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E um programa criado com o objetivo de
desmistificar a astronomia, estimulando a
sociedade para a busca de conhecimentos nesta
area e facilitando o acesso ao tema por meio de

projetos de ensino, pesquisa e extensdo,
idealizado e liderado pela Profa. Dra. Dinalva Aires
de Sales do Instituto de Matematica, Estatistica e
Fisica - IMEE da Universidade Federal do Ric
Grande - FURG, no extremo Sul do Brasil.
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A .
Astronomia como Ferramenta ESpa‘(}O de Aprendlzagem

Ludica para o Ensino de Fisica

-
Este projeto objetiva contribuir para a melhoria do processo de ensinc-aprendizagem nas C O O p e ratlva d e M at =y ESt [ E

disciplinas de fisica geral da FURG, utilizando os fendmenos astrondmicos como ferramenta
lidica para induzir o pensamento investigativo dos alunos, explicitando conceitos

v
elucidando dividas, disponibilizando estratégias de resoclugdo de exercicios através dos
materiais produzidos pelo grupo do projeto.

Pre-Fisica

O componente curricular de Fisica Geral, da area de conhecimento Ciéncias da Natureza,
Mateméatics e suas Tecnologias, esté presente de forma necesséria e imprescindivel na matriz
curricular dos cursos de fisice ofertados pelo Instituto de Matemética, Estatistica e Fisica
{IMEF) da Universidade Federal do Rio Grande (FURG). O professor deste componente

curricular precisa estar preparado parz enfrentar as dificuldades de entendimento dos 7

conteldos relacionados aos programas das disciplinas, bem como das suas aplicagtes E I +
tecnologicas, frequentamente presentes no préprio cotidiano dos discentes & que passa A A M at SA LA F I S ESt
despercebido. Portanto, este projeto tem como principal objetivo atender “in-loco” os

alunos das disciplinas de Fisica Geral no processo de resoluggo de problemas, assim,
Projeto de Ensino

oportunizara e botencizlizarad o processo do ensino-aorendizacem oara oreencher as lacunas

Profa. Dra. Dinalva A. Sales

Revista Brasileira de Ensine de Fisica, vol. 42, e20190054 (2020) Pesquisa em Ensino de Fisica
www.scielo.br/rbef [0
DOI: http:/ /dx.doi.org/10.1590, 1806-9126-RBEF-2019-0054 Licenca Creative Commaons

Astronomia como ferramenta lidica para o ensino de fisica:
teoria cinética dos gases através de aglomerados de estrelas

Astronomy as a playful tool for physics teaching: kinetie theory of gases through star clusters

Walas Silva-Oliveira™™, Dinalva A Sales'®, Matheus J Lazo'

Wniversidade Federal do Rio Grande, Instituto de Matematica, Estatistica e Fisica, Rio Grande, RS, Brasil
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Estendendo o astroESUL

O principal objetivo deste projeto & promover observagbes do céu em Rio Grande/RS, assim
como ministrar palestras e oficinas voltadas & comunidade universitaria, escolar e pdblico em
geral da sequinte forma: promovendo oficinas sobre fases lunar, eclipse e estagdes do ano;
realizando palestras sobre mapeamento do ceu noturno; promovendo exposigbes de
astrofotografia, com as fotos produzidas pelas observagdes; apresentando planisferios e
tecnologias como softwares e simuladoras voltados para a astronomia; e, promovendo a
relagdo dialogica entre a universidade e sociedads.
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1) Galaxias com Emissdao de Megamaser de OH
como Tracadoras do Nucleo Ativo de Galaxia

O objetive principal deste estudo é reladonar o estado de fusdo das galaxias megamaser de
OH a fase de evolugo e crescimento do nicleo ative de galaxias, formagdo estelar, bem
como, & concentragdco e estrutura do gas ionizado da regido central das galéxias, com dados
dos telescopios Hubble, Gemini, VLA-A, IRTF, WHT e Herschel.

