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Spectroscopy with Small Telescopes:
The Science

Outline

* Principles of Spectroscopy

* What do we measure from line profiles?
« Information we get from spectra

« Science cases

« More resources
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Principles of spectroscopy
I. Wien's law

18,000 K
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Intensity ——
Intensity ——
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Wavelength (A) = Wavelength (.».\) e Wavelength (.».\) —

Hotter objects emit most of their radiation at
shorter wavelengths; hence they will appear to be bluer.

Cooler objects emit most of their radiation at
longer wavelengths; hence they will appear to be redder.
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Principles of spectroscopy
I. Wien's law

- ultraviolet | visible infrared
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Principles of spectroscopy

IT. Ki r'chhoff' Laws

0S }

1. A hot gas, under high pressure,

gives of f a continuous spectrum.
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Principles of Spectroscopy
ITI. Doppler effect
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Principles of Spectroscopy

I. Wien's law (temperature vs

wavelength of max intensity)

N IT. Kirchhoff's Laws

T
‘ + (continuum/emission/absorption

-I-I spectrum)

Unsirren ITI. Doppler effect (RVs
- " e
I

BLUESHIFTED
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What do we measure from line profiles?

Intensity

wavelength
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Spectral line Measurements:
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Information we get from spectra
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1. Elements in stellar atmospheres

£ ——

0 ""36000%2

Characteristic of a barcode
(unique for a product):

» Thickness of lines
* Spacing
* Grouping
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Elements in stellar atmospheres

" Emission Spectra
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2. Outflows (winds)

B
e i
A
OBSERVER ¥ ; \\\(j
i -
absorption emission
l n
1 + 1 /”\ A: Absorption from gas in front of star
vm 0 i _ vm 0 -v_m~ B, C: Emission from expanding gas

P Cygni Profile components

VAN
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3. Rotational velocities
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3. Rotational velocities

away from you
red-shifted

: S

blended lines result in a broadened ™
spectral line. The amount of “
blending bceomes a measure of

rate of rotation

part of the star rotates toward
you - the light is blue-shited
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3. Rotational velocities

v sin(i) [km/sec]
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TOK). ‘e
200 ——
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4. Accretion disks

A —d/\ blueshifted

2000 -1000 O 1000 2000
Velocity (km/s)

C redshifted /\‘

<«—— bluer wavelength redder —»
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Let's do Science
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Emission regions: Hydrogen
and CaIT H&K (chromospheric
emission)

Absorption features:
CaIl H&K
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Science case 1. Chromospherically active stars

-
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Garcia-Alvarez et al.
A&A 2002
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Science case 1. Chromospherically active stars

-

Ha

af #=0.1452 ]
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5 Wﬁ/\\vm Possible targets:
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Science case 2: Pulsating stars

Hypergiants

ST

Subdwarfs

+10
White Dwarfs
+15
20
OlBIAJF|G|[K[M]
Spectral Class

Brightness

Light Detected Curve
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Science case 2: Pulsating stars
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Science case 2: Pulsating stars
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D
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Luminosity compared to Sun
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Science case 2: Pulsating stars

RV Tauri

*R Sct 4.9-6.9
U Mon b.1-7.1

« AC Her 6.4-8.7

RR Lyrae
*RR Lyr 7.17- 8.14
* MT Tel 8.70-9.25

Cepheids

e Polaris 1.97-2.00

* Delta Cep 3.49-4.36

* V473 Lyr 5.99-6.35

« V1334 Cyg 5.77-5.96

Mira

 omi Cet 2.0-10.1
R Lep 5.5-11.7
S Cam 7.7-11.6
*R Gem 6.0-14.0
*V Cnc 7.6-13.3
*RLeo 4.4-11.3

* SUMa 7.1-12.7
* R Hya 3.5-10.9
«VCrB 6.9-12.6
-V Oph 7.3-11.6
« X Oph 5.9-9.2
*R Aql 5.3-11.9

* Khi Cyg 3.3-14.2
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Science case 3: RVs of binaries

