A Tejutrendszer felfedezése: a
sztorl €s a gombhalmazok

Bevezetes a csillagaszatba V.






* JejUtrendszer: galaxis
gordg: kiklos galaxias (yohaciag)
latin: via lactea

Angol: galaxy, Galaxy
Milky Way

* 1610: Galileo Galilei: tavesovel csillagokra bontotta
a Te|ut fényes sav|at

* 1750: Thomas Wright (filozétus), “An Original
Theory or New Hypothesis of the Universe”












* Immanuel Kant (1755, “Allgemeine
Naturgeschichte und Theorie des Himmels”):
a csillagok nem egyenletes t0ltik ki a teret, hanem
egy lapos korong alakjat veszi fel az eloszlasuk.

De mekkora a rendszer? Probléma: benne
vagyunk.

* William Herschel (Uranusz, IR sugarzas,
kettOscsillagok, halvany kd6dok): csillagszamlalas.



* Herschel 3 feltevése:
1. a csillagok térbeli slrdsége allando
2. a csillagok abszolut fényessége allando
3. tavcsovelvel ellat a rendszer széléig

* 17/84-1785: 683+400 mezd (negyed telihold),
csillagok szama és fényessége
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* Hugo von Seeliger (1849-1924)
Jacobus Cornelius Kapteyn (1851-1922)

Sztellarstatisztika igazi kidolgozasa a Bonner
Durchmusterung (BD) alapjan

457.848 db csillag pozicio és tényesség (F.W.
Argelander kezdeményezésére)



&@QXN ’(\-wwlwn \/:94'\« o C/"\M aQqM ?‘W Q/@Wu, bonor, O,
ol o) sl Sfdd e sl B
- ww #}(M> MM&%{Z‘wy e o ot 2}03«%@:}@
W\&J \wou@ (l%?d) ““\":j*l{/’ D’/’Y, /,U

it
IC/};); o f s
4 S5ty 1“#"1001(7(,
P SO RERIN AL :»\féwe Lt
‘5&‘@&“7 Loglogn nludn (520 fan A ele woddliel:

v

M‘\{\Q@\ g
ZM;[\ < lep
A /(BVKLVC -



H?“M@G% gWOM LW\/\'& ('ﬁot}>1 V\L, [V'@Xéé@«,l{,[&\j @éAc’(y(u{ Q’,{h\]%bd‘\

/Aﬁ%@wm

A(o Q%A’{& N ';0[,(/\*?‘/ Ll ‘W&) MLU c O ‘(O(M,wj

Medorn %L/\é(e’)eg;l(‘ ‘
M) =at b &/ C

g (L ! Na\m 1S ofud SHC e

K\K\W\ "> U(mﬁ, \CL

logarithm of period in days

12 12
| //
74

13 Stz . i3

14 o 14

photographic magnitude

15 el ’ | 115

16 - : -+ —] 16

0.00204'650,8!.0[2!.4!51.82.02,2

Fia., 2.



Mk o Ak & neldd 7

hupokons el 0= qr [

\%w QLN/U v, )(%J HHWM a %0@( ) ﬁp \(“/:y\ \‘97 '- L“Ar(n U, AQ;@W
e wedhdl sl ald o e ol & kL

&
et oty el 24 2y gt Lol oy
pod”
o
- ATRET N ¥ 2 P~ L
Vbl lild{ male = T alf of. W %L 7 W(;ﬁ@gp

E(J‘);szk LU (QQML \zé \ﬂj@mv«'(&t\« J\pl(ld«’{»\ w@w&‘&dﬁi @c’\*wu&h&'(
6 At c&q\,u%ﬁ&wx wq(mhlww‘\ §



