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the “menu’...

* Introduction

 FEducational

* Pro/Am projects
» Be stars, delta Sco focus
« WR 140, «covento» group
e epsilon Aurigae campaign







Take some good Resolutions !
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Oleron 2003

>The situation

-Very few pro/am collaboration (e.g. Buil Be star
atlas, Maurice Gavin, Dale Mais...), done with
custom designed spectrographs.

>Oleron 2003

-AUDE/CNRS pro/am
official school

-Preceedings book
to be published soon

-Kick off for Lhires Ill design
-Kick off Spectro-L list
-Kick off ARAS website front-end




La Rochelle: 20006

-Be Stars Spectra (BeSS) database kick off
-Structuring spectra collection & archiving
-Defining a spectra file format (FITS based)

~Workshop on Lhires lll (AUDE first kits just received !)




La Rochelle: 2009

>10000 amateur spectra in BeSS...
-Exoplanet newly observed: pushing the limits...
-Dozen of active amateur spectroscopists...

-==>More professional astronomers looking for help
and support from amateurs !




OHP practical workshops

-2004, 2005, 2007, 2008, 2009, 2010: a growing
interest ! International attendance.

-30-40 instruments, all with spectrographs !

-Different style
-workshop Vs talks, need for some theory
~structured project Vs autonomous groups
-courses Vs star party

> ... the optimal format is hard to find !




OHP ambiance.
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Spectrograph

Resolving Power

Star
Analyser

R ~ 100

LISA

R ~ 1000

Lhires III

R ~ 600 — 17000

eShel

3.5

R ~ 11000

Solar System

Earth atmosphere

Aurora spectra.

150: Aurora spectra.

Meteors

Meteor spectra: how useful 777

Moon

Geology changes during impact.

150: Geology changes during impact.

Planet atmosphera

Spectra of atmospheric features (near IR 7)

Comets

Composition, classification.

150-300: Composition, classification.

Bight comets 7

Asteroids

Classification.

Binaries

Spectroscopic binaries

2400: bright binaries periodforbit follow up

Binaries period and orbital elements
improvements.

Exoplanets

Orbital elements follow up.
Discoveries around A-type stars?

Variable Stars

Be Stars

Manitoring, outburst detection,
Survey/Discovery, classification.

2400: pulsations (hours) ?

1200-2400: Line profile changes (days/years)

150-600: Monitoring, outburst detection, Survey/Discovery,
classification.

Line profile changes (days/years).

Binary Be Stars:|
delta Sco, VV Cep, zeta Tau, ups Sgr...

Manitoring, Outburst detection.

1200-2400: RV measurement (ex: delta Sco)
1200-2400: Line profile changes: delta Sco, zeta Tau...

RV measurement (ex: delta Sco)
Line profile changes: delta Sco, zeta Tau...

Herbig Ae/Be|

1200: spectral changes in few hours.
300-600: changes over the years / outburst

Changes over the years / outburst

LBV {P Cygni)

1200-2400: line profile changes (years)

Line profile changes (years)

Active hot stars|
(Rigel, Deneb...)

1200-2400: line profile changes (years 7)

Line profile changes (years 7)

Wo.‘f-Rayet|

Classification.

1200-2400: line profile changes (years 7)
150-300: classification

Binary Wolf-Rayet:
WR 140...

1200-2400: periastron studies

Periastron studies; orbital elements; spectral
changes.

EX

2k

epsilon Aurigae)
{every 27 years )

2400: line profile change, Kl line change (modified Lhires
... eclipse folllow up.

Line profile changes.

AN
' Initial classification, monitering. 1200: Line profile changes at initial stage. Expansion ’ P
Cataclysmic variables| |Outburst monitoring Line profile changes. speed. IE:ea;;rSoii;Is ;hzgdgiﬁeaatslﬂlgfr:;;?ge'
wht Expansion speed. 150-600: Initial classification, monitoring. p P )

Initial classification. monitoring.

1200: Line profile changes at initial stage. Expansion

Line profile changes at initial stage.

Novae| |Initial classification, monitoring Line profile changes. speed. ;
Expansion speed. 150-600: Initial classification. monitoring. Expansion speed measurement.
, P - ’ 1200: at maximum brightness. . .
Miral | Maonitoring during all period. ‘150: follow up. during (almost) all period. ‘At maximum brightness.

Pulsating stars|
(RR Lyrae, BW Vul, SPB...)

‘600-1200: RV of absorption lines.

‘RV changes of absorption lines.

S upemovmﬂ

[Initial classification (SN type)

[Initial classification (SN type)




Planetology
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exoplanets !