" Star A
[}
— &
09 .G _'.-"'-'--".. '_'..-"—\\\
-O O | "t-e_._- e '\/~ ________
S
oS Star B
| .
' --- fime -- >

Absorption features
(from each star's
atmosphere) are red- or
blue- shifted
\Y4
Measure
Radial Velocity




fo enable anyone, anywhere, to participate in scientific discovery through variable
star astronomy”

Science case 3: RVs of binaries

‘-"j o A YV
|J|v 0.061 days .U 1.886 BF Lyn
. Ravs i v
YT oase ) \ll 2038 WY sass
“\Iﬁ(" 1819 TR 244 “’“';,{".I;"ﬁ 3.559
— AV nlr-f A
'\,ﬂr’“ 1.152 'l|I ]|i' 2821 *,1u|’ 3654
. NN N
MIUBERE: P‘\f 7, 2859 'W T ssm
| 1 | 1 | 1 | 1 | 1 | 1
6540 6550 6540 6550 6540 6550

Wavelength (Angstroms)

Possible Targets:

* b Persei 4.57

 Beta per (Algol) V~2.09
« zeta Cen (V~2.D)

« bet Lyr (V~3.3)

« AP Psc (V~6.04)

« TV Cas (Algol; V~7.22)
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Science case 4: Be stars

¢ 0 O

1 Del

|

|
|

N

Emission regions: stellar atmosphere,
accretion disk

Absorption regions: outflow,
accretion disk
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Science case 4: Be stars

Beta Lyrae HD174638 B8 II-lllep 3.25-4.36mV 20140601-0830UT Alpy600 / SV80S@f6 2.3 A/P
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H
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Fe IT 5169

T T T T
4000 4100 4200 4300
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1.020
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0.980

0.960
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T T T T T T T T T T T . . . . . . . . . . . .
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H-gamma

He I 4471

f

Targets: BeSS Database (basebe.obspm.fr/)
Also see talks tomorrow

H-beta

He I 5015

* f

P-Cygni Profile
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Science case 5. Massive hot stars --WR

stars

Eta Carina (NASA/HST)
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Science case 5. Massive hot stars --WR
stars

Emission: highly ionized He and
Ni or C; strong stellar winds,
enhanced heavy elements

" WR 137

HBUHW
5694

(D) He(ll]
4070 4541

Hell
4339

| ClM CiM Cliv] He. cin
FL?ﬁgd 4442 4658 5812 6563 6744
4100 4300 4500 4700 4900 5100 5300 5500 5700 5900 6100 6300 6500 6700 6900 7100 7300 7500

Nebula M1-67 around WR
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Science case 5. Massive hot stars --WR
stars

Emission: highly ionized He and
Ni or C; strong stellar winds,
enhanced heavy elements

Nebula M1-67 around WR

4100 4300 4500 4700 490

" WR 137

Targets:

« Eta Car -1.0-6
. DO Eri 5.97-6
LW . V1770 Cyg 7.36-7.52
. V1687 Cyg ~4
« V1679 Cyg 7.86-7.93
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Science case 6: Cataclysmic/Symbiotic
stars & Novae
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Science case 6: Cataclysmic/Symbiotic
stars & Novae

T - - T T T

1 1 1 !
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Cataclysmic/Symbiotic

stars & Novae

is fo enable anyone, anywhere, to participate in scientific discovery through variable

Science case 6
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Science case 6: Cataclysmic/Symbiotic
stars & Novae

CcVv

« Emission: Accretion (disk, stream...)
+ Donor star (TiO)

« Absorption: WD, NaD (irradiation)

A A

2000 -1000 O 1000 2000
Velocity (km/s)
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Science case 6: Cataclysmic/Symbiotic
stars & Novae

AAVSO DATA FOR V1369 CEN - WWW.AAVSO.ORG
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Science case 6: Cataclysmic/Symbiotic
stars & Novae

