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2-body mergers (inside cluster)
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THE FORMATION OF ECCENTRIC COMPACT BINARY INSPIRALS AND THE ROLE OF GRAVITATIONAL WAVE
EMISSION IN BINARY-SINGLE STELLAR ENCOUNTERS
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ABSTRACT

The inspiral and merger of eccentric binaries leads to gravitational waveforms distinct from those generated
by circularly merging binaries. Dynamical environments can assemble binaries with high eccentricity and peak
frequencies within the LIGO band. In this paper, we study binary-single stellar scatterings occurring in dense
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AN eccentric black hole mergers forming in globular clusters
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BBH Eccentricity Distribution at 10Hz
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Eccentric Black Hole Mergers Forming in Globular Clusters

Johan Samsing*
Department of Astrophysical Sciences, Princeton University,
Peyton Hall, 4 Ivy Lane, Princeton, NJ 08544, USA.

We derive the probability for a newly formed binary black hole (BBH) to undergo an eccentric
gravitational wave (GW) merger during binary-single interactions inside a stellar cluster. By in-
tegrating over the hardening interactions such a BBH must undergo before ejection, we find that
the observable rate of BBH mergers with eccentricity > 0.1 at 10 Hz relative to the rate of circular
mergeLs b as ~ 5% for a typical globular cluster (GC). This further suggests that BBH
GW captures in binary-single interactions, eccentric or not, are likely to
otal BBH merger rate from GCs. Such GW capture mergers can only

cofktitute ~ 10% of t

stellar halo ~

Post-Newtonian Dynamics in Dense Star Clusters: Formation, Masses, and Merger

Clusters give rise to Our two methods

predictable outcomes. greatly complement
each other!

Pen and paper can

reach percent precision!

Rates of Highly-Eccentric Black Hole Binaries
Carl L. Rodriguez,! Pau Amaro-Seoane,? Sourav Chatterjee,® Kyle Kremer,*
Frederic A. Rasio,* Johan Samsing,® Claire S. Ye,* and Michael Zevin*

Using state-of-the-art dynamical simulations of globular clusters, including radiation reaction
during black hole encounters.and a cosmological model of star cluster formation, we create a realistic
population of dynaps
that in the local @hiverse, 10% of thes@ binaries form as the result of gravitational-wave emission
between unbound Mg
having eccentricities déte

arrent ground-based gravitational-wave detectors. The mergers
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Merger Type: Single-Single

Capture:

AE, ~ (857?/12)G7/2c_5m9/2’r;7/2
Eg = pv? /2




Merger Type: Single-Single

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

Formation Rate I" [rnd. norm.]

[—"1 ejected mergers (outside cluster)
- 2-body mergers (inside cluster)
i [ 3-body mergers (inside cluster)
- [ L= sin-sin (fi,s =2%)
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BH distribution (Plummer/Uniform..)

Binary Fraction

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




Few-body BBH mergers: Formation of a BBH
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Merger Type: Ejected Merger

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

AEbs — (1/5— 1) X EB(CL)

.Nl 1 1 Gm
aeJN6 ) V2

€SC

S 3 Gmpn
e 2 Uc21is
a(k) = CLHB5k

da = —a(l — &)dk

T _/"’HB 1 da
YV Jay  M00bsvo a(l—6)’

_(67G) ™t vg m™H
(1—190) no aej

Newtonian outcome.

an 1 1 1 Qin Leads to interesting rate,
Nbs(azin, a/ej) — / __da —_— 11’1 I .
e but standard circular mergers.



Merger Type: Ejected Merger

Circular GW sources

ejected [—"] ejected mergers (outside cluster)
- 2-body mergers (inside cluster) A

| [T 3-body mergers (inside cluster)
- [ sin-sin (f,s =2%) .

Formation Rate I" [rnd. norm.]

log faw [Hz]

Important point: It is all about characteristic time scales!

