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A spectrum of the PN in the M31 open cluster B477-D075 taken through the STIS G430L and G750L gratings. The spectrum is dominated by emission 
from the [O III] and [N II] doublets and, to a lesser extent, the Balmer lines.  The H-alpha and H-beta lines are used to determine the total extinction of 
the nebula and thus to derive the true, de-reddened luminosities of each line.  The dashed lines show the modeled line profiles of each emission line; 
these have all been scaled down by a factor of two for visibility.  The solid orange curve shows the sum of the three individual emission line models binned  
to the resolution of the spectrograph.  Nitrogen is enhanced, at 12+log(N/H) = 8.45±0.15, or ~10x the cluster value, assuming the cluster [N/Fe]=0.0.

Color rendition of the M31 
open cluster B477-D075 
and its planetary nebula 
(PN), from archival HST/ACS 
images in F435W (blue), 
F502N+F555W (green), 
and F814W (red).  The PN’s 
[O III] 5007 Å emission is 
seen in the F502N filter as 
a bright green point source 
northeast of the cluster 
center.  The morphology and 
predominance of blue stars 
show B477-D075 to be an 
open cluster.

Color-magnitude diagram for M31 cluster B477-D075 using 
photometry from the Panchromatic Hubble Andromeda 
Treasury project (PHAT; Dalcanton et al. 2012). Light gray 
points represent the field stars along the line of sight; black 
points show cluster stars, which remain after a statistical 
subtraction of the background. Superposed are isochrones 
from Bressan et al. (2012), adopting a cluster metallicity of 
[Fe/H] = −0.45 (Chen et al. 2016). At a distance of 750 
kpc (Riess et al. 2012), the CMD is best fit with a 
foreground extinction of AV = 0.45 and an age of ∼330 Myr.

Enhanced Nitrogen: Evidence of Hot-Bottom Burning

A Planetary Nebula in an M31 Open Cluster Cluster Age: 330 Myr 
Progenitor Mass: 3.1 M⊙N

E

1”

Background

• For stars above a certain mass limit, the energy 
generation during the TP-AGB phase becomes 
so high that the convective envelope extends 
down to the hydrogen-burning shell.

• As a result of this “hot-bottom burning,” 
products of the CNO cycle are immediately 
convected to the surface, where they are 
subsequently lost into space via a superwind.

• The result is a planetary nebula (PN) with 
enhanced nitrogen and helium abundances 
compared to PNe from lower-mass stars.

• TP-AGB models (e.g., Karakas et al. 2009; 
Marigo et al. 2013) predict that hot-bottom 
burning can only occur in stars with progenitor 
masses greater than 4–5 M⊙. 

• We test this prediction by determining the 
turnoff mass of the M31 open cluster D477-
D075, and the abundances in its associated PN.

Results
• Strong [N II] and weak [O II] 

demonstrate the PN ’s nitrogen 
enhancement; using CLOUDY 
(Ferland et al. 2013) we derive 
12+log(N/H) = 8.45 ± 0.15, or 
~10 times the cluster value.

• The cluster turnoff implies the 
PN is from a 3.1 M⊙ progenitor.

• This is direct empirical evidence 
that the minimum mass for hot-
bottom burning is ≤ 3.1 M⊙.


