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Vetešnik 1962 

A bit of history… 
•  Kron & Mayall 1960: “Photoeletric photometry of galac4c and extragalac4c star 

clusters” 
–  Assume photographic magnitude of RR Lyr Mp=0.0, m‐M(M31) = 24.6                      

 MP(peak) ~ ‐7.5 
•  Vetešnik 1962: “A study on the luminosi4es of the globular clusters and the 

absorp4on in M 31” 
–  Similarity of M31 and MW GCLF with peak MV~‐8  

First use of GCLF to determine distances 
Racine 1968: “2000 Globular clusters in M87” 

Distance based on brigthest cluster & on 
maximum frequency   
 (m‐M)B=30.7±0.2 

Sandage 1968: “A New Determina4on of the 
Hubble Constant from Globular Clusters in 
M87” 

Based on brightest cluster:  
(m‐M)AB = 31.1 for M87 and  
H=75.3 +19‐15 km/s/Mpc 



Globular Cluster Luminosity Func4on 
rela4ve number of GCs in a galaxy per unit magnitude  

•  Empirical fits 
–  Gaussian (Hanes 1977) 

–  Student t5 distribu4on (Secker 1992) 

Method assump4on: GCLF turnover (TO)  

magnitude is the standard candle 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The Globular Cluster Luminosity Function: New

Progress in Understanding an Old Distance

Indicator

Tom Richtler

Astronomy Group, Departamento de F́ısica, Universidad de Concepción, Casilla
160-C, Concepción, Chile

Abstract. I review the Globular Cluster Luminosity Function (GCLF) with emphasis
on recent observational data and theoretical progress. As is well known, the turn-over
magnitude (TOM) is a good distance indicator for early-type galaxies within the limits
set by data quality and su!cient number of objects. A comparison with distances
derived from surface brightness fluctuations with the available TOMs in the V-band
reveals, however, many discrepant cases. These cases often violate the condition that
the TOM should only be used as a distance indicator in old globular cluster systems.
The existence of intermediate age-populations in early-type galaxies likely is the cause
of many of these discrepancies. The connection between the luminosity functions of
young and old cluster systems is discussed on the basis of modelling the dynamical
evolution of cluster systems. Finally, I briefly present the current ideas of why such a
universal structure as the GCLF exists.

1 Introduction: What is the Globular Cluster Luminosity
Function?

Since the era of Shapley, who first explored the size of the Galaxy, the distances
to globular clusters often set landmarks in establishing first the galactic, then
the extragalactic distance scale. Among the methods which have been developed
to determine the distances of early-type galaxies, the usage of globular clusters
is one of the oldest, if not the oldest. Baum [5] first compared the brightness of
the brightest globular clusters in M87 to those of M31. With the observational
technology improving it became possible to reach fainter globular clusters and
soon the conjecture was raised that the distribution of absolute magnitudes of
globular clusters in a globular cluster system exhibits a universal shape, which
can be well approximated by a Gaussian:

dN

dm
! exp

"(m " m0)2

2!2
,

where dN is the number of globular clusters in an apparent magnitude bin dm,
m0 is the ”Turn-Over Magnitude” and ! the width of the Gaussian distribution.
Also a representation by a ”t5-function”
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1 Introduction: What is the Globular Cluster Luminosity
Function?

Since the era of Shapley, who first explored the size of the Galaxy, the distances
to globular clusters often set landmarks in establishing first the galactic, then
the extragalactic distance scale. Among the methods which have been developed
to determine the distances of early-type galaxies, the usage of globular clusters
is one of the oldest, if not the oldest. Baum [5] first compared the brightness of
the brightest globular clusters in M87 to those of M31. With the observational
technology improving it became possible to reach fainter globular clusters and
soon the conjecture was raised that the distribution of absolute magnitudes of
globular clusters in a globular cluster system exhibits a universal shape, which
can be well approximated by a Gaussian:
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where dN is the number of globular clusters in an apparent magnitude bin dm,
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(Larsen+2001) MV 

L/L(sun) 



A modern alterna4ve 

•  Physically mo4vated fits 
– Evolved Schechter func4on (Jordan et al. 2007) 

!ev / "1/2h when evaporation dominates shocks, this implicit
averaging is essentially done over the distribution of GC mean
half-mass densities.

To relate this evolved mass function to the standard observa-
tional definition of a GCLF, the number of GCs per unit magni-
tude,wewritem ! C " 2:5 logM , # ! C " 2:5 log!, andmc !
C " 2:5 logMc, whereC is related to the solar absolute magnitude
and the typical cluster mass-to-light ratio in an appropriate band-
pass. The model then reads

dN

dm
/ 10"0:4 m"mc# $

10"0:4 m"mc# $ % 10"0:4 #"mc# $# $2
exp "10"0:4 m"mc# $

! "
:

#8$

In both of equations (7) and (8), the constants of proportional-
ity required to normalize the distributions can be evaluated
numerically.

Figure 1 illustrates the form of the evolved Schechter function,
in terms of both the mass distribution dN/dM and the GCLF
dN /dm. (Note that massM increases to the right along the x-axis
in the top panel, but, as usual, larger M corresponds to brighter
magnitudesm, at the left of the axis in the bottom panel.) From the
equations above, it is clear that the massMc or the magnitude mc

sets the scale of the function, while the ratio! /Mc or the magni-
tude difference (# " mc) controls its overall shape. For very small
!TMc (faint #3mc), the function approaches an unmodified
Schechter (1976) function. This is drawn in Figure 1 as the dot-
dashed curves that rise unabated toward low cluster masses or
faint magnitudes. The magnitude mTO at which the GCLF peaks
in general can be found by setting to zero the derivative of equa-
tion (8) with respect to m. This yields

10"0:8 mTO"mc# $ % 10"0:4 mTO"mc# $ 1% 10"0:4 #"mc# $
! "

" 10"0:4 #"mc# $ & 0; #9$

the solution to which corresponds to a mass of

MTO &
" Mc %!# $ %

########################################
Mc %!# $2% 4!Mc

q

2
: #10$

From either of equation (9) or equation (10), or from the se-
quence of curves in Figure 1, it can be seen that when!TMc,
the GCLF peaks at a magnitude mTO ’ #, i.e., the turnover rea-
sonably approximates the average cluster mass loss in the model
(although mTO is formally always fainter than # ). As the ratio
! /Mc increases, the GCLF turnover initially tracks! but even-
tually approaches an upper limit set by the exponential cutoff scale
in the mass function: mTO ! mc as (# " mc) ! "1 (!3Mc).