2.4 6.6 ‘]
.
.
5 Dec
. 9 Dec
1.2 3.6
M 3
6405 420 6435 6450 6465 6480 6495 6510 6525 6540 6555 6570 6585 6600 661 6630 6645 6660 6675 M/W
AAVSO DATA FOR V369 CEN - WWW.AAVSO.ORG
3 : I R :
35 |- -
g T |
E . Y
§, ! ° o0 g' :
Q@ - o
b= ;2 o
45 | ? mQ# o Ca>
] mool¥ o 00
o= ) %
K ol %o

1 I 1 1 1

55 s :
1/16/13  11/2343 113013 1200743  12M4M3 1202113 12/2843  01/04/14  01/11/14

Date Spectra from the ARAS database - T. Napoleao




Dwarf novae
«SSCyg7.7-12.4
U Gem 8.2-14.9
« VW Hyi 8.4-14 4
* GK Per 9.5-14.0

Nova-like

« IX Vel 9.1-10

« RW Sex 10.39-10.84

« V3885 Sgr 10.27-10.51
« TT Ari 10.2-16.5

« V603 Aql 11-12.4

« MV Lyr 12.2-18

50 is to enable anyone, anywhere, to participate in scientific discovery through variable

star astronomy”

~ Science case 6: Cataclysmic/Symbiotic
stars & Novae

Misc. CVs of interest

*« BT Mon 145-16 .4

« AE Aqr 10.18-12.12
* QU Car 10.9 -11.7
* V Sge 8.6-13.9

ssssssssssssssssssssssssssssss

+ AAVSO Alerts

e '”SLBc'auc‘rr'a”ﬁgm the ARAS database - T. Napoleao
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Science case 7: SNe Classification

SN
noH/ \
no SI
/ no He
Type la IType Ib Type lc Type III
Thermonuclear Core Collapse

Look at ASAS-SN alerts

Relstive Flux

IlllllllIIlIIlIIllIIlllllllllllllIIIIIIIIIIIIIIIIIIIII

Thermonuclear Supernovae

I Hycrogen
Helium

I suiter

[ siicon

.

T T 17 17 17T

Type la

No Hydragen
Streng Silicen

Type Ic

Mo Hydrogen
No Helium
Waak Silicon

Type Ib

Weak Hydrogen
Streng Helium

T T 1T T 7T l T 1 1 1 17 17 177 | TorTo el T

Type Il

Strong Hydregen

| S I I I Y I | I { L L B e B Ff Ef [ P e ) I B ) A ) I (EGE GFE GFE GF GF GE G

T T T 1T 1T 1T T 177 I T T

llllIlllIIIIIIIIIIIIIlllllllllllllIlIIIIIIIIIIIllllllI

4000 5000 6000 7000 8a0a 2000
Wavelength (Angstroms)
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STRETCH GOAL
Science case 8: Microquasars

0
1

W OF |
vf§4

1911 ©

ERICAN 400

W
&
w

43590 wi1S g

3
%
%
%
S

Accretion . - - X-ray heating

: As the plasma jets emanating from
the black hole of SS 433 strike the
gases in the surrounding nebula, they
are converted into extremely high
energy gamma rays.

Cross section of nebula

GAMMA RAYS (NOT TO SCALE)

PLASMA JET

* \1 BLACK HOLE

- Accr

Disc wind

i

ACCRETION DISK

PLASMA JET

NEBULA SURROUNDING
MICROQUASAR SS 433

GAMMA RAYS
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STRETCH GOAL
Science case 8: Microquasars

Acéretion, e ¢ X-ray heating
disc \ e B - As the plasma jets emanating from

ross section of nebula
(NOT TO SCALE)

| Targets:
- VI313 Aql (S5433; 125 - 15.2 V)
B . V0615 Cas (104 - 11.1 V)
AN - 4641550 (90138 V)

8- V0479 Sct (11.3 V)
. HD215227 (~8.7 V)
. NSV 16907 (~9.1 V)

PLASMA JET

GAMMA RAYS
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Spectroscopy with small telescopes:

