INTERSTELLAR MEDIUM

- Stefano Bovino -

The interstellar radiation field



Energy sources in the ISM ©

* [SM is a semi-open medium: weak interaction with external world
* [ts energy sources are mainly:

* Stellar radiation

* High-energy particles (CRs)

* Mechanical energy from SNe

 Stellar winds



Interaction matter-radiation

* Determines
* the physical state of interstellar gas (phase transitions)
* its chemical and ionization state (photochemistry)
* its thermal state (photoelectrons)
* re-radiation of energy at longer wavelengths (dust)

* radiation pressure (dynamical effects)



Interstellar Radiation Field

* Galactic synchrotron radiation from relativistic electrons

* The cosmic microwave background radiation

* FIR and IR from dust grains heated by starlight

* Plasma emission (104 K) free-free, free-bound, and bound-bound
* Starlight

* X-ray emission from hot plasma (10> to 108 K)
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Energy density per solid angle
units [erg/cm?3/Hz/sr]

Energy density
units [erg/cm?3/Hz]



Galactic synchrotron radiation o

* Relativistic electrons emit synchrotron radiation when deflected by

magnetic field
* This dominates @ frequencies < 1 GHz

* Spatially variable: large near SNR

* Synchrotron radiation:

radio continuum (408 MHZz)



102|cm 10?m 1c|m Imm 100um 10,llim 1,L?m O.lllim 10?6\/ 1lieV
| |||||||| | |||||:J:' | I.:I'||||||. | .IIIII/H' chillllll | |||||||| | |||||||| | |||||||| | |||||||| L

= Yl Q -
10-18 & -
—~ 1 O_ 14 = —
I - ._: .
— i | _
© 101 ¢ | E
Q0 - | 4 ! =
- B Pooi \ ' ! ]
0 i , - i ]
~— 10716 & ; | J i =
3 = P ‘ e ! 3
A i . A \ : )
10-17 / \ / et \ : |
= o " free-free, | i [ Dqﬁ
N A | '(7 free—bound, \ i o
18 = synchr‘ / .- - |/ two—photczgl )c i . i
10 =— A (EM)=18 cm~®p i _:
= e H % | | =
- " ; // / l \ \I ]

0—19 l | lllilll l. | lllllll 1‘47(\[*11 1 1 lll/lll M | lllllll 1 1 lllllll 1 1 lllllll | |J lllllll [ lllllll [

108 10° 10! 10t 10 1013 104 10'> 10! 1017
v(Hz)

o0



Cosmic microwave background

* Radiation almost BB at 2.7255 K (Fixsen 2009
* [sotropic (almost

* CMB exceeds Galactic synchrotron at freq > 1 GHz
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IR emission from dust

 Dominates in between 500 GHz (600

micron) and 6 x 1013 Hz (5 micron)

» 2/3 radiated at wavelength larger than 50 Srnoe
micron, thermal emission from dust grains —
atT~17K

547718

e 1/3 vibrational emission bands at 3.3, 6.2,

7.7,8.6,11.3 and 12.7 micron (PAHS)

anthracene hexabenzocoronene

CMHIO C42H18
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Starlight

* HI regions radiation is mainly emitted below 13.6 eV
* Photons in between 13.6 and 100 eV are strongly absorbed by H and He
 FUV radiation very important in the neutral ISM

* Photoexcitation, photodissociation (particularly H>)

* Photoionization of heavy elements

* Ejection of photoelectrons from dust grains

- optical




FUV °

* Almost everywhere in the Galaxy

Interstellar radiation field

the radiation field is truncated o Oldersun
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Starlight ®

* Habing (1968) early estimate of the intensity of UV radiation
* 4 x 10-14 erg cm-3 at 1000 Angstroms, i.e. E = 12.4 eV

*|~1.3x104ergsisrtl

(Vu”)looozi

X =4 %1014 erg cim s




Starlight ®

* Habing flux is good in between 10-13.6 eV

* If we integrate the Habing's UV spectrum in between 6 and 13.6

Utab (6 — 13.6eV) = 5.29x 10" ergem ™3

u(6 — 13.6eV)
5.29x10~ 4 ergecm—3




Standard Interstellar Radiation Field ©

_— :
* |t is the standard UV

: CH, HCO
' 10,000 KBB
field measured in the | l‘

solar vicinity

* With energy < 13.6 eV

4,000 KBB

2000
Wavelength (A)

Nigrg =8.530x 10241 =1.376 x 1071 A2 +5.495 x 10' A Pem s 'Hz 1!



X-Rays

* SNe inject 10°1 erg/100 yr in the ISM

* Produce hot plasma

* Accelerate nuclei and electrons to ultra relativistic energies
* Kinetic energy goes into thermal plasma and radiates as X-ray or EUV

* The low energy (EUV and soft-Xray) photons can be absorbed by neutral
gas, which means highly variable within the galaxy

* 10-¢ a small portion of the total radiation field
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Plasma emission (T ~ 8000 K) ©

* Example: H-alpha (Balmer series)

Finkbeiner, 2003
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Table 12.1 Interstellar Radiation Field (ISRF) Components

Urad

Component (ergcm™3)
Radio synchrotron [Eq. (12.2)] 2.7 x 1071°
CMB, T'=2.725K 4.19 x 1072
Dust emission 5.0 x 10713
Free—free,free—bound,two-photon 4.5 x 10~1°
Starlight: 71 = 3000K, W1 =7 x 107" 4.29 x 10713

T> = 4000K, Wy = 1.65 x 10" 3.19 x 107"

Ts = 7500 K, Wy =1 x 1074 299 % 10~13

A < 2460 A UV (Eq. 12.7) 7.11 x 10~ 14
Starlight total 1.05 x 10~ "2
Ho 8 x 10716
Other A\ > 3648 A H lines = 1.1 x Ha: 9 x 10~1¢
0.1 — 2keV x rays 1 x 10~17

ISRF total

2.19 x 10712




Extragalactic sources =

* The radiation originating in other galaxies and in the IGM is very

weak
* [ts energy density is around 2.7 x 10-14 erg cm-3

* 2/3is in the MIR and FIR (wavelengths > 6 micron)



atomic hydrogen

A_radno con'l'muum (2.5 6Hz)
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Summary with M51 example 000

— FEGIT Microwave Infrared © UV X-Ray amma Ray
‘ ' ' ' ' TW— PR— ' —
| : — |
Radio Optical - Ultraviolet o T X-ray
60,000 nm \ . 450-750 nm ‘ 400-200 nm . 100-10 nm
600 K 6,000 K 10,000 K ' . 10000000K
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COLD GAS: Radio waves reveal || COOL STARS: Infrared shows || SOLAR Optical light HOT STARS: Ultraviolet shows || HOT GAS: X-rays are
regions of gas cool enough for || smaller cool red stars that comes rs around the the larger hot blue stars that from the hottest regions of
CO, molecules to-exist. _ . +|| make up most of the galaxy. | size ofthe Sun. \ are less frequent in galaxies. | gas where atoms are ionized.
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