For any fixed value of! /Mc, Figure 1 shows that in the limit
of low masses, MT!, the mass function in equation (7) is
essentially flat. As Fall & Zhang (2001) first pointed out, this is a
direct consequence of the assumption of a mass-loss rate that is
constant in time. It follows generically from equation (6) above,
independently of the specific initial GCmass function. At the other
extreme, for very high masses M3! the evolved dN /dM just
approaches the assumed underlying initial functionwith! & 0. In
terms of the GCLF, this means that dN /dm tends (always) to an
exponential, dN /dm / 10"0:4m, at magnitudes much fainter than
the turnover, and (for the initial Schechter function assumed here)
to the steeper dN /dm / 100:4m exp ("10"0:4(m"mc)) for very
bright magnitudes. The faint half of the GCLF in this model is
therefore significantly broader than the bright half.

Finally, it is worth considering the widths of the GCLFs in the
bottom panel of Figure 1 in more detail. For! & 0, the FWHM
of dN /dm is undefined, since there is no turnover. As the ratio
! /Mc increases and a well-defined peak appears in the GCLF,
the distribution clearly becomes narrower and narrower. As we
have already discussed, even though formally! /Mc can increase
without limit, the turnover magnitude ultimately has a maximum
brightness mTO ! mc. Similarly, the FWHM of the GCLF ap-
proaches a firm lower limit of FWHM ’ 2:66mag. This includes
a limiting half-width at half-maximum of HWHM ’ 1:59mag on
the faint side of the GCLF and a smaller HWHM ’ 1:07 mag on
the bright side. All of these numbers can be obtained from analysis
of equation (8) by letting (# " mc) ! "1, i.e.,! /Mc ! %1. In
this limit, the GCLF approaches a fixed shape and is free only to
shift left or right depending on the value ofmc ’ mTO. This lim-
iting shape is already essentially achieved with ! /Mc & 10 or

Fig. 1.—Top: Evolved Schechter mass functions dN /dM (eq. [7]), for various
values of the ratio ! /Mc, which fixes the shape of the distribution. Curves are
arbitrarily normalized. The uppermost, dot-dashed curve corresponds to! & 0,
i.e., a regular Schechter (1976) function with a power-law exponent of "2. For
nonzero!, dN /dM is flat at low masses. Bottom: GCLFs dN /dm corresponding
to the mass functions in the top panel (see eq. [8]). Curves are again arbitrarily
normalized, and the parameter controlling the shape is the magnitude difference
(# " mc) & "2:5 log (! /Mc). For any finite (# " mc), the GCLF peaks and turns
over at the magnitude mTO given by eq. (9) (corresponding to the mass in
eq. [10]), and the faint side of the GCLF always approaches the limiting shape
dN /dm / 10"0:4m. Arrows mark the turnover points of the models shown here.
In the limit (# " mc) ! %1 (i.e., !TMc), we have that mTO ! #, while in
the limit (# " mc) ! "1 ( large!3Mc), the turnovermTO ! mc . For! /Mc k
10 or (# " mc)P"2:5, the GCLF has an essentially fixed shape.

ACS VIRGO CLUSTER SURVEY. XII. 107No. 1, 2007

!ev / "1/2h when evaporation dominates shocks, this implicit
averaging is essentially done over the distribution of GC mean
half-mass densities.

To relate this evolved mass function to the standard observa-
tional definition of a GCLF, the number of GCs per unit magni-
tude,wewritem ! C " 2:5 logM , # ! C " 2:5 log!, andmc !
C " 2:5 logMc, whereC is related to the solar absolute magnitude
and the typical cluster mass-to-light ratio in an appropriate band-
pass. The model then reads

dN

dm
/ 10"0:4 m"mc# $

10"0:4 m"mc# $ % 10"0:4 #"mc# $# $2
exp "10"0:4 m"mc# $

! "
:

#8$

In both of equations (7) and (8), the constants of proportional-
ity required to normalize the distributions can be evaluated
numerically.

Figure 1 illustrates the form of the evolved Schechter function,
in terms of both the mass distribution dN/dM and the GCLF
dN /dm. (Note that massM increases to the right along the x-axis
in the top panel, but, as usual, larger M corresponds to brighter
magnitudesm, at the left of the axis in the bottom panel.) From the
equations above, it is clear that the massMc or the magnitude mc

sets the scale of the function, while the ratio! /Mc or the magni-
tude difference (# " mc) controls its overall shape. For very small
!TMc (faint #3mc), the function approaches an unmodified
Schechter (1976) function. This is drawn in Figure 1 as the dot-
dashed curves that rise unabated toward low cluster masses or
faint magnitudes. The magnitude mTO at which the GCLF peaks
in general can be found by setting to zero the derivative of equa-
tion (8) with respect to m. This yields

10"0:8 mTO"mc# $ % 10"0:4 mTO"mc# $ 1% 10"0:4 #"mc# $
! "

