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The PNLF – an Exercise 

What does it take to observe a Planetary 
Nebula in an elliptical galaxy of Virgo?  

Systems with ~ 1 M 
turnoffs produce PN 
with ~ 0.52 M cores. 

A 0.52 M core has a 
post-AGB luminosity 
less than  ~103 L."

At most, ~ 10% of a 
PN core’s luminosity 
is emitted in [O III]."

Kalirai et al. (2008) 

Vassiliadis & Wood (1994) 

Schönberner et al. (2010) 



The PNLF – an Exercise 

Thus, the maximum luminosity of a PN central star in Virgo should 
be ~1000 L, and its absolute [O III] λ5007 magnitude should be 

The brightest PN in Virgo should therefore have a monochromatic 
[O III] λ5007 flux of  

M5007 ~ 28.5  or  F5007 ~ 1.2 ×10-17 ergs/cm2/s !!! 

With the KPNO 4-m telescope, we would need > 12 hr of exposure 
time to just barely detect this object (S/N ~ 9). 

What does it take to observe a Planetary 
Nebula in an elliptical galaxy of Virgo?  
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The PNLF – an Exercise 

The luminosity of the brightest PN, as a function of population age,  
can be expressed as 
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~ (−2.5) • (~ 1) • (7) • (0.11) • 0.8 t −1.4( )
~ 1.5 t −1.4 ~ 0.1 mag/Gyr in elliptical galaxies

The bright end of the PNLF is age-dependent!!! 

How will the turnoff age of an old stellar 
population effect the luminosity of the 
brightest PN?  



The PNLF – an Exercise 

Most PN are asymmetric and dusty 

The PNLF cutoff is defined by the action of circumstellar extinction! 

How easy it to model the bright end of the 
PNLF in an old (or young) population? 

Intrinsic Observed 

LMC PN 
Reid & Parker (2010) 



The PNLF – an Exercise 

So, based on straightforward stellar evolution 
theory and observations of local objects, the 
PNLF cutoff cannot be a good distance 
indicator.  It is 

•  too faint to observe in old populations. 
•  dependent on the (unobservable) age of 

the stellar population. 
•  affected by the (asymmetrical) geometry 

of the objects and circumstellar dust. 

I can go home now, right? 



Yet Bright PN Do Exist in Old Populations 

[O III] λ5007  [O III] λ5007 Difference   λ5300 

Their properties even agree 
with those predicted for 
high-mass PN central stars 
by post-AGB + nebular 
models (Schönberner et al. 
2010)! 



Even more remarkable, the 
luminosity function of bright 
PN is insensitive to stellar 
population.    

The bulge, inner-disk, and 
outer-disk PNLFs of M31 
have the same bright-end 
cutoff (to σM* ~ 0.05 mag). 



Leo I Group:  all the PNLF 
distances are within ~ 1 Mpc 
(i.e., 1 group diameter). 

Further Evidence:  
Galaxies in Groups 

NGC 3379 

NGC 3384 

NGC 3377 

NGC 3351 

NGC 3368 



NGC 4649 

NGC 4406 

NGC 4374 

NGC 4486 

NGC 4382 

NGC 4472 NGC 4526 

Virgo Cluster:  All distances are 
consistent: we resolve the back-
ground system 
of M84/M86. 



Fornax Cluster:  Distances 
from the Blanco, Magellan, 
and Subaru telescopes all 
agree. 

NGC 1380 

NGC 1404 
NGC 1316 

NGC 1399 

NGC 1344 

For large galaxies, the formal “random” error of 
a PNLF distance is generally < 5%. The 
limiting factors of the technique are systematic. 



Why Use the PNLF? 
The PNLF still has a role to play in the cosmic distance ladder. 

•  It is applicable to all types of galaxies, and is thus uniquely 
suited for finding systematic errors in the distance scale. 



 The PNLF Method is not just for E/S0 Galaxies 

E0–E2 
(10) 

E3–E6 
(5) 

S0/SB0 
(10) 

Sa-Sab 
(3) 

Sb-Sbc 
(4) 

Sc-Sd 
(5) 

SBa-SBab 
(1) SBb-SBbc 

(3) SBc-SBd 
(4) Sm/SBm 

(6) 
Irr/pec 

(2) 

There are now just as many 
PNLF distances to late-type 
galaxies as there are to 
early-type systems. 





Why Use the PNLF? 
The PNLF still has a role to play in the cosmic distance ladder. 

•  It is applicable to all types of galaxies, and is thus uniquely 
suited for finding systematic errors in the distance scale. 

•  It doesn’t require space observations or heroic efforts. 
•  It can be used to obtain distances to objects that aren’t 

easily amenable to other investigations. 



Why Use the PNLF? 

The drawbacks of the PNLF: 

•  It is moderately expensive in terms of (ground-based) 
telescope time (typically, 1 or 2 galaxies/night). 

•  It is only useful to ~20 Mpc, and only for large galaxies. 
•  It cannot (easily) be calibrated in the Milky Way. 
•  It requires a narrow-band [O III] λ5007 filter. 
•  We are far from having a theoretical basis for the technique. 

