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Galaktik Dizlem -

Galaktik Merkez
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Galak3|m|zm yaplsml behrlemek zor
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> Uzakllk olgumlerl zordur

e Merkeze dogru baktlglmlzda gaz ve tozdan dolayl gozlemlerde
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Bir Qal'aksi olarak Samanyolu . :GélékS'isi’hin yaplsmln
incelenmesinde hem garak5| dI§I astronomlden hem de y/ldlz
- populasyonlar/ndan yararIanlhr — S

Dogrudan elde edllen bllgller
Dlger galaksnerln mcelenmesmden elde edllen bllgller

Yildiz pOpuIasyonIarl | mematlk
o Baat Rsr i 'ay daglllmlan
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Galaksimiz Samanyolu'nu arastifmak:igin izlenen yontemler -

Astrometri ' | | Fotometri

Konumlar, | Yildiz siniflamasi,
i Uzakliklar

) 0z hareketler,
trigonometrik ik

B paralakslar

......

......

Spektroskopi

Radyal hizlar,
Kimyasal bolluklar |
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Kume ylldrzlarlm kulla aksimizi arastirabilir =

Perseus arm

Sagittarius arm

To center
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Galaktlk yap1 ara§t|rmalarln|n tar|hgeS|

Gallleo Samanyolu nun blrgok o
ylld[zdan olugtugunu kegfeth "
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Ev e Kant galaksmm duzlemsel blr yaplya_.
| ' Sahlp oldugu kuramlmggrtaya att| =

,,_'[_omeda galak5|sm| de

’igu olugturuldu

, Wllllam ve Carolme Herschel
ilk kez “tiim gokyiizl taramas!” yapti ve 5000
pulutsuyu katalogladi.
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Herschel in, (1785) varsaylmlarl
Butun y/ld/zlar aynl parlakllklara sah/ptlr
Yfld/zlar Samanyolu boyunca un/form dag/lm/§lard/r

S/stem/n kenar/na kadar butun ylld/zlar goruleblllr

} | @3 Herschel ylldlzl_ar_arasu
7y @ . - tozun etkilerini -

”“_ diisinmediginden.ve
_,zdan dolayr cok uzag|
Oremediginden.
“Glines'in géreceli olarak
_?ﬁbt’ﬂfylldlzlar diskininr
 merkezine yakln oldugu
“sonucuna ulasti.
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Shapley (1919) kuresel kumelerm uzakllklarlnl hesapladl

Galaksimizin ~100 kpc gaplnda ve. Gunes in de Galak3|
merkezme ~15 kpc uzakllkta oldugunu buldu e

| Shapley"d_e tozu _n_ e%tki-s |n|dlkkateal rr_-}a}d |‘_: _f' ) -

Sy RS TS View we would have of Milky
A e . Way if we were outside it.
: ; : Shapley’s plot of location RN
Q - of globular clusters
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1920I| ylllarln baglnda Kapteyn _
| Fotograf/k y/ldlz say/mlarmdan lt/baren . . _
- Yakin ylld/zlar/n paralaks/armdan uzakl/klar/n/ hesap/ad/
| Y/Id/zlararaSI sogurmayl dlkkate Wade o e

Galaksimizin buyuklugunu 15 kpo g%plnda ve ~3 kpc kallnllglnda
olarak hesapladl ve Guneg. ! merkeze yakm b|r yere koydu

%ﬂ'
J*

. (1851 1922)

Kapteyn Model (1922)
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Andromeda nebula is a star system like ours ! ®
located at a distance of 450,000 |y 5 Andromeda nebula is only 1000 ly across and
e about 33,000 ly away [¢) e o
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Many other nebulae are also distant star systems % a2 300,000 ly
: Kapteyn g v O -Shapley' s

‘1920 de Amerlka da yapllan Uiusal f' i ;ier Akadem|31
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Shapley, Samanyolu nun c;ok buyuk oldugunu
ve bu nedenle bulutsulann Samanyolu na alt
oIdukIannl soyledl i o oy

- Curtis ise Samanyolu nun on daha kuguk

oldugunu sdyleyen Kapteyn modeline - = .'f
inaniyordu ve bulutsularin Samanyolu nun _
otesmde ayn blrer galaksﬂer oldugugu soyledl
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Hubble (1924) Mount Wﬂson da 100 mg hk blrteleskopla I .
Andromeda galak3|smdek| Sefeid deglgenlerml gozleyerek
Andromeda nin uzakllgmf bellrledl ve bu tartlgmayl sona erdlrdl

o e B .
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,Llndblad (1927) |Ik ayrlntlll klnematlk bir: modei

