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21 cmline is
* a magnetic dipole transition
 a forbidden transition

(. 1
nov 1 x 10-16 x 107

Tr1.m7(collision) &~ ~ 10" s << 1/A10

So LTE Oka nl/no — (gl/g()) eXp_X/kTa
where go = 1,91 = 3, x/k =~ 70 mK Field (1959) AplJ, 129,
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Population ratio determined by radiatizn C%uld excite

e collisions 21 cm line via

» cosmic background radiation transitions involving
the n=2 level as an

« Ly alpha pumping > Intermediate state




Ty =Tye  +Ty(1—e)

In reality we measure the spectrum with respect to the
continuum (beam-switching)

ATp = Tg—Ty
= Tbg e’ -+ TS — TS e — Tbg
= (Ts = Thy)(1 —e77)

One can show that

v ki s € = 1.83 x 10% em™2 K=! (em s71)71; N
column density [# cm™?]



* OO

FOI' Tbg < Ts Np = 1.82 % 1018/ T, 7,(v)dv

0

e Optically thin (7 << 1) vin [km s~
TB — TS T = % (Mihalas & Binney)

That is, measured brightness temperature o< col-
umn density per unit velocity

e Optically thick (7 >> 1)
Ip =1

That is, photons emitted within the cloud get ab-
sorbed inside the cloud; only photons emitted within
7 < 1 of the front surface manage to escape.
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It T, = 2.73 K, the cloud is not detectable. For any
Galactic H I cloud, 7T, > 2.73 K.

21 cm emission has been used extensively to map out the
distribution of Galactic H I.

Spiral arms are prominent. Two or more arms toward the
same direction can be separated by different velocities.

With strong distant radio sources (e.g., QSOs), one can
observe H I 1n absorption thus study of the warm IS
component.
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- | D
Ny =1.82 x 10'® / T, 7,(v) dv ©

0

T ~ 10 K, Av ~1-10 km s7 %, so Ny ~ 10%Y em ™2
D ~ 100-200 pc

: o' .
Assuming Ny = fo ny de ~nyg D, sonyg~1cm™>

/Ids:/hl/oznenpds

where EM = Emission Measure = fOL ne N, ds along the
line of sight

If ne ~ ny, EM = ["n2 ds

Typically EM~ 10>-10° [pc em™°] for Galactic clouds

If assuming [depth]~|width| — get n.



Emission Measure

A measure of the "amount of material" of a plasma available to produce
the observed flux, the product of the square of the electron number density
and the volume of emission, with units [cm-3]. Often, because
observations are carried out along a line of sight, the cross-section area is
taken out of the expression and the units become [cm-5].

From Astro Jargon for Statisticians
http://hea-www.harvard.edu/AstroStat/astrojargon.html
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v, radial velocity (line of sight)

UT:Z'U(}%)COS(X-—-U(}%O)Shjﬁ’ ; ff
| :'R_ : |
. G t
v = R wcosa — Ry wosin( alactic

Center

sinf  sin(90 + a)

R Ry Ry

: This 1s general; only under the
v, = (w—wp) Ry sin/ i .
assumption of circular motion.

One can show that the relative tangential velocity

vy = (W —wp) Rocosl —w d



15t Quadrant
Along a certain line of sight,
variation of the radial velocity

- Near the Sun
dt1>RID o 1>v,1
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-WhenR=Ry2 vi=vy 2 v, =0
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Ny = 1.82 x 10'® / T, 1,(v)dv

0

Ng = 1.82 x 10" / T, dV (172)
| %

Lecture 9 in
http://tesla.phys.unm.edu/phy537/



Oort’°s rormulae v, = (w —wy) Ry sint

For small distances (< 2 kpc)

(T )m (R~ Ro)

R (R Ro)
= [~ e, (R~ Ry

1 { dv) Vo
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dv v .
v = [(E)RO - ﬁz} (R — Ry) sin/

(W — wo)
D cos ¢

(Ry — R) ~ dcostl, d < Ry
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ot Oort’s constant A

For d < Ry, v, = Ad sin 2/




This can be further simplified.
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Similarly,
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Oort’s constant B

vy = d(Acos2( + B)



Oort’s constants

1 . v dv
A = 2L =
2 [RO (dR)RO]
~ 145+ 1.5 km s ! kpc™!
J dv

5 [Fo + (E)R}
~ —124+3 km s~ kpe™!