2) Moléculas Organicas em Galaxias

O projeto de pesquisa cbjetive compreender a evoluglo guimica das moléculas orgénicas
de hidrocarbonetos aromaticos policiclicos (PAHs) cbservadas nas galaxias contribuindo para
melhorar nosso conhecimento scbre a origem e presenca da vida na Terra & no Universo.

3) Laboratorio de Ciéncia de Imagens

O laboratdric de ciéncia de imagens tem come principal objetivo utilizar metodologias
matematicas robustas, como transformadas de Fourier & Wavelets, para tratar dados de
imagens seja elas de origem geofisica, obtidas pelos satélites na plataforma espacial da
MASA, efou de origem astrofisica como dados obtidos pelos telescépios espaciais & em
Terra. Este laboratorio estd em consondncia com a nova era de profissdes do século XX, cuja
missdo & conseguir trabalhar com "Big Data” e extrair informagdes Gteis para o avango da
ciéncia e também para a transferéncia de tecnclogia. Este projeto estd em sinergia e
contribui diretarente com a missdo da FURG que € o estudo do ecossisternas costeiros e

oceanicos.
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What are the fundamental questions?

Over the next decade we can expect to make great strides in addressing
the three grand challenges  of molecular astrophysics :

(1) How can we use molecules to study the Universe?
(2) What is the role of molecules in the evolution of the Universe?

(3) What is the organic inventory of space and how does that relate to the
prebiotic origin of life?
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Summary

1° - AstroBiology A Motivation and high spatial resolution
2° - AstroChemistry A How can we observe and study

molecules in the Universe ?
3° - AstroGeo A How can we use it to solve issue in the

Earth?
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AstroChemistry

The study of molecular processes in space.

- Types of chemical reactions in space

- Which reactions occur under which conditions
- Chemical composition of astrophysical objects
- to infer the physical properties

- Links to Astrobiology
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A multi -field approach

Observations Models Laboratory / computation
- infrared - early universe - spectroscopy
- radio - interstellar clouds - collision rates
- visual / UV - star-forming regions - reaction rates

X-rays planetary atmospheres grain surface processes
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Penetrates Earth's
Y N Y N
Amicspheras ¥ ] ¥ 1
Radiation Type Radio Microwave Infrared Visible Ultraviolet X-ray Gamma ray

Wavelength (m) 107° 0.5x10°° e TH jGee

Approximate Scale
of Wavelength

Buildings Humans  Butterfies Needle Point Protozoans Molecules  Atoms  Atomic Nuclei

Frequency (Hz)

104 in® jor2 10'° 10'® 10'8 107°

Temperature of
objects at which
this radiation is the
mostintense
wavelength emitted

)

1K 100 K 10,000 K 10,000,000 K
=2727°C =173 °C 9,727 °C ~10,000,000 °C
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1° Astrobiology - Line forests

o 40
.30
=
20
10
0
1200 1400 1600 1800
v (GHz)
ol olz
7y 8 ;é.g
2
e Fig: HIFI spectral survey of the Orion KL region .
y
Top panel : The complete spectral scan (490 GHz
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B I TR some 105 lines in this spectrum . Middle panel : A
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COMs - Complex Organic Molecules

molecules with 6 or more atoms including

C (Herbst & van Dishoeck 2009)
CH3;0H, CH;CN, CH;CHO, CH;0OCHj,,

Prebiotic molecules
- NH,CHO (formamide )

-  Benzene

BENZENE CH

F/Fer !

1

0.8

0.6

0.4

Cernicharo et al 2001 (ISO)

3 ) e e Cavapes,
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L Ne[11] b —}
B CeHg vy

HCN v,

__ ﬁ | 1 ]
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Search for interstellar emission of N -heterocycles

6

Q. QO
>~

432 N

Benzene Pyrimidine

Motivation b prebiotic

Formation of nucleobases

NH

Presence in meteorites (e.g. Murchison)

0 0 2
e N N (Allamandola et al. 1999, Martins et al
A LG LA o |
I?T 0 ITJ (0] I‘lvT 0
H H

2005, 2008 )

H
Uracil Thymine Cytosine

Fig.: Molecular structure of benzene, pyrimidine - Large di pol e moment s
and pyrimidinic nucleobases uracil, thymine and

cytosine (Mendoza et al. 2013). radio wavelengths (Charnley et al. 2005)
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N-heterocycles ( tentatives of) detection in ISM
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250

- Vinyl cyanide , pyrimidine and pyridine in 1973 **

(Martha Simon & Michal Simon, 1973)

- Pyridine, pyrimidine , quinoline , isoquinoline
(Charnley et al. 2005, Kuan et al. 2006)
- Benzonitrile !