,‘-..Samanyolu nun kutlesmi hesapladl Guneg e yakln;
| ‘bolgede dlskln 200 300 km/s hlzla dondugunu ¥

olgtu
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Baade (1944) Farkll y|Id|z populasyonlarl oldugu fikrini

ortaya " attl.:. Guneg _civarindaki - ylldlzlarla kiiresel-
kiimelerin. yaplsmda farkllllk gorerek Glines civarindaki
y|Id|zIar |g|n Pop 8 kuresel kumeler |<;|n de Pop 15 terlmlnl

kuHandl e . - -

Diskte c;ember yorungelerde duzenll ;',-' Rastg ?;thléh’mis dis'ki -;géAgén"eIipti_k'
hareket eden genc, metalce i e ':yiir[—_]n‘g"__ fe hareket e’den ya§I|
B nyildizlar - 7 e metalce‘faigr ylldlzlar
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Bete 9
Roman (1954) Yuksekﬂave du:;;uk h|zI|
yildizlarin tayfsal mcelemesmden h|z metal

bollugu arasmda blr |I|§k| puIUyor

" Metalce- zaylf yuksek hllew e e
Metalce zengln —-duguk hLZ|I T
: : , o ,:2: — | |

— Stars with weak lines
. : 8— F do-—

—
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. | 5)UV aftlklarlndan
kiiresel kiime yl|dIZ___ a benzer 6zellikler
gosteren metalce zayif afan yildizlari.igin .
- genel bir yas-metal boIquu bagintisi

gl gelistirdi.
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‘Galaksimizin olugumunl}n ﬂk f|2|ksel modell Eggen Lyhden BeII |
Sandage (ELS 1962) tarafmdan ortaya at1Im|§t|r Ll e

* Halo stars form first in collapsing gas

* Today have orbits with random orientations

ELS Galak5|m|zm gok buyuk b|r gaz k-; h mm lge dogru
gokmeslyle olugtugunu ye: goktukge met ( .{,_aklmlndan
zenginlestigini, bu siirecin de 108 yilin- b|rkag kat| zamanda

olustugunu kabul etmislerdir.

_..._f;w" Ny
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.Searle & Zinn (SZ 1978) Tek blr bulutun gokusu yerme blrkag
bulutun blrlegmeSIer olustugunu onerdlier |

SZ, Halodakl kuresel kumelerln GaIaKSImlzm h|zI| c;okmesmden'
- daha uzun bir yas-dagilimi-gosterdigini kesfederek Galaksimizin
daha uzun b|r zaman arallglnda olugtugunu |fade ettller o

— ¥

protogalactic fragments in
various stages of evolution
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Merging
Slow
collapse

Metal bollugu gradlyentl var. Metal bollugu gradlyentl yok
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_1980 i ylllardan |t|baren Galak3|m|zm yaplsml ortaya koymak ‘
amaci. lle (}e§lt|l galak3| mode{len olugturulmugtur s

| Galak3| modellerl GalakSImlzdekl uzay yogunluklarlnl galak3|
koordinatlarinin blr fonkswonu olarak lfade eden matematlk
formullerdlr s xR te . SR

o Bahcall & Sonelra (19%0)
b Yoshn (1982) , a% o
G"”‘Ofe & Reld (1983_' -

Robln & Creze (1986)
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1990 i yillarda, HST n|n yemlenmeswle ve dlger uzay araglarmm :
gellgtlrllme3|yle galaksi- dl§l sistemlerin- ve. Samanyolu e o
uydularmm mcelenmesmde bir devcaim yagandl . ‘

Blylk - klrm|2| kaymaya sahlp galaksﬂf‘f";’"‘:_e‘;gé’z‘_rh'- klmyasal e
dinamik yap|S| hakklnda b||g| edmrldi R . S

HST ve yer tabanll buyuk teleskoplar s mde galaksnerln
evrimi ile ilgili yenl bilgiler edlnl|dl T St :
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2000’1, ylllarda Galaksx niz f:-'.yuksek aylrma gug,lu hassas L

2y Wl s
.-

buyuk olgekte S|stemat|kola4'rak arastmtmasr |c;|n CCD tabanll

UAK-2015


http://www3.istanbul.edu.tr/genel/idari/basinhalk/TANITIM/IUKK_tasarim/ornekler/IU_Logo.ai

.'t.

