Globular Cluster Systems and Galaxy
Halo Masses

Does Dark Matter Control GC Populations?

How do we gauge the net effect of feedback
during galaxy formation?

Bill Harris RASPUTIN (Oct 2014)



M(stellar) strongly nonlinear function of M(halo)
Dominance of dark matter highest for either dwarfs or supergiants

rrrn L RALL LI IT”II‘I L IITTII] L 1IIIIII 11
1013 exbun]éemce meﬂ.ching:
B with scaltter (this work) Strong differences in types
- LLLILLLATED \\'/O scaller (this work) and Ievel Of feedback
1012 =
o ] AGN heating,
9 I | infall heati
INTa eatlng
1 - .
= 1o0m :
s - observations: ]
e ™ X-ray (Lhis work) g
= 1010 - X-ray (G13) —
- WL early Lype (M06) 3
- WL late type (MO6) .
109 i 7 WL late type (R12) :
= @ WL red (H13) 5
= HO W
B A sat. kinematics () . Stellar winds,
105 Y AT T BRI BRI BETEE R TTIT M SN” heaﬁng,
101 10!t 10 10W 10m 1018 reionization ??

MZOO (MQ)

Kravtsov et al. 2014 (1401.7329)



SHMR curve:
(M./M,)

versus M.
(“absolute” star
formation
efficiency)

- M(halo):

Hudson et al. 2014 (1310.6784)
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weak lensing measurements from CFHT Legacy Survey fields




General question: is there any stellar population
that forms in direct proportion to halo mass?

Globular cluster formation epochsare z=2-8 (ages 10-13 Gyr),
perhaps before much feedback reduces SFE

NGC 3311, central cD in A1060 (Wehner & Harris, Gemini-S GMOS)



Instead of (M./M, ), try the different ratio (Mg./M,,;0); is it
more nearly a constant?
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Assembling the data: (1) Galaxy halo masses

From Hudson et al.
2014 calibration, based
entirely on weak lensing
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Assembling the data: (2) GC system total mass

New catalog of globular cluster systems in 419 galaxies
(Harris, Harris & Alessi 2013). Covers entire luminosity
range except very smallest Sloan-type dwarfs

- 245 E, 93S0, 81 S/Irr

Sum over GCLF, including known trend of
o 2 . . . M

turnover” magnitude and LF dispersion M, = (_) fL'ﬂ(L)dL
with galaxy size (giant galaxies have L/,

broader, brighter GCLFs)
(M/I—)V =2

Define | M =M /M,

M = total mass in globular clusters, M, = halo mass



Hudson, Harris, & Harris 2014, ApJ 787, L5

Mgc vs. M, and M,

Nearly linear behavior
over 10e5 in mass!

(Mgo/M,) vs. M, and M,

107 N = Mg /M, = 4x10°

108 | B ]

107 10® 10° 10*° 10' 10*  10%° 10 10% 103 10 10%°

M, (hzg' M ) M, (hy' M )




The bimodality question: “red” and “blue” GC
subpopulations. Is one correlated better with M(halo)?
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Faifer et al. 2011, MNRAS 416, 155

Calibrations in nearby galaxies indicate “blue” GCs are older (by 2-3 Gy)
and more metal-poor; also more spatially extended in the halo

“Red” GCs progressively more prominent in bigger galaxies with longer,
more complex star formation histories
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Correlation of M. with

M, ., for all GCs (red
+blue)

(NB: BCG totals likely
underestimated)
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Mcc ~ const. M, suggests 3 conditions needed:

- Initial gas mass present in pregalactic potential well is
proportional to halo mass

- GC formation rate is proportional to available gas mass

- GCs formed earliest, before feedback effects dominate

** The GC population best represents the
star formation efficiency as it would have
been without feedback **



Back-of-envelope scaling:

n ~ Mbary x MGMC X MPGC X MGC
M, M M M

bary GMC PGC

~ 0.15 x 025 x 001 x

L \

~ 4:107

GMCs large enough

to build GCs Infant mortality and

long-term dynamical
Massive dense evolution

proto-GCs



Estimating galaxy masses from their globular cluster populations
(e.g. Spitler & Forbes 2009):

How well does it do for the Milky Way?

M (1012 M

1.2 +-0.5

0.9+-0.3
0.4

1.2 +-0.6
1.6 +- 0.6
3.1+-14
(>0.8)
4.2 +- 3
1.6 +- 0.2

Source Method

Hudson && 2014 GCS mass

Watkins && 2010 halo satellite tracers (isotropic)
Deason && 2013 (R < 50 kpc) halo BHB stars
Battaglia && 2005 halo satellite velocity dispersion
Boylan-Kolchin && 2013 Leo | motion + simulations
Sohn && 2013 Leo | timing

Li & White 2008 calibrated timing argument
Gonzalez && 2014 entire Local Group

Eadie && 2014

,\satellite motions + Bayesian/MCMC

See poster here



The simulated night sky 2.5 pc (one half-mass radius) from the center of a
massive globular cluster (Harris & Webb, Astronomy, July 2014)







