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Nebesna panorama
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Nebesna panoramaiVv: infrardecem

The Infrared Milky Way This

inf

Two Micron All ¢ Ima aic: Infrared Proc
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Nasa Galaksija: pogled oal zunay

osrednja zgostitev

spiralni rokav

Sonce
disk plina b
disk zvezd 1 pc = 3 svetlobna leta = 3-10
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Nasa Galaksija: pogled odl zunaj

Figure 1 {continued) NGC 891. The « -on view of N 1 reveals i 5 k ike | re arate stellar populations that compose the central bulge {'rt‘fffﬂ:ih
the sme flatness of spir al-disk ies, which typ ally have an as- ( raglimpse of how yellow) and the spiral d (blue). (NGC 1232 image courtesy of the
" al - - «l 3 r L a ] L al al® 2 ~ = = 1 g
a2y o . o from a distance of several milli i e di olors European Southern Observatory.)
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Par galaksy = = =8
NGC 4038 & NGC4039 .
imenovanih tudi ,,Anten1* =

A possible collision of our Galaxy with Andromeda

Collision of galaxies with prominent black holes
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file:///home/tomaz/popularizacija/MB_2013/Milky%20Way%20and%20Andromeda%20Galaxy%20collision%20simulation%20%5BSaveYouTube.com%5D.mp4
file:///home/tomaz/popularizacija/MB_2013/dimatteo.avi

Motivacija za raziskave nase Galaksije

‘galakti¢na arheologija':

® zvezde nase Galaksije so blizu in zato svetle,

® vsako zvezdo lahko opazujemo zase (v NGC 891: 1 pc = 0,02%),

® dobimo 6-D informacijo (poloZaj v prostoru + vektor hitrosti).
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Vendar:
¢ smo znotraj,
¢ preuciti moramo znaten delez od

> 100 milijard zvezd v nasi Galaksiji.
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pogled od zgoraj
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Oddaljznost 3 varalarso: sarzlit
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Ouoticni sozkiroskooski oregledi zvzzd

Obdobje Stevilo

RAVE
WWWw.rave-survey.org

Gaia-ESO 2012-
www.gaia-eso.eu/ 2017

Gaia 2013-
gaia.esa.int 2019

Hermes/GALAH 2013-
www.mso.anu.edu.au/ 2019
galah/home.html

zvezd

483,330

125,000

20

milijonov

1 milijon

Teleskop

1,2-m UK
Schmidt

Vesoljska
misija Gaia

4-m AAO

Spektroskops S/N
ka locljivost

7500

10500 &
5500

25000 &
50000

Nas prispevek

operativno vodenje,
razdalje zvezd, morfoloska
klasifikacija, dvojne zvezde,
posebni tipi zvezd,
medzvezdni prostor

medzvezdni prostor,
morfoloska klasifikacija,
posebni tipi zvezd

RVS: modul RVMask,
modul za zmanjSanje Suma,
zacetni in referencni katalog
zvezd za RVS

vhodni katalog, opazovalna
strategija, obdelava
podatkov, morfoloska
klasifikacija, posebni tipi
zvezd, medzvezdni prostor

Sloan-SDSS je usmerjen predvsem v zvezde haloja in ima niZjo spektroskopsko loc¢ljivost. 14
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Yoy
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Stellar Hehncentnc Radml Velocities
javna objava podatkov

Zwitter 1dr. 2008
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B 10 .. 50 km/s
Bl -10 .. 10 km/s
]

-50 .. -10 km/s
< -50 km/s © The RAVE collaboration, background: © 2000 Axel Mellinger
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RAVE: poleg hitrositi tudi
meritve fizikalnih razmer v atmosfierah opazoevanihi zvezd

8000 7000 6000 5000 4000 3000
Temperature [K]

Sprehod ..., PMS Lj 6/3/14 Tomaz Zwitter Zwitter 1dr. (2010)



Polozaj RAVEovih zvezd v Galaksiji

Podatki: Zwitter idr. 2010, animacija: G. Matijevic
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RAVEove zvezde pred 220 milijonilet

Podatki: Breddels idr. 2009, animacija G. Matijevic & M. Vodopivec
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RAVE &
pregled Geneva-

Copenhagen

animacija G. Matijevic

r40)



Data SDSS: P. Rc Fiorentin,
Animation: G. Matijevic.
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Hitrosti zvezd v: Galaksi|i

| Hitrost v disku Guedes 1dr. 2011

| simuliran pogled na Galaksijo:
® levo: vidna in UV svetloba,
® desno: plin (barve oznacujejo
delez neioniziranih atomov).

-_— -
15 kpc 03 0.7
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Simuliran pogled na Galaksijo

Abadi idr. (2003)
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Simulacija kanibalistichega nastanka
nase Galaksije

Steinmetz & Navarro 2002

Prikazana je le
obicajna snov.

