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Tseliakhovich & Hirata (2010), Figure credit Fialkov et al. (2013) 
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Figure: Lake et al. (in prep). 

Sources: Naoz & Narayan 2014, Popa et al. 2016, 
Lake et al. 2021
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Globular clusters occupy a distinctive 
region in size-luminosity space. 
From McConnachie (2012)
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SIGOs occupy a distinctive region in size-
luminosity space. Chiou et al. (2019).

Sources: Naoz & Narayan 2014, Heggie & Hut 1996, Bradford et al. 2011, 
Portegies Zwart & McMillan 2000, O’Leary et al. 2006, Rodriguez et al. 
2015, 2016, 2021, Chaterjee et al. 2017, Chiou et al. 2019



Image: NASA/HST
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Note that SIGOs trace halo abundances on these 
scales.

2D Projection of  our 2 cMpc simulation box. 
From Lake et al. (in prep).
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The connection between DM halos and SIGOs

Figure: Lake et al. (2021)William Lake - UCLA



Abundance of  SIGOs over a range of  masses and 
stream velocities. 
Lake et al. (2021).
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Cumulative probability density of  
various SIGO abundances. From Lake 

et al. (2021).
Sources: Lake et al. (2021), Rodriguez et al. (2015)

More than half  the Universe 
has a significant number of  
SIGOs



Shows δSIGO = NSIGO−�NSIGO
�NSIGO

for M > 105 M⊙

Large-scale Spatial Variation in SIGO Abundances

Lake et al. (2021)

SIGO abundances vary with the 
stream velocity on large scales



Image credit: LIGO/T Pyle

Sources: Portegies Zwart & McMillan 2000, O’Leary et al. 2006, Rodriguez et al. 2015, 2016, 2021, Chaterjee et al. 2017, Kremer et al. 2020



Map of  integrated merger abundances: Lake et al. 
(2021)
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William Lake - UCLA
From Chiou et al. (2019)



A SIGO that has reached the Jeans density in a simulation with 
molecular cooling. From Nakazoto et al. (2022). See also Schauer 

et al. (2021). 
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Some SIGOs form stars

Stellar masses with molecular hydrogen 
cooling reach 105 𝑀𝑀⊙

William Lake - UCLALake et al. (in prep)





Map of  SIGO abundances: Lake et al. (2021)
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Figure: Naoz & Barkana (2005). DM density fluctuations in red, gas 
density fluctuations in purple.
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