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Herschel PACS spectroscopy

spoctroscopy . An IFU in the far-IR.
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16 x 25 pixel detector array

Spatial pixels 9.7 x 9.7”

Spectral resolution of
940-5500
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Kingfish (Key Insights on Nearby Galaxies:
a Far-Infrared Survey with Herschel)
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Kingfish (Key Insights on Nearby Galaxies: [O IH] line maps
a Far-Infrared Survey with Herschel)
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10 brightest (observed) spectral lines:

M Optical W MID-IR M FIR

L(LINE)/L(TIR) %

157 - [C II]
0.66 - Ha
35 - [Si I1]
2.8 - [Ne II]
33 - [S III]
0.37 [O II]
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NGC 4631

Goal 1:
Study gas heating
+ cooling.

What causes [Cll] deficit?
Linked with PAHS?




Brauher et al. 2008

The “[CII] deficit”

Intense radiation field
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With Herschel:
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[icm/TIR %

Scatter Is partly metallicity:
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Same pattern within galaxies:

o NGGC 4559
NGC 1097

Hardness, not just
intensity of radiation
field may matter.
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Shallower trend within PAHS:

o NGGC 4559
NGC 1097
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Shallower trend within PAHS:

0.4 0.6
Croxall et al. 2012

0.8 1
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o NGGC 4559
NGC 1097

PAHS more tied to gas
heating than big grains.

See Belrao et al. 2012
for hints that PAHs are
jlonized at high
Intensities.



NGC 4631

Goal 2:
Stronger
constraint on Hili

regionr
metallicities.

Right ascens- iiii



Abundances unknown...
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IR lines helpfully insensitive to temperature.



Using the FIR data

can place stronger
constraints on the

abundance of (O**/H)

Constraints on
density further limit
the uncertainty
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An investigation of NGC 628:
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NGC 628 Region 7:

(Ol 88 line + [Sll] density
constraint gives light blue
band.

Add in optical [Olll]
5007A for even narrower
constraint.
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Future!
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NGC 4631

Goal 3:
Calibrate/
investigate [Cll] as
a SER tracer.




ICll] as a star-formation rate indicator:

Herrera-Camus in prep.
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ICll] as a star-formation rate indicator:

Herrera-Camus in prep.
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Ok if you remove your AGN + crazy-dense

starbursts...
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%= Beyond the Peak Survey:
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Beyond the Peak Survey

Herschel

= CO, [CI], [NIl] 205 |
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Two [CI] lines
can also
(partly)

determine gas

parameters.
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+ Best-fit CO
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No match in any
galaxy.

[CI] does not
trace same Hg
component as

mid-dJ CO.
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Conclusions

x KINGFISH and Beyond:the Peak are permitting the
study of spatially resolved line:emission in-nearby
galaxies thanks to Herschel PACS and SPIRE FTS

x Numerous aspects of gas physics:

= photoelectric heating efficiencies
= star formation
x  CO excitation

x [Olll] 88 pm emission is insensitive to the temperature,
allowing a FIR calibration of metallicity