" 10"0:4 #"mc# $ & 0; #9$

the solution to which corresponds to a mass of

MTO &
" Mc %!# $ %

########################################
Mc %!# $2% 4!Mc

q

2
: #10$
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the GCLF peaks at a magnitude mTO ’ #, i.e., the turnover rea-
sonably approximates the average cluster mass loss in the model
(although mTO is formally always fainter than # ). As the ratio
! /Mc increases, the GCLF turnover initially tracks! but even-
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For any fixed value of! /Mc, Figure 1 shows that in the limit
of low masses, MT!, the mass function in equation (7) is
essentially flat. As Fall & Zhang (2001) first pointed out, this is a
direct consequence of the assumption of a mass-loss rate that is
constant in time. It follows generically from equation (6) above,
independently of the specific initial GCmass function. At the other
extreme, for very high masses M3! the evolved dN /dM just
approaches the assumed underlying initial functionwith! & 0. In
terms of the GCLF, this means that dN /dm tends (always) to an
exponential, dN /dm / 10"0:4m, at magnitudes much fainter than
the turnover, and (for the initial Schechter function assumed here)
to the steeper dN /dm / 100:4m exp ("10"0:4(m"mc)) for very
bright magnitudes. The faint half of the GCLF in this model is
therefore significantly broader than the bright half.

Finally, it is worth considering the widths of the GCLFs in the
bottom panel of Figure 1 in more detail. For! & 0, the FWHM
of dN /dm is undefined, since there is no turnover. As the ratio
! /Mc increases and a well-defined peak appears in the GCLF,
the distribution clearly becomes narrower and narrower. As we
have already discussed, even though formally! /Mc can increase
without limit, the turnover magnitude ultimately has a maximum
brightness mTO ! mc. Similarly, the FWHM of the GCLF ap-
proaches a firm lower limit of FWHM ’ 2:66mag. This includes
a limiting half-width at half-maximum of HWHM ’ 1:59mag on
the faint side of the GCLF and a smaller HWHM ’ 1:07 mag on
the bright side. All of these numbers can be obtained from analysis
of equation (8) by letting (# " mc) ! "1, i.e.,! /Mc ! %1. In
this limit, the GCLF approaches a fixed shape and is free only to
shift left or right depending on the value ofmc ’ mTO. This lim-
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Fig. 1.—Top: Evolved Schechter mass functions dN /dM (eq. [7]), for various
values of the ratio ! /Mc, which fixes the shape of the distribution. Curves are
arbitrarily normalized. The uppermost, dot-dashed curve corresponds to! & 0,
i.e., a regular Schechter (1976) function with a power-law exponent of "2. For
nonzero!, dN /dM is flat at low masses. Bottom: GCLFs dN /dm corresponding
to the mass functions in the top panel (see eq. [8]). Curves are again arbitrarily
normalized, and the parameter controlling the shape is the magnitude difference
(# " mc) & "2:5 log (! /Mc). For any finite (# " mc), the GCLF peaks and turns
over at the magnitude mTO given by eq. (9) (corresponding to the mass in
eq. [10]), and the faint side of the GCLF always approaches the limiting shape
dN /dm / 10"0:4m. Arrows mark the turnover points of the models shown here.
In the limit (# " mc) ! %1 (i.e., !TMc), we have that mTO ! #, while in
the limit (# " mc) ! "1 ( large!3Mc), the turnovermTO ! mc . For! /Mc k
10 or (# " mc)P"2:5, the GCLF has an essentially fixed shape.
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constant in time. It follows generically from equation (6) above,
independently of the specific initial GCmass function. At the other
extreme, for very high masses M3! the evolved dN /dM just
approaches the assumed underlying initial functionwith! & 0. In
terms of the GCLF, this means that dN /dm tends (always) to an
exponential, dN /dm / 10"0:4m, at magnitudes much fainter than
the turnover, and (for the initial Schechter function assumed here)
to the steeper dN /dm / 100:4m exp ("10"0:4(m"mc)) for very
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proaches a firm lower limit of FWHM ’ 2:66mag. This includes
a limiting half-width at half-maximum of HWHM ’ 1:59mag on
the faint side of the GCLF and a smaller HWHM ’ 1:07 mag on
the bright side. All of these numbers can be obtained from analysis
of equation (8) by letting (# " mc) ! "1, i.e.,! /Mc ! %1. In
this limit, the GCLF approaches a fixed shape and is free only to
shift left or right depending on the value ofmc ’ mTO. This lim-
iting shape is already essentially achieved with ! /Mc & 10 or

Fig. 1.—Top: Evolved Schechter mass functions dN /dM (eq. [7]), for various
values of the ratio ! /Mc, which fixes the shape of the distribution. Curves are
arbitrarily normalized. The uppermost, dot-dashed curve corresponds to! & 0,
i.e., a regular Schechter (1976) function with a power-law exponent of "2. For
nonzero!, dN /dM is flat at low masses. Bottom: GCLFs dN /dm corresponding
to the mass functions in the top panel (see eq. [8]). Curves are again arbitrarily
normalized, and the parameter controlling the shape is the magnitude difference
(# " mc) & "2:5 log (! /Mc). For any finite (# " mc), the GCLF peaks and turns
over at the magnitude mTO given by eq. (9) (corresponding to the mass in
eq. [10]), and the faint side of the GCLF always approaches the limiting shape
dN /dm / 10"0:4m. Arrows mark the turnover points of the models shown here.
In the limit (# " mc) ! %1 (i.e., !TMc), we have that mTO ! #, while in
the limit (# " mc) ! "1 ( large!3Mc), the turnovermTO ! mc . For! /Mc k
10 or (# " mc)P"2:5, the GCLF has an essentially fixed shape.