3/7 314 ~11/14
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Merger Type: 2-body Merger

SMA ' ejected ' 2-body  i3-body
. merger ‘merger merger
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Merger Type: 2-body Merger

SMA ejected ' 2-body  i3-body
. merger merger merger
l | (ecc. in LISA) '(ecc. in LIGO)
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Merger Type: 2-body Merger

Time scales:

bite(a, €) & tite(a)(1—e?)7/?

tbs(a) ~ ]-/Fbs ~ (nsabsvdisp)_l

Eccentricity:
P(e) = 2e

Probability:
Pryv(a) = (tvs(a) /tise (@)

SMA rejected 12-body  i3-body
merger rmerger merger

l é é(ecc. in LISA) é(ecc. in LIGO)?
N LN LN '

a; = 516LHB

ao = 5oaHB5

a9 = (SZCLHB

as = 53aHB

a4 = 54aHB

ayp = 5”aHB




Merger Type: 2-body Merger Eccentric LISA sources

| | | | | |
[C] ejected mergers (outside cluster)

- 2-body mergers (inside cluster)
i [T 3-body mergers (inside cluster)
- [ [ sin-sin (f,s =2%) .

Formation Rate I" [rnd. norm.]
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Merger Type: 3-body Merger

3-body GW capture:
Eg~ Gm?/(2a)
(857T/12)G7/20_5m9/2r;7/2
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Merger Type: 3-body Merger

3-body Ecc. encounter:

N 2Gm 1/3
e~ F2r2
o | 495\ 870/2299
EMT T 9F (er) \ 304
870/2299
®

- _17 870/2299

2G6m\'* 1 1+e; | 425 121
frm) 2621|304 304 7
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Merger Type: 3-body Merger
3-body Ecc. Probabillity:

interaction:

(2Gm)1/3 1 1+e;
reEM =~ —

_1] 870/2299

#25 (. 121,
72 304 (Hﬂef)
1 (o P Pei(ae;
/ Em(a)  Pem(ae)
a a 1—0

7 12/19
€f

e]

‘Eccentric BHs forming in GCs'
Samsing, 18.



Merger Type: 3-body Merger Eccentric LIGO sources

| | | | | |
[——] ejected mergers (outside cluster)

- 2-body mergers (inside cluster)
i [T 3-body mergers (inside cluster)
- [ [ZZ] sin-sin (fbs =2%) 7
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. T )—3/7( a )3/14( m )—11/14
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1010yrs
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v Py (ng=10% pc?)
' — I'pyv/Tom (Pu<1)

100 x larger than predicted for:decades
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black hole mass m [M;)]
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‘Eccentric BHs forming in GCs'
Samsing, 18.
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Merger Type: 4-body Merger

o m11=20.0 Mo °
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Merger Type: 4-body Merger

w m;1=20.0 Mg ® mM»1=20.0 Mg
mjy>=20.0 Mg M>>=20.0 Mg
t=06.3E+00 yr
4.
" 10.75
0.50
0.25::;
= 10.00~
D
< 0 x x 0,257
N . £0.50
—iP 4
] ] s
X -4
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Merger Type: 4-body Merger
Zevin et al. 2019 (highlighted in AAS NOVA)

mM11=20.0 Mg . mM>1=20.0 Mg
mjy>=20.0 Mg mM»>>=20.0 Mg
15
t=7.1E+00 yr
10 -
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T o .
N
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ejected mergers (outside cluster) Pea k N o r m a I izati O n s :
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Merger Type: Secular-processes
- work done with Adrian Hamers (I1AS)
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Merger Type: Secular-processes
Why is this important”

1.order (Heggie, Rasio 96)
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non-parabolic limit...

16  Hamers & Samsing
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Terms of order
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Merger Type: Secular-processes

PN effects?
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Merger Type: Secular-processes MC approach:
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Results from our MC code

in-cluster vs. ejected mergers
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