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Why NHs?

* Strong inversion transmons (~23 GH
* Hyperfine structure — precnse measureme

0 Wnique advantage: e
Direct measurement of gas tempg a




3 ----’star-formlng cores

NHs is abundant in dense molecular regions

What are "dense molecular regio ;

These are parts of molecular cloud
with: - "

densities: ~10-10°cm™® .~
temperatures: ~10-30K o
strong shielding from UV radlat"" n -

Typical environments: =~ ,, 9

N

dark clouds




Why NH: forms there . il

1. Gas-phase chemistry becomes efficient & W

In dense regions, particles colllde often enoug
like: g

lon-molecule reactlons k-
Then: o
NHs*+ e~ — NHs + H

0 hese reaction chains require frequent c
possmle at high density
[ [NH3 is not constantly photod|SSOC|ated UV




Formation timescales match cloud lifetimes  +*

Dense cores live long enough (~10%

slow chemical networks to build up NHs

-
& "h
P, H o

In low-density regions:
chemistry is too slow s IittIeI-N'-Hz -

4 H




“Abundant” means:

NHs reaches relatively high fractional g = =
abundances (~10®to 107) . &

It traces regions where stars actually form '

“NHs is abundant in dense molecular regionsg:
~because high densities enable its for P

while UV shielding prevents its destlﬁ n. Thi
makes it an excellent tracer of cold, star-formin

1)

gas:

A

*




Why NHs is more resistant

Even if some NHs freezes out
it is replenished in the gas phase V|a ,_,molecqle
reactions, especially through NH4 recmblngtlon

Nitrogen chemistry is slower but perS|sten'_..‘

0 O has weaker reformatlon

conditions ,
»

- 0 8o NH; abundance buﬂds up wh'@ is aw

'.,t

depleted

.h.ways undir these

*




Property
Freeze-out
Formation
Traces density | Lower

Survives in cores | XNo




NH;-Molekiil: Inversionssplitting

Pyramidenkonfiguration A Ubergangszustand Pyramidenkonfiguration B
(Stickstoff oben) (Stickstoff unten)

Inversionssplitting

__ symmetrischer

Energie Zustand (s)

__ antisymmetrischer
Zustand (a)

Durch Quantentunneln zwischen A und B

entstehen zwei nahe beieinanderliegende

Pyramidenkonfiguration A Ubergangszustand  Pyramidenkonfiguration B|  Energieniveaus (Inversionssplitting AE).
(planar)

Inversionskoordinate

Erkldrung: Das NH;-Molekiil kann durch Tunneln des Stickstoffatoms Diese Inversion flihrt zur Aufspaltung der Energieniveaus
durch die Ebene der Wasserstoffatome zwischen den beiden # in einen symmetrischen (s) und einen antisymmetrischen (a)
Pyramidenkonfigurationen A und B wechseln. Zustand: Inversionssplitting AE.




Inversion Transitions

Key transitions:

(1,1), (2,2), (3,3) rotational states

0 These are metastable Ievels £ Ion'g"_.f

NEUES




Radiative Transfer Equatlon (NH3 I|ne i
emission) i

TB: Brightness temperature (observed srgnal)
Tex: Excitation temperature (popuJatlon perature of
the molecular levels) ¢ AR '
T: Optical depth N ;E | '
.- g

Ny s.




Physical
interpretation

Optically thin regime (7 < 1)
Tp ~ Tex T
Emission increases linearly with density / column density

Gas is transparent

All molecules contribute to signal

Optically thick regime (7 > 1)

Emission saturates
Inner regions become invisible

Only surface layers contribute




Two states: symmetric / antisymmetric

Quantum tunneling phenomenon
Inversions-Doublett

Quadrupol-Aufspaltu ng

Magnetische Hyperfeinstruktur

Fio=]+Iy F = F, + Iy (para-NH,, Iy = 1/2)
F1 F
PARITAT 1 < 22222 3/2 11 kHz
+ 061MHz A T I
h 2 ]F e ZII-- 212 9 kHz
| Ead 2
0.92 MHz
0 wl o
i Aufspaltungs-(~ ) ;
Verzweigung
Inversions- . :
< Hauptlinie Hauptlinie-Satelliten-
TeIdappung (AF,=0) i >'Trennung (~1 MHz)
bl [ 1 /\‘-v Y = 1,"2 _"._
Y "’ vl |y { 42kHz
r 1 r 061 MHE/ / Yy Y Yy gﬁ% —
PARITAT 2 h g / Y v \ 5/2 j:_ 35 kHz
- 0.92 MHz (Z.B.F1=2—}F1=1)
U'_"_'“--._ (Z.B.F«|=1—")F1=2) 'R 40P e

Quadrupol-Aufspaltung

B=3iT]

Satellitenlinien (AF, = £1)

Magnetische Hyperfeinstruktur
F=F, + 1y (para-NHs, Iy = 1/2)

Figure 2 Hyperfine splitting of the (J, K) = (1, 1) transition. The allowed transitions are

indicated.




| T i
ROTATIONAL ENERGY

LEVELS OF NHs
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Figurel Energylevel diagram of rotation-inversion states. J is the total angular-momentum
quantum number, and K is the projected angular momentum along the molecular axis.




Interstellar EXC|tat|on TR
Basic idea s -

Molecules in space are not in 'the__"rm'al-;
They are excited by:
* Collisions (Hz, electrons)

* Radiation fields 4
* Cosmic microwave background (C




Excitation TemperatUre

- Definition

Interpretation

o T, describes population ratio of energy levels

* Not necessarily equal to kinetic temperature T




Observational Technique
Radio telescopes (~23 Ghz) :

Measure:
* line profiles
* hyperfine components

Fit spectra — extract:
* optical depth

* linewidth

* velocity




LONClISIOR: S k. i

NHa is one of the most powerful
of dense interstellar gas

Provides direct temperature .*
measurements

Essential for understanding: . .
* star formation | b
* cloud structure







Background: ChatGPT
Fig1, Fig2: Ho & Townes (1983)
NH3-Molecule: E.Schubert, TiIKZ

Formulas: E.Schubert, LaTeX
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