_N

(Mcguire etal. 2019) Cc~

Still a challenge :

- Low abundances
- Photodissociation

200
1751
150

half-life (s)

1251
100
754
501
251

0

¢

SN

N7

NN
w

0 1

number of N in ring

2

Fig.: The half-lives of the three N-heterocycles plotted
against the number of nitrogen atoms in the ring.
(Z. Peeters et al. 2005).
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Green Bank Discovers Many Complex
Molecules Never Before Seen In Space

C] 0 Comments

Series of 9 papers !!

GOTHAM

Green Bank Telescope
Observations of TMC-1: Hunting
Aromatic Molecules

http://astrobiology.com/2021/03/geen

bank -discovers -man -complex -
molecules -never -before -seen-in-
space.html



http://astrobiology.com/2021/03/geen-bank-discovers-man-complex-molecules-never-before-seen-in-space.html
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TMC-1

- very early evolutionary
phase ( precollapse )

- source of unsaturated

carbon -chain molecules

- evidence of five -
membered and bicyclic
CN-functionalized rings

b unexpl ored
organic chemistry in space
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cyanobenzene

@/CN

1-cyano-1,3-cyclopentadiene

1-cyanonapthelene

Q

CN

2-cyano-1,3-cyclopentadiene

ooy

2-cyanonapthelene

Figure 1: Structures and common chemical names of the five aro-
matic or cyclic molecules that have recently been discovered in the
dark molecular cloud TMC-1 on the basis of precise laboratory rest
frequencies using the 100 m Green Bank Telescope.
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Search for N -heterocycles precursors
HNCO, HC3N, C3H and HC3NH ¢

(Majumdar et al. 2015)

CH;,

Formamide /

HC——CH ’/j;
H G'/;’ H;C C
- Vinyl cyanide (C2H3CN) -
(Parker & Kaiser, 2017) : LKHC/E%\\\(:H‘/% g—c=—w
HC.\\ ‘F/f/'/CH
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Formamide

. o NH,
om0
R N0 N0
R=R,=H; uracil (1) cytosine (2)

R=Me; R;=H; thymine (3)
R=H; R;=COOH; orotic acid (10)

Products of high-energy proton
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O

PR

H NH,
formamide

protons (170 MeV)

meteorite, 243 K 0 OH
R N'{l k& ﬁjﬂ\ N)\/'L
<fo b N NN N
H N™ "Ry 4-AMI (16) isocytosine (7) R=OH 4,6-DHP (11)
_ R=H 4(3H)pyrimidone (12)
R=NH,; R|=H adenine (4)
R=0OH; R;=NH; guanine (5) N OH HoN._CN
. . - 2
R=R;=H purine (6) U H,N——CN I
R=0OH; R ,=H hypoxanthine (8) HO CN HaN™ °CN
R=R|=NH, 2,6-diaminopurine (9) 3(OH)pyridine (13)  AHMN (14) DAMN (15)

irradiation of formamide in the presence of meteorites .

