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Interestellar extinction

— Interstellar extinction is generated by the scatter and absorption of photons by
the medium between the observer and the radiation source.

— ltis produced by dust grains and gas present in the interstellar medium and
this mechanism is effective in photons with wavelengths comparable to the
size of grains.

— The correction of the observed line fluxes for this effect is an indispensable
preliminary step for the physical interpretation of the data.
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Methods to determine interstellar extinction

— Using the ratio of two forbidden lines from the same upper set of levels.

— Comparing hydrogen recombination lines from two different series arising from
the same upper level.

— Comparing two hydrogen recombination lines from the same series, even if
they do not originate from same upper level.

The use of these strong lines can lead to selection biases when studying
regions with different surface brightness
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Ha/HB disadvantages
— Some spectrographs not including these Balmer lines.
— In extended nebulae observations are focused only in the brightest region.

— InIntegral Field Spectroscopy data, we can study physical conditions of the entire
nebula but cover a very large dynamical range of surface brightness.
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Ha/HB disadvantages
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- We propose an alternative method to derive extinction corrections based on the
lines of Hel.
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Wide Field Camera 3 (WFC3) y Advanced Camera for Surveys (ACS).
Azul, banda I; verde, banda J; rojo, banda H
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Wide Field Camera 3 (WFC3) y Advanced Camera for Surveys (ACS).
Azul, banda I; verde, banda J; rojo, banda H

e

1x1 minarc? x 4 campos 240 S y 2400 S
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Theoretical context
SINGLET TRIPLET

n'S n'P n'D n'F n'S n’p n’D n’F
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Singlet states

n'S n'P n'D n'F n'S n’p n’D n’F
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Singlet states

n'S n'P n'D n'F n'S n’p n’D n’F
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Triplet states
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Collisional contribution

TABLE £
Poruramoss or Merastanee 2°S axp 2°5 axp Resvrtant Couvmonar Conmaasumons (77« 20000 Ky

logm, =2 logm, =4 logm, =6
COLLISIONAL-TO- RpCoMMNATION Ling CoNTRIMUTION HSS* KK KF BSS KF
L R T — 103 x 1077 106x10°7  2dx10°%  202x10°% 253 x10° 246x10*
R N it nen 0042 0043 0528 0s1s 1022 0594
L T 0463 0571
(&) r . R —— STTTIIT T T IR rrrrrrrT 0085 0.105 :
C/R(M067) 3024 2898 3763 isn
C/RISETY) ... . . . 1.077 1.043 1343 .27
CRIATIS) ooiiiiiiiannns s 2223 20
CRIGATI) i R —— 0688 LU 0353 0568
G RIM TN s 0358 0436
CIRITEEMN .ot e raneeaanesanneaannes 0018 0358 0448
L 75T =107 22«10 271 x10°°
C/R(SO'Ty nms 0287 03159
GRS o.cnnsesnsssnssssnnsennnsannssnnnsannnsannnss 0009 0178 0218
C/RI7283) .. R . . 0054 0082 1.063 099 1.33% 1.208
C/ RI663D) 0016 0nle 033 0308 0402 0.375
C/Ri4923) 013 0nl4 0262 0267 0331 0.325
C/R4N) ........ MM SANAASARALAARASSARAISAREAEANASARIARANS aes oon sas 0204 ses 0.248
CIRIIETOL) i iieaiieanins s 0004 0082 0.107

* Only knes with collisional corrections, C/ R, greater than 1% over the density range are shown.
* Current work.

* From Kingdon & Ferland 1995

4 2'S population not estimated in Kingdon & Ferland 1995,

* Collsions to n = S not scluded in current work. See § 3.1

Robert A. Benjamin et al. 1999
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Radiative transfer
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cases with a particle density of nyg = 100 cm~ and two different tempera-

tures. 2x10°K=1.6eV

10°K=0.8eV
Robert A. Benjamin et al. 2002
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Theoretical context

n'S n'P n'D n'F n'S n’p n’D n’F
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Case B of recombination

The fluxes of two lines separated in

Lie 1) Da/les® wavelength are measured.
HS 0 1.000
Bl Miak oo 038 The most intense line of those left to us will be

Ha 0313 2.863 selected as a reference: Hel 6678

Hel A6678 A -0.329 1.000
Hel A7065 A -0.377 0.621
Hel A7281 A -0.402 0.187

Pal7 -0.514 0.004 . . .