Christian Buil



Exoplanet: tau Boo

o

Constant welocity projection

Calibrated spectrum

Cross-cormelation function (CCF) HIE) - 2454000
The CCF is computed by using the spectral A e R O —
range 4400-6445 A (the Halpha line is | | oo e Dopir g o Bt 3
excluded). ) AR
The total velocity Doppler spectral amplitude
shift represents only 1/25th part of the \
spectrograph resolution. The data s T "
are collected between March 19-March 29, g .
2009. ' | e e s

Christian Buil
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The final phase plot of Tau Boo (HD120136). The
star is observed during 9 nights. The Doppler
signature of planetary compagnon is clearly visible

(the velocity error bar is estimated to +/-100 m/s).
| |
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Magnitude | Celestron 11 - f/5.9 60 cm - f/3.5 .
3 37 m/s 18 m/s EXOpIa nets:
4 56 m/s 28 m/s
3 95 m/s 46 m/s p roam ?
6 175 m/s 75 m/s
7 360 m/s 140 m/

Known exoplanets: refine orbital elements ?

-Opportunities to discover exoplanet around A-type
stars where resolution is limited by star itself ?
==>requiring lot of observing time !

-Contact: Claire Moutou (Observatory Marseille)
(cf slideset & talk done at La Rochelle 2009)

Publications:
~2008DPS....40.1113V : Search of Exoplanets - Phase |
~http://astrosurf.com/buil/extrasolar/obs.htm


http://astrosurf.com/buil/extrasolar/obs.htm

Hyperg:anis
a Cyg

variab|es

*,

Flare stars

AQ FO
Spectral type

25000 10C0O TO0C 6000 5000 4000
7 (K]

Figure 12.1 A Hertzsprung Russell diagram showing the approxi-
mate location of various types of intrinsically variable star discus

the Lext. Cataclysmic variables are binarics containing a compact star
(usually a white dwart) together It a red giant or main sequence star.




LISA: a new tool for faint variable stars
..or when spectroscopist & AAVSO community meet !

Slit 23 pm Slit 50 ym Slit 100 pym
R=1100 R =600 R =290
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KAF3200: push 0.5 mag further...



Typical aspect of LISA 2D spectra
Symbiotic star V1016 Cyg

© C. Buil
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Symbiotic stars: Cl Cyg
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P = 0947
T=23h51m

6565 6570 TS

T T

LENE LI 0.3 P - 0012
T = Hh3dm T = 0ahHm
p '

0.2 1 L L
G363 B5R 6575 GEGh B5ES E560 SGEE G570 65T

T

0.5
R Lyr

.4 0,28 m telescope - échelle spectregraph (R=10, 00}
Exposure : 10 minutes - Phase duration : 000122
Castanat-Tolosan obs. - C. Buil

Fron J0=2454657.474 to J0=-2454657 553

| 0.2 L | 1 Adopted date for 0 phase @ JD=2454657.524

G560 B565  B5F0 6575 6550 6555 6560 6583 E5R 6579

P-003E 3 PF=008
T = dihlsm T = Mh16m




BW Vul: at the heart of a star !!!
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Spectrogram of Hel/Sodium doublet of BW Vul
(Smin expoure, 60cm f/3.5 telescope at pic du Midi)



AB Aurigae - C11 + LHIRESS (1200 Inm) - 0.34 Afixel
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O. Chesneaun et al : The Ho line-formation region of Deneb and Rigel

w0 200 JRadial welocity tion about the spectral FWHM and position of the interfero-
ST T T T T[T T T[T T T TT T[T metric signal. The spectral location of the differential visibil-
i 1 ity and differential phase dips are stable at a level of 0.005nm
| _ Euﬂ: ;“:ﬁffm - A _ ] (~3km s ). Information from the blue camera was also used,

as some important lines. e.g. Sin6343—6371A can be investi-

gated (see Fig_ [Jand Sect. 3 3.

