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Motivation: use [Cll] 158 pm emission line

@ strong
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Motivation: use [Cll] 158 pm emission line

@ strong
@ easy to observe even in high z

Colbert et al. 1998
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Motivation: use [Cll] 158 pm emission line

@ strong !
@ easy to observe even in high z
Colbert et al. 1998
Potentia”y can be USEd to [NI] & [CH] in 9114845251 (2=6.42)

@ estimate SFR

@ probe some of the ISM physical
conditions

Flux density [mdy]

-500 0 500
Velocity offset [km/s]
Walter et-al. 2009
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Issue: [CII] 158 pm emission from multiple ISM phases

o CNM
(cold neutral medium)
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Issue: [CII] 158 pm emission from multiple ISM phases

o CNM
(cold neutral medium)

o WNM
(warm neutral medium)

o WIM
(warm ioinized medium)

@ PDRs
(photodissotiation regions)
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Issue: [CII] 158 pm emission from multiple ISM phases

Compact Hil region: n, = 10*cm-3
Dense PDR model: n, = 10°cm-3
Diffuse medium: n,=10cm3

o CNM
(cold neutral medium)

o WNM
(warm neutral medium)

o WIM
(warm ioinized medium)

@ PDRs
(photodissotiation regions)

Diffuse medium
- low ionisation

credit: Diane Cormier
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Solution: pick Andromeda
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@ proximity — resolution
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(Andromeda)

PACS70
PACS100
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@ proximity — resolution

@ external view — no LOS confusion
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Solution: pick Andromeda
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PACS70

PACS100
Groves et al. (2012)

@ proximity — resolution
o external view — no LOS confusion

o large, star-forming , metal-rich, L, galaxy
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SLIM - Survey of Lines in M31

Data PHAT - Pan-chromatic Hubble Andromeda Treasury

Large amount of ancillary data

@ Herschel (spectroscopy and photometry)
70 —500pm at a spatial resolution down to ~ 45 pc at 160um
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SLIM - Survey of Lines in M31

Data PHAT - Pan-chromatic Hubble Andromeda Treasury

Large amount of ancillary data

@ Herschel (spectroscopy and photometry)
70 —500pm at a spatial resolution down to ~ 45 pc at 160um

e Calar Alto (PPAK) - optical IFS

Maria Kapala The Survey of Lines in M31 (SLIM)



SLIM - Survey of Lines in M31

Data PHAT - Pan-chromatic Hubble Andromeda Treasury

Large amount of ancillary data

@ Herschel (spectroscopy and photometry)
70 —500pm at a spatial resolution down to ~ 45 pc at 160um

e Calar Alto (PPAK) - optical IFS

e HST (Pan-chromatic Hubble Andromeda Treasury survey)
properties of individual stars > A0

and others
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SLIM - Survey of Lines in M31

Data PHAT - Pan-chromatic Hubble Andromeda Treasury

SLIM coverage

Andromeda galaxy
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SLIM - Survey of Lines in M31

Data PHAT - Pan-chromatic Hubble Andromeda Treasury

Herschel [Cll] maps

Field 1 Field 2 Field 8

Field 4 Field 5

Pl Karin Sandstrom
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SLIM - Survey of Lmes in M31

PPAK IFS data in field

9.97e-16 3.00e-15 5.00e-15 7.00e-15 9.00e-15
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SLIM - Survey of Lines in M31
PHAT - Pan-chromatic Hubble Andron

PPAK IFS data in field 1

9.97e-16 3.00e-15 5.00e-15 7.00e-15 9.00e-15
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SLIM - Survey of Lines in M31
PHAT - Pan-chromatic Hubble Andromeda Tr

PPAK IFS data in field 1
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SLIM - Survey of es in M31
PHAT - Pan-chro c Hubble Andror

PPAK Ha
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SLIM - Survey of Lines in M31
PHAT - Pan-chromatic Hubble Andromeda Treasury

PHAT coverage

Andromeda galaxy

PHAT footprint (blue), current stellar catalogs coverage (red) and
Herschel regions (white boxes)
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SLIM - Survey of Lines in M31
PHAT - Pan-chromatic Hubble Andromeda Treasury

PHAT stellar SEDs fits

alcant(l)n et alll. 2Q12 :

Transmission

A(R)
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SLIM - Survey of Lines in M31
PHAT - Pan-chromatic Hubble Andromeda Treasury

Stellar SED in field 3
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stellar catalogs: K. Gordon