ACS VIRGO CLUSTER SURVEY. XII. 107No. 1, 2007



GCLF: standard candle calibra4on 

•  Harris 2001:  
• MW – halo sample ‐7.68 ± 0.14 
• M31 – V0=17.0 and MV,TO=‐7.80 ± 0.12   
(Harris assumed (m‐M)M31=24.8) 

•  Different galaxies (with a range of Hubble 
types) with well sampled GCLF and distances 
from Cepheids, TRGB, PNLF, SBF 

Galaxy Type  N  Mean MV,TO  Mean σ

Giant ellip4cal  16  ‐7.33 ± 0.04  1.4 ± 0.05 

Virgo ellip4cals  6  ‐7.26 ± 0.07 

Fornax ellip4cals  6  ‐7.47 ± 0.07 

Dwarf ellip4cal  14  ‐6.60 ± 0.17 

All disk galaxies  9  ‐7.46 ± 0.08  1.2 ± 0.05 

S0 and Sb  6  ‐7.57 ± 0.08 



GCLF: standard candle calibra4on 

•  Harris 2001:  
• MW – halo sample ‐7.68 ± 0.14 
• M31 – V0=17.0 and MV,TO=‐7.50 ± 0.12   
(assuming (m‐M)M31=24.5) 

•  Different galaxies (with a range of Hubble 
types) with well sampled GCLF and distances 
from 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± 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± 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Dwarf ellip4cal 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 ‐6.60 ± 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All 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 9  ‐7.46 ± 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± 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Sb  6 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± 0.08 



GCLF TO magnitude calibra4on 
revisited 

•  Di Criscienzo et al. 2006 
–  calibra4on based on RR Lyr for MW GCs 

•  dependence on RR Lyr calibra4on 
•  Dependence on selec4on of GCs 
•  Dependence on metallicity consistent with 
Ashman+95  ΔMV,TO=0.32 Δ[Fe/H] 

•  MP clusters show no MV,TO vs. Rg varia4on 

MP 

MR 

Calibra4on anchored via     
RR Lyr and Cepheids to 
µ(LMC)=18.5: 

MP MW: ‐7.66 ± 0.11 
MP M31: ‐7.65 ± 0.19 
Larsen 01: ‐7.67 ± 0.23 
 MV,TO(MP) = ‐7.66 ± 0.09 



Metallicity dependence 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Assump4on: Globular cluster mass func4on is universal 
•  Each cluster has a mass and metallicity drawn from a parent distribu4on and then its 
luminosity calculated from M/L vs. [Fe/H] rela4onship for an SSP with age of 12 Gyr 
•  Simulated metallicity distribu4ons with a range of mean and sigma, but result ONLY 
depends on mean metallicity; the dispersion in GCLF driven purely by dispersion in mass 
•  applying V‐band MW calibra4on to GCLF in ellip4cals  overes4mated distances  

M0 
ΔM0 



GCS studies in 90‐ies and early 2000 
•  Jacoby et al. 1992 – “A Cri4cal Review of Selected Techniques for 

Measuring Extragalac4c Distances” 
–  Incomplete calibra4on & other uncertain4es  σtot~0.4 mag 
–  Applicable to ellip4cals, unlikely to be useful for any type of irregular or late type 

spiral galaxy 
•  GCS reviews: Ashman & Zepf 1998, Kissler‐Pa4g 2000, Harris 2001, Brodie 

& Strader 2006 
–  Discovery of bimodal color distribu4on of GCS in early 90‐ies 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Figure 2
Peak globular cluster (GC) metallicity versus galaxy luminosity (MB ) for metal-poor and
metal-rich GCs in a range of galaxies. The points are from Strader et al. (2004b) and J.
Strader, J.P. Brodie, L. Spitler & M.A. Beasley (submitted) and have been converted from
V ! I and g ! z to [Fe/H] using the relations of Barmby et al. (2000) and Peng et al. (2006a),
respectively. Galaxy types are indicated in the figure key; classifications are in Table 1. Linear
relations exist for both subpopulations down to the limit of available data.

the V ! I and g ! z color-metallicity relations. The cutoff in the metal-rich relation
at MB " !15.5 primarily reflects the magnitude limit of the sample; it may continue
to fainter magnitudes, although many such galaxies have only metal-poor GCs. The
remarkable inference to be drawn from Figure 2 is that the peak metallicities of both
subpopulations are determined primarily by galaxy luminosity (or mass) across the
entire spectrum of galaxy types.

Using their new color-metallicity transformation between g !z and [Fe/H], Peng
and colleagues found Z " L0.25 for metal-rich GCs, which is also consistent with the
previous estimates of the slope already noted. The color-metallicity relation appears to
be quite nonlinear, as discussed below. Thus, even though the slopes of the metal-poor
and metal-rich relations are significantly different in the GC color–galaxy luminosity
plane, they are similar in the GC metallicity–galaxy luminosity plane (Peng et al.
2006a; see Figure 2). In Section 11 we discuss the constraints on galaxy formation
implicit in these relations.
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(Larsen 2001) 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GCLF: later reviews & poten4al issues 

•  Whitmore 1997 
–  Intrinsic dispersion in MV,TO~0.12 – compe44ve with the best distance indicators 
–  Nearly universal with only weak second order dependences to order 0.1‐0.2 on 

Hubble type, color and environment 
•  Tammann & Sandage 1999 

–  GCLFs distances for Leo Group, the Virgo cluster, and the Coma consistent with 
the best determina4ons from other methods 

–  Inconsistent distance for the Fornax cluster and several field galaxies 
•  Ferrarese et al. 2000 

–  Compila4on of GCLFs from the literature & a cri4cal assessment different 
methods  GCLF dispersion ~0.5 mag and final MV,TO=‐7.60 ± 0.25rnd ± 0.16sys 

