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Galaxy Merger 
Simulations 



Toomre & Toomre (1972) 
Restoration: Michael Lauter



Holmberg (1941) 







Motivation for 
New 

Galaxy Merger 
Simulations 



Internal Structure Environment 

Pillars of  Galaxy Evolution 

Interaction History 



Messier 81 
Messier 82 



Our Suites of  
Merger Simulations



Two Merger Suites 



VARYING: 

Eccentricities:  

Impact Parameters:  

Spin-orbit orientations:  {e, f, k}
(prograde, perpendicular, retrograde)

✏ = {0.85, 0.95, 1.05}

Orbits Suite 

b = {2, 8, 16} kpc

FIXED: Mass, Mass Ratio, Morphology & Gas Fraction 



Mass Ratios Suite 

Morphology: Gas fraction:

FIXED: Eccentricity, Impact Parameter & Orientation 

VARYING: Mass 



The FIRE Project 



The FIRE Project 

PIs: Hopkins, Faucher-Giguere, Keres & Quataert 
http://fire.northwestern.edu

(Feedback In Realistic Environments)

http://fire.northwestern.edu


Gadget (precursor) 

• Smoothed Particle Hydrodynamics (SPH)
• Kennicutt Law  

       => Subgrid Star Formation Rule

(Springel et al. 2001, Springel & Hernquist 2003)



FIRE: Highlights 

• Self-gravitating dense molecular gas regions 
       => star formation in one dynamical time!

• GIZMO: meshless hydro solver
• Kennicutt Law: prediction, not an input

• Realistic Feedback: 
       

      - Stellar Winds (O & AGB stars) 
      - SN II & Ia 
      - Photoionization & photoelectric 
      - Radiative Pressure 

(Hopkins et al. 2014)



Mock Surveys: 
Mapping Star Formation
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MOCK SURVEY: 

For Every Merger 
For Every Time Snapshot 

Many Random Views!
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Interacting Isolated Control

SFRint

�SFR ⌘ SFR
int

SFR
iso

SFR
iso

Star Formation Rate 
Enhancement:



OuterDisk : 1� 20 kpc

Nucleus: 1 kpc

Mapping Star Formation 



Results: 
Mapping Star Formation



Projected Separation
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(Ellison et al., 2011)

Some galaxies are quenched!

SFR 
Enhancement

Median



Projected Separation

Nucleus
(0 -1 kpc)
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Projected Separation

(1 -20 kpc)
Outer Disk

Nuclear 
Enhancement

No Significant  
Effect



Off-Nuclear  
Suppression 

Consistent with FIRE!

(Barrera-Ballesteros + CALIFA Collaboration)

Nuclear 
Enhancement

Inconsistent w
ith

 FIR
E!

Comparison with IFS Observations 



Are  
Observations 

Wrong? 



Are  
Observations  
A Bunch of  
Malarkey? 

# malarkey



Reconciling  
Theory  

with  
Observations



Nearby galaxy



Distant galaxy



Very distant galaxy



Extremely distant galaxy



In a galaxy far far away!



Extremely distant galaxy



Very distant galaxy



Distant galaxy



Nearby galaxy



Nuclear Region 
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Nuclear 
Enhancement 
(all fibre sizes)

Consistent with CALIFA!

Median

Top quartile

Bottom quartile



Off-nuclear Region 
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Consistent  

with CALIFA!

Off-nuclear 
Suppression! 

(fibre sizes: 3, 4 kpc)



• Gadget:  Subgrid feedback, Kennicutt Law is an input

• FIRE:  Resolved feedback, Kennicutt Law is a prediction

• Enhanced Nuclear Star Formation

• Agreement with observations (CALIFA)

• Suppressed Off-nuclear Star Formation (beyond 2-3 kpc)

Thank You! 

Any Questions?