Pus 0518 0.00 A typical ratio of these fluxes is assumed.
gi‘é §§; §§§§ Pyneb, Luridiana et al. (2015)
Pall 0316 0014 Datos atomicos de
Pal0 -0.557 0.018

P9 oo 0B Storey & Hummer (1995) para H

@ Miller & Mathews (1972), Ry = 3.2..

b Luridiana et al. (2015), ne(cm~3) = 102, T(K) = 104, Porter et al (201 2) para He

Table 1. Empirical values of the normalised logarithmic extinction
at the wavelengths of the different Hel emission lines from Miller
& Mathews (1972), and the ratio of these lines to the A 6678 A

reference line as calculated by the PyNeb (Luridiana et al. 2015) H H H
tool for T= 10* K and n.= 10? cm—3, using Storey & Hummer An eXtInCtlon CU rve IS assumed .
(1995) and Porter et al. (2012) atomic data for hydrogen and

helium respectively. Miller & Mathews (1972), R, = 3.2
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1-Interstellar extinction correction using
the ratio of two recombination lines

Line f(A)* Iy/Ls b
HB 0 1.000
Hel A4922 A -0.014  0.345 1 F, I
c(HB) = — - [log (—) —log (—
Hel A5875 A -0.209  3.518
Ha -0.313 2.863 f(A) - f(H/B) FHﬁ IHﬂ
Hel A6678 A  -0.329  1.000 1
Hel A7065 A -0.377  0.621 C( H ﬁ) — .
Hel A7281 A -0.402  0.187 f( ,\) _ f( Hel /\6678)
Pal7 0514 0.004
Pal6 0.518  0.004
Pal5 20521  0.005 log ( F log ( I )
Pald -0.525  0.007 ' - | — I
Pal3 0531 0.008 Frerxests Irerres7s
Pal2 -0.537  0.011
Pall -0.546  0.014
Pal0 -0.557  0.018
Pa9 0572 0.025

@ Miller & Mathews (1972), Ry = 3.2 .
b Luridiana et al. (2015), ne(cm™3) = 102, T(K) = 10%.

Table 1. Empirical values of the normalised logarithmic extinction
at the wavelengths of the different Hel emission lines from Miller
& Mathews (1972), and the ratio of these lines to the A 6678 A
reference line as calculated by the PyNeb (Luridiana et al. 2015)
tool for T= 10* K and n.= 10? cm—3, using Storey & Hummer
(1995) and Porter et al. (2012) atomic data for hydrogen and
helium respectively.
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1-Interstellar extinction correction using
the ratio of two recombination lines
* Hydrogen reddening from short exposure spectra (240 s).
¢+ Mean relative errors in fluxes of Hp line -> 0.92%
¢ Mean relative errors in fluxes of Ha line -> 0.15%

¢ Absolute mean error of c(HB) -> 0.02.

* Helium reddening from long exposure spectra (2400 s).
*»» Mean relative errors in fluxes of Hel A 5875 line -> 0.37%
*»* Mean relative errors in fluxes of Hel A 6678 line -> 1.37%

¢ Absolute mean error of c(HB) -> 0.05.
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2-Interstellar extinction correction using
a linear regression

Line f(A)* Iy/Ls b
HB 0 1.000 F) I
Hel M922 A -0.014  0.345 lo — ) =lo -t ) = —elH N ~—f(H
Hel A5875 A -0.209  3.518 910 (FHE) g10 I}m ( B)(f( ) f( ﬁ))
Ha 0313 2.863
Hel A6678 A -0.329 1.000
Hel A7065 A -0.377 0.621
Hel A7281 A -0.402 0.187 Py I
Pal7 -0.514 0.004
Pal6 20518  0.004 logio (F ) — logio (I ) =
Pald -0.525  0.007 .
Pal3 0531  0.008 = —c(HB)(f(A) — f(HeIX6678))
Pal2 -0.537  0.011
Pall -0.546  0.014
Pal0 -0.557  0.018
Pa9 -0.572 0.025

@ Miller & Mathews (1972), R, = 3.2..
b Luridiana et al. (2015), ne(cm™3) = 102, T(K) = 10%.

Table 1. Empirical values of the normalised logarithmic extinction
at the wavelengths of the different Hel emission lines from Miller
& Mathews (1972), and the ratio of these lines to the A 6678 A
reference line as calculated by the PyNeb (Luridiana et al. 2015)
tool for T= 10* K and n.= 10? cm—3, using Storey & Hummer
(1995) and Porter et al. (2012) atomic data for hydrogen and
helium respectively.
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2-Interstellar extinction correction using

a linear regression

The fits obtained for hydrogen lines, helium lines and all the lines together are
consisting with each other and the intercept is compatible with zero.