Tanek disk nastane,
ko je imelo vesolje

tretjino danasnje 4
velikosti (z ~ 2).

Apogled od zgora) A  Apogled od strani A
Sprehod ..., PMS Lj 6/3/14 Tomaz Zwitter 24



ga hnastanka

Narisana je vsa
(fudr temna) snov.

Gladko viskozno krcenje,
ki ohranja vrtilno koli¢ino

vpadnega materiala je edini ¥ o .
nacin za nastanek velikih . . g
galakti¢nih diskov, kot ol

je nas. . é "

- Font idr. 2001
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mulacija galaktichega kanibalizma

Aviiorica simulacije AminaiHelmi

let sn

Narisane so le zvezde, ki pripadajo pozrti
galaksiji. Modra ¢rta j ravnina Rimske ceste,
rumena pika pa poloZaj nasega Sonca.
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Preplet kemicne sestave in gibanja

Breddels idr. 2010
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Rezultati projekta RAVE v lefiu 2013

* Binney, J., and 18 colleagues: New distances to RAVE stars. Monthly Notices of the Royal Astronomical
Society 437, 351-370 (2014)

*Kordopatis, G., and 19 colleagues: In the thick of it: metal-poor disc stars in RAVE. Monthly Notices of the
Royal Astronomical Society 436, 3231-3246 (2013)

*Kos, J., and 18 colleagues: Diffuse Interstellar Band at 8620 AA in RAVE: A New Method for
Detecting the Diffuse Interstellar Band in Spectra of Cool Stars. The Astrophysical Journal 778, 86 (2013)

*Williams, M. E. K., and 26 colleagues: The wobbly Galaxy: kinematics north and south with
RAVE red-clump giants. Monthly Notices of the Royal Astronomical Society 436, 101-121 (2013)

*Kordopatis, G., and 50 colleagues: The Radial Velocity Experiment (RAVE): Fourth Data
Release. The Astronomical Journal 146, 134 (2013)

*Boeche, C., and 22 colleagues: Chemical gradients in the Milky Way from the RAVE data. [. Dwarf stars.
Astronomy and Astrophysics 559, A59 (2013)

*Zerjal, M., and 17 colleagues: Chromospherically Active Stars in the RAdial Velocity Experiment Survey.
(RAVE) I. The Catalog. The Astrophysical Journal 776, 127 (2013)

*Kos, J., Zwitter, T.: Properties of Diffuse Interstellar Bands at Different Physical
Conditions of the Interstellar Medium. The Astrophysical Journal 774, 72 (2013)

*Golubov, O., and 15 colleagues: The asymmetric drift, the local standard of rest, and implications from
RAVE data. Astronomy and Astrophysics 557, A92 (2013)

*Boeche, C., and 22 colleagues: The relation between chemical abundances and kinematics of the Galactic
disc with RAVE. Astronomy and Astrophysics 553, A19 (2013)
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Objave projekta RAVE
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Posebne zvezde:
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Figure 6. Distribution of EWirr for active stars (gray histogram), normal stars (which are assumed to be inactive; solid line), and pre-main-sequence stars (selection
is based on the SIMBAD classification of RAVE stars; dashed line). The scale is logarithmic. py,, is a measure of the probability that a star with given EW gy differs
from an inactive spectrum. py,, values correspond to 5o and 2o below zero and 20, 5o, and 100 above zero. A py,, value of 0.3 corresponds to EWgr = 0A.
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Figure 7. logRiIK vs. EWgT values for 211 RAVE stars matched with a set
of available online catalogs (they can contain different populations of stars
because their selection criteria might differ). Some of the stars were measured
multiple times by various authors; in this case, we plot an average value for
the star. The typical error of EWpgr is 0.16 A. Our estimation of the log Ry
scatter 1s 0.07. The large circles indicate “subgiants”—stars that are classified
as luminosity class IIL IV, or IV-V in the SIMBAD database. The squares are
binary candidates found by the LLE classification. The internal error of a single
measurement marks the internal error for EWipt while its ordinate error value
is the log Ry, . scatter. The histogram in the top panel shows the distribution of

HK °
EW gt values for the entire sample of active RAVE stars on a logarithmic scale.




