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4 Calculation of Emitted Spectrum
4.1 Introduction

Radiation from nebular: depends on 1+ Abundance

2. Temperature
3. lonization
4. Density---

Emission line from gas nebular

( . . - »
. . ) . Forbidden llne(OPt’ IR) < Radiative transitions are
forbidden by th it
) Collisionally excited l‘"e{ Permitted line(UV)  soectiontile

\ Recombination line(HI,Hel, Hell)

Strength of emission line: possible to be calculated from
DCooling rate, @thermal equilibrium



4.2 Optical Recombination Lines

Hl recombination line: emitted by H atoms
(capture electron into excited level
=downward radiative transition)

Very low density(Case A):
Consider only captures and downward radiative transition

= equation of statistical equilibrium(level nL):
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Population in the level nL(thermodynamic equilibrium):

Saha equation
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Population in the level nL(general)
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b,;(n > n;) are known=All b,,; can be derived with (4.7)
(each equation contain a single unknown b,,;)



Cascade matrix C(nL,n'L"):
The probability that population of nL is followed by a transition
to n'L"' via ALL possible cascade routes

Probability matrix P(nL, n’L’):
The probability that population of nL is followed by a transition
to n’L’ by a DIRECT RADIATIVE TRANSITION
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C(nL n’L’) is convenient tp express the solutions of (4.1):
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Derive C,,; ,/;', @,/ ,,and extrapolate these series asn — o

=Find n,; with (4.11)
= Calculate emission coefficient j,,,,,
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Observation for Case A nebular:
Optically thin, small amount of gas
=too faint, hard to be observed



Case B:Approximation for optical thick gas | .. <cries photon

/@almer. Paschen)
Scattered

—.
Lyman-line by gas Ly a or two-
photon Ntinuum photon

Photon emitted in an n?P — 12S transition:
Absorbed immediately and raise another atom to n?P level
=Terminal of equilibrium equation: n”=1(Case A) =2(Case B)
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Table 4.1

H I recombination lines (Case A, low-density limit)

T
2,500 K 5,000 K 10,000 K 20,000 K

47 jup/nen p 2.70 x 1075 1.54 x 1073 8.30 x 1072¢ 4.21 x 10726

(erg cm® s~

ol (em? s7h 6.61 x 10714 3,78 x 10~14 2.04 x 10~ 1.03 x 1071 Case B

Balmer-line intensities relative to HB Table 4.2
il 342 2,10 2 86 26 H I recombination lines (Case B, low-density limit)
Hu/JHp e x :

Juy/iup 0.439 0.458 0.470 0.4¢ -

Jus/ing 0.237 0.250 0.262 0.2°

Jue/Tup 0.143 0.153 0.159 0.1¢ 2500 K 5,000 K 10,000 K 20,000 K
4 jyp/nen, 3.72 x 1075 2.20 x 10~ 1.24 x 1075 6.62 x 10~

Case A Cgem’s)
oy (em? 571y 9.07 x 107" 53T0a1054 3.03x 10714 162 x 107!
Balmer-line intensities relative to HB

j:Ha /Jug 3.30 3.05 2.87 2.76
Juy linp 0.444 0.451 0.466 0.474
Jus/Jug 0.241 0.249 0.256 0.262
Jue/Jug 0.147 0.153 0.158 0.162
j:HgfjHﬁ 0.0975 0.101 0.105 0.107
Juo/Jug 0.0679 0.0706 0.0730 0.0744
illl{\/’.lID OMQI nns1 NNns20 N nNne2o0



Hydrogen-like ion(like Hell)

/: nuclear charge

Transition probabilities: proportional to zZ4
Recombination coefficient: a,;(Z,T) = Za,,; (1, T/Z?)
=Possible to derive emission coefficient:

(Z,T) =2Z3%j..(1,T/Z%

] nn nn
Table 4.3

He 11 recombination lines (Case B. low-density limit)

=
5.000 K 10,000 K 20,000 K 40,000 K

477 34686/ Melpget+ 3.14 x 10~ 1.58 x 10~24 7.54 x 10~ 3.48 x 10725

(ergcm?s™!)

aflh (em3 s™Y) 740x 1071 372x 1072 177x 107 820 x 10~M

“Balmer”-line (n — 2) intensities relative to 14686

J32/J34686 0.560 0.625 0.714 8.15
j_ufj;_.;(,gh 0.154 0.189 0.234 2.84
ler [ Is acec 0 066 N NKk4 N 1nA 129



Effect of collisional transition
(DHI, Hell recombination line

1. nL—n(L=£1) transition (Largest collisional cross sections)

Collisions with protons is more effective for angular
momentum changing transitions

Equilibrium equations(include collisional transitions):
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XIn He** zone, both H* and Het™ must be considered



2. nL—(n*=1)(L+x) transition (2"d largest collisional cross sections)

« x==1 transition is the strongest
« |t can be included in equilibrium equations by a
straightforward generalization

We can consider all collisions by the same approach:

 More independent
ton,
« Enable the H-line

emission coeficient

Table 4.4

H I recombination lines (Case B)

7
so0K 100K 20000K

r:{cm %) 10° 104 10° 102 10°* 100 10 10* 106

dnjya/nen, 2.20 2.22 2.29 1.23 1.24 1.25 0.658 0.659 0.661

(10~ ergem?s™h)

i 5.37 5.43 5.59 3.02 3.03 3.07 1.61 1.61 .62

(10~ em3s™h

Balmer-line intensities relative to HS

e/ 2.91% 2.863 2.847 2.806 2.747 2.739 2.725
J’Huf‘J’H,"-' 304[ 300] .“9]% -\;b ~ ‘f“‘: M~ oame N AL N ATE

:::::



@Hel recombination line

All transition probabilities between singlet and triplet are small
=Possible to be treated them as separate systems

1. Triplet

Transitions to 115 level do not occur
=Follow Case B

2. Singlet
Case B is ordinally a better approximation

Hel 11§ — nlP line photons can photoionize H®
= Destroyed before they are converted into lower-energy photons



Table 4.6
He | recombination lines (Case B)

T
5,000 K 10,000 K 20.000 K
n, (em™?) 10° 10* 10° 10* 10° 10° 10°

47 Jraan/ Nelyget
(10~ erg em® s™1) 1.15 .18 0612  0.647  0.681 0301 0408

of

a7

(107" em?s~hH 2.60 2.67 1.39 1.47 1.54 0.683 0925
Triplet lines relative to A4471

Jrssr6/Fraam 2.93 2.92 2.67 2.90 2.97 2.62 3.62

Is anne I3 sams 0.460 0.461 0.476 0.469 0.467 0.484 0.437



