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Ciardullo, Jacoby, Ford, Neill 1989, ApJ 339, 53

M* = - 4.5

standard
candle

see recent review by
Robin Ciardullo (2022) 
Frontiers in Astronomy and
Space Science, Vol. 9, 896326

(1) The Planetary Nebula Luminosity Function
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© AIP/P. Weilbacher

Riess et al. 2022

  Hubble Tension:

   SH0ES:    H0=73.3 ± 1.04 km s-1 Mpc-1

   Planck:     H0=67.2 ± 1.2 km s-1 Mpc-1

Motivation: MUSE-PNLF to measure Ho
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© AIP/P. Weilbacher Riess et al. 2022

SH0ES Effort:
• 38 galaxies
• Total of 453 hours HST time
• 12 hours/galaxy on average
• Total of 2173 good measurements
• Cepheid periods 15.8 … 55.1 days
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© AIP/P. Weilbacher

Distance Ladder

® Riess et al. 2022

40 Mpc251610
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(2) Early PN observations with IFUs
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Potsdam
Multi
Aperture
Spectrophotometer

PMAS
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Two integral field unit options:

74 x 65 arcsec28 x 8 arcsec2

Lensarray IFU                          PPaK IFU

PNLF CALIFA Survey

PMAS
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12

Lensarray IFU 20 % 24 %

VIMOS IFU

FLAMES ARGUS

9%

5%

PMAS
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PMAS
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PMAS
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PMAS

Roth+2004
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M31 planetary nebula candidates

CCD image              PMAS reconstructed CCD image              PMAS reconstructed
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PMAS + MPFS + INTEGRAL supernovaremnant
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(3) MUSE-PNLF and the Differential Emission Line Filter (DELF)
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GTO
Pilot Study in NGC 300

• Use MUSE GTO to measure PNLF in nearby 
NGC 300 to unprecedented depth

• study partially resolved stellar population

(3) MUSE-PNLF
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Roth+2018

(3) MUSE-PNLF
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VLT-MUSE
2016

Roth+2018

Hα

(3) MUSE-PNLF
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PN7
m5007 = 22.3 [O III]

Roth+2018

VLT-MUSE
2016

(3) MUSE-PNLF
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PN7
m5007 = 22.3 [O III]

ESO-NTT
1993

(3) MUSE-PNLF
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(3) MUSE-PNLF

Roth+2021
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10 samples
of galaxy
background

NGC 1380

(3) MUSE-PNLF

DELF



NGC 1380
(3) MUSE-PNLF



NGC 1380

118 confirmed PNe 1)

+ 40 in 2nd pointing
+ 8 in halo pointing

1)  Spriggs+2020: 91 PNe

(3) MUSE-PNLF
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Feldmeier et al. 2007

MUSE:
• insensitive to LOSV
• 8m-class telescope
• image quality / AO
• DELF

(3) MUSE-PNLF
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(3) MUSE-PNLF
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NGC 628

®  8.95 Mpc

NGC 474

®  37.4 Mpc

3 benchmark galaxies:
o NGC 1380
o NGC 628
o NGC 474

#

→	 comparison with     
     literature

NGC 1380

® 16.6 Mpc

(3) MUSE-PNLF
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(3) MUSE-PNLF, Paper II

Jacoby+2024
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*

*

*

(3) MUSE-PNLF, Paper II
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(3) MUSE-PNLF, Paper II
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(4) PNLF with BlueMUSE

• Factor 2x higher throughput than MUSE

• Factor 2x higher spectral resolution:
     suppression of continuum background
     →  most efficient in nuclear regions
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(4) PNLF with BlueMUSE
• high surface brightness limit

NGC 1512
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NGC 1052     NGC 1326     NGC 1351     NGC 1404    

NGC 1433     NGC 1399     NGC 1512     

(4) PNLF with BlueMUSE high surface brightness limit
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(4) PNLF with BlueMUSE

NGC 628

Herrmann+2008, Kreckel+2017
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(5) Summary

• MUSE datacubes offer extremely small bandwidth narrow-band imaging

• Small bandwidth  Þ  low continuum background
                                       Þ  low continuum background shot noise
                                       Þ  low continuum background systematic errors

• Differential Emission Line Filter works on a spaxel-by-spaxel basis and 
efficiently removes systematic „flatfield“ errors

• Differential Emission Line Filter introduces minimal shot noise
     in the process of continuum background subtraction

• BlueMUSE‘s higher efficiency @ 500.7nm boosts sensitivity

• BlueMUSE‘s higher spectral resolution reduces continuum background