Nova metioda za studij absorpcije v
medzvezdnem prostoru

Kos 1dr. 2013
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Izvor debelega diska: kanibalizem;in priviak snovi

- Kordopatis idr. (2014)

70 | RAVE Giants, SN>65/1 | I v vl bbb
- 7<r<9kpc : : 045 | : : : : : :
60" |z1<06 Kpc 03 |

| I N S [ S —— L S - i P R S - i

-0.4-0.2 0.0 0.2 0. ~0.4-0.2 0.0 0.2 0.4 ~0.4-0.2 0.0 0.2 0.4
[Mg/Fe] [Mg/Fe] [Mg/Fe]

Figure 1 — The chemo-kinematical relationship in RAVE data. Left, Vertical velocity dispersion ¢,, as a
function of [Mg/Fe] ratios. The black dashed curve shows a sample of 4755 giants with signal-to-noise (SN)
> 65. The color-coded curves present subpopulations grouped by common median metallicity [Fe/H], as
indicated in the middle panel and resulting mean values [Fe/H] = —1.05, —0.85, —-0.45, —-0.3, —0.1, +0.125
dex. The error for each [Mg/Fe] bin is estimated as the two standard deviations of 1000 realizations in a
bootstrapping calculation. Because variation in both chemistry and kinematics is expected with change in
position in the Galactic disc, we constrain our sample to Galactocentric distances in the range 7<r<9 kpc
and consider a maximum vertical height above and below the disc plane |z|=0.6 kpc, where r and z are the
radial and vertical directions in a cylindrical coordinate system. Middle, Same as on the left, but for the
radial velocity dispersion .. Right, Same as on the left and middle, but for the azimuthal velocity
dispersion o4 Similar reversal in the velocity dispersion trends at [Mg/Fe] > 0.4 dex is found for all

velocity components.




Gaia:

nezszlzktivno,

Hipparcos

Tiiiéna me'|a razdal'|e
Galaksi'i

Fotometrija

Opazovalna strategija

12 mag
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0 mag
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Ni¢
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15 km s' to GRVS = 16 mag




Koristni tovor in teleskop
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Figure courtesy EADS-Astrium



42.35¢cm

Figure courtesy Alex Short

GoriS¢na ravnina
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Star motion in 10 s
Sky Mapper Astrometric Field
CCDs CCDs
Total field: Sky mapper: Photometry:
- active area: 0.75 deg2 - detects all objects to G=20 mag - spectro-photometer
-CCDs: 14 + 62 + 14 + 12 (+ 4) - rejects cosmic-ray events - blue and red CCDs
4 1 ixels (TDI field-of-view discrimination Spectroscopy:
- 4500 x 1966 pixels (TDI) - hield-ot-view discriminatio - high-resolution spectra
- pixel size = 10 ym x 30 ym Astrometry: - red CCDs

=59 mas x 177 mas - total detection noise ~ 6 e-



Skeniranje neba

45°

SUN

Satellite spin axis

2

Line of sight 1

Spin axis 45° to Sun
Scan rate: 60 arcsec s
Spin period: 6 hours

Precession of the / .\ _
spin axis in 63 days\*

Gaia-ESO:
spektroskopija
Line of sight 2 Temnih ObjekTOV
za Gaio

Consecutive
great circles

Figure ESA



HERMES is a High Efficiency and Resolution
Multi-Element Spectrograph

e 392 fibers, each 2 arcsec in diameter

e deployable over a 2 degree field of view,
using the 2dF positioning facility

e four channel design with similar spectral
resolution

e minimum separation of 200A between
adjacent wavelength bands

39



HERMES na Avsiiralskem: asironomskem observaiioriju

Blue Camera

N W Y |-
VY L0 S T AR

4 channel
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Element Measurement Error

Light Elements

Li 0.06 e Abundance accuracy from literature
Alpha elements: studies using R ~25,000 — 30,000 and
o 0.07 SNR ~ 100
Mg 0.05
Si 0.05
Ca 0.04 * Measured via ‘Equivalent Widths’
s - and/ or Spectral synthesis techniques
Odd-Z clements: (planned GA survey abundance
Na 0.09 analysis pipeline -
Al 0.04
Fe-peak elements:
T 0.06 a o
= o Meritve posamezznin
o - kzmiénin zlzmeznioy za
— i milijon zvezd
Light s-process:
Zr 0.12
Heavy s-process:
Ba 0.08
La 0.08
r-process elements: Ref: Pancino et al, 2010; Jacobson et al., 2009;

Eu 0.06 Carney et al, 2005; Yong, et al., 2005; Friel et al., 2003




Prihodnost: De Silva, Freeman & Bland-Hawthorn (2009)
kem|é no A HR1614 moving group

ozhacevanje

® Hyades ™ Collinder 261 open clusters

Primer razpoznanja
zvezdne kopice

Sprehod ..., PMS Lj 6/3/14



Zanimiva prinednost:

RAVE
ESO-Gaia
Hermes-Galah
Gaia

Tako bomo scasoma bolje razumeli
zgodovino vesolja,
ki jo lahko na kratko povzamemo
z mislijo E.R.Harrisona (1995):

Vodik je lahek plin brez vonja, ki se,
ce mu damo dovolj casa, spremeni v ljudi.

Sprehod ..., PMS Lj 6/3/14 Tomaz Zwitter 43
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Zanimiva orinodnost jz lanko polna orzsznzézn)...
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