Constraints on the efficiency of the photoelectric heating in amolecular ridge of the metal-poor LMC
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INTRODUCTION

The Large Magellanic Cloud (LMC) provides a unique laboratory to understand the properties of the interstellar medium (ISM) in a half-solar-metallicity galaxy. The LMC’s proximity to our Galaxy (d=55 kpc) permits observation of its infrared emission at parsec-scale
resolution, thereby enabling study of interstellar dust properties at the scale of a molecular cloud. The SOFIA Legacy Program (LMC+) [8] has mapped the [CII] A158m and [OIII] A88um lines in the molecular ridge south of 30 Doradus, at a resolution of 2.5 pc. These new
observations trace the emission from the dominant cooling lines in the neutral and ionised ISM, enabling an investigation of the major heating and cooling mechanisms in the three massive star-forming regions, N158, N159 and N160. In neutral regions, the main mechanism

STATE OF THE ART

Photoelectric (PE) heating depends on grain properties (size
distribution, composition, solid-state structure, etc.) which
are poorly constrained.

The efficiency of the PE heating has been empirically cali-
brated on a small number of Galactic regions. [1, 6, 12]

The effect of metallicity on the PE efficiency is poorly un-
derstood. The PE efficiency in extragalactic environment has
been studied in the literature, but without the possibility to
compare it to the abundance of its carriers, the small grains [7,
11].

Our goal is to relate the PE efficiency to the small grain abun-
dance derived from SED modelling.

OBJECTIVES

Combining data acquired by the SAGE [10] survey with

Spitzer (3.6 to 70 microns), the HERITAGE [9] survey with
Herschel (100 to 250 microns), and new data from the LMC+
survey with SOFIA.

Computing maps of the dust properties (column density
>4 [Me.pc?], mean starlight intensity (U), fraction of small
grains ¢4, total luminosity) from SED modelling.

Providing the contribution of each phase of the observed [CII]
line.

Comparing the spatially-resolved PE efficiency to the dust
properties and local physical conditions.

METHODOLOGY

Convolution of our multi-wavelength maps to SPIRE 500 pm
resolution (36 7).

Reprojection of all maps using the pixel grid of [CII] map.
Estimation et propagation of our asymmetric uncertainties
and their correlations (bootstrapping).

Fitting the spatially-resolved SEDs with the THEMIS [4, 5]
dust model, within the hierarchical Bayesian code, HerBIE [3].

Creation of dust property maps and estimation of epp the PE
heating efficiency.
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responsible for the gas heating is the photoelectric effect. This process consists of the ejection of an electron from a dust grain after the absorption of a UV photon. This photo-electron will subsequently heat the gas through collisions.

PHASE DECOMPOSITION

* We can define the [CII] luminosity in the ionized and molecular phase:

ABOUT SOFIA AND THE LMC+ COLLABORATION
e SOFIA:
— A Boeing 747SP, mounted with a 2.5 m telescope, observ-
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ing perpendicular to the flight plan (Fig. 1). Lion([CII]) = ay ([CI1]) = ngif] 9 [C ] Ao X H L, = Vfallf] 91 [O ] AsoN (Hy) s (1)
— 8 possible instruments, including imagers and spectrom- Nerie 9o | H hraQa N 90 L H

eters, from the mid-IR to the far-IR. With Ajg =24 x 1076571, 1076 < [Ct/H ]w"’md < 10™* the abundance of ionized carbon in each phase, I _ 2, age(T = 8000K) =
— Operated from 2013 to 2022 9o

16 x 107" em3.571, n (T = 8000 K) = 44 cm ™3, n™°H(T = 100 K) = 6000 cm =3, 10%cm ™ < ngye < 5 x 10°cm ™.

e LMC+:

— SOFIA Joint Legacy Program (LMC+): Used the Far In-
frared Field-Imaging Lines Spectrometer (FIFI-LS) instru-
ment to map the whole southern molecular ridge.

— 8 flights in March/April 2022 in order to create the biggest
map of the region through [CII] A158um and [OILI] A88um
lines with a 2.5 pc linear resolution.

e Assuming that the PE heating only dominates in the neutral atomic medium we define the [CII] luminosity attributed to the PE
heating as:

Lato([C11)) = Lpp(|CII]) = eppLar = eppf{U)Xaqar (2)
With epp the PE heating efficiency, 3 = 98/0.17 [Lo.M;"] and L4r the luminosity attributed to the small grains (R<1.5nm).
= Doing a bootstrapping, we compute the PE efficiency without the ionized and molecular contribution of L. (|CI1]):

LobS([C][]) o Lzon([C]]D B Lmol([O]]])
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EpPEp =

(3)

THE [CII] EMISSION OF THE STUDIED REGION

VARIATIONS OF THE PE EFFICIENCY
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Figure 2: The left panel display the PE heating efficiency estima-
tion as a function of the fraction of small grains (R<1.5 nm). The
blue take into account the phase decomposition, the red contours
do not. We also display on the right panel the pixel’s distribution.

Figure 1: Fraction of small grains (R<1.5nm) versus the mean In-

Figure 3: [CII] A\158um emission line in the southern molecular terstellar Radiation Field (U9, as defined in [2])

ridge seen by SOFIA

MAIN RESULTS

* The PE effect is dominated by small grains.

* (lear correlation between the abundance of the small a-C( :H) grains, the carriers of the PE etfect, and the starlight intensity (Fig. 5) = destruction of these carriers by intense stellar radiation.
e Because of the half-solar metallicity, the fraction of small grains in the southern molecular ridge is around 8% (Fig. 6), that is half of the average Galactic value ( 17%)

* We manage to decompose the contribution of each phase in the [CII] observed luminosity.

e The average efficiency over the map for both methods are ;([CII]/Lar) = 1.78755 % and p(epr) = 1.427520 %.

e The phase decomposition provides a relative correction around 25%

e Next step: Conduct the phase decomposition at 18” resolution = Stay tuned for the incoming paper.




