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We present a preliminary analysis of tHerschelPACS and SPIRE data around the galaxy NGC
4438. Combining th&pitzerandHerscheldata we obtain the full dust spectral energy distribution
and explore the heating source and dust survival time indhékergalactic medium close to the
boundaries of the galaxy. We model the evolution of the dizst gistribution and its emission
due to collisions with gas ions and electrons and find thatpiteelicted dust spectral energy
distribution is consistent with the observations. We tfemeeconclude that dust in the hot X-ray
emitting gas close to NGC 4438 (~ 5 x 10°K, ny = 0.02 cn1 3) undergoes both heating and
destruction by hot electrons. This highlights the intemacbetween the cool interstellar medium
and the hot intergalactic medium that gives rise to an erdgranat of the X-ray luminosity of the
galaxy. However, the predicted dust lifetime is shortenttiee dynamical timescale and so the
hot gas seemingly entrain evaporating dense clumps of thestellar medium stripped from the
galaxy.

The Life Cycle of Dust in the Universe: Observations, Theamg Laboratory Experiments - LCDU 2013,
18-22 November 2013
Taipei, Taiwan

*Speaker.

(© Copyright owned by the author(s) under the terms of the @e&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



Dust in and around NGC 4438 M. Bocchio

1. Introduction

The region around the galaxies NGC 4438 and M86 has a patiestrophysical interest.
The Ha + [N11] image (see Fig. 1) shows hot gas filaments linking the twexdgas, providing the
evidence for an interaction between theml00 Myr ago [1]. This interaction is responsible for
the perturbation of the stellar disk in NGC 4438.
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Figure 1: Kenney et al. (2008). d4+ N1 (colored red) superimposed on a color SDSS gri image
of the region around M86.

From a Chandra survey of nearby galaxies it has been showiN®& 4438 is an unusual
X-ray bright galaxy. It has been proposed that this X-rayssion results from the interaction of
the cool interstellar medium (ISM) of the galaxy with the idergalactic medium (IGM) [2].

The region around NGC 4438 was observedHsrschelSPIRE and PACS as part of the
HerschelVirgo Cluster Survey (HeViCS, [3]). The Herschel SPIRE degeeal the presence of
extra-planar dust up to 4-5 kpc from the galactic disk [4].

Using HerschelPACS/SPIRE data we have the unique possibility to achiegesémsitivity
and the spatial resolution to measure the temperature tedusedded in a hot gas. Furthermore,
combiningHerscheldata andSpitzerdata, we are able to derive the full dust spectral energyi-dist
bution (SED), which allows us for the first time to quantifieteffects of dust heating and erosion
in a hot gas.

2. Herschel data analysis

The region around NGC 4438 was observedHsrschelin parallel mode (i.e. using both
SPIRE and PACS instruments) as part of HerschelVirgo Cluster Survey (HeVICS, [3]). The
data were reduced as part of tHerschelReference Survey (HRS), the PACS data were reduced
following the procedure described by Cortese et al. [5] ettie SPIRE data as described by Ciesla
et al. [6].

In our analysis we use the PACS 1Qénh, 160um and SPIRE 25@m and 350um maps. We
convolve all the maps to a common resolution (the beam sizleeo850um SPIRE data, 29" /
beam) assuming gaussian beams and regrid the images to aocopixel size (the pixel size of
the 250um SPIRE data, 36 arcsetpixel).
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Using ax? minimization technique, we fit the SED on a pixel-by-pixebisawith a modified
blackbody:

lv = Ty,By(T)(v/v0)F (2.1)

whererty, is the optical depth at the reference frequengy= 3000 GHz (10Qum, 1100 hereafter),
B, (T) is the Planck blackbody emission for a given temperafusnd 3 is the emissivity spec-
tral index at the frequencyy. The value off3 is kept fixed = 1.8) as estimated by Planck
Collaboration [7].

3. Results

We estimate the radiation field around NGC 4438 fileALEX SDSS and 2ZMASS data and
we calculate its scaling factor with respect to the Mathiglet[8] radiation field (theJ value
described by Draine & Li [9]) for each of the pixels (see Fig).2 We notice that the temperature
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Figure 2

map is asymmetric with respect to the galaxy centre and thighbt correlated with the radiation
field. For a given radiation field, on the east and west sidaefalaxy we observe a different dust
temperature (i.eT ~ 23K east side and@l ~ 15— 18 K west side). Furthermore, in the east side
region where we find the unusually hot dust we do not detectrangmission (Fig. 2b) but we
notice bright X-ray emission (Fig. 2¢). This suggests thatdust is embedded in a hot gas.

From theoretical models [12, 13, 14] we would expect thaingr&mbedded in a hot gas
undergo collisions with the fast ions and electrons theeseading to both erosion and collisional
heating. We model the time-dependent dust spectral enésgyibdtion that we would observe in
the hot gas on the east side of the galaky(5 x 10°K, ny = 0.02 cnt 3, [11]). In Fig. 3 we show
the dust SED on the east and west side of the galaxy. We deériirta spent in the hot gas &s:.
We notice that, on the east side, we obtain the best fit to thersational data fdp = 10° yr. On
the other hand, on the west side we are able to reproduce gt&SHEID assuming the only photon
heating.
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Figure 3: Dust SED of a representative pixel on the eastgkiel) and west (right panel) side of
the galaxy. Data points represent BgitzerandHerscheldata. Red, green and blues lines are for
thot = 0, 10°, 10° yr respectively. Black lines are the blackbody fit to therscheldata.

4. Conclusions

From this preliminary study we can conclude that the dustheneast side of the galaxy is

embedded in a hot gas. The collisions of the grains with theiéms and electrons are responsible
for the dust elevated temperature and the destruction artfalest grains [13].

This highlights an interaction between the hot IGM and thel €6M confirming the hypoth-

esis by Li & Wang [2] and explaining the bright X-ray emissiafithis galaxy.
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