) R
\’(!u\m\“.\)wb (413417( gh\w«f}\t\, «N\MMMQ% @( %n[{’\(/ /< A —ZAMKL‘NM _

( quwf o M= 3)/ 173 wfuele a(&g}(m. (oxtatf, ALY

Vol Shegly (1665157
'U/W .‘5&, MSSMMQ‘ ON(({AC\( (,annu- CJ)‘“‘""’”B} ’
Ll\wham\(( o @ (Loals L‘ W—\kf{ ‘*‘7{&( St e /C/‘%&“% 3@‘@9«%’ <




e Shapley (1917): 69 gbmbhalmaz (GH) tavolsagainak
publikalasa

1. omega Cen, M3, M5: cefeidakat tartalmaznak, PL-
relacio

2. A harom GH alapjan kalibralta benniink az RR Lyrae
csillagok abszolut fényessegét (kb. konstans). +4 GH
tavolsaga

3. A7 GH-bdl a 30 legfényesebb csillag atlagos abszolut
fenyessége (-5 elotér). +21 GH tavolsaga

4. A 28 GH-bdl tényleges atmérd, majd ezt standard
meéterrudkent hasznalta. +41 GH tavolsaga
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Robert Triumpler (1930): a csillagkdzi térben
jelentOs fenyelnyelés van

80 nyilthalmazra tavolsagok meghatarozasa két
modszerrel

1. standard méterrud: a nyilthalmazok mérete kozel
azonos

2. fOsorozatillesztés
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Nyilthalmazok: fiatal, (106-10° év),
gyengen kotott csoportosulasok,
jellemz&en tobb szaz halmaztaggal.
Femgazdag populacio, egyedi
csillagok szeles tomegtartomanyban.

Gombhalmazok: a Tejutrendszer
legid&sebb epitékockai (1010 év), akar
| millio halmaztaggal. Femszegeny
populacio, a galaktikus fejlédes
kistomeg(i tuleldi, sok csillagfejlédesi
vegallapot (feher torpék,
neutroncsillagok, fekete lyukak?).



The 119 globular clusters within 50,000 LY of the galactic centre 5,000 LY
Galactic centric (galactic longitude and latitude) | |

Data from William E. Harris, MchMaster University
http: My physics memaster .ca/Globular htmi 3D Diagram by Larry McNish
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Open cluster

(Penn State Uni.)



Csillaghalmazok kronometriaja: a szin-fenyesseg-diagram
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Csillaghalmazok kronometriaja: a szin-fenyesseg-diagram

Teff [K]
10000 8000 7000 6000

(B.J. Mochejska et al.)



A gombhalmazok “altalanos tulajdonsagai’:

nagyon idés csillaghalmazok (t>10 Geév);

a galaktikus dudorban és a haloban talalhatok (kb. osszesen ~150);
a halmaztagok kora és kémiai osszetetele megegyezik...
...dinamikai allapotuk pedig beallt nyugalmi helyzetbe réges reg;

a csillagfejlédesi elmeletek kitlin6 asztrofizikai laboratoriumai



Leteznek “fiatal”
gombhalmazok

Pl. Whiting | a Sgr dSph-ban: t~6,5 Gev
(Carraro et al. 2007, A&A, 466, 181)
Segue 3 a galaktikus haloban: t~3,2 Gev

(Ortolani et al. 2013, MNRAS, 433, 1966)

E(B-V)=-0.05 E(B-V)=0.035 E(B-V)=0.18
(m-M),=17.17 m-M,=17.45 m-M,=18.00
7=8.0 Gyr 7=6.5 Gyr 7=5.0 Gyr
Z=0.008 Z=0.004 =0.001

1

B-V B-V B-V



Tobbszoros populaciok gombhalmazokban

omega Cen: regota ismert tobbszorosseg
pl. Norris et al. (1996), Ap|, 462, 241

Lee et al. (1999), Nature, 402, 55
Pancino et al. (2003), MNRAS, 345, 683

15 |

HST fotometria >| millio csillagra
(Villanova et al. 2007, Ap), 663, 296)

= W

25 [
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Figure 1. Upper panel: in red the simulated spectrum of a star of the first stellar
generation (N-poor) RGBa in NGC 6752; in blue the simulated spectrum of a
third generation, N-rich, RGBc star (Milone et al. 2010). Middle panel: flux
ratio of the two spectra reproduced in the upper panel. Lower panel: bandpasses
of WFC3/UVIS with F275W, F336W, and F438W.