•  Richtler 2003 
–  Useful and accurate distance indicator in most galaxies for which high quality 

data were collected 
–  Outliers showed to have intermediate‐age popula4ons 
–  Caveat: distance to Fornax cluster galaxies 

•  Villegas et al. 2010 
–  A detailed assessment of Virgo‐Fornax distance using GCLF 



MB,gal 

GCLF & distance to Virgo cluster 

Fig. 4.—Histograms of the GCLFs for our sample galaxies. For each galaxy we present the z-band and g-band GCLFs side by side. The VCC name and Bmagnitude of
the galaxy are indicated in the upper left corner of the left panel, where we also indicate the total number of sources in each histogram and the bin width h used to construct
the histogram. In addition, we show the best-fit model (solid black curve), the intrinsic Gaussian component (dashed curve), the Gaussian component multiplied by the
expected completeness (dotted curve), and a kernel density estimate of the expected contamination in the sample (solid gray curve). The solid black curve is the sum of the
solid gray and dotted curves. The galaxies are ordered by decreasing apparent B-band total luminosity, reading down from the upper left corner. The parameters of the fits
are given in Table 2. [See the electronic edition of the Supplement for a color version of this figure.]

ACS Virgo Cluster Survey (Jordan et al. 2006, 2007) 
89 galaxies with homogeneous data 

µz 

σz=(1.12±0.01) − 
(0.093±0.006)(MB,gal+20) 
<µz> = ‐8.4 ± 0.2 
<µg> = ‐7.2 ± 0.2 

 Non‐universal σ and as a consequence GCLF as a whole 

‐22  ‐20  ‐16 MB,gal 
‐18 

µg 

σz 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& 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to Virgo cluster 

Fig. 4.—Histograms of the GCLFs for our sample galaxies. For each galaxy we present the z-band and g-band GCLFs side by side. The VCC name and Bmagnitude of
the galaxy are indicated in the upper left corner of the left panel, where we also indicate the total number of sources in each histogram and the bin width h used to construct
the histogram. In addition, we show the best-fit model (solid black curve), the intrinsic Gaussian component (dashed curve), the Gaussian component multiplied by the
expected completeness (dotted curve), and a kernel density estimate of the expected contamination in the sample (solid gray curve). The solid black curve is the sum of the
solid gray and dotted curves. The galaxies are ordered by decreasing apparent B-band total luminosity, reading down from the upper left corner. The parameters of the fits
are given in Table 2. [See the electronic edition of the Supplement for a color version of this figure.]

ACS Virgo Cluster Survey (Jordan et al. 2006, 2007) 
89 galaxies with homogeneous data 

µz 

σz=(1.12±0.01) − 
(0.093±0.006)(MB,gal+20) 
<µz> = ‐8.4 ± 0.2 
<µg> = ‐7.2 ± 0.2 

 Non‐universal σ and as a consequence GCLF as a whole 

‐22  ‐20  ‐16 MB,gal 
‐18 

µg 

σz 

Includes SBF 
uncertain4es  



Bright end of GCLF 

Hilker 2009 

• GCLF as distance indicator – applicable for galaxies with MV,gal < ‐19 
•  correla4on between total number of GCs and the luminosity of the 
brightest globular cluster 



GCLF distances at 100 Mpc 
Coma Cluster Ellip4cal galaxies 

Harris et al. 2009 

★ – M87 GCLF 

4 giant E in Coma cluster: 
N4874, N4889, IC4051, N4926  
VTO = 27.71 ± 0.07 
σ = 1.48 ± 0.04 

•  combined sample of ~104 GCs 
brighter than GCLF TO > 2x number 
of GCs of all Virgo galaxies 
combined! 
•  Gaussian & Schechter func4on 
fits – indis4nguishable around TO 
and brighter 
•  σ larger than in Virgo ellip4cals 

• Using calibra4on for ellip4cals 
from Harris 2001: 
  (m‐M)V = 35.01 ± 0.15 
  h = 0.73 ± 0.07  



Villegas et al. 2010:  
GCLF & Virgo‐Fornax rela4ve distance 

•  89 early‐type galaxies from ACS VCS & 43 from ACS FCS 

•  Homogeneous sample, 17 background fields, same 
telescope, reduc4on, cluster selec4on, comple4on, 
background correc4on, GCLF fiyng using maximum 
likelihood Gaussian func4on… 

µz=(23.51 ± 0.11) + (0.04 ± 0.01) Mz,gal   µz=(22.99 ± 0.04) ‐ (0.23 ± 0.04) σz  

Δ(m‐M)=0.20±0.04  Δ(m‐M)=0.21±0.04 



Virgo‐Fornax distance 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Figure 3. GCLF histograms for the Virgo and Fornax sample galaxies. For each
one of them we present the z- and g-band GCLFs side by side. The VCC/FCC
name and B-band magnitude of the galaxy are indicated in the upper left corner
of the left panel, where we also indicate the total number of sources N in each
histogram and the bin width h used to construct it (h is calculated as described in
the text). In addition, we show the best-fit model (solid black curve), the intrinsic
Gaussian component (dashed curve), the Gaussian component multiplied by the
expected completeness (dotted curve), and a kernel density estimate of the
expected contamination in the sample (solid gray curve). The solid black curve
is the sum of the solid gray and dotted curves. The galaxies are ordered by
decreasing apparent B-band total luminosity, reading down from the upper left
corner. The parameters of the fits are given in Tables 1 and 2.

(A color version and an extended version of this figure are available in the online
journal.)

!g = (1.09 ± 0.03) ! (0.10 ± 0.01)(Mz,gal + 22). (9)

This translates into a 0.05–0.1 mag difference in dispersion at
Mz " 22, and also shows that the linear fits derived from both
sets of data are equivalent within the uncertainties.

