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Property MW M31
Total Mass ~.7-1.5x1012 M⊙ ~1-3x1012 M⊙

Stellar Mass ~5x1010 M⊙ ~1.2x1011 M⊙

Stellar Halo Mass ~1.4x109 M⊙ ~1010 M⊙

Rd 2-2.6 kpc ~5.5 kpc

NGC ( Rproj>25 kpc) ~160 (24*) >500 (92)

Ndwarf
~80, with 2 having  

MV<-15
~40, with 7 having 

MV<-15
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….  even bulk properties of M31 suggest  a more vigorous history of 
mergers and accretions compared to the Milky Way



PA
nd

AS
 S

ur
ve

y, 
M

ac
ke

y, 
Fe

rg
us

on
 e

t a
l. 

20
19 Metal-Poor Metal-Rich

The Outer Stellar Halo of M31

Faint features are 30-32 mag/sq. arcsec!



Globular Clusters in the Outer Stellar Halo of M31

Metal-Poor Metal-Rich
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Faint features are 30-32 mag/sq. arcsec!



Quantifying the Association of GCs and Substructure
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Focus on the 92 GCs at R > 25 kpc, 77 of which
have measured RVs

Local stellar density kinematics



Quantifying the Association of GCs and Substructure

• 32 GCs clearly associated with substructure
• 35 GCs clearly unassociated with substructure
• 25 GCs with “ambiguous associations”

35-62% show evidence 
of being accreted 
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Photometric Properties of GC Classes

Bimodal LFs + Varying bright peak Extended GCs Excess red substructure GCs?

Mackey, Ferguson et al. 2019



Kinematical Properties of Overall GC Population

Veljanoski et al. 2014

Rotation amp ~85 km/s
V/σ~0.7 to > 100 kpc

Cold kinematic
features
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Kinematical Properties of GC Classes

Non-substructure Substructure

Recent accretion 
event, 43 GCs

Mhalo>1.9 x 1011M⊙
(≳1:10)

Ancient 
Accretion, 34 GCs

Mhalo>1.5x1011M⊙ 
(~1:2-3 at the time?)

𝑀𝐺𝐶

𝑀ℎ𝑎𝑙𝑜
≈ 2.9×10!"

Harris et al 2017, 
holds over 5 orders of

magnitude in Mhalo



Ferguson et al. 2005, Faria et al. 2007, 
Richardson et al. 2008, Bernard et al. 2015a

Deep HST CMDs for 14 inner halo 
fields in M31, spanning projected 
radii of 13-45 kpc.

The fields target coherent 
substructures,  with a variety of 
complex morphologies.

Remarkably, only two distinct CMD 
morphologies are seen: ‘stream-like’ 
and ‘disc-like’.

Further Evidence for a Significant 
Recent Accretion Event



Ferguson et al. 2005, Faria et al. 2007, 
Richardson et al. 2008, Bernard et al. 2015a

Deep HST CMDs for 14 inner halo 
fields in M31, spanning projected 
radii of 13-45 kpc.

The fields target coherent 
substructures,  with a variety of 
complex morphologies.

Remarkably, only two distinct 
types of CMDs are seen: ‘stream-
like’ and ‘disc-like’.

Stream-like

Disc-like

Further Evidence for a Significant 
Recent Accretion Event
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Disc-like fields experienced nearly continuous star formation (note burst 
at 2Gyr seen throughout main disc) and slow chemical evolution 
 à Consistent with a splashed/kicked up thin disc origin for this 
component

Further Evidence for a Significant Recent Event



Stream-like (5 fields)

SF in giant stream progenitor got underway early on, peaked 8-9 Gyr ago, 
and quenched 5-6 Gyr ago

~50% of the stellar mass in place by 9 Gyr ago and reached solar 
metallicity by 5 Gyr ago à a massive system.Be
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Nature of the Giant Stream Progenitor?
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12/13 Non-substructure GCs 
have blue HB morphologies 
(exception is PA38 which is 
extremely sparse and distant)

7/18 Substructure GCs have 
very red HBs (the rest are 
intermediate/blue)

à Highly suggestive that origin 
of red HB GCs is recent 
accretion event



A Blast from the Past?!



M31 has a very rich and extended halo GC system that exhibits a remarkable 
property – the spatial correlation of GCs and tidal streams.  Late-time accretion 
can account for 35-62% of the outer halo GC population!

While accreted GCs do not have distinct photometric properties, they exhibit a  
striking kinematical pattern that suggests they arrived via a single massive 
recent accretion event à triggered the 2Gyr disc-wide burst of star formation 
and led to subsequent splashing of disc material throughout the inner halo?

Deep HST CMDs show that accreted GCs are the origin of (all/most?) very red 
(young?) HB GCs in the M31 halo, further supporting a merger with a galaxy 
that was forming stars until relatively recently.

Summary


