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This is what we observe:

Nothing to test if you have no ‘useful’ predictions…



What is the origin of BBH mergers?

parametersClusters Field

Mass

Spin

Eccentricity

Rates
Location



Old Newtonian Studies

LISA
DECIGO

LIGO

< 2017



New Post-Newtonian Studies

LISA
DECIGO

LIGO

> 2017

THESE are real ‘useful’ predictions…



Background

eccentric black hole mergers forming in globular clusters
Samsing, 18.



Background

2015…



Background

(Samsing, Ramirez-Ruiz, 17)



Background

(Samsing, Ramirez-Ruiz, 17)

(Sam
sing,  et a. 2017)



Background

Clusters give rise to 
predictable outcomes.  

Pen and paper can 
reach percent precision!

Our two methods 
greatly complement 
each other!







Merger Type: Single-Single Capture:



Merger Type: Single-Single

Single-Single

see our new paper: 
‘GW captures of single BHs in GCs'
(Samsing, et al. 2019)

S-S captures do not only 
operate in Galactic Nuclei!

Distribution depends on:
BH distribution (Plummer/Uniform..) 
Binary Fraction



Few-body BBH mergers: Formation of a BBH



Merger Type: Ejected Merger

Samsing, D’Orazio. 18.



Merger Type: Ejected Merger
Classical way of forming BBH mergers
Suggested by: P. Zwart, S. McMillan

Newtonian outcome.
Leads to interesting rate, 
but standard circular mergers.



Merger Type: Ejected Merger

Circular GW sources

Important point: It is all about characteristic time scales!

ejected



Merger Type: 2-body Merger



Merger Type: 2-body Merger



Merger Type: 2-body Merger
Time scales:

Eccentricity:

Probability:



Merger Type: 2-body Merger Eccentric LISA sources

Consider again the characteristic time-scale argument:

2-body

series of papers: Samsing/D’Orazio



Merger Type: 3-body Merger

3-body GW capture:



Merger Type: 3-body Merger

3-body Ecc. encounter:



Merger Type: 3-body Merger

3-body Ecc. Probability:

‘Eccentric BHs forming in GCs'
Samsing, 18.



Merger Type: 3-body Merger Eccentric LIGO sources

3-body

‘Eccentric BHs forming in GCs'
Samsing, 18.

100 x larger than predicted for decades



Merger Type: 4-body Merger



Merger Type: 4-body Merger



Merger Type: 4-body Merger

Zevin et al. 2019 (highlighted in AAS NOVA)



Peak Normalizations:

ejected

2-body

3-body

start to reach 10% high ecc. LIGO mergers



Merger Type: Secular-processes
- work done with Adrian Hamers (IAS)



Merger Type: Secular-processes

1.order (Heggie, Rasio 96)

2.order 2x(Hamers, Samsing 19)

and 1x(Samsing, Hamers, Types 19)

Why is this important?



non-parabolic limit…



Merger Type: Secular-processes

PN effects?

2.5

1,2



Merger Type: Secular-processes

Initial binary state:
Calc     and     

2-body merger:
is      <         ?

STOP:
2-body merger

GW binary evolution 
New state: 

Prepare encounter:
pick  

3-body merger? Decide weak 
interaction
modeling 
technique. 

STOP:
3-body merger

Ejection:
is          <         ?

STOP:
Ejection

Update binary state
New state: 

if Strong if Weak 

Y   

N   

N   

Y   

N   

Y   

Binary Evolution   Endstate

MC approach:



Results from our MC code

more BBHs are driven to merger!



Summary


