astro-Ph Seminor 2022,12.74 (KA )

The Contribution of Evolved Stars to PAH Heating and Implications for Estimating Star Formation Rates
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ABSTRACT

Emission from polycyclic aromatic hydrocarbons (PAHs) 1s a promising tool for estimating star formation
rate (SFR) in galaxies, but the origin of its sources of excitation, which include not only young but possibly
also old stars, remains uncertain. We analyze Spitzer mid-infrared mapping-mode spectroscopic observations
of the nuclear and extra-nuclear regions of 33 nearby galaxies to study the contribution of evolved stars to
PAH emission. In combination with photometric measurements derived from ultraviolet, Ho, and infrared
images, the spatially resolved spectral decomposition enables us to characterize the PAH emission, SFR, and
stellar mass of the sample galaxies on sub-kpc scales. We demonstrate that the traditional empirical correlation
between PAH luminosity and SFR has a secondary dependence on specific SFR, or, equivalently, stellar mass.
Ultraviolet-faint regions with lower specific SFRs and hence greater fraction of evolved stars emit stronger
PAH emission at fixed SFR than ultraviolet-bright regions. We reformulate the PAH-based SFR estimator by
explicitly introducing stellar mass as a second parameter to account for the contribution of evolved stars to PAH
excitation. The influence of evolved stars can explain the sub-linear correlation between PAH emission and
SFR, and it can partly account for the PAH deficit in dwarf galaxies and low-metallicity environments.
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Table 4. Spatially Resolved Measurements

Region log Lpan log Lya log M,
(erg s~ 1) (erg s~ 1) (Mg)
(2) 3) L@

NGC628_.UVB_.C 41.22 +0.09 39.79 = 0.11 8.75 £ 0.13
NGC628_UVF.C 41.62 4+ 0.10 40.00 £+ 0.10 9.27 £ 0.13
NGC628_UVB_H1 40.39 £ 0.09 39.36 £ 0.13 7.29 £+ 0.13
NGC628_UVF_HI1 40.57 £0.09 39.12 = 0.11 7.83 £ 0.13
NGC628_UVB_H2 40.36 + 0.09 39.16 = 0.11 6.82 +0.14
NGC628_UVF_H2 40.36 = 0.09 38.96 + 0.10 6.32 £+ 0.25
NGC628_UVB_H3 40.59 & 0.09 39.46 + 0.08 7.20 £ 0.14
NGC628 _UVF_H3 40.14 = 0.09 38.69 + 0.07 6.10 £ 0.25
NGC628_UVB_H4 39.71 £+ 0.09 38.62 + 0.07 6.08 £+ 0.16
NGC628 UVF_H4 40.00 + 0.09 38.76 + 0.07 5.67 4+ 0.19

NOTE—Col. (1): Resolved region. Col. (2): Integrated (5 —
20 pm) PAH luminosity. Col. (3): Extinction-corrected Ho
luminosity. Col. (4): Stellar mass. (This table is available in
its entirety in machine-readable form.)
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Figure 3. (a) The correlation between integrated PAH luminosity and extinction-corrected Hov luminosity for the UV-bright (UVB) and UV-faint
(UVF) regions, color-coded according to the sSFR. The black solid line is the best linear regression fit for both regions combined (Equation 1).
(b) The dependence of the residual PAH luminosity between the observed PAH luminosity and the best-fit value (the black solid line in panel
a) on the sSFR, color-coded according to the sSFR. The lower-right shows the Spearman correlation coefficient p and its statistical significance
p. The median uncertainty is shown in the upper-right corner of each panel.
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Figure 6. The correlation between observed SFRs and revised SFRs (Equation 4) for (a) UV-bright (UVB) and UV-faint (UVF) regions and (b)

log

-8.5

9.0

10.0

~10.5

11.0

-8.5

-—9.5

log (SSFR/yr=1)

-10.5

-11.0

log (SSFR/ yr‘l)

log (SFR/ Mg yr=1)
-2 -1

-4 3 0 1
44 [ T T 4 T 4. T L. T b T A
sQFR (R d cwwfaﬂow "
AL3o T BATRA sb [Mreen . .
43 Ritodx Rihth2
_ [REUPAH destudtiono 9.0
T R eTEenDRvEH ,
(7)) 42' . iy :
&D NG -
5 95 2
= &
T 41}
§ Sub-(inear ' ‘gl
- refetlonship SINGS S'T‘CT'S N1 100 &
%0 40! (8‘\.}-‘ 2022) FP‘\/T N l:‘pc Scle
= Q U RRCEE Spasels
< Resolved spaxels -10.5
39¢ — Eq. |
’ ----Eq. 5
‘ ‘ . . ‘ . ~11.0
37 38 39 40 4] 42
log (Lyq / erg s™?)
1t (b)
O -8.5
0+ o (A‘E’V:
S~ MY
4 P 4 -9.0
| > <, <
| - P L «/\}v :
>—1» (/J,X ﬁ/;.v):) % | 'L
EO &4 ’i;f;w‘; PAH destuchion ) 95 2
= 57 Riwavasy -
T ST S G
" v -100 &
o]}
2 .
MR8 sl 3
-10.5
< Resolved spaxels
—47 — 1:1 relation
‘ | ‘ . ‘ ‘ -11.0
~4 -3 -2 -1 0 1

1.082 (log Lpan - 39.5) - 0.118 (M. - 6.5) - 3.114

loa_

resolved spaxels from the central ~30" x50” regions of SINGS SFGs (Zhang et al. 2022), color-coded according to the sSFR.



