
A Tejútrendszer felfedezése: a 
sztori és a gömbhalmazok 

Bevezetés a csillagászatba IV.



(ESO)



• Tejútrendszer: galaxis  
görög: kiklos galaxias (γαλαξίας) 
latin: via lactea  
 
Angol: galaxy, Galaxy 
Milky Way 

• 1610: Galileo Galilei: távcsővel csillagokra bontotta 
a Tejút fényes sávját 

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









• Immanuel Kant (1755, “Allgemeine 
Naturgeschichte und Theorie des Himmels”):  
a csillagok nem egyenletes töltik ki a teret, hanem 
egy lapos korong alakját veszi fel az eloszlásuk.  
 
De mekkora a rendszer? Probléma: benne 
vagyunk.

• William Herschel (Uránusz, IR sugárzás, 
kettőscsillagok, halvány ködök): csillagszámlálás.



• Herschel 3 feltevése:  
 
1. a csillagok térbeli sűrűsége állandó  
 
2. a csillagok abszolút fényessége állandó  
 
3. távcsöveivel ellát a rendszer széléig  

• 1784-1785: 683+400 mező (negyed telihold), 
csillagok száma és fényessége









• Hugo von Seeliger (1849-1924)  
Jacobus Cornelius Kapteyn (1851-1922)  
 
Sztellárstatisztika igazi kidolgozása a Bonner 
Durchmusterung (BD) alapján 
 
457.848 db csillag pozíció és fényesség (F.W. 
Argelander kezdeményezésére)











• Shapley (1917): 69 gömbhalmaz (GH) távolságainak 
publikálása  
 
1. omega Cen, M3, M5: cefeidákat tartalmaznak, PL-
reláció 
 
2. A három GH alapján kalibrálta bennünk az RR Lyrae 
csillagok abszolút fényességét (kb. konstans). +4 GH 
távolsága 
 
3. A 7 GH-ból a 30 legfényesebb csillag átlagos abszolút 
fényessége (-5 előtér). +21 GH távolsága 
 
4. A 28 GH-ból tényleges átmérő, majd ezt standard 
méterrúdként használta. +41 GH távolsága





• Robert Trümpler (1930): a csillagközi térben 
jelentős fényelnyelés van  
 
80 nyílthalmazra távolságok meghatározása két 
módszerrel 
 
1. standard méterrúd: a nyílthalmazok mérete közel 
azonos 
 
2. fősorozatillesztés









Nyílthalmazok: fiatal, (106-109 év), 
gyengén kötött csoportosulások, 
jellemzően több száz halmaztaggal. 
Fémgazdag populáció, egyedi 
csillagok széles tömegtartományban.

Gömbhalmazok: a Tejútrendszer 
legidősebb építőkockái (1010 év), akár 
1 millió halmaztaggal. Fémszegény 
populáció, a galaktikus fejlődés 
kistömegű túlélői, sok csillagfejlődési 
végállapot (fehér törpék, 
neutroncsillagok, fekete lyukak?).





(Penn State Uni.)



Csillaghalmazok kronometriája: a szín-fényesség-diagram



Csillaghalmazok kronometriája: a szín-fényesség-diagram

(B.J. Mochejska et al.)



• nagyon idős csillaghalmazok (t>10 Gév); 

• a galaktikus dudorban és a halóban találhatók (kb. összesen ~150); 

• a halmaztagok kora és kémiai összetétele megegyezik...  