Nucleobases , nucleobase analogs , and intermediates of the condensation (Saladino et al; 2015).
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Formation of HNCO

Gas phase reactions do not

reproduce the observations

GRAIN REACTIONS

Interstellar ice analogues processed

by proton or UV radiation

(Fedoseev et al. 2015)

NH + CO — HNCO

NH; + CO — HNCO + H

N+ CO — NCO

H 4+ NCO — HNCO
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Y N L et
HNCO and NHZCHO 107" = BBI/// =
- Blg -~ ;
[HNCOJ)/[NH2CHO] ~ 3.0 i W3(H0),0'0 W33A |

(e.g. Mendoza et al. 2014) e G24.78  °N6334 IRS1
%0 3 - T N7538 IRS1
O C // E
They may share a common solid state = Orion CR 0 G75.78 1
formation scheme 100 L // |
(Haupa et al. 2019) 7
H H /01 SgrB2(N) ]

10_1{J T AT B A R T TTT B

}(5\ k@\ 10°10 10°° 10°8
[NH,CHO]

HNCO H,NCO H,NCHO

Figure 7. Comparison of molecular abundances for NH,CHO and HNCO
in a sample of Galactic sources. Filled symbols indicate our values measured
@ @ towards the protostellar shocks B1 and B2. The data were taken from by
Jackson, Armstrong & Barrett (1984). Sutton et al. (1995), Bisschop et al.
(2007), Martin et al. (2008), and Halfen et al. (2011). The best power-law
H, H H, H

fit [HNCO] = 3.0 x [NH,CHO]"Y7 is drawn in dashed.
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Comets , asteroids and meteorites

67P/Churyumov -Gerasimenko

-  Rosetta/Philae mission
- glycine

Weight%
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2021 Census of Interstellar, Circumstellar, Extragalactic, Protoplanetary Disk, and Exoplanetary
Molecules

BRETT A. McGuUIRE!' 23

L Department of Chemistry, Massachusetts Institute of Technology, Cambridge, MA 02139, USA
2 National Radio Astronomy Observatory, Charlottesville, VA 22903, USA
3 Harvard-Smithsonian Center for Astrophysics, Cambridge, MA 02138, USA

ABSTRACT

To date, [241 individual molecular species| comprised of 119 different elements| have been detected
in the interstellar and circumstellar medium by astronomical observations. These molecules range in
size from two atoms to seventy, and have been detected across the electromagnetic spectrum from cm-
wavelengths to the ultraviolet. This census presents a summary of the first detection of each molecular
species, including the observational facility, wavelength range, transitions, and enabling laboratory
spectroscopic work, as well as listing tentative and disputed detections. Tables of molecules detected
in interstellar ices, external galaxies, protoplanetary disks, and exoplanetary atmospheres are provided.
A number of visual representations of this aggregate data are presented and briefly discussed in context.

Keywords: Astrochemistry, ISM: molecules
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Census of molecules
(McGuire+2021)

Carbon Stars Dark Clouds A
Molecule Types ‘l:l:.
/ 1 Anion
_ —5— [ Cation
1 Cyclic
[ Neutral
I Radical
LOS Clouds SFRs

LOS Cloud
Other

Carbon Star
Dark Cloud

SFR
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Census of molecules
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(McGuire+2021)