(Piotto et al. 2015)



7\ T T T T ‘ T T T ‘ T T T ‘ T L J T .\. T T ‘ T T T ‘ T T T ‘ T T T ] 7\ T T T ‘ T T T ‘ T T T ‘ T T T 7\
- NGC104 . - NGC288 . - NGC362 .
T X —12} B 4 —12f AN =
= I - S - 8
210 - —10}- i F = —10F .
=9 - i ﬁ'
8- or 1 7°r i
5 -6 B —" ) - —
5 E oo \ i o | N [ | L) | ]
2 0 2 4 6 8 0 2 4 6 8
11 porsw 111 pgiaw 11 porsw 111 pgiaw I1 posw 111 pgiaw
i ‘ ‘ ‘ ‘ 1T \7 714\\7\."\\ \\‘\ 1T ‘ T 1771 ‘ \.\ \7\ 714 \7\‘ T 17T ‘ T 17T ‘ T T7T ‘ T T \7\
i14 | - . ] - ': _ |
i 1 —12+ - —12+
= .
© B i L " . -
[ap] .
™
o i | i i i
& 1oL - : - f
i 1 —-10- - —10F
—10 . : N I u-au- '-'7 I . : :
I T e L -8 I AN B AR R AR AR sz“i'-"‘}-i-"ﬂ%u",-"iﬁ"'?;r! -8 N N S
1.5 2 2.5 3 1.5 2 2.5 3 1 1.5 2 25
CF275W.F336W,F435W CF275W,F336W,F438W CF275W,F336W.F‘438W

Figure 4. Upper panel: mgy7sw vs. mpy7sw — mpgiaw CMDs of NGC 104, NGC 288, and NGC 362. Lower panel: mp33ew VS. Cra7sw.F336w. F43sw index for the same
clusters as the upper panel. Magnitudes and colors are in the instrumental system described in the text.

(Piotto et al. 2015)
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Milone et al. 2015



Leteznek gombhalmazok jelenleg is zajlo
dinamikai bomlassal (“‘arapaly-parolgas™)

Legjobb peldak: Palomar 5, NGC 5466

Odenkirchen et al. (2001)

b [deg]

1 cos b [deg]



Decl. [deg, J2000)

Minden SDSS-
csillag...

...es a Pal 5 szin-
fényesseg-diagramjara
illeszked6ek

23 230 229 228 227 226

RA. [deg J2000]

Decl. [deg, 32000]

231 230 229 228 a7 226 225 224

RA. [deg J2000]



R.A. (deg, J2000)

Grillmair & Dionatos 2006



Halmazokon belul finom kemiai valtozasok
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Figure 4: The Na-Ni distribution for globular cluster stars, dwarf spheroidal galaxy stars, field halo
stars and stars of the Aquarius stream (black star symbols) (Wylie de Boer et al. 2012). The stars
of the Aquarius stream are in the same part of the distribution as the globular cluster stars.

galaxies. The distribution of their stars in the [X/Fe]-|[Fe/H]| plane is well defined for an individual
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Sebessegdiszperzios profil: a radialis sebessegek
szorasa a tavolsag fuggvenyeben
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Kinematika es modositott newtoni
dinamika

THE ASTROPHYSICAL JOURNAL, 270:365-370, 1983 July 15
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A MODIFICATION OF THE NEWTONIAN DYNAMICS AS A POSSIBLE
ALTERNATIVE TO THE HIDDEN MASS HYPOTHESIS'

M. MILGROM
Department of Physics, The Weizmann Institute of Science, Rehovot, Israel; and
The Institute for Advanced Study
Received 1982 February 4; accepted 1982 December 28

ABSTRACT

I consider the possibility that there is not, in fact, much hidden mass in galaxies and galaxy
systems. If a certain modified version of the Newtonian dynamics is used to describe the motion of
bodies in a gravitational field (of a galaxy, say), the observational results are reproduced with no
need to assume hidden mass in appreciable quantities. Various characteristics of galaxies result with
no further assumptions.

In the basis of the modification is the assumption that in the limit of small acceleration ¢ < a,,
the acceleration of a particle at distance r from a mass M satisfies approximately a*/a, = MGr™?,
where a, 1s a constant of the dimensions of an acceleration.

A success of this modified dynamics in explaining the data may be interpreted as implying a need
to change the law of inertia in the limit of small accelerations or a more limited change of gravity
alone.

I discuss various observational constraints on possible theories for the modified dynamics from

data which exist already and suggest other systems which may provide useful constraints.
Subject headings: cosmology — galaxies: internal motions — stars: stellar dynamics
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Figure 1: The velocity dispersion profile of @ Cen-
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