M31 (SLIM)
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SLIM - Survey of Lines in M31
PHAT - Pan-chromatic Hubble Andromeda Treasury

Stellar UV, in field 3
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Cll from SF regions
Stellar populations heating ISM
Analysis Far-IR line deficit

ISM tracers in field 3
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Cll from SF regions
Stellar populations heating ISM
Analysis Far-IR line deficit

ISM tracers in field 3

Contours: Ha
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Cll from SF regions
Stellar populations heat
Analysis & line deficit

[CII] emission from SF regions in field 2

4.09e-16 1.21e-15 2.01e-15 2.80e-15 3.60e-15

HIl regions - Azimlu et al. 2011
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Cll from SF regions
Stellar populations heating ISM
Analysis Far-IR line deficit

[CII] emission from SF regions in field 2

level: 3.25-101°
5.3% from 1.2% area

4.09e-16 1.21e-15 2.01e-15 2.80e-15 3.60e-15

HIl regions - Azimlu et al. 2011
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Analysis

[CII] emission from SF regions

C

f‘

from SF regions

llar populations heating ISM

 line deficit

in field 2

level: 3.25-101°
5.3% from 1.2% area

level: 61016
37% from 15% area

4.09e-16 1.21e-15 2.01e-15 2.80e-15 3.60e-15

HIl regions - Azimlu et al. 2011
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Cll from SF regions

Stellar populations heating ISM
Analysis Far-IR line deficit

Cll & SFR correlation in field 3

Ioylergs™ em™ Srt)

10"
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SFRH(\ +24pm []V[; yr kpC ]

< SFR >=0.023 Mg, yr~! kpc—2

SFR formula: Calzetti et al. 2007
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Cll from SF regions
Stellar populations heating ISM
Analysis Far-IR line deficit

ISM tracers in field 3

Contours: UV,
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Cll from SF regions
Stellar populations heating ISM
Analysis Far-IR line deficit

Stellar populations UV input to ISM in field 3

My < 8M,,

8M < My <20M
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ClIl from SF regions
Stellar popula

Analysis Far-IR line

Field 1 Field 3 Field 5

XX

Mp< 8M, W
8M,< My <20M, H
Mp>20M_, W

This demonstrates that on ~ kpc scales in Andromeda,
massive B stars dominate the UV field as in the solar neighborhood.
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Cll from SF regions
Stellar populations heating ISM
Analysis Far-IR line deficit

ISM tracers in field 3

Contours: [ClI]
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Cll from SF regions
Stellar populations heating ISM
Analysis Far-IR line deficit

No far-IR line deficit
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Cll from SF regions
Stellar populations heating ISM
Analysis Far-IR line defi

No far-IR line deficit

~700 pc regions
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Cll from SF regions
Stellar populations heating ISM
Analysis Far-IR line deficit

No far-IR line deficit

~700 pc regions
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Cll from SF regions
Stellar populations heating ISM
Analysis Far-IR line deficit

No far-IR line deficit

~700 pc regions
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(O/H)/(O/H)e = 0.77, 0.94, 0.99, 0.98,



Conclusions

@ [CII] correlates well with Ha: emission, up to certain point
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Conclusions

@ [CII] correlates well with Ha: emission, up to certain point

e significant amount of [ClI] is coming from outside the SF
regions — using [Cl] to trace the massive SFR, one must take
into account the contribution to

ISM gas heating by older stellar populations
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Conclusions

@ [CII] correlates well with Ha: emission, up to certain point

e significant amount of [ClI] is coming from outside the SF

regions — using [Cl] to trace the massive SFR, one must take
into account the contribution to

ISM gas heating by older stellar populations

@ on kpc scales UV radiation field (even in SF regions) are
dominated by B stars
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Conclusions
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e significant amount of [ClI] is coming from outside the SF
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into account the contribution to
ISM gas heating by older stellar populations

@ on kpc scales UV radiation field (even in SF regions) are
dominated by B stars

@ on 50 pc scales SF regions of M31
do not show a "far-IR line deficit” even in regions of warm dust
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Conclusions

@ [CII] correlates well with Ha: emission, up to certain point

e significant amount of [ClI] is coming from outside the SF
regions — using [Cl] to trace the massive SFR, one must take
into account the contribution to
ISM gas heating by older stellar populations

@ on kpc scales UV radiation field (even in SF regions) are
dominated by B stars

@ on 50 pc scales SF regions of M31
do not show a "far-IR line deficit” even in regions of warm dust

Not entire [ClI] comes from SF regions
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