PAHs

Fullerenes

Anions

Cyclics

Cations

Radicals

Neutrals
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Census of molecules (McGuire+2021)
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241 species and 19 elements 2
p He
4002602
Helium
3 4 5 T 93 8 76 || 9 10
Li Be B N o) F Ne
6.041 9.012182 10.811 140067 15.0004 18 0084032 201797
Lithium Beryllium Boron Nitrogen Owygen Fluorine Neon
11 21|12 6 13 5 15 6|16 30|17 18
Na Mg Al P S Cl Ar
22.98977 24.305 26.981538 28.0855 30973761 32065 35453 39.948
Sodium Magnesium Alummnum Silcon Phosphorus Sulfur Chionne Argon
19 2|20 1|21 22 2|23 1|24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \ Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.0083 40.078 4495501 AT 86T 50.9415 51.9961 54.938049 55.845 580330 586034 63.546 65.400 69.73 254 7409216 TE.06 T0.904 B3.798
Patassium Calcium Scandium Titanium ‘Wanadium Chromium Manganese Iron Cobalt Mickel Copper Zinc Gallim Germansum Arsenic Selenium Bromine Krypton
37 38 39 40 41 42 43 44 45 46 47 438 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
854678 8762 88 00585 91224 92 50638 9594 98 10007 102 9085 106 42 107 8682 112411 114 818 11871 12176 127 8 126 90447 131263
Rubidium Strontium Witrium Zirconium Micbium Molybdenum Technetium Ruthenium Riwodium Palladium Sibver Cadmium Indnam Tin Antimony Tedlurium lodine n
55 56 72 73 74 75 76 ir 78 79 80 81 82 83 84 85 86
Cs Ba Hf Ta w Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
132 80545 137.327 178.49 180.9479 16364 186.207 180.23 192217 195.078 196.96655 200,59 2043833 2072 208 98038 208 210 222
Cesium Banum Hafniwm Tantalum Tungsten Rhenium Osmium Irdarm Platinum Gokd Mercury Thakum Lead Bismuth Polonium Astatine Radon
87 88 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Fr Ra Rf Db 'S¢y |Bh 'Hs Mt |[Ds Rg € Nh | F Mc | Lv Ts | Og
223 26 261 262 266 264 7 268 281 m 285 286 289 289 203 204 204
Francium Radium Rutherfordium Dubnium Seaborgium Bohrium Hassium M D R Copemicium Nihonum Flerovium Moscowvium Livermonum Tennessine Oiganesson
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2° - AstroChemistry . ,
Galaxies é

It is a huge system of gas (~10%), dust (1%), billions/trillion of stars
and dark matter all held together by gravity .

It can be considered as o f u n d a mkelocths & 6f the Universe.
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Active Galaxies

Star Formation Rate
Milk Way ~3 M /ano
Starburst > 100 M /ano

Active Galactic Nuclei 0 SMBH 10¢+7/(M ) Starburst
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Carl Seyfert (1943, ApJd, 97, 28) are characterized by extremely bright

nuclei (~101iL ).

Seyfert 1 8 BLR (FWHM ~ 5000km/s) + NLR (FWHM ~ 500km/s)

l' T Ll
[Ne V| 23425
[0 11} 33727

{Fe VII] 13760

-
4 -

Irme 151) 13869

H5 24101

Hy 24340 (O 111] A4363

|

(O 111) 35007

[O 111) L4959
Hp 14861 "

I ==l Al T

Seyfert 1 NGC 5548

[N 11] A6583
Ho 76563

(O 1] 26300

-4
o
-
-
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[O 1) A6364 + [Fe X] 16374
He 1 15876
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1 =l
MaV)Axde lCa K (abs.)
C 1 1 1 1 1 1 1 l 1 1 1 1 l 1 1 L
4000 5000 6000
NGC1275 Rest wavelength (A)

Seyfert 2 d NLR (FWHM ~ 500km/s)

[ I I l [ I | L
- Hoc + [N 111 126548, 6583 —
8 — Seyfert 2

NGC 1667
— [O III] AA4959,5007 —

| [0mA3727

0 |
1 1 I I 1T 1T 1T 1T 1 I | | LI |

NGC1667

Image taken from https://ned.ipac.caltech.edu/level5/Glossary/Essay_seyfert.html
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AGN Unified Model

Antonucci & Millher (1985, ApJ, 297, 621)

100

50
0
extended dust
(~ 300K)
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Tristram et al. 2014
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Figure taken from Zier &Biermann (2002, A&A, 396, 91)
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Polycyclic Aromatic Hydrocarbons (PAHS)
Firstobservation was performed by Gillett et al. (1973)
Firstphysical and chemical properties (Puget & Leger (1989); Allamandola (1989))
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Figure taken from Gillett et al. (1973)
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I = Molecular Hydrogen
[ = PAH
<, -| 2 = Silicate

-| I = Neon

Carbon
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L Ice Silicates

Hydrocarbons

Brightness

Brightness

Hydrocarbons

10 12 14
Wavelength (microns)

Star-Forming Cloud in Cepheus Spitzer Space Telescope * IRS
10 (Image: Spitzer Space Telescope * IRAC)
Rest Wavelength [microns] NASA / JPL-Caltech / J. Ingalls & S. Carey (Spitzer Science Center/Caltech) sig06-021
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(1) How <can we use
molecules to study the
Universe?

