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Hydro.gen (HI) th'e. most common element in the Universe (75%):

« In1940 00rt‘suiggested emission lines in radio
part of spectrum, in 1944 van de Hulst
predicted hydrogen should produce radiation i

frequencyv=1420.-MHz (A = 21 1cm)from spln-

fo = 1420 MHz
/\“ =21 cm

flip of the electron.
' b

. Qetected in1951 by Ewen & Purcell, despite
being “forbidden” (A = 2 9x10-15s1 ->I|fet|me

 of 107 years, cf. 108 secsm the n= 2 Ievel)

up here the electron is free and
so the atom is ionised

-+~ However, a giant molecular cloud can con.tain

108 solar masses of hydrogen (1M,=2x103%kg Absorption by UV photon
_ : : A= 1216 A, E=10.2eV
=>~10%2atoms), so extra-solar 21-cmreadily - willexcite ton =2 g
; : : 1 1i : A= 9124 E=136eV
detectable = birth of spectralline radio : T e

© . astronomy.in 1951.

A 21-cm absorption /i
| E = 0.0000059 eV§



Can be detected in -emission or absorption ...

Hydrogen Absorption in a Radio Galaxy's Spectrum
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Note transition shifted from
1420 to 1295 MHz, giving
redshift of z =0.097

Absorption due to
‘neutral hydrogen in.
intervening Balaxy —line
broadened thermally and.
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: -Water vapour sunllght and dust (atrnospherlc & mterstell%r) are transparent tQ. "
‘ radlo waves meanmg that 21 -cm can be observed from the ground 24/7 (dark :

: patches |n Mllky due to to dust obscuratlon of v1suble Ilght) Thls glves us an
: unobscured vuew of the Unlverse back to near the beglnnlng (>1 3 bililon years), 5%
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A=21.1cm v= 1420 MHz
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Current Grand Unified Theories of Physics The Four Fundamental
(Theories of Everything), which aim to unify . Forces of Nature
the fundamental forces, predict an evolution

in the “constants” of Nature | | Electro- Weak Strong Cravitation
- ‘ magnetism Interaction Interaction

All atomic, molecular and
“jonic transitions occur at.
specific quéntised
frequencies with differencg

dependencies on various ' Temperature )
Comb|nations of ¥ Of universe 1 OJ—) K 1 03 it G 10 15 K 10 13 K

fundamental constants.

The finite speed of light

: _ Strong force
.means that dlstance @ 1ook- : i I
back time. E.g. observations - Electromagnetic force
at z>3'correspond to> 12 U

billion years, cf. atomic * Weak force

‘clocks (a fewyears), Oklo
reactor (2 billion), '

‘radioactive d.ecay of - - i ‘
meteorites (4.6 billion)

Time after 1073 10-12¢ ; 5% 1017 ¢
Big Bang (=065




Mapping hydrogen in emission

: RecessionAaI velocity (direct from frequency), which gives
atomic hyrogen (blue) . . redshift & distance '
8 microns (green) y '

24 microns (red) , v Double horned profile from rotating disk of gas

/\ Integrated HI ~

Emission
strength 6
- gas

mass 4

ﬁ“vzo
Velocity dispersion = dynamical

(total) mass (inc. dark matter) AR

650 700 750 800
Heliocentric velocity (km/s)

Hydrogen hyperfine Nuclear Electrofi
structure spin spin

A A
-6
15.9 x10 eV

A |
1420 MHz

A=21cm

‘Z
1420 MHz =/,
A=21cm

A picture may be worth a thousand Words, but a spect’rdm is worth ‘a thousand pictures



Galaxy rotation curves and dark matter

From the distribution of l_ight, expect the
gas (a diffusefluid ) to have Keplerian
rotation around the centre of mass, cf.
the orbits of the planets.

Rubin 1970s - flat (solid body) rotation '
curves in galaxies > ‘sixtimes as much
~ dark matter as visible

VELOCITY (km/s)

ST 20 30 40
" DISTANCE FROM CENTER (x1000 LIGHT YEARS)

\ Dark matter was rnferred back in.
‘v the 1930s, as the mdss- -to-light
ratio in'galaxies: and clus;ters

»' , was observed to-be too high
(Oort Zuacky and Bab‘:ock)
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Al the heavy eI‘emths form from stars which form from co/d gés

Redistributed into Interstellar Medium when star @(pends fuel and goes
- S .

supernova ;
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Nuclear fusion over star’s lifetime produces increasingly heavier elements



What Spectral Line Radio Astronomy Tells US of Our
Universe:

 Provides an un-obscured view of Universe back to near the' beginning.

« Can be usedto measure the values of the fuhdam'ental‘ “constants” of 'Nature,
providing the ohly experimental testof Grand Unified Theories over'lérge' time scales.
« Predicts and traces the distribution of dark matter—in\}isible.'matter, which interacts

only with normal (baryonic) via gravity and accounts for 80% of the massinthe

Universe. ' : e “ae S
‘l’ l ¥ A — cold hydrogen B . |
cosmic ~ ; 0 . '
Wob (— galaxues ( stars — —> heavy elements
- . "deadstars . planets
- white dwarfs : '
- neutronstars (pulsars) '

-blackholes = jife



