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Cosmo-Paleontology
Searching for fossil groups in a gravity-only simulation



Welcome to Cosmo-Paleontology!

•Our mission:
• Search a simulated universe for fossil groups
•Analyze findings statistically
• Learn about structure formation



How can we study structure formation?

• Structures start as 
density perturbations

• Dark matter halos form 
& grow via merging
• Become hosts for 

galaxies

• Simulations
• Evolve dark matter 

particles gravitationally
• Track dark matter halos 

from redshift 10 to 0
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Merger trees track formation history



• What are Fossil Groups?
• Very old, massive galaxy groups

• Brightest Group Galaxy (BGG) lives in 
“dead” environment

• Theory: no recent merging activity

• How can they help us?
• Rare object validation

• Can we find them in our gravity-
only simulation?

My Project: Fossil Groups

1.

1. NGC 6482, Digitized Sky Survey 2
2. Griffen et. Al. 2015
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The Search Begins

• Expectation
• No significant merging 

activity in recent history

• Luminous Merger (LM) 
• Mass threshold: 5x1011 h-1Msun

• No LM after redshift 1

• Search in two mass bins
• Bin 1: 1013 to 1013.5 h-1Msun

• Bin 2: > 1013.5 h-1Msun
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Initial Findings

1013 to 1013.5 

h-1Msun
>1013.5 

h-1Msun

# FGs 
found

434 7

Total # 
halos

4797 1784

# FGs/ 
total

9% 0.39%



What do their histories look like?



Substructure

All halos Fossil group candidates FGs/All

(5.8 ± 0.1) x 10-2 (8.8 ± 0.3) x 10-3 ~15%

(1.87 ± 0.01) x 10-1 (1.01 ± 0.02) x 10-1 ~54%



Mission Recap

• Goal: search for fossil groups in our simulation

• Define fossil group candidates
• No luminous mergers after z = 1

• We found some! 
• Most candidates within [1013 to 1013.5] h-1Msun

• Candidates have little substructure

• Next Steps 
• Try with larger simulations, include baryons
• Compare with real observations
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Bonus Slides
For curious audience members☺



About Our Simulation

• Smaller version of Last Journey

• Last Journey
• Mira’s last run, 2019

• Evolves ~1.24 trillion particles

• Volume: (3400 Mpc)^3

• Smaller version
• Evolves ~1.1 billion particles

• Volume: (250 Mpc)^3

ΩΛ
0.69

Ωcdm
0.26067

Ωb
0.04933

Ωm
0.31

H0
67.66 km s−1Mpc−1

σ8
0.8102

ns
0.9665



Can we trust our merger trees?



Can we trust our merger trees?



Luminous Mergers



Luminous Mergers



Redshift Cutoff