As discussed in Jordán et al. (2006), it is rather straightfor-
ward to link this trend in luminosity dispersion with a similar
trend in the mass distribution of GCs. It is well known that giant
galaxies tend on average to have more metal-rich GC popula-
tions when compared to dwarfs, showing also larger dispersions
in metallicity (see, e.g., Peng et al. 2006). This result, added to
the dependence of the cluster mass-to-light ratios (!) on metal-
licity, opens the possibility that the observed dispersion in the
value of ! might be metallicity-driven. These variations in !
have a strong dependence on wavelength. In bluer filters (the
g band in our case), variations of a factor of 2 or more in !
can be observed in the typical metallicity range of GCs (!2 !
[Fe/H] ! 0). At redder wavelengths this variation becomes less
dramatic, as shown by old stellar population models (e.g., PE-
GASE population synthesis models; Fioc & Rocca-Volmerange
1997). In particular the expected variation in ! as a conse-
quence of changes of ! in our z-band measurements should not

Figure 4. Left: estimate of Gaussian dispersion in the z band, !z, vs. the same
quantity in the g band, !g , for the GCLFs of our Fornax sample. Uncertainties are
1! . The line marks the one-to-one correspondence between these two quantities.
Right: difference between estimates of Gaussian means in the g and z bands,
µg ! µz, vs. the mean color #g ! z$ of the GC systems of our sample galaxies.
Uncertainties are 1! . The line marks the one-to-one correspondence between
these two quantities.

Table 3
Literature Compilation of Relative Distance Modulus Between

Virgo and Fornax Clusters

Method "(m ! M) Reference

Cepheids 0.47 ± 0.20 1
Fund. plane 0.45 ± 0.15 2

0.52 ± 0.17 3
PNLF 0.35 ± 0.21 4, 5

0.30 ± 0.10 6
GCLF 0.08 ± 0.09 7

0.13 ± 0.11 8
0.09 ± 0.27 6
0.17 ± 0.28 9

SBF 0.42 ± 0.03 10

Note. The cited references are (1) Freedman et al. 2001; (2)
D’Onofrio et al. 1997; (3) Kelson et al. 2000; (4) Ciardullo et al.
1998; (5) McMillan et al. 1993; (6) Ferrarese et al. 2000a; (7) Kohle
et al. 1996; (8) Blakeslee & Tonry 1996; (9) Richtler 2003; (10)
Blakeslee et al. 2009.

be higher than "4%, which means that the spread in the value
of ! observed in the upper panel of Figure 5 reflects almost
entirely a trend in the mass distribution of GCs. Moreover, the
very similar values obtained for ! in the z and g bands immedi-
ately show that the trend of ! with MB cannot be generated by
metallicity-driven changes in !.

5. A RELATIVE VIRGO–FORNAX DISTANCE
ESTIMATION

Several methods have been used in order to obtain accurate
distance estimations for both the Virgo and Fornax clusters, a
task that is in general more easily achieved in the case of Fornax
due to its more compact nature. The Virgo cluster extends for
over 100 deg2 in the sky, showing a complex and irregular
structure, with galaxies of different morphological type showing
different spatial and kinematic distributions. Working under
these conditions, the various distance estimators have reached
different levels of accuracy (see Ferrarese et al. 2000a, 2000b).
We will discuss now a compilation of results from the literature,
which are also summarized in Table 3.

The HST Key Project to measure the Hubble constant
aimed at obtaining accurate distances to galaxies using the
period–luminosity relation for Cepheid variables (their final re-
sults are presented in Freedman et al. 2001). It included the

GCLF from Villegas+10:  Δ(m‐M)=0.21±0.04 

•  use of z‐band should make metallicity 
effects < 0.02 mag 

•  age difference necessary to explain 
~0.2 mag difference for Z=0.004 and  
Salpeter IMF corresponds to 9 Gyr age 
for Fornax GCs and 12 Gyr for Virgo 
•  this age difference would translate 
into 0.04 bluer Fornax colors 

•  Fit of the mean GCs’ color <(g‐z)> 
shows 0.02±0.15 redder GCs for 
Virgo cluster! 

•  Use only metal‐poor clusters  
•  e.g. NGC 1380 in Fornax cluster 
(m‐M)=31.35 ± 0.09 (Della Valle 
et al. 1998) 



GCLF method error budget 

•  Photometric zero point 
•  Foreground ex4nc4on correc4on 
•  Systema4c errors in fiyng procedure and determina4on of m0 

–  Photometric limits and completeness correc4ons 
–  Foreground/background contamina4on correc4ons 
–  Aperture correc4ons for resolved clusters 

•  Uncertainty in the primary calibrator luminosity/distance scale 
•  Environment & dynamical evolu4on: dependence of ΔM0 

between galaxies of different type (galaxy luminosity) 
•  Sca{er & correc4ons due to metallicity (Ashman+95) 

–  Mi4gate using only blue (metal‐poor) clusters and/or near‐IR bands 
•  Method only works for *old* globular clusters 

•  Calibra4on of M0,TO ~ 0.1 mag (e.g. Di Criscienzo+06) 

≤0.05 

≈0.20 



An important assump4on: 
GCLF is universal 

(Rejkuba 2001) 



Theore4cal background: the origin of 
GCLF and its evolu4on 

•  Mass func4on of old GCs more massive than GCLF TO is similar to that of 
young star clusters & molecular clouds – dN/dM ~M−β e−M/Mc with β≈2 (Harris
+Pudritz 94, Zhang+Fall 99, Gieles+06) 

•  Fall & Zhang 2001 – overview of dynamical processes that destroy GCs within 
fixed galac4c poten4al (also Vesperini 2001, McLaughlin & Fall 08) 
1.  Mass loss due to stellar evolu4on – does not change the shape of GCMF 
2.  Dynamical fric4on ‐ τdf~M‐1  

3.  Tidal shocks hea4ng by passages through bulge/disk τsh~ρhPcr where ρh~M/Rh3 
(mean density within half mass radius Rh) 

4.  Evapora4on due to 2‐body relaxa4on τev~M/ρh1/2 

τev << τsh !ev / "1/2h when evaporation dominates shocks, this implicit
averaging is essentially done over the distribution of GC mean
half-mass densities.