PAHs and Astrobiology

» Polycyclic Aromatic Hydrocarbon (PAH)

* 20% or more of the carbon in the ISM (Joblin et al., 1992)

* 50% of the mid-IR luminosity (Li et al., 2004)

(3.3,6.2,7.7,8.6,11.3 and 12.7 um) T T
| g C//,C\C/C\\\C/H
o Star formation tracers ‘ || |
(Tielens et al. 2008) e C

Sales et al. 2010, 2013 & Ruschel-Dutra et al. 2013 Naphthalene CioHs
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(2) What is the role
molecules in the evolution

of the Universe?

Slide adapted from Carla M. Canelo
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of PAHs and Astrobiology

« Prebiotic rol
rebiolic role e The Aromatic World

Ehrenfreund et al. 2006
. PANH ( )

NHy NH; NH;

2 X p X N Xy N X
A <I5 I A

oWWOH o
o4« & el IOH
'H3N/\/N
OPO,? oPOy™ N—coo
RNA TNA GNA PNA

See Canelo, Friaca, Sales et al. 2008, MNRAS, 475, 3746
Canelo, Sales, Friaca et al. 2021, accepted
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Structures of PAHSs

.
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e) Irregular
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CseHazo
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CaoHyg
¢) Not Branched Catacondensed

o®o%e%
095959,
%e%e%

Csq
g) Completely Dehydrogenated

Different kinds of PAH structures (Andrews et al., 2015)
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Proposed evolution of
PAHs and carbonaceous
molecules

(Andrews et al., 2015)

FULLERENES i GRANDPAHs §—
DESTRUCTION PAH* PAHC
dehydrogenation + GRAINS
& fragmentation DOMINATED - DOMINATED

‘4 MOLECULAR CLOUD
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Bouwman +2010, ApJ, 723, L243 _°° i

- (a) RECX5
80 IRAC/MIPS/IRS/stellar model
. Ammonium lons
E O F (Heated)
< C
3 40 -
i B
20 Carbon
C (7)) Dioxide
0 Y T e R O O T—t—t PRI R R 8 Water
25 F- =B I | S G L | | B 5 Tl ] LU | LU ] L L I B | T S ]CC
K | £
[ ® ggeg%%sssnsk 'C Silicates
20 i comet Hale-Bopp o Carbon
0r Forsterite Monoxide
S el g CRBR 2422.8 - 3423
L .
3 i i Water
% L 4 Ice
g i ]
5 1.0 =
5 3T 1 10
- - Wavelength [microns)
0.5 - a
_ i Ices in a Protoplanetary Disc Spitzer Space Telescope * IRS
- - ESO + VLT-ISAAC
&6 o s e i N o T v v s Taus J NASA / JPL-Caltech / K. Pontoppidan [Leiden Observatory) ss5¢2004-20c

5 10 15 20 25 30 35
Wavelength (um)
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Audibert , Riffel, Sales +2017, MNRAS, 464, 2139

A (Jy/um)

0.31

0.03

0.02

0.01

T
NGC13657

IRS
PAH
Lines -
Subtracted Spec.

t
NGC7172+
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-22

0.4 0.5 0.6
Covering Factor

0.10.20.3
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Size and Charge of the PAHs

10-' - Ll Ll L) L) L Ll L) " A L) Al Al A - 2_0
C exact-statistical : I T T E & § & &
[ thermal-discrete ¥
~~ L A
4o 151 .
~
o
2,10~ |- o
T s = 2
L [ : 3 Neutral PAHs
N L { @ 10
| ] g 1ol
1] L i c
3 £
h - -
o
N o 5
= %& 3 0.5
~ i . d
= \ O 7
~< ) ‘f :
¢ N2 W | lonized PAHs
# ial i 3 i 1 1 L [ I O
10"l 10 3 4 5 6 7 8 910
. . A (um
Draine e Li (2001, 2007a,b) (pm) Peeters+2002  Wavelength (um)
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PAH Normal Modes

