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Cold clouds and interstellar recycling
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Carbon Radio Recombination Lines

2 flavors: discrete (HII regions) and diffuse.
lonization potential of carbon 11.2 eV.
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Integrated optical depth (Hz)
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The line of sight towards Cassiopeia A
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The line of sight towards

Aerial temperature (°K)
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The lines get broadened
by collisions with
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field.
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Line width (kHz)

Ca frequency (MHz)
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Integrated optical depth (Hz)
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Parameter unit -47 km s~ -38 km s~

TR,100 (K] 1400 (1351 + 83) 1600 (1507 + 128)
T, [K] 85+ 5 85 + 10

ne [em—3] 0.040 =+ 0.005 0.040 + 0.005
Ler [pc] 35.3 + 1.2 18.6 + 1.6
EMcn [cm~® pc]  0.056 + 0.014 0.030 + 0.008
Ner [em—2] (4.4 + 0.6)x10'® (2.3 + 0.3)x10'®
Ny [em—2) (3.1 £ 0.4)x1022 (1.6 £ 0.2)x1022
ny [em—3) 286 + 36 286 + 36
Pthermal/k  [Kcm™3] (2.4 4 0.5)x104 (2.4 + 0.5)x10%
Dturbulent/k  [K cm™3] (1.9 £ 0.1)x105 (7.6 & 1.0)x10°
Pmagnetic/k  [K em™®]  (1.8-4.5)x10% —

¢u s~ (0.3 £ 0.05)x10~17
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Normalized optical depth/intensity
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Amplitude (arbitrary units)
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C(n)a/[Cll] is a powerful
thermostat for n 2> 450.

Ratio between lines in
emission and absorption
constrains n. for a given
temperature.
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Declination (J2000)
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Declination (J2000)
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Orion

In combination with: GBT L-band,
SOFIA [Cll], CO(2-1) and more.

Optical depth Optical depth Optical depth Optical depth

-0.002f B

~0.004

0.004.
0.002

~0.000.

-0.002

-0.004

Orion: Doppler LSRK corrected

www

ORION ~>

0 o
velocity [km/s]

NB: Doppler LSRK corrected

-150  -100 50 100 150

o
velocity [km/s]

NN (gas~rich region): Doppler LSRK corrected

-150  -100 -50 o 100 150
velocity [km/s]

FN (gos—poor region): Doppler LSRK corrected

-150  -100 0 o
velocity [km/s]

(¥26T) Hey 73 Je|pad



CRRL survey

LOFAR CYGNUS CRRL PILOT SURVEY
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Summary

o Low frequency CRRLs are a powerful probe of the ISM
physical conditions.

e The combination of SOFIA and CRRLs will enable us to
study the gas heating and cooling.

e LOFAR surveys of CRRLs:

» Medium resolution survey: probing the > 10’ scales.
» Pinhole survey: probing scales < 10'.

» Extragalactic survey: unlocking the CRRL universe.
(Morabito, Emig, Toribio)
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