• …dinamikai állapotuk pedig beállt nyugalmi helyzetbe réges rég;  

• a csillagfejlődési elméletek kitűnő asztrofizikai laboratóriumai

A gömbhalmazok “általános tulajdonságai”:



Léteznek “fiatal”  
gömbhalmazok

Pl. Whiting 1 a Sgr dSph-ban: t~6,5 Gév 
(Carraro et al. 2007, A&A, 466, 181) 
Segue 3 a galaktikus halóban: t~3,2 Gév 
(Ortolani et al. 2013, MNRAS, 433, 1966)



Többszörös populációk gömbhalmazokban

omega Cen: régóta ismert többszörösség  
pl. Norris et al. (1996), ApJ, 462, 241  
Lee et al. (1999), Nature, 402, 55 
Pancino et al. (2003), MNRAS, 345, 683

HST fotometria >1 millió csillagra 
(Villanova et al. 2007, ApJ, 663, 296)



2. Enrichment. While the first-generation (1G) stars have a
composition that can be ascribed to the proto-galactic
interstellar matter out of which they formed, the second-
generation (2G) stars can be depleted in C and O,
enhanced in N and Na (e.g., Carretta et al. 2009; Marino
et al. 2008, 2011a, 2011b, 2012, 2014), and enhanced in
He (Milone et al. 2012a, 2012b, 2014a). In some cases the
He enhancement can be quite strong, close to Y = 0.40
(e.g., D’Antona & Caloi 2004; Norris 2004; Piotto
et al. 2005, 2007; King et al. 2012; Bellini et al. 2013a),
while in others it is still measurable but small (e.g., ∼0.01
as in the cases of NGC 6397, Milone et al. 2012b, and
NGC 288, Piotto et al. 2013). This chemical pattern
indicates that the material out of which GCs formed was
exposed to proton-capture processes at high temperatures
and must have come from relatively massive 1G stars.
With a few notable exceptions, i.e., ω Cen (Norris & Da
Costa 1995), M22 (Marino et al. 2009, 2011c), M54
(Carretta et al. 2010), NGC 1851 (Yong & Grun-
dahl 2008), M2 (Yong et al. 2014), NGC5 824 (Da Costa
et al. 2014), and Terzan 5 (Ferraro et al. 2009a), 2G stars
have the same abundances of iron and other heavy-
elements as the 1G stars, indicating that their material was
somehow not tainted by 1G supernova products. Even in
the case of clusters exhibiting multiple iron abundances,
the differences are relatively small, indicating that only a
tiny fraction of the supernova products from 1G were
incorporated in 2G stars (Renzini 2013). It is not clear at
present whether the clusters with iron abundance variations
are part of a different class of GCs. Because of the large

number of GCs sampled, GO-13297 will surely help to
address this idea.

3. Variety. Thus far, we have found no two clusters that
manifest the MP phenomenon in the same way. The
relative proportion of 1G to 2G stars differs enormously
from one GC to another, and in several cases the 2G stars
outnumber 1G stars and are more centrally concentrated
(as in ω Cen; Bellini et al. 2010, and 47 Tuc, Milone
et al. 2012a, see also Lardo et al. 2011, but based on lower
quality SDSS data.), becoming quite dominant at the very
center. In other cases, large differences are also seen in the
degree of He enhancement and in p-capture elements.

4. Discreteness. One crucial property of MPs is that in a large
number of GCs the populations can be separated into quite
distinct sequences within each color–magnitude diagram
(CMD) and/or in appropriate two-color plots, as opposed
to a continuous spread, observational results that any
formation scenario must be able to account for.

Different progenitors of the 2G have been proposed.
Intermediate-mass asymptotic giant branch (AGB-M) stars
(D’Antona et al. 2002), fast-rotating massive stars (FRMS)
(Decressin et al. 2007), or interacting massive binary stars (de
Mink et al. 2009; Vanbeveren et al. 2012) may eject materials
with composition similar to that of 2G stars, i.e., somewhat
helium enriched and exposed to proton capture reactions at
high temperatures, but with sizable differences from one case to
another.
The AGB-M and the FRMS models are those for which all