The PNLF still has a role to play in the cosmic distance ladder. 

•  It is applicable to all types of galaxies, and is thus uniquely 
suited for finding systematic errors in the distance scale. 

•  It doesn’t require space observations or heroic efforts. 
•  It can be used to obtain distances to objects that aren’t 

easily amenable to other investigations. 



SMC M33 M101 NGC 3351 NGC 3627 

LMC M81 NGC 300 NGC 3368 NGC 4258 

M31 NGC 55 NGC 2403 NGC 5128 NGC 5253 

M83 

The Cepheid Calibration of the PNLF 

The behavior of the PNLF’s bright-end cutoff, M*, 
can only be derived using galaxies with known 
distances, e.g., Cepheid systems.  At present, there 
are 16 such galaxies. 



The Ciardullo et al. (2002) calibration of the PNLF used Cepheid 
distances with no correction for metallicity.  The result reproduced the 
response of M* to oxygen abundance predicted by the post-AGB star+ 
nebula models of Dopita et al. (1992) 

The Cepheid Calibration of the PNLF 

M* = -4.47 



The Cepheid Calibration of the PNLF 

M* = -4.47 

•  M* does not depend on population age; spheroids and disks agree 
•  For large galaxies, the error bars have roughly equal contributions 

from the PN and Cepheid uncertainties.  For the small galaxies, 
PN statistics dominate the error. 



Unfortunately, the more-sophisticated post-AGB star + nebula models 
of Schönberner et al. (2010) do not fit the Cepheid data as well.  

Well, that’s progress … 

The Cepheid Calibration of the PNLF 

M* = -4.47 



M* ~ -4.47 

M* ~ -4.53 

M* ~ -4.57 

Key Project Cepheid distances with no 
correction for metallicity (γ = 0).  The 
best-fit value for the PNLF bright-end 
cutoff is M* = -4.47. 

Key Project Cepheid metallicity-
corrected distances (γ = -0.2).  The 
PNLF remains insensitive to abundance 
at the high-Z end, but now M* = -4.53. 

Saha et al. (2006) distances with metal-
licity correction.  The scatter between 
the PNLF and Cepheid distances is 
much larger, and the “best-fit” for the 
PNLF cutoff is  M* = -4.57. 



M* ~ -4.47 

M* ~ -4.53 

With or without a Cepheid 
metallicity correction, the 
distances of the Cepheid 
galaxies suggest that M* is 
constant to within ~ 0.05 mag 
in metal-rich systems, but 
fades in the small, metal-poor 
galaxies. 

Since the PNLF technique is 
more effective in galaxies 
with large PN populations, 
the dependence on metallicity 
is not a major concern. 

At the metal-rich end, we’ll 
adopt M* = -4.53 ± 0.05 

Without metallicity-correction 

With metallicity-correction 



The Tip of the Red Giant Branch is another distance indicator 
that can be used to calibrate M*.  If the Cepheid and TRGB 
rungs of the distance ladder are secure, they will yield the 
same value of M*. 

Dalcanton et al. (2009), Jacobs et al. (2009), and Hislop et al. (2011) 
give uniform TRGB measurements for a large sample of galaxies.  

The TRGB Calibration of the PNLF 



SMC M33 M101 NGC 3351 NGC 3627 

LMC M81 NGC 300 NGC 3368 NGC 4258 

M31 NGC 55 NGC 2403 NGC 5128 NGC 5102 

NGC 891 M94 M83 

The TRGB Calibration of the PNLF 

At present, there are 18 
TRGB galaxies that have 
well-measured values of 
m*. 



•  The TRGB calibration of the PNLF is consistent with that of the 
Cepheids. Once again, spheroids and disks have the same M*. 

•  Based on the TRGB, the best-fit value is M* = -4.53 ± 0.05.  Once 
again, there is no evidence for any trend in metal-rich populations. 

M* ~ -4.53 

The TRGB Calibration of the PNLF 



The PNLF and Surface Brightness Fluctuations 
Since the PNLF, TRGB, and Cepheid distance scales agree to 
better than ~ 0.1 mag, we can now examine the SBF.   

A large number of galaxies have both PNLF and SBF distance 
estimates.  Specifically, 

•  34 galaxies have PNLF and ground-based m ̅I  measurements 
•  12 galaxies with PNLF and HST m ̅z measurements 
•  16 galaxies with PNLF and HST IR m ̅H measurements 



The PNLF and Surface Brightness Fluctuations 

PNLF distances vs. 
the ground-based SBF 
I-band distances of 
Tonry et al. 2001 (as 
modified using the 
prescription of  Blake-
slee et al. 2010) 

The Good News:  The scatter in the diagram is exactly that pre-
dicted from the internal errors on the distances (σ ~ 0.20 mag) 
The Bad News:  The PNLF distances are systematically smaller 
that those of the SBF by ~ 0.35 mag!!! 