To relate this evolved mass function to the standard observa-
tional definition of a GCLF, the number of GCs per unit magni-
tude,wewritem ! C " 2:5 logM , # ! C " 2:5 log!, andmc !
C " 2:5 logMc, whereC is related to the solar absolute magnitude
and the typical cluster mass-to-light ratio in an appropriate band-
pass. The model then reads

dN

dm
/ 10"0:4 m"mc# $

10"0:4 m"mc# $ % 10"0:4 #"mc# $# $2
exp "10"0:4 m"mc# $

! "
:

#8$

In both of equations (7) and (8), the constants of proportional-
ity required to normalize the distributions can be evaluated
numerically.

Figure 1 illustrates the form of the evolved Schechter function,
in terms of both the mass distribution dN/dM and the GCLF
dN /dm. (Note that massM increases to the right along the x-axis
in the top panel, but, as usual, larger M corresponds to brighter
magnitudesm, at the left of the axis in the bottom panel.) From the
equations above, it is clear that the massMc or the magnitude mc

sets the scale of the function, while the ratio! /Mc or the magni-
tude difference (# " mc) controls its overall shape. For very small
!TMc (faint #3mc), the function approaches an unmodified
Schechter (1976) function. This is drawn in Figure 1 as the dot-
dashed curves that rise unabated toward low cluster masses or
faint magnitudes. The magnitude mTO at which the GCLF peaks
in general can be found by setting to zero the derivative of equa-
tion (8) with respect to m. This yields

10"0:8 mTO"mc# $ % 10"0:4 mTO"mc# $ 1% 10"0:4 #"mc# $
! "

" 10"0:4 #"mc# $ & 0; #9$

the solution to which corresponds to a mass of

MTO &
" Mc %!# $ %

########################################
Mc %!# $2% 4!Mc

q

2
: #10$

From either of equation (9) or equation (10), or from the se-
quence of curves in Figure 1, it can be seen that when!TMc,
the GCLF peaks at a magnitude mTO ’ #, i.e., the turnover rea-
sonably approximates the average cluster mass loss in the model
(although mTO is formally always fainter than # ). As the ratio
! /Mc increases, the GCLF turnover initially tracks! but even-
tually approaches an upper limit set by the exponential cutoff scale
in the mass function: mTO ! mc as (# " mc) ! "1 (!3Mc).

For any fixed value of! /Mc, Figure 1 shows that in the limit
of low masses, MT!, the mass function in equation (7) is
essentially flat. As Fall & Zhang (2001) first pointed out, this is a
direct consequence of the assumption of a mass-loss rate that is
constant in time. It follows generically from equation (6) above,
independently of the specific initial GCmass function. At the other
extreme, for very high masses M3! the evolved dN /dM just
approaches the assumed underlying initial functionwith! & 0. In
terms of the GCLF, this means that dN /dm tends (always) to an
exponential, dN /dm / 10"0:4m, at magnitudes much fainter than
the turnover, and (for the initial Schechter function assumed here)
to the steeper dN /dm / 100:4m exp ("10"0:4(m"mc)) for very
bright magnitudes. The faint half of the GCLF in this model is
therefore significantly broader than the bright half.

Finally, it is worth considering the widths of the GCLFs in the
bottom panel of Figure 1 in more detail. For! & 0, the FWHM
of dN /dm is undefined, since there is no turnover. As the ratio
! /Mc increases and a well-defined peak appears in the GCLF,
the distribution clearly becomes narrower and narrower. As we
have already discussed, even though formally! /Mc can increase
without limit, the turnover magnitude ultimately has a maximum
brightness mTO ! mc. Similarly, the FWHM of the GCLF ap-
proaches a firm lower limit of FWHM ’ 2:66mag. This includes
a limiting half-width at half-maximum of HWHM ’ 1:59mag on
the faint side of the GCLF and a smaller HWHM ’ 1:07 mag on
the bright side. All of these numbers can be obtained from analysis
of equation (8) by letting (# " mc) ! "1, i.e.,! /Mc ! %1. In
this limit, the GCLF approaches a fixed shape and is free only to
shift left or right depending on the value ofmc ’ mTO. This lim-
iting shape is already essentially achieved with ! /Mc & 10 or

Fig. 1.—Top: Evolved Schechter mass functions dN /dM (eq. [7]), for various
values of the ratio ! /Mc, which fixes the shape of the distribution. Curves are
arbitrarily normalized. The uppermost, dot-dashed curve corresponds to! & 0,
i.e., a regular Schechter (1976) function with a power-law exponent of "2. For
nonzero!, dN /dM is flat at low masses. Bottom: GCLFs dN /dm corresponding
to the mass functions in the top panel (see eq. [8]). Curves are again arbitrarily
normalized, and the parameter controlling the shape is the magnitude difference
(# " mc) & "2:5 log (! /Mc). For any finite (# " mc), the GCLF peaks and turns
over at the magnitude mTO given by eq. (9) (corresponding to the mass in
eq. [10]), and the faint side of the GCLF always approaches the limiting shape
dN /dm / 10"0:4m. Arrows mark the turnover points of the models shown here.
In the limit (# " mc) ! %1 (i.e., !TMc), we have that mTO ! #, while in
the limit (# " mc) ! "1 ( large!3Mc), the turnovermTO ! mc . For! /Mc k
10 or (# " mc)P"2:5, the GCLF has an essentially fixed shape.
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!ev / "1/2h when evaporation dominates shocks, this implicit
averaging is essentially done over the distribution of GC mean
half-mass densities.