2 2 Spectroscopy from amateur astronomers

Several Ha spectra were obtained during the same period
with the 0.28 m amateur telescope (Celestron 11) located in
Castanet-Tolosan (France) equipped with the eShel spectro-
graph and a QSI532 CCD camera (CCD KAF3200ME). These
spectra were used in this study as an mdication of the enussion
level and variability of the stars. The typical resolution of these

2008.11.17 Rigel (BaLa) spectra is ~11 000.

-

¥ mwigjgﬂ The reduction of these data was performed using the stan-
5[ awoveroe N mivess grav) 1  dard echelle pipeline (Reshel software V1.11). H20 tellusic
lines are removed by means of division by a synthetic H20
spectrum using Vspec software - the telluric-line list was taken
: 1 from GEISA database (LMD/CNES). We corrected for the
T diurnal and annual earth velocity are corrected for (spectral

655 656 857 858 o . -
wavelength in nm wavelengths are given in an heliocentric reference for a stan-




hd195177 (VWC5; 1800sec)

Wolf-Rayet

hd201192 — nﬁcTOES (CSPMN;: 45 0sac)

hd201272 = nEc?DE? (CSPMN; 450sec)

hd205211 ics5117 (CSPN; 300sec)

hd211853 {WNBd-iOs 300seac).

hed214419 (WHNT7+0O; 27 0sec)

hd228766 (pre-WR P Cyg; 3S00sec)

Messier 57 (420s=c)
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Radial Velocities
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Eps Aurigae eclipse

B star ?
~15000K
5.9 Msol
F type
star ?
~7000K
2.7 Msol ?
Disk
~500K

 Eclipse every 27 years !!!
» ~15 amateurs contributing
* Over 130 spectra to date ?

Robin Leadbeater



Eps Aurigae eclipse : Kl 7699 line

radial velocity zones |-12 | 0 |+12|+23|+35[+47| kmis

7697 7698 7699 7700 7701

* New absorption line appearing !
Robin Leadbeater (Lhires Ill), Bob Stencel



JD -

2450000 7687 TE399 7701 Angstrom
— ]
5500 2010 \ /
Oct \J
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e
Jul \/
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S S ——
LY ..I'
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II-W"
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520 Jan
s W e
III III
510 Oct
FPhotometric
First Comntact
. .\-, .I__,-\. H_n_,--__..-__'1
Jul ¥
5000
-0.5
2009
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100  -50 0 450  +100 7697 7699 7701

Radial Velocity (system reference frame) system RV -2 kmis

Robin Leadbeater (Lhires Ill), Bob Stencel: Contour plot showing the evolution
of the 7699A neutral potassium line after removal of the interstellar component
seen outside eclipse. Coverage is 140 days before first contact to 100 days
after predicted mid eclipse.
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Eps Aurigae eclipse : Halpha line

JD

Mid Eclipse

Photometric

;300 -200 -100 0 +100 +200 +300
Radial Velocity (system reference frame)

system RV -2 kmis

2450000 6555 | 6567 6571 Angstrom

;e

Flux relative to
pre eclipse continuum

0.8+

0.6

0.4+

0.2-

6558 6560 6562 6564 6566 Angstrom

A hidden emission component
An emission component

15 appeared in the core of the

H alpha line close to the rest
wavelength.

-

6559 6563

- 0
6567

Robin Leadbeater, Bob Stencel: Contour plot showing the evolution of the H alpha line
from pre first contact to approximately 100 days after predicted mid eclipse.
It is generated from 159 spectra from all observers.



eps Aurigae pro-am campaign

-Complementary photometry / spectroscopy campaign
-Over 600 spectra collected (and increasing) !

-Contacts: Robert ‘Bob’ Stencel (Denver, USA)
Jeff Hopkins (amateur; photometry lead)
Robin Leadbeater (amateur; spectroscopy lead)

~Publications:
~http://www.threehillsobservatory.co.uk/astro/spectra_40.htm

-arXiv:0807.2855v1 : Gearing Up for Epsilon Aurigae's First Eclipse of the
Millennium

~2009SASS...28..157H : Epsilon Aurigae Hydrogen Alpha Emission Line Variation:
The Horn Dance

~2009CBET.1885....1W : Epsilon Aurigae (first detection !)

-arXiv:1003.3617v2 : Structure in the disc of epsilon Aurigae: Spectroscopic
observations of neutral Potassium during eclipse ingress

-arXiv:1101.1435v1 : The International Epsilon Aurigae Campaign 2009-2011. A
description of the campaign and early results to May 2010

~Article in Sky & Telescope magazine !


http://www.threehillsobservatory.co.uk/astro/spectra_40.htm
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BeSS database

......

..........

Be Stars Spectra

.[! L | .'ﬂ-l L= | ﬂq V1S L U MRS (T " SOUr AT
L =

URL: http://basebe.obspm.fr



BeSS catalog

2026 etoiles Be

Nb de Be par magnitude

175 étoiles M<6
300 étoiles M<7
500 étoiles M<8 |
- -!lllﬂﬁ SERRY

Magnitude limite

i
)
-
=
=

F. Cochard / V. Desnoux

* Plenty of BRIGHT stars to work on !!!