the different aspects of the study of MPs have been more
extensively investigated. Although these models are based on
different sources of processed gas, in both models the amount
of gas available for 2G formation is only a small fraction of the
initial 1G. This has the important implication that both these
models require the 1G star cluster to be initially more massive
than it is now (see e.g., Decressin et al. 2007; D’Ercole et al.
2008; Renzini 2008, 2013; Ventura et al. 2014 for estimates of
the possible initial 1G cluster masses), and to have undergone a
significant loss of 1G stars (see, e.g., D’Ercole et al. 2008;
Decressin et al. 2010), leading to the large fraction of 2G stars
currently observed in many GCs (Renzini 2008). This large
loss of 1G stars also implies that GCs must have significantly
contributed to the formation of the Galactic halo (see e.g.,
Vesperini et al. 2010; Schaerer & Charbonnel 2011). Another
requirement shared by these models is that not only ejected
material from the 1G stars is necessary. It may have been
somehow diluted with gas with the same composition as the 1G
in order to reproduce the Na–O anticorrelation (as advocated
by Decressin et al. 2007; D’Ercole et al. 2008, 2011), though
the mode of such dilution remain obscure. The origin of this
pristine gas is still a matter of investigation and debate.
Curiously, recent surveys of young (10Myr–1 Gyr) extra-
galactic massive clusters (Bastian et al. 2013a) do not show
any evidence of the presence of gas and/or ongoing star
formation, though the facts are not quite clear on this (Vinkó
et al. 2009). Recently Bastian et al. (2013b), following an
earlier suggestion by D’Antona et al. (1983), proposed a model
which would not require a larger 1G cluster mass and is based
on the accretion of enriched material released from interacting
massive binaries and rapidly rotating stars onto their circum-
stellar disks, and ultimately onto the young pre-main sequence
stars. This model requires some very ad hoc assumptions (see
D’Antona et al. 2014; Salaris & Cassisi 2014) both regarding

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.
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power of the UV photometry for the case of NGC 6752. It
reproduces the simulated spectra of RGBa (N-poor, He-poor
red line, first stellar generation) and RGBc (N-rich, He-rich
blue line, third stellar generation) of NGC 6752 (Milone
et al. 2010).
The reason why F275W, F336W, and F438W work so well is

quite simple. Milone et al. (2012a) emphasized that the F275W
passband includes an OH molecular band, F336W an NH band,
and F438W (or F435W for Advanced Camera for Surveys
(ACS)) CN and CH bands, as illustrated in Figure 1. This
property of the HST filter system is at the basis of the project we
are presenting in this paper. The 1G stars, which are oxygen- and
carbon-rich and nitrogen-poor, are relatively faint in F275W and
F438W, but bright in F336W. Conversely, 2G stars, whose
material has been CNO-cycle processed, are oxygen- and
carbon-poor but nitrogen-rich. As a consequence, they are
relatively bright in F275W and F438W but faint in F336W.
Therefore, 1G stars are bluer than 2G stars in one color
(F336W − F438W), but redder in another (F275W − F336W),
and this inversion is seen in Figure 1. Milone et al. (2013)
defined a pseudo-color CF275W,F336W,F438W =( -mF275W
mF336W)− ( -m mF336W F438W), which maximizes the virtue of
both F336W − F438W and F275W− F336W, and has proven to
be quite efficient in the separation of multiple sequences.
Figure 2 shows an example of the application of GO-13297

data to NGC 6352. The left panels show the power of the
pseudo-color CF275W,F336W,F438W in separating the two MSs.
The middle panels show that in the mF336W versus

Figure 3. Spatial distribution of the target clusters for GO-13297 (black), GO-
12605 (red), and GO-12311 (blue), in Galactic XYZ coordinates. The adopted
Sun position is indicated by an asterisk.