(3)-f0 )

0.4+
=== C(Hﬂ)" IIL'I )\4()22 A
=== o(Hp)y, Hel 2728 A
02 c(Hp) Hel 25875 A ‘,+
- e Hllines Hel %6678 A
< v  Hel lines e
2 001 -
|
) | Hy -
o Pt it C(Hﬂ)
= -0.2 @
2 o Hydrogen 0.619 £+ 0.018
o q Helium 0.650 + 0.050
04 Hydrogen and Helium C0.632 + 0.010
|_| Pa
-0.6 0.4 0.2 0.0

Table 3. Reddening constant values obtained from the fitting
shown in Fig. 4 for a randomly selected emission region.
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« We have introduced the derived Other codes

methodology in the Bayesian algorithm F e I i | [ N\

265 5698

described in Fernandez et al. (2019). g S
( ) :3' 101253623 'm'— Ttk = 1?.22.2.5?91'g~3.7._53(31 4

* It simultaneously fits a 14 parameters 2 s - = <5 s oise | | N\

haaindl BAdA

chemical model, obtaining - st DN | [\

results which are fully compatible with ol AN

those reported here ' o

o], 470054 | - :'.“ CEI TR ——" | ,/“\\
Lz 4595 — O = 4,6476 £0,0536 VRN
= 1 L . v \

R' " g 46504
Parameter  True valis Mean Standard devinton i 8200 et ath & 7
e — . .l L —— ¥ 6.2407 £0,0057 /
elom ) Nom T ] ] S e tet e ik 3 /\
TioelK) None 10222507 37,6301 — °j,:i’
(B 5 ' " ol Birer 2 e 0 = 8,1594 +0.0174 y

e None 50158 00006 olz "1 m RN Y v o /'
47 None 1.6476 00536 — . 21500

’ - * |e B e A 3\

e Nowe 6.2107 0.00567 bl 430 m i N Bt

b} None %1304 00174 . azi
’.,','., None 82136 00061 Wz 30 m— 3 = 55336 200057

7\;— N'-h" 55336 00057 55337
. Bhihated Bate b A iieb b b b | g

*H’.- Nonwe LA L 0006 ERHERR LR

o II {) Nogwe GD LN ¥l 04006 > 65548
vy Nooe DOs5 251de =~ 1, e y* = 0,085 +0,0003

s = 2 41T - . . . . ——
v \' e = A1i3 OAN2 2000 4000 €000 8000 10000 000%
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Underlying stellar absorption

The underlying stellar absorption is less important than in the case of Helium.

Helium lines: Hydrogen lines:
+ EW(Hel4471)=04 A . EWH)=2A
(Izotov et al. 2007; (McCall, Rybski & Shields 1985:
Gonzélez Delgado et al. 2005) o Skilman & Kenicutt 1993)
« EW(He 13889)/ EW(He | 4471) =1 A
+ EW(He | 5876)/ EW(He 1 4471) = 0.8 A y
(Leitherer et al. 1999; Izotov et al. 2010; P
Gonzalez Delgado et al. 2005) = 02t o
+ EW(He | 6678)/ EW(He | 4471) = 0.4 A %‘ oL By ‘o |
(Leitherer et al. 1999; Izotov et al. 2010) = |
+ EW(He 1 7065)/ EW(He | 4471) = 0.4 A ;f. 021 : s H .

A l p.. A 1 A 1 A 1 A | A
08 069 .04 0.2 0 0.2 04
fiA)

Izotov et al. 1994.
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Temperatures and densities

Cociente lineas recombinacion Cociente lineas recombinacién
1200 4 1200 -
1000 4 / 1000 - —— 6000.0K
—— 6600.0 K
— 7200.0K
—— 6000.0K —— 7800.0K
—~ 800 —~ 1 |
7 —— 6600.0 K & 800 —— 8400.0K
E —— 7200.0K 3 —— 9000.0K
- —— 7800.0K = —— 9600.0 K
600 8400.0 K < 600+ —— 10200.0K
9000.0 K —— 10800.0 K
9600.0 K —— 11400.0 K
400 - 10200.0 K 400 - —— 12000.0 K
—— 10800.0 K
—— 11400.0K
200 A - 12000.0K 200 4
3.49 3.50 3.51 3.52 3.53 3.54 3.55 2.85 2.90 2.95 3.00 3.05
He[A5875]/He[A6678] HalHg
o(H)=10.0185
[ ]

Bootstrap model _
Temperatures, 8000 K and 14000 K o(He) 0.0041

Densities, 50-500 cm~3 The ratio of Hel lines are less

I1D Oil (rj)peats, resampling with replacement affected by temperatura and
y density variations.
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Conclusions

1- Both methods of extinction derivation, using HI or Hel recombination lines,
are fully compatible within the errors with each other and the errors in the

determination of reddening constant get considerably reduced when both methods
are used simultaneously.

2- The results presented in this work will allow to study spatially resolved nebulae
in their full extension, analysing both high and low surface brightness regions

simultaneously in a single moderate-to-long exposure pointing.

3- We can recover saturated images from the archive of different telescopes .

4- We can determine interestellar extinction with existing and coming up
spectrographs that not includes Balmer lines.
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