Top ten de tous les insomniaques Top ten des amateurs insomniaques Top ten des pros insomniaques
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Equipment used

otal Résultat

 Amateur telescope size: 12cm to 62cm

e Mainly Lhires spectrographs used by amateurs

« eShel echelle spectrograph
provides larger spectral coverage
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QR Vul List of Be stars with Magn lower than 6
Limit Declination : -25

Updated expected
period for several stars 105 objects

Star HD # RA DEC Last Obs Period

Last spectra in BeSS B E B E] B

Spectrum of a Be star
del Sco 143275 +16 00 20.0 -22 37 18.2 7
zet Tau 37202 +05 37 38.7 +21 08 33.2 9 2009-01-15 17:07:19
14 Lac 216200 +22 50 21.8 +41 57 12.2 2008-11-22 20:33:19
QR Vul 192685 +20 15 15.9 +25 35 31.0
ups 5gr 181615 +19 21 43.6 -15 57 17.7
pi Aqr 212571 +22 22 16.6 +01 22 38.6
4 Agl 173370 +18 44 49.9 +02 03 36.1 2008-09-27 18:47:35
12 Vul 187811 +19 51 04.1 +17 36 36.2 2008-08-09 20:41:15
31 Peg 212076 +22 21 311 +12 12 18.7 2009-01-07 18:29:07
phi Per 10516 +01 43 39.6 +50 41 19.4 . 2008-11-22 23:07:54
zet Oph 149757 +16 37 09.5 -10 34 01.5 . 2008-07-26 20:22:14
bet Psc 217891 +23 03 52.6 +03 49 12.2 2008-11-06 20:56:54
tet Ar 14191 +02 18 07.5 +19 54 04.2 . 2008-11-14 21:22:34
lam Cyg 198183 +20 47 24.5 +36 29 26.6
16 Peg 208057 +2153 03.8 +2555 30.5 2008-12-02 18:19:11
eps Cap 205637 +21 37 04.8 -19 27 57.6 2008-08-30 21:59:13
8 LlacA 214167 +22 35 52.3 +39 38 03.6 2008-11-26 20:26:32
gam Cas 5394 +00 56 42.5 +60 43 00.3 2009-01-15 18:30:45

Terming
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Recent telegram...

———————— Message original ———
Sujet: [spectro-l] gamma Cas [1 Attachment]
Date : 15 Apr 2011 08:09 GMT
De :Ernst Polimann <ernst-pollmann@t-online.de>
Répondre a : spectro-l@yahoogroups.com
Pour : Gruppe ARAS <spectro-l@yahoogroups.com:=

Dear colleagues !

Myron Smith, Computer Sciences Corporation, Space Telescope Science
Institute and my mentor in issues of gamma Cas, i1s asking for Halpha-EW
observations during the coming observation season.

He and his colleague Greg Henry are very interested in correlation
between Halpha-EW and photometric brightness within the UBV-system.
Meanwhile they monitored the star in this way for 13 years (see fig. 3).

Actually, I gave him the attached compiling plots (fig. 1 & 2) of
Halpha EW and visual brightness observations of my colleagues
in Hungaria and Germany.

It would be great, if interested observers could measure the Halpha EW
for the coming months of visibility.

FErnst Pollmann

Active Spectroscopy in Astronomy ==> mag 2 Star '
| |

http://www.astrospectroscopy.de
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snapshots of delta Sco spectrum (H-alpha) through the years...
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The crbital clements for § Sco

Element Ref. a Ref. b This Work
Period P {v1) 10,58 £ 0,08 10,58 10,74 £ 0.02
Epoch of periastron T B1971.41 =014 J2000.603 £ 0,008 J2000.69389 £ 0.00007
Eccentricity e 092 +0.02 004 + 0.01 09401 + D002
Semimajor axis (mas) a” 1077 o7 983 +12
Inclination i 48°5 + 676 b il o 38° £+ 6°
Long, periastron w 24° £13° —1% £ 5" 199+ 071
Long. of asc. node 2 15975 £ 776 175° 17572 £ 176
Systemic RV V., (kan-s—1) —GE05 —0.72 £ 0.05
RV amplitude K4 (kms—1) 2384 £ 0.05
Semimajor axis of primary ayq (km) (7.1£0.1) x 108
Mass function J’&f%j[MA + Mg)? (Mg) 0.9+04

Ref. a[fartkopf et al, (1006)

Ref. b Miroshnichenko et al, ﬂﬂﬂﬂlﬁ

© Value assumed from Ref. a

interferometric orbit for delta Sco and orbital elements (Tango et al., 2009)

Recent mterferometric observations (Tango et al., 2009) led to new orbital elements and masses

estimation: M1 =15 +/-7 M* and M2 =8.0 +/-3.6 M*




delta Sco : 2011 periastron !!!