Figure 4. Upper panel: mF275W vs. -m mF275W F814W CMDs of NGC 104, NGC 288, and NGC 362. Lower panel: mF336W vs. CF275W,F336W,F438W index for the same
clusters as the upper panel. Magnitudes and colors are in the instrumental system described in the text.
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the F814W band. For each interval, we have determined the 4th
and the 96th percentiles of the m mF275W F814W- or
m mF336W F438W- color distribution and the median mF814W
magnitude. The points corresponding to the 4th percentile and
the median magnitude have been interpolated with a cubic
spline to derive the blue fiducial, while the red fiducial has been
similarly derived. Due to small number statistics it is not
possible to infer robust estimates of the RGB envelopes with
this method at brighter luminosities. Therefore, the portions of
the blue and red lines in the magnitude interval with
m 14.8F814W < have been derived by hand by trying to follow
the blue and red envelopes of the RGB, respectively.

Then we have verticalized the two CMDs in such a way that
the blue and red fiducials translate into vertical lines with
abscissa −1 and 0, respectively. To do this, we defined for each
star: X

ND = [(X Xblue fiducial- )/(X Xred fiducial blue fiducial- )] − 1
where X = (m mF275W F814W- ), (m mF336W F438W- ) and
Xblue fiducial and Xred fiducial are obtained by subtracting the color
of the fiducial at the corresponding F814W magnitude from the
color of each star. The verticalized mF814W versus F275W,F814W

ND
and mF814W versus F336W,F438W

ND diagrams are plotted in the
lower-left panels of Figure 2. RGB stars in NGC 2808 are
clustered around distinct values of F336W,F438W

ND and

F275W,F814W
ND , as shown in the bottom-right panel of Figure 2.

As previously discussed by Anderson et al. (2008, see their
Section 8.1), F814W photometry of bright RGB stars is less
accurate than that of the remaining RGB stars because it has
been derived by using saturated stars (see Anderson et al. 2008
for details). Indeed, multiple sequences are less evident above
the gray dashed lines in the lower-left panels of Figure 2.
Dashed lines are placed at m 14.68F814W = . To investigate
whether the distinct sequences can also be detected along the
brightest RGB segment or not, we have marked stars with
m 14.68F814W < with red dots in the lower panels of Figure 2.
The distribution of these bright RGB stars on the F336W,F438W

ND
versus F275W,F814W

ND plot shows that they share the same color
distribution as the fainter RGB stars.
To further investigate the stellar populations along the RGB,

in the upper-right panel of Figure 3 we plot the F336W,F438W
ND

versus F275W,F814W
ND Hess diagram. At least five main clumps

of RGB stars are clearly visible. These are selected by eye and
designated A, B, C, D, and E and are colored green, orange,
yellow, cyan, and blue, respectively (see the lower-left panel).
These color codes will be consistently used in the paper. RGB-
A–E contain (5.8 ± 0.5)%, (17.4 ± 0.9)%, (26.4 ± 1.2)%,
(31.3 ± 1.3)%, and (19.1 ± 1.0)% of the total number of RGB
stars with m12.25 17.70F814W< < , respectively. In Sec-
tion 3.3 we show that populations A–E have different chemical
composition.

Figure 1. mF275W vs. m mF275W F814W- CMD of NGC 2808. The mF275W,F336W,F814W against m mF275W F336W- (bottom-left inset), mF336W,F275W,F814W against
m m m2 F275W F438W F814W- - (bottom-right inset), and mF275W vs. m mF336W F438W- (upper-right inset) diagrams highlight multiple sequences along the RGB, the

MS, and the SGB, respectively.
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Léteznek gömbhalmazok jelenleg is zajló 
dinamikai bomlással (“árapály-párolgás”)

Legjobb példák: Palomar 5, NGC 5466

Odenkirchen et al. (2001)



Odenkirchen et al. (2003)

Minden SDSS-
csillag…

…és a Pal 5 szín-
fényesség-diagramjára 
illeszkedőek





Halmazokon belül finom kémiai változások





Sebességdiszperziós profil: a radiális sebességek  
szórása a távolság függvényében



Kinematika és módosított newtoni 
dinamika



Scarpa és mtsai. (2007): 
néhány GH sebességdiszperziós 
profilja hasonlít a sötét anyag által 
dominált törpegalaxisokéra