PAH molecule

Peeters

C-H out-of-plane bend
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Charge of the PAHSs

Wavelength [um]
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Bauschlicher , Peeters & Allamandola (2009)

N

HD44179

:

L

150

100

50

PR ST O I Y SN AR




' LI ' INSTITUTO DE
~— MATEMATICA, ] ) Astronomia no
FURG ESTATISTICAE FISICA ' Extremo SUL

Motivation
It has been claim that PAHsis destroyed in AGN host galaxies
10— ey S —

L(7.7um Complex)/L(11.3um Complex)

- L L PR S |

0.1 1.0 10.0
L([Nelll] 15.6um)/L([Nell] 12.8um)

Smith+2007
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The sample and data reduction observed by Spitzer telescope

- 186 galaxies (AGNs+SB+HI|) observed by Spitzer IRS;
- 50 14pm wavelength range;

- Emission line fit using PAHFITcode (Smith+2007);

- Stellar continuum with T=5000K;

- Termal continuum with T= 350 300K;

- lonic lines and molecular hydrogen (H2);

- PAH bands.

L LR oS e R B i e SO 3

red. chi-sq: 1.123e+01 i i red. chi-sq: 5.353e+01 J

0.04 0.10r !

..

g 18 .
X 0.03 S
Ly U
N 1N
3 3
2 0.02 <

~< ~< : :
b 1>
‘ Infrared Spectrograph (IRS)

15 20 25 30 35
Wavelength (um) Wavelength (um)
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O que ja
aprendemos de

PAHS em

Galaxias?

Sera que PAHs séo
destruidos em
Galaxias Ativas?

'IMEF

(7.7um/ 11.3pm) Complex

10

ot

0.1

INSTITUTO DE
MATEMATICA,
ESTATISTICA E FISICA

astro
] g Astronomia no
1 Extremo SUL

O “e
I N S ]
; ° Qo 3°a ]
- A D' -
- M AA + A o, Y . A i
B .?_E@fﬁ_ﬂﬁmn’wﬂ@ ‘lﬁg ....... e
B A A iﬂﬂ-c o Ad # q

o as B A
A A -
A A
T T\ - —
u A p 3
: - LINER ]
= n =
3 . E
B I i [ i [ | i [ I‘ 1 Il i Il [ L l-
0.1 ]

Sales+2010 0 100 AGNs e 86 Starburst

[Nelll]15.6pum / [Nell]12.8um
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O que ja >180C » / <180C

aprendemos
de PAHsem
Galaxias?

Serad que PAHsséao
destruidos em
Galaxias Ativas?

11.3um/7.7um

-
-

Sales+2010 6 100 AGNs e 86 Starburst 6.2um/7.7pm
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log([NelIT}/[Nell])

log([NeV]/[Nell])
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Flux (Jy) + cte
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NGC1808 .
T O que ja aprendemos de  PAHsem
' Galaxias?

Sera que PAHs séao destruidos
em Galaxias Ativas?

Sales+2012 | Gemini (8m) | ~2x 10  4km
Alonso -Herrero+2014 | ~3 x 10 4km
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11 3pm

3.51

i to observer
~

| — .
3.0r

N
wu

Norm. Flux
N
o

No - clumps along a radial equatorial ray

tv - visual optical depth of individual
clumps

Y = Ro/Rd - radial torus thickness

r-radial distribution power law exponent
o — torus angular distribution

I - observe view angle

Voit 1992a, Voit 1992b —
NH ~ 10%®cm™

NH ~ 1.5x10%*cm
i =90, r’, Ro/Rd = 10, Ro = 5pc
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Audibert , Riffel, Sales +2017, MNRAS, 464, 2139

A (Jy/um)

0.31

0.03
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T
NGC13657
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Lines -
Subtracted Spec.
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EmIi ss«o 11. 3T m PAH no
centro de AGN
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0.2 :-\‘“- 0.2 ; \+
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-0.2F t *S0SY -0.2F
“t He | Sl
—-0.4 o —04; \\\