-~ g e = - - -

2MASS (1997- 2003)

oSN G —

SDSS 1V: . (2014 2@20)% __.,__‘ __;.3 DM halo (0% o

SDSS-IV Can View R
' the Whole Milky Way :

=%
Dwarf galaxies
lSte lar halo (~3% of stars)
2 Micron All-Sky Survey
du Pont Telescope
Chile
- -

RAVE (2003 devam)

=7 ANNSSSS

iy
////MIIIIIAt\\\\\\\\

Yo s, 7485 N ENARRRNNNNNNNN

(LA [ edllllIVAIIlI\\\\\\\
@7 | QNS Wi )

\\\\\‘IA\III' I
sl lll//l/

=SS\l

UAK-2015


http://www3.istanbul.edu.tr/genel/idari/basinhalk/TANITIM/IUKK_tasarim/ornekler/IU_Logo.ai

- .‘ P . % & g 7- -

ar- .

=0 28 : . Qe s BT ek S.t.ellqr} B
3 N e T . LR : - . =+ Astrophysics .

| 'St_ar'-'i%orf.ri.atio\n". Galéc;tic;t e TaY 2
History'of the . . - Structure . ey o
- MilkyWay - -

- !

‘Binariesand . .: e

R "
ARN. 4? Brown Dwarfs - = .~ . -
: S L, s g TR g

" Extrasolar .
. Planets

-EUrfdarﬁehtal.‘f-
© < Physics

" -~
-
e
o »
-+ 8" 5 il

- Reference -
< . Framie

UAK-2015 TUG Koleksiyonu


http://www3.istanbul.edu.tr/genel/idari/basinhalk/TANITIM/IUKK_tasarim/ornekler/IU_Logo.ai

L) L & SR o 'y
e oh - - N 1 o... o.- -\ﬁ
-lo- -» > ‘nol-l- R e Ve,
@ oe 2" -.\-.n.r-" - 0% on *
. * L . ®, . .
- > --\-‘ o.lu! . .
- e, o -v%u S e o 20
“* . . --“. 5 'nﬁ et U0

-~

e
. ".

*
e
-~

g T "y

P

TR

"

ol

.ﬁmu ma.Jsc ,
e 8 el <

0
—
o
$
R4
<
)



http://www3.istanbul.edu.tr/genel/idari/basinhalk/TANITIM/IUKK_tasarim/ornekler/IU_Logo.ai

2000l yillara kadar Geleneksel yildiz sayimlari analizi, - -
Galaksimizin temel ya_'_’;,sjﬂ|j_r-;1_;|_h..}-ye;__y_l;ld-l‘z'_'pbp‘-UIaSyQ’nla_rlmn Heal o0

anlagilmasini saglamistir. -~~~ © - 0

ik genig gozlemse[&stema’ﬂkgokyuzutarama3| 'f-ot'-Qgr‘afi:k_
Basel Halo Programidir (BHP; Becker 1965). -~ - ...
Basel Halo Programi, RGU fotometsik sisteminin gelistiriimis’
kalibrasyonu kullanilarak tekrar analiz ve kalibre edilmistir
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Samanyolu Galaksasngln yapllan |Ik model Bahcall ve Sonelra a- |
(1980) ait iki bilesenli (dISk Ve halo) standart modelde ince disk *
bilesenine ait yogunluk kanununun Galak3| merkezmden radyal
- ve Galaksi dlizlemine. dlk dcgrultularda glft exp b|r fonk3|y0n |Ie
deg|§t|g| kabul edlllyordu o - : ;