» Exact periastron date unknown
(around beginning of July 2011)
» Radial Velocity will change drastically
few weeks before
* Monitoring of H alpha is key
* Monitoring of He | 6678 is very interesting too

==> amateur Spectroscopy
Is required !!!



Spectrograph

Resolving Power

Star
Analyser

R ~ 100

LISA

R ~ 1000

Lhires III

R ~ 600 — 17000

eShel

3.5

R ~ 11000

Solar System

Earth atmosphere

Aurora spectra.

150: Aurora spectra.

Meteors

Meteor spectra: how useful 777

Moon

Geology changes during impact.

150: Geology changes during impact.

Planet atmosphera

Spectra of atmospheric features (near IR 7)

Comets

Composition, classification.

150-300: Composition, classification.

Bight comets 7

Asteroids

Classification.

Binaries

Spectroscopic binaries

2400: bright binaries periodforbit follow up

Binaries period and orbital elements
improvements.

Exoplanets

Orbital elements follow up.
Discoveries around A-type stars?

Variable Stars

Be Stars

Manitoring, outburst detection,
Survey/Discovery, classification.

2400: pulsations (hours) ?

1200-2400: Line profile changes (days/years)

150-600: Monitoring, outburst detection, Survey/Discovery,
classification.

Line profile changes (days/years).

Binary Be Stars:|
delta Sco, VV Cep, zeta Tau, ups Sgr...

Manitoring, Outburst detection.

1200-2400: RV measurement (ex: delta Sco)
1200-2400: Line profile changes: delta Sco, zeta Tau...

RV measurement (ex: delta Sco)
Line profile changes: delta Sco, zeta Tau...

Herbig Ae/Be|

1200: spectral changes in few hours.
300-600: changes over the years / outburst

Changes over the years / outburst

LBV {P Cygni)

1200-2400: line profile changes (years)

Line profile changes (years)

Active hot stars|
(Rigel, Deneb...)

1200-2400: line profile changes (years 7)

Line profile changes (years 7)

Wo.‘f-Rayet|

Classification.

1200-2400: line profile changes (years 7)
150-300: classification

Binary Wolf-Rayet:
WR 140...

1200-2400: periastron studies

Periastron studies; orbital elements; spectral
changes.

EX

2k

epsilon Aurigae)
{every 27 years )

2400: line profile change, Kl line change (modified Lhires
... eclipse folllow up.

Line profile changes.

AN
' Initial classification, monitering. 1200: Line profile changes at initial stage. Expansion ’ P
Cataclysmic variables| |Outburst monitoring Line profile changes. speed. IE:ea;;rSoii;Is ;hzgdgiﬁeaatslﬂlgfr:;;?ge'
wht Expansion speed. 150-600: Initial classification, monitoring. p P )

Initial classification. monitoring.

1200: Line profile changes at initial stage. Expansion

Line profile changes at initial stage.

Novae| |Initial classification, monitoring Line profile changes. speed. ;
Expansion speed. 150-600: Initial classification. monitoring. Expansion speed measurement.
, P - ’ 1200: at maximum brightness. . .
Miral | Maonitoring during all period. ‘150: follow up. during (almost) all period. ‘At maximum brightness.

Pulsating stars|
(RR Lyrae, BW Vul, SPB...)

‘600-1200: RV of absorption lines.

‘RV changes of absorption lines.

S upemovmﬂ

[Initial classification (SN type)

[Initial classification (SN type)




INn summary...

» Spectroscopy reveals hidden details
from the stars
* Equipment is available off-the-shelf
» Educational projects are numerous and fun
* Pro/Am collaboration is increasing
with more -amateur contributing
with -more profg!ssionals requesting support

———

==>joinus !!! _,

L
£



Some useful links

Groupe ARAS: http://lwww.astrosurf.com/aras/
Liste Spectro-L.: http://groups.yahoo.com/group/spectro-l/
SAS: http://www.socastrosci.org/

CDS Strasbourg http://cdsweb.u-strasbg.fr/

ADS (articles) http://adsabs.harvard.edu/abstract_service.html

Shelyak Instruments http:llwvwv.shelyak.coml
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(2 Shelyak Instruments
5 Tél.: +33.476.41.36.81
\ http://www.shelyak.com
\ Email: olivier.thizy@shelyak.com
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