[ U I T TN N TR N TN TN NN MO AN TN N T W NN N N

log(6.2/11.3)
o
o
1

8.50 8.75 9.00 9.25 -4 -3 -2 -1
12 + log(O/H) log U

Silva, Krabbe, Canelo, Monteiro, Sales et al. 2021, MNRAS aceito

8.25
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What actually | want to say ...
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GrandPAHs 0 Tielens 2018

T

® NGC7023
© NGC2023
O®NGC1333

T - T

Arbitrary Units

-1.0F o :

0.10E :
g o005t % o
g 0.00; .1: :_’ = i
= g.(l)gi FULLERENES ' GRANDPAHs %
6 8 10 12 14 DESTRUCTION PAH* : PAH? ' GRABS
Wavelength (um) ks on ¥ DOMINATED ' DOMINATED '

Andrews et al. 2015
4 MOLECULAR CLOUD
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Qual é o maior desafio na decomposicao
de um sinal???

Pensando em Big Data
Telescopio Espacial James Webb
Grandes telescopios (d=40m, LSST,GMT)
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Decomposicao de um sinal
Usando Fast Fourier Transform (FFT) | Transformada de Fourier Rapida

Time Domain FT Frequency Domain
s(t) S(w)
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Transformada Discreta de Fourier

Receita da frequéncia = Somar ContribuicOes para esta frequéncia, de cada pico no tempo

) 7 odn/N N A numero de amostras de tempo que temos.
Xp = Z Xn *€ T n A amostra atual que estamos considerando
xnA valor do sinal de n
kA frequéncia
l : /N Xk A quantidade da frequéncia k no sinal
— Z Xy-e™ (amplitude e fase, um niimero complexo).

Ponto no tempo = Somar | ContribuicOes para este ponto no tempo, de cada frequéncia
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Transformada Discreta de Fourier
N—1

N-1
Fa — -'—)',—: L 'I_' 7 :l_ = 'Er_:_ o .'_. T
}&L. _ E :I” et kn /N T, = N E rAn . e ken [ My

n=Il n=Il

Dois Caminhos, Mesmo Resultado

e'* = cos(x) + isen(x) Descrever um Caminho Circular

ix

cos(x) + isen(x) e "
(coordenadas x e y) {&ngulo e distdncia) Angulo de fase

. Frequéncia = (Ponto inicial)
/ (velocidade) SR 2N
-~ 4 §

=

, S P 3
\\\H rl,l,ﬂ' — J" .

"

P J Magnitude
I . ,»' (tamanho)

Re
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Transformada Discreta de Fourier

Para encontrar a energia em certa frequéncia, gire
o seu sinal ao redor de um circulo naquela
frequéncia, e tome a média de um monte de
pontos ao longo do caminho.
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Vetor com
auto -valores

N—-1

- , —i2xkn /N
X, = E T, \€ )

n=I

N—1

1 PR
T, = — E r}” ) Er.,mﬂn;.'\
.'\.'

n=I[

I I I I I EI ESTATISTICA E FiSICA

E

Vetor com
auto -vetores

Astronomia no
Extremo SUL

Desafio!!!

A multiplicagao de 2 pontos se

comporta como  N?

102=100
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Analise quimica das moléculas de PAHsem
Galaxias Starburst (~230 objetos)

>4, e MM A

“IPAH IR Spectral Database

"Ames Research Center

Moléculas tedéricas
700 espécies

(=2}
(=]
-
-
-
-
ol
-

W
(=
T
|

EFNU (mJy)
& 8

N
=

radiant energy [x 10 ¢ erg/em "/mal]

10
wavelength [micron]

C 384 H48

Comprimento de onda (micrémetros)

Espinoza, Sales, Canelo e Matoso (2021 in prep.)
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Analise quimica das moléculas de PAHs em
Galaxias Starburst (~230 objetos)

Espinoza, Sales, Canelo e Matoso (2021 in prep.)



