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Calibrating SN Type Ia using 
WIYN and the Planetary Nebulae 

Luminosity Function 

John Feldmeier (NOAO,WIYN), 
George Jacoby (WIYN), 

Mark Phillips (LCO)

Supernovae Type 
Ia have become 
critical in 
determining 
cosmological 
parameters.

�



4/19/2010

2

The extragalactic distance scale is so 
20th century.  Why are you still doing it?

• The SN Type Ia zero-point calibrations of 
different groups vary by 0.3 magnitudes (using 
the same HST Cepheid data)

• One-third of all nearby SN Type Ia’s occur in 
galaxies that Cepheids cannot be used.

• Most importantly, we need to ensure that the 
properties of Type Ia’s do not vary as a function 
of stellar population.

(Note: CMBR/WMAP does get you out of this: dependent 
on w parameter)

The [OIII] λ 5007 Planetary Nebulae Luminosity Function

(PNLF) Jacoby et al. (1992), Ciardullo et al. (2002)
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Or, More Graphically

The cutoff at the bright 
end of the PNLF indicates 
relative distance

∆(m-M)=3.3

∆(m-M)=6.6
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About 10% of the total energy of a PN central star comes 
out in a single emission line.  This is the forbidden 
“nebular” line of doubly ionized oxygen at  5007 Å.  

By viewing a galaxy through a ~30 Å wide filter centered on 
this line, and again through an “offband” filter, bright PN can 
be identified out to ~20 Mpc with 4-m class telescopes.

Feldmeier, Ciardullo, & Jacoby (1996)
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Feldmeier, Ciardullo & Jacoby (1997)

The Planetary Nebulae Luminosity 
Function (PNLF) does not depend 
on:

•Galaxy Type

•Stellar Population Age

•Dust properties

Project Goals

• Observe galaxies with well-observed SN 
Type Ia’s, and determine their distances
using the [O III] PNLF – is there any offset 
between SN Ia’s in spirals and ellipticals?

• Telescopes: South (Magellan) – see 
poster opposite G. Jacoby’s office

North (WIYN)
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SN 1994D in the 
galaxy NGC 4526, 
located within the 
Virgo cluster

Observations of NGC 4526 with WIYN

• Data was taken on March 10 and 11, 2005 using 
OPTIC

• Seeing was fair (0.5” – 0.8”) at λ 5020
Note: “fair” at WIYN is incredible almost 
anywhere else!

• Total exposure time: 6 hours on-band, 1.5 
offband, 45 min Hα

• PN candidates were found using automated 
software methods, and checked by hand.
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94 Planetary Nebulae Candidates detected
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These effects have been seen 
before - in M87

Ciardullo et al. (1998)
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Feldmeier, Ciardullo, Jacoby (1998), Feldmeier et 
al. (2003, 2004)

Intracluster PN are common and are in the foreground

NGC 4526 is 47 
arcminutes from 
IPN field 6, which 
corresponds to 
210 kpc at Virgo 
cluster distances.
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IPN nearby NGC 
4526 have similar 
apparent 
magnitudes –
contamination is 
likely

To get a distance, we 
use our inner sample 
and add a 0.15 
magnitude 
systematic error to 
our distance results.  

We find (m - M)0 = 30.66 +/- 0.2

Comparisons of NGC 4526 distance:

Authors Method (m-M)0 Distance
(Mpc)

Drenkhan 
& Richtler 
(1999)

GCLF 30.4 +/- 0.3 12.0 +/- 1.7

Jensen et 
al. (2003)

SBF 30.98 +/- 0.2 15.7 +/- 1.5

Our 
Results

PNLF 30.66 +/- 0.2 13.6 +/- 1.2 
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The absolute magnitude of 
SN 1994 D at maximum 
light is found to be:

B = -18.93 +/- 0.2

V = -18.88 +/- 0.2

I = -18.66 +/- 0.2

Conclusions:

• We have obtained a new distance to NGC 4526 
using the PNLF.

• However, the distance is more uncertain than 
usual, due to the presence of intervening 
intracluster PN.  Spectra may resolve this issue.

• SN 1994D seems to have a maximum 
magnitude consistent with other supernovae.
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