1) Chromospherically active stars
2) Pulsating stars

3) Binary stars

4) Be stars

5) WR stars (massive hot stars)
6) CVs/Symbiotics/novae

7) SNe classification

8) Microquasars
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More Resources

Spectroscopy Observing Section

Edit Spectroscopy
Observing Section

Periodic Table

AAVSO Spectroscopy
Manual

submit your spectra

Periodic Table of Spectra (Tom Field)
Ryan Maderak, Ulisse Munari, Christian Knigge, Noel
Richardson, Robert Szabd (TESS astroseism.), Stella
Kafka et al.

https://www.aavso.org/spectroscopy-observing-section
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More Resources

Introduction

Spectroscopic monitoring of variable stars is a relativelv unexplored domain within astronomy. with the potential to
produce a wealth of new information. W
studied with high time resolution spectrg
data for variables does not yet exist. Ma

Wolf-Rayet (WR) outflows (Noel Douglas Richardson)

meaning we lack the information that co
problems (such as the perplexing behay
Even for shorter period variables, there
There are many bright variables with littl

Targets, Info, Cadence, min resolution

telescopes have an opportunity to make

We provide here brief overviews of: th
spectroscopic data; what to consider wh
recommend for spectroscopic observatil
the accompanying manuals and guides.

Emission: highly ionized He, Si, O, N or C; strong stellar winds with P Cygni absorption profiles; enhanced heavy
elements. Lines change with time, as winds evolve and expand. Study long-term evolution of line profiles, and evolution of
P-Cygni.

Stars of interest (desired cadence: 1 spectrum per night or continuous monitoring):

Introduction to Stellar Spectra

Star Bright mag (V) Faint mag (V) Spectral type
A basic stellar spectrum consists of th Eta Car 1.0 6 .
absorption lines resulting from atomic el
) ) DO Eri 597 6 A5p(Sr-Cr-Eu)
corresponding to atomic energy level trz
element within the star, as well as the te V1770 Cyg 7.36 7.52 WR
star’s spectrum can therefore be used tt V1687 Cyg ~4 WR
abundances/composition. V1679 Cyg 7.86 7.93 WR

The surface temperature of a star can

https://www.aavso.org/spectroscopy-observing-section
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More Resources

Introduction

Spectroscopic monitoring of variable stars is a relatively unr—"——" % F -7t ST s o o e m e e .
Individual targets (from alerts and campaigns; desired cadence: as frequently as possible)

produce a wealth of new information. W
studied with high time resolution spectr¢

Wolf-Rayet (WF

data for variables does not yet exist. Ma Please follow the alert link for more information on spectroscopic requirements of observations
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a var
absorption lines resulting from atomic el
DOE
corresponding to atomic energy level tre ’
element within the star, as well as the te ViT70Cyg — “%:"f e ——
star’s spectrum can therefore be used t V1687 Cyg — s
abundances/composition. V1679 Cyg A LT
Ll U YL

iy '.',‘ """l’lv'ru'»”"’*"’.".‘fn'-"“t"vr-’\' WiV s
"'" "‘.\"ﬁ"' ) \y'_ﬂ"'l"\‘"f -\'“'?.',’.'.‘fn'("‘."'\"' |~,\“¢.‘..'wlv ;'-'»f "l \‘Aln\“h ',‘,V

W+ 4

The surface temperature of a star can
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Save the date:

HOTEL NCANTO

108th Annual Meeting

"Science Under the Same Dark Skies"
October 17 - 20, 2019

Hotel Encanto

Las Cruces, NM

https://www.aavso.org/aavso-meetings
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Spectroscopy with small ‘relescope!balr

Resources:
« AAVSO Alerts (targets of interest - subscribe)

https://www.aavso.org/alert-and-special-notices AAVSO
« Spectroscopic Observing Section

https://www.aavso.org/spectroscopy-observing-section

Become a member!
www.aavso.org
Contact email: skafka@aavso.org

K 40 Clear skies - THANK YOU!