To relate this evolved mass function to the standard observa-
tional definition of a GCLF, the number of GCs per unit magni-
tude,wewritem ! C " 2:5 logM , # ! C " 2:5 log!, andmc !
C " 2:5 logMc, whereC is related to the solar absolute magnitude
and the typical cluster mass-to-light ratio in an appropriate band-
pass. The model then reads

dN

dm
/ 10"0:4 m"mc# $

10"0:4 m"mc# $ % 10"0:4 #"mc# $# $2
exp "10"0:4 m"mc# $

! "
:

#8$

In both of equations (7) and (8), the constants of proportional-
ity required to normalize the distributions can be evaluated
numerically.
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sets the scale of the function, while the ratio! /Mc or the magni-
tude difference (# " mc) controls its overall shape. For very small
!TMc (faint #3mc), the function approaches an unmodified
Schechter (1976) function. This is drawn in Figure 1 as the dot-
dashed curves that rise unabated toward low cluster masses or
faint magnitudes. The magnitude mTO at which the GCLF peaks
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10"0:8 mTO"mc# $ % 10"0:4 mTO"mc# $ 1% 10"0:4 #"mc# $
! "

" 10"0:4 #"mc# $ & 0; #9$

the solution to which corresponds to a mass of

MTO &
" Mc %!# $ %

########################################
Mc %!# $2% 4!Mc

q

2
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From either of equation (9) or equation (10), or from the se-
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Finally, it is worth considering the widths of the GCLFs in the
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of dN /dm is undefined, since there is no turnover. As the ratio
! /Mc increases and a well-defined peak appears in the GCLF,
the distribution clearly becomes narrower and narrower. As we
have already discussed, even though formally! /Mc can increase
without limit, the turnover magnitude ultimately has a maximum
brightness mTO ! mc. Similarly, the FWHM of the GCLF ap-
proaches a firm lower limit of FWHM ’ 2:66mag. This includes
a limiting half-width at half-maximum of HWHM ’ 1:59mag on
the faint side of the GCLF and a smaller HWHM ’ 1:07 mag on
the bright side. All of these numbers can be obtained from analysis
of equation (8) by letting (# " mc) ! "1, i.e.,! /Mc ! %1. In
this limit, the GCLF approaches a fixed shape and is free only to
shift left or right depending on the value ofmc ’ mTO. This lim-
iting shape is already essentially achieved with ! /Mc & 10 or

Fig. 1.—Top: Evolved Schechter mass functions dN /dM (eq. [7]), for various
values of the ratio ! /Mc, which fixes the shape of the distribution. Curves are
arbitrarily normalized. The uppermost, dot-dashed curve corresponds to! & 0,
i.e., a regular Schechter (1976) function with a power-law exponent of "2. For
nonzero!, dN /dM is flat at low masses. Bottom: GCLFs dN /dm corresponding
to the mass functions in the top panel (see eq. [8]). Curves are again arbitrarily
normalized, and the parameter controlling the shape is the magnitude difference
(# " mc) & "2:5 log (! /Mc). For any finite (# " mc), the GCLF peaks and turns
over at the magnitude mTO given by eq. (9) (corresponding to the mass in
eq. [10]), and the faint side of the GCLF always approaches the limiting shape
dN /dm / 10"0:4m. Arrows mark the turnover points of the models shown here.
In the limit (# " mc) ! %1 (i.e., !TMc), we have that mTO ! #, while in
the limit (# " mc) ! "1 ( large!3Mc), the turnovermTO ! mc . For! /Mc k
10 or (# " mc)P"2:5, the GCLF has an essentially fixed shape.
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New advances in theory 

•  Numerical simula4ons: Baumgardt & Makino 2003 
•  Analy4cal approach: Kruijssen & Portegies Zwart 2009  

–  Cluster mass‐dependent mass‐loss rate is found in theory and 
observa4ons in contrast to Fall & Zhang model 

–  M/L ra4os of GCs are NOT constant with luminosity or mass 
–  Simula4on of GCLF evolu4on in MW‐like poten4al including mass loss 

by stellar evolu4on, evapora4on and dynamical evolu4on depending 
on GC orbits 



New advances in theory 

(Rejkuba et al. 2007) 

(Kruijssen & Portegies Zwart 09) 

M/L 

Even more new: Kruijssen et al. 2011 
“Modelling the forma4on and evolu4on of star cluster popula4ons in galaxy simula4ons” 
‐  Simula4ons of isolated disk galaxies and galaxy mergers including globular clusters 
forma4on and dynamical evolu4on 



GCLF – some sort of conclusion 



GCLF – some sort of confusion 
•  Single step to Hubble flow (Hanes 1977) – distances up to ~120 Mpc 
•  Single epoch, simple observa4on 
•  Calibra4on can rely on TRGB, RR Lyr, or Cepheids  cross‐check 
•  negligible issues with ex4nc4on, crowding, inclina4on‐angle correc4ons 

•  Time dependent dynamical evolu4on of GCLF – advances in theory/modeling 
•  Observa4ons –distances to Virgo and Coma cluster in agreement with other 

distance indicators indicate ~0.1 mag accuracy 
•  Excellent quality and homogeneous datasets for Virgo and Fornax clusters 

points to s4ll possible systema4c uncertain4es up to ~0.2 mag 

•  Future:  
–  Absolute calibra4on of GCLF TO for MW AND M31 from Gaia 
–  Expect progress for NGC 5128 (the nearest giant ellip4cal) 
–  Careful selec4on of samples & prefer use of metal‐poor (blue) globular cluster 

sub‐popula4on 
–  ACS Coma cluster survey (Peng et al. 2011) 


