisotzki L.
Integral field spectroscopy of SN2002er with PMAS
A&A, 401 (2003) 479
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arXiv:1309.1182v2

• SNIFS at UH 2.2m
• 89 SN Ia host galaxies, 0.03 < z < 0.08
• SN environment < 1 kpc
• use Hαααα as SF indicator with 2 groups:

(1)      log ΣΣΣΣ Hαααα > 38.3 erg s-1 kpc-2

„locally starforming“
(2)      log ΣΣΣΣ Hαααα < 38.3 erg s-1 kpc-2

„locally passive“

� SN(1) 0.09 mag fainter than SN(2)
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Bias on equation of state:
∆w ~ -0.06
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MUSE

6. Crowded Field 3D Spectroscopy

- in the (very near) future
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6. Crowded Field 3D Spectroscopy

- in nearby galaxies
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Roth et al. 2005

beat the background limit !

Crowded field 3D spectroscopy in nearby galaxies
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Bresolin et al. 2010

M33
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slit spectroscopy

IFU

Fabrika et al. 2005
B416

� LBV candidate in M33

Crowded field 3D spectroscopy in nearby galaxies
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Serendipity discoveries
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PN survey in LMC (Reid & Parker 2006)
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P. Conti
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P. Conti
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NGC 595

Relano et al. 2010, MNRAS 402, 1635

MUSE

M33
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1) Comprehensive inventory of massive stars, planetary nebulae, H II regions, SNRs, 
SSX sources, and other emission line objects, down to faint limits

2)   Quantitative spectroscopy of massive stars and the physical properties of the surrounding gas 
(ne, Te, extinction, metallicity, kinematics)

3)    Evolution of massive stars: the evolutionary connections between the
different types of massive stars (i.e. WR, LBV, Ofpe/WNL, etc.)

4)    Search for the nebular HeII4686 emission line objects and ionization source

5)     Feedback from massive stars and chemical enrichment in the ISM

6)     Lyman-alpha escape fraction, studied in detail in nearby galaxies

7) PN luminosity function to faint magnitudes, abundance gradients

8) time domain (variable stars)

. . . 

Science drivers for future legacy Science drivers for future legacy Science drivers for future legacy Science drivers for future legacy 

IFU surveys in local volume galaxies:IFU surveys in local volume galaxies:IFU surveys in local volume galaxies:IFU surveys in local volume galaxies:
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7. Outlook
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E-ELT
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~ D6:  direct imaging of explanets

~ D4: AO-limited observation,
e.g. stellar spectroscopy in
Virgo Cluster galaxies

~ D2: photon-limited observations,
e.g. cosmic expansion
→ CODEX

~ D1: resolution limited obs., e.g.
resolved stellar populations

~ D0: RV research of exoplanets

EEEE----ELTELTELTELT

DeltaDeltaDeltaDelta----PhasePhasePhasePhase----BBBB TradeTradeTradeTrade----OffOffOffOff
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Expected E-ELT Performance (Davies 2013)
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MICADO

HARMONI

ELT-MOS
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