Other SBF Samples 

The space-based SBF measurements 
have a similar systematic offset. The 
zero point of the ACS F850LP data 
is offset by ~ 0.3 mag from that of 
the PNLF, and the NIC F160W 
observations have a systematic zero-
point offset of ~ 0.4 mag. 

I-band 

ACS z-band 

NIC H-band 



The PNLF and Surface Brightness Fluctuations 

The PNLF-SBF offset does not depend on galactic absolute 
magnitude, distance, color, or the number of PN within 0.5 mag 
of M*.  So the error really is in the zero point. 

● Elliptical               ● Lenticular              ● Spiral/peculiar 

Note, however, that 
the scatter between 
the SBF and PNLF 
distances is larger 
for spiral bulges and 
the peculiar objects 
than E/S0 systems. 



The PNLF – SBF Error Budget 
There are 3 possible sources for the systematic offset 
between the PNLF and SBF distances: 

•  The value of M* may be too faint 

Cepheid calibration (with Z) TRGB calibration 

(< 0.1 mag) 



The PNLF – SBF Error Budget 
There are 3 possible sources for the systematic offset 
between the PNLF and SBF distances: 

•  The value of M* may be too faint (< 0.1 mag) 
•  The SBF zero point may be too bright (< 0.2 mag) 

(without metal-dependence) (with metal-dependence) 



The PNLF – SBF Error Budget 
There are 3 possible sources for the systematic offset 
between the PNLF and SBF distances: 

•  The value of M* may be too faint (< 0.1 mag) 
•  The SBF zero point may be too bright (< 0.2 mag) 
•  There is systematically more internal extinction in the  

(bulges) of the calibration galaxies than in the program 
galaxies 

€ 
Typical Calibration Galaxies 

Typical Program Galaxies 



The PNLF, SBF, and Internal Extinction 
To calibrate M*, one needs to not only know the distance to 
the galaxy, but the extinction as well 

. 
€ 

M* = mobs
* − µC − R5007E(B −V )

= mobs
* − µC − 3.5E(B −V )

The same is  true for calibrating the SBF, but M ̅I  has a color 
term, i.e., M ̅I = C + a (V-I)0.  

. 

€ 

C = mI obs − RI E(B −V ) − a(V − I)obs + a(RV − RI )E(B −V )

= mI obs − a(V − I)obs + aRV − a +1( )RI{ }E(B −V )
= mI obs − a(V − I)obs + 3.34E(B −V ) The sign is 

different! 

So the zero point constant, C, is  

. 

If both the PNLF and SBF are affected by internal extinction, 
the offset in the distance scales will be ~ 7 E(B-V)! 



The PNLF, SBF, and Internal Extinction 
If the PNLF and SBF 
calibrators have more 
internal extinction than 
the techniques’ program 
galaxies, then an offset 
in the distance scales 
WILL result.  The SBF 
distances MUST appear 
larger than the PNLF 
measurements. 

. 

For every ΔE(B-V) ~ 0.015 of internal extinction in the calibrator 
galaxies, Δµ (PNLF-SBF) will be ~ -0.1 mag! 

Best bet: the PNLF-SBF offset is likely due to the accumulation 
of small errors in all three sources. 



The PNLF and SN Ia 

The 52 galaxies with robust PNLF 
distances have been host to ~ 50 
supernovae in the past century. Half 
of these supernovae have well-
defined, multi-color light curves.  
The sample includes 

This is enough for a direct calibration 
of the SN Ia distance scale. 

⦁  6 SN II-P ⦁  2 SN II-L 
⦁  1 SN IIb ⦁  1 SN IIn 
⦁  1 SN Ib ⦁  1 SN Ic 
⦁  12 SN Ia 



PNLF and SN Ia 
SN Ia Galaxy 

(1972E) NGC 5253 
1980N NGC 1316 
1981D NGC 1316 
1986G NGC 5128 
1989B NGC 3627 
1991bg NGC 4374 
1992A NGC 1380 
1994D NGC 4526 
1998bu NGC 3368 
2006dd NGC 1316 
2006mr NGC 1316 
2007on NGC 1404 

The value of H0 derived from the PNLF 
calibration of SN Ia is consistent with 
that from Cepheids, etc., but is 
dominated by the zero-point error. The 
PNLF is a viable technique for 
calibrating the luminosities of SN Ia. 



Summary 
•  The Planetary Nebula Luminosity Function still has a role in 

the extragalactic distance ladder.  Its best use is to identify 
systematic errors among the different techniques. 

•  The PNLF’s zero point comes from extragalactic Cepheid 
and TRGB observations.  Both calibrations agree and fix 
M* to ~ 0.05 mag. 

•  A comparison of the PNLF and SBF distances demonstrates 
the presence of a systematic error, which likely comes from 
a variety of sources.  The SBF distance scale may need to be 
decreased by < 0.2 mag, PNLF increased by < 0.1 mag,  and 
the effects of internal extinction must be considered. 

•  The PNLF can now provide an independent calibration of 
SN Ia.  The inferred value of H0 is consistent with that 
determined from other methods. 