2000 l ylllarln baglnda yogunluk kanununun mutlak parlakllga o
bagli oldugu gostenld| S ga <R e f
Parlak kadlrler |c;|n exp sonuk kadlrler |§|n Sech2 fOﬂkSlyonu |Ie

uyumlu oIdugu gosterlldl (Karaah ve- dl‘O€)4)
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‘Galaksi d|sk|n|n ve halosunun yaplsal parametrelerlne alt__ e

degerler zaman lglnde deg|§m|§t|r e
Orne‘gln ka'lm d|Skm:-._--‘ _' el

yuksekhk olgegl H 1 45 kpc
i

O 65ﬁ<pc
yerel yogunluk n: % .10

o %2 =4

Ustellk gogu gallgmadakl parametre degerlerl genls arallkta
verilmistir. - -
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> -Galak3| model parametrelerl Galaktlk enlem ve. boylama
baglldlr (Buser ve dlg 1998 1999 B|I|r ve dlg 2008) :

GalakSI model parametrelerl mutlak parlakllga baglldlr
(Karaall ve. dlg 2004 BIIII’ ve dlg 2@06) e

Galaksi model parametrelerl Ilmlt uzakllk |Ie de deglglm

gostermektedlr (Karaallve dlg 2007) 2

FarkI| enlem ve boylamlardakl yt ,,,,al._anlarl lgm

hesaplanan Galaksi model parame gelerinin farkl olugu

diskin flare (alevlenme) ve warp (’_idifma) etkisi ile

- aciklanabilir (Lopez- Corredowa ve dlg 2002 Momany ve
dlg 2006) | PR |
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Galak3|dekt burulma galaktlk duzlem|l |Ie Il geyreklermde .
(0° <1< 180° )yukart dogru III |Ie IV geyreklerlnde (180° < I s
360-) ise agagl dogru buker

Il!ooxé"P P ;

Alevlenme yuksekllk olgeglnl Galaksu m'ﬁ"f?k921nden |t|baren
uzakhigin bir fonk3|yonu olarak deglgtlrmektedlr
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Galactic Warp Factor
The disk of our Milky Way galaxy, which contains most of its -
stars and gas, has roughly the proportions of a vinyl LP record “ e e
or compact disk, The warp in the galaxy looks like what hap- :
pens when you mistreat an LP or CD.
An Old Hypothesis Revisited
b P 2
Jlanic Clouds. Itfell into disfavor h lltes Vibrating Like a Giant Gong Ty B 3 & :
B S o effe i The 2 J At g = z 2
L Lo s Th Fe e = A: = e 7] b4 2N
years they though the galaxy were a giant gong. The gravity of the T8 BT Sl B ot g UL lashess " - :
touds’ e o L SRl L 3 - S e : . P o
Qlassic view of Milky Way E 5
Some warp explained by Magellanic Clouds 2
4 .
-
Magellanic Clouds
s
" ; -
i
YWWhMGM -
Dark matter halo g “‘r # 3
(purple haze) B o
-

Frde : qu Magellnic Cloud
i

Vertical scale exaggerated

UAK-2015


http://www3.istanbul.edu.tr/genel/idari/basinhalk/TANITIM/IUKK_tasarim/ornekler/IU_Logo.ai

Farkli dogrultulardakj ylld1z alanlan |gm hesaplanan model
parametrelerlnln fal’k|l|lk gostermesmln ba§ka blr nedem

| > Haloda yogunluk fazlahgl olan bolgelerln gozlenme3|d|r Bu
yogunluk fazlallgl hakkmda tkr senaryo vardlr o .
1) Halonuh U(; ek’SenIi}' yépils'_l'.’i-.;_f-fAfi??iif_.? = o

2) Clice galaksnerln Galak3|m|z |Ie blrlegme3| sonucunda
Galaksimize. y|g|§an kallntllar * e .

Milky Way: Z A e e | R i i
Triaxial Dark Halo 2 e o ; : debris s

- » '.. " .' G n
_‘(T’f// PRSI e ot : \\\Mﬂkymhydkk
\ = _. '7 B roc i %’t} y : Direction of motion
3 Sgr.core

David Law
UCLA

B =
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Galactic halo

metal-poor

globular clusters
O

o o}
®

metal-rich o
globular clusters

o]
o

dark matter

(everywhere)
o

o

©G. Kordopatis & RAVE collaboration,
background adapted from Sparke/Gallagher CUP 2007
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2011 s’ :
Dame & Thadddis Nataf et al
HI, CO, SF? :
—
2008 _ )
Dame & Thaddeus : ‘;_Q'I,Gonza!e%‘g al
HI, CO + SF (Green¥t al ; Y
o "\
S
2000/2005 [ ﬁ O
;mm.:l:gy: " N A / “cClurc iffiths et al.
Red clump , HI, CO? SF?

o‘, e - Py oo - .
~ fe,: . e 50 " F
< . 7 11992/2011/2012?

—~—
Image credit: Robert Hut (2008)/ Tom Dame (2011)

A. Robin/D Minniti/D. Nidever?
Stellar break /warp in red clump

v
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~ Chandra X-Ray Observatory -
14/09/2013 glant flare

-

Kutlell parlak ylldlzlarln yorungesel ha'f erlnden yeri tesplt
edilen Samanyolu’'nun merkezmdekl (Sgr A%} super kutleli -

karadelik. Keck Gézlemevi'nde calisan Andrea Ghez (1999)
;g,.___‘._taraflndan gosterlldl |
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$|§krn bolge (bulge) ve gubuk (bar) Galaktrk yapr rle |Ig|I| son -
, tartrgma konularrndan brrrd_r_r ¢ - .
Lopez Corredorra ve drg ne (2007) gere bulge ve- bar ayrr |k| :
bllegendrr » citLal f '

Bar uzundur ve duzlemdedrr( 140 g< +300 |b| - 1 50)

'UQ eksenlr §|§krn bolge krsadrr fv el
aralrgrnda yer alir (|E| = 5° |b] L 100;}
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...-I.erde blr karar3|zllg|n
sonucu olarak olustugu §|§km botg_ in ise - baslangfgta var
oian bir Galaktlk bllegen oldugu kabul edilr yektedlr '
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Ince dISk bllegem geng ve yagh mce dISk olmak uzere |k|ye
. ayrlllr | o s
Bu bllegende bulunan ylldlzlarm metal bellugu ortalama olarak
[Fe/H] O dex | e S e

B @ l g
Galak3| merke2| etraflnda glzdlklerl yorunge ise gemberdlr
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Gllmore ve Reld (1983) yIIdIZ saylmlarlnl |k1 bllesenll S|stemle‘
| modelleyemeylnce Galaksimizde disk ve halo: bllegenlerlne 4
llaveten uguncu b|r bllegenm olma31 gerekttglnl onerdller :

1985 te de kalln dISk bllegenlnl Galagk& medellerlne ek1ed|Ier -

Guney ve kuzey Galaksi kutup bolgelarl dogrultularlnda y|Id|z _
sayimi gallgmalarl yap|Im|§ ve kalln dlsk"bllegem astrenomlarca_
kabul edllmlgtlr | - B o PR G
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Thin disk:

_R‘\ Thin diSk -- | scale height: 250 pc

® normalisation: 98%
Thick disk:

scale height: 1400 pc

:_ - : . v ; ] normalisation: 2%
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Gilmore & Reid (1983) HAS

@ thick disk * transition

Fuhrmann (1998 & 2000)
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'Kalln dISkIn olu§umuyla |lglh farkll senaryolar vardlr &
° Radyal gog ( Schcanrlch & Blnney 2009 Roskar et al 2008 )
° Kug:uk blrleg,meler ( Vlllalobos & Helml 2008 )

e Kutlell b|r uydunun kat|I|m|(Abadl et aI 2003 Brook et aI
2005) vt & _ S

Yuksekllk olgegl uzunluk olgegl [MlH]-_f Iﬂemat,kdlk -
dogrultudakl gradlyentlerl bellrlenmell o SETEREN

Bunun |g|n de buyuk |stat|st|ksel g;alrgmalar gokyuzu taramalarl
gereklldlr - -
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Galactocentric Distance (kpc)
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any small satellites jii

i Metal-rich
Prograde - T
Effect of later disk fqvmatlonk

Carolla ve dig. (2007) Galaksimizin yildiz halosunun ic ve dis
olmak uzere Iki bilesnli oldugunu belirttiler.
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. Galaksimizin Karanlik Madde Halosu

! Dark matter halo :

- 100 kiloparsecs or more !

| B - 1
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Visible matter
of the Galaxy

Figure 23-19

Universe, Eighth Edition
© 2008 W.H. Freeman and Company
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Milky Way Ring

I—'— 120,000 Light Years —1

Rensselaer POytEChic:
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'"GAIA

(Global Astrometrlc Interferometer for Astrophysms)

 Biimselhedeigianahtan

 Astrometrinin altijgcagi -
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GAIA /le HIPPARCOS uydular/nm kar§/la§t1rllmaSI ' o

: e r;Hlpparcos et - GAIA

Limit kac_llr, S 12 ':-.}:i_-20-21 mag

Tamhk . 077 S ot SR 9 0 o =20 mag ;

Parlak limit kadir = - - =0~ ~7 fiag e o

Cisimlerin sayisi - - 120 OOQ -~ =35 milyon, V = 15 B

| . CTem s ML - - 2380 milyon, 'V =18 .
Beaece . Tl mllyar =20 -

Etkin uzakllk I|m|t| U kee PRl Mpc s e

[ Mazdrlar .- v Ui S a5 x 106

Ealaksiler - v Ak e o x E 0 -

Hassasiyet - .. T mllllarcsec ,ﬁ_farcsec atV=10

el R - e _ 'AZ@"@rcsecatV-ﬁ
arcsec atV=20"

Genis band =0 2—renk (B ve V)
Ortaband . =~ . .. i
Readyal iz - - -0 Lo

108 cift yildiz sistemi - -~ -~ -~ 200 000 disk beyaz-ciicesi
50 000 kahverengi-clice 50 000 gezegden-sistemi :
106-107 galaksi 10° kuazar

10> Galaksidisi supernova 106-107 Glnes Sistemi cismi
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--lVl'

Vi bulge In §ekI| ve donme3| dISk ve ha'lo s
v« yildiz olusum borgelerlnln hareketl kumeler
v' . spiral kollarin dogasi '

¥ Galaktik: uydu 5|stemler|h'|h' uZay hareketlerl
Ylldlzpopulasyonlan e A . e :

V. . Galaktik bilesenlerin f|2|ksel araktenstlklerl o b
v - baslangig kiitle fonk5|yonu Cift ylldlzlar klmyasal evrlm__ ;
v yI|dIZ olugumlarl e - T - :

Galaksi olugumu | - .
v. karanhk madde daglllmlmn dln’_;;__ ¢ olarak belirlenmesi
§ b|rle§meler|n yemden kurguIanm‘a;.:j_i};"1{__--,-‘_-__-'»" i

e Galaks’inin Olugumu ve'Evrimiw
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0 1400 1500 1600 1700 1800 1900 2000 2100

1 pas gok ktcuk bir agldlr _ e
1 Mpc uzakliktan bakildiginda Dunya-Gunes S|stem|n|n goruldugu acudir.
_ Ay'daki(380 000'km) bir piring tanesinin goruldugu acidir.
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Istanbul Un/versn‘eSI Galaktlk Yapl Qall§ma Grubu olarak £5
Samarnyolu’ GalakSISI nm yapISI lle I/gl/l gal/§ma/ara yaptlg/mlz
-katkllar et R

< Galaksi modeller/nde mce dlSkln yuksekhk olgegml /geren Gl

_ matematiksel. ifadenin My < 8/gm (exp), I\/I >8. igin (sechz)
fonks:yonu ile daha /y/ uyumlu ol@gunu gosterd/k

% Galaksi model parametrelermln Ga&'z;-l_k;_en-lem__ve boylam_.'ile |

-~ mutlak kadlre bagll oldugunu buld‘ L e o

zaklik ile de degisim
gosterdlg/nl belirli bir model parametfesmm farkll hac:mler /g/n
farkli oldugunu /fade ettik. 2 .

2 Galaksi model parametrelermm Ilmltiﬁ
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L R .
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_," ‘;',-' ‘1_ MR

£ I§/ma guCu fonks:yonlarmm bellrlenmesmde evr/mle§m1§
y/ld/z etk/sm/ ortaya koyduk e e e

R Mutlak parlakl/k ve metal bollugu kallbrasyonlarl OIU§turduk

o Farkll fotometr/k s;stemlerm b/rb/r/ne donugumunu saglayan
donU§um denklemlerl elde ett/k -

* De"v ve ~Cﬁc'e yl/delarm' ayriml‘ —~ ,-gm— yontem gelistirdik. - *

% Galakt/k model parametreler/nm:-e §1ﬂ/§/anakol o
yildizlarina bagll oldugunu tesp/t eh‘l TS '

X Galaks:m/zde hem d/k hem de radyal-'dogrultuda metal
bollugu gradlyentm/ tespit ettik. -
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ve 11 lisansisti 6grencisi
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