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SMBBHs Expected to be Ubiquitous Multi-messenger Sources

* Product of galaxy mergers

(Begelman+1980)

* GWs from inspiral and EM emission

from accretion (Bogdanovic+2022,
LISA+2023)

* Understanding large-scale structure
(Kormendy+2013, Heckman+2014)

NGC 4676, Credits: NASA/ESA

. . . M87*, EHT Collaboration
* Probing HO and universe’s expansion

(Schulz 1986, Holz+2005)

LIGO, GW170817 chirp signal
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Goal: Understand the Effect of Eccentricity on
Relativistically Separated Binary Black Holes

+ Einstein Toolkit: Full general relativity oo Po/Po, max
(LeanBSSN) & Ideal Magnetohydrodynamics 40 t ]
(IlinoisGRMHD) Z 10-1

20 |

* Eccentricities: e = 0.00, 0.17, 0.31 —

(Roedig+2011, Siwek+2024) § o 10-2

* Initial major axis:a =20 M —20F Lo-3

* Equal mass, non-spinning BBH 40 _

................... 10—4

3/19/25 Vikram Manikantan, vik@atizona.edu 3



log (00/00, max)

t/M = 559.80 e=

First GRMHD o0
simulations of
accreting,

eccentric binaries

X[M]
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E.ccentric Binaries don’t Sustain Minidisks
pO/pO max

* Tidal streams circularize oF | _f 4 10°
around BBH s i : 1

* Form minidisks and then § of ! - : 69 il oo
accrete 25} o 1l

* Quasi-circular binary has 0t =3200.4M 1F t, = 34002 M :
persistentstructure :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 1072

* Eccentric Binaries don’t OF 1 ]
sustain minidisks (at these — 2f El3 1M,

separations) = o : "‘ 1k 9 € ;

> i - 1F

—-25F 1F g
-50 1E 1l 0

 t, =3574.8M {f t;=3750.3M :

750-25 0 25 50 750-25 0 25 50
x[M] x[M]
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QQuasi-circular binaries accrete at ~1.4 f,,,,

51— L B L s B e S B S B R R T T T
S 3 ==== Mhnin/{Mhin) N i
i 1 \ [ { ! ' ]
ZOOOI — éOIOCI) — I40I00I — I50I00I — I60I06 — I7OI0(; — I8000 0 1 2 3 4
t[M] Frequency [forp]
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FEccentric Binaries Accrete at their Orbital Frequency

T n T 1 T 10
N
O
- -_0.5 N
| /j -
L 1 0.0
n T T _1.0
] 1
1 | 1, O
Y -
N R R T R A I |L.___|J...-O.O
2000 3000 4000 5000 6000 7000 8000 O 1 2 3 4
t[M] Frequency [forp]
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Accretion 1s Driven By Pericenter Approach

=== Mpni/AMhnin)

E 1 \r /) NA W, _— :
2000 3000 4000 5000 6000 7000 8000
t[M]

0
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Accretion 1s Driven By Pericenter Approach

M/{(M)

=M/ M)
Binary Separation

= ~
= 3 Jos 2
S~ ] i ] o
< { | ! " 1
N B R S S el S Loy Sl BT i SIS SN o'
2000 3000 4000 5000 6000 7000 8000 O 1 2 3 4
t[M] Frequency [forp]
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Ubiquitous Jet Launching from Non-spinning BBH
o 268

0




Fccentric binaries have variable jets

0.008 |

—~ 0.006 |
< 0.004 f

0.002 F

0.000 p——
0 2000 4000 6000 8000 10000

t [M]
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Fccentric binaries have variable jets

0.008

0.006

0.004

Liet/{M)

0.002

1 1 1 1 L L L 1 L L L 1 L L L 1 L L L
0 2000 4000 6000 8000 10000

Frequency [forp]
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Synchrotron Radiative Transfer

* Choose a line of sight 200

* Choose electron distribution

* Rybicki & Lightman synchrotron 150
coefficients

* Assumptions:

1. Fastlight 100
2. Non-relativistic

3. z>50M 50
4. 10% Eddington

5. 10% radiative efficiency
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Recover the Typical Synchrotron SED

—_— 1028 ~ T T T T T | —

|—I| p=25 Mt0t=1O7MO

W 1026 - -

T

g 1024 n IJ(.Z\ -

@)

- 22 L -

g O e = 0.0

j 1020 B _ —Q = 0.17
Looy=7 x10%%ergs™ | —— e =10.31

1612 | 1I014 | ]I_016 |

Vem [HZ]
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Time-dependent SED are Variable

1026 E LENELEL B R R L] | LA 1 L | T rrrrmg T T T Trrrg T T T 11T
F p=2.5 t=2.082 days
25 L
— 107E Mot =10"M o
| F e=0.31
W 1024
i -
N B
I 10235_
o :
& 1022 -
s -
\l L
1021 3
1020 [ MR | R T B R | Lo a el IR ETIT
1012 1013 1014 1015 1016 1017 1018

Vem [HZ]
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Time-dependent SED are Variable

1026 L L LR | | NLELELLLL LB L B R
F p=2.5 t=12.082 days 1
25 L .
— 17F Mot = 10"Mo
| L e=0.31
0 1024 3
'_I_‘ = =
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2
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102 3
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Frequency [forp]
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Coincident EM and GW
Bursts

3/19/25

Gravitational waves
Jet power
Synchrotron emission

‘Burst’ at the same time and at
equal intervals

 e=0.31 i

D

Luminosity
[1037 ergs—!]
N

(o)}
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Fccentric SMBBHs are Umquely Idenuﬁable

* Eccentric BBHs accrete at ~f,,p =7 ' j\M
1k A N 7 p4 T SR o A A L 1 L
* Their jets are variable on ~f,, g T Y fequency o)

* This variability is reflected in their synchrotron
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10°
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emission

Coincident GW and EM bursts

107! 0.008 b
=
=
— [
1072 a | ]

H
T

“Coincident Multi-messenger Bursts from Eccentric
Supermassive Binary Black Holes” Manikantan, Paschalidis,

N

=
Luminosity
[10%8ergs~1]

o

10-°

Bozzola, arXiv:2411.11955

“Effects of Eccentricity on Accreting Binary Black Holes™ el R i VI

. . 1. . 1o _II EE ]
Manikantan, Paschalidis, Bozzola, on arXiv next week o m l
10% ""-. !
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Fccentricity is expected to be common

° GalaXy mergers are eccentric; Eccentricity is the rule; Valli+2024 widening
SMBBHs preserve that ' NN NN
eccentricity (Gualandris+2022)

* CBD-binary interactions induce
long-term eccentricity

(Valli+2024)

* SMBBH eccentricity is the

norm, and up to e=0.5
(Siwek+2024)

eccentricity

0.0

0.2 0.4 0.6 0.8 1.0 shrinking
mass ratio

3/19/25 Vikram Manikantan, vik@arizona.edu 20



Accretion 1s Driven By Pericenter Approach

* ISCO: plunging radius
* Hill sphere-ISCO ratio

determines presence of
minidisks

3/19/25

At apocenter At pericenter (d~14M)

(d~26M)
Hill
bnere Hill
ISCO sphere

.
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Accretion 1s Driven By Pericenter Approach

pO/pO, max
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pO/pO max

==0. lfe=0. fe=0. 1| {100
50 F 1k 1 ] 110

{101

B4
el
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6

_50F 1k 1E :
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50 | 1k E| ;

25 F ~ 1F 1E :

— : 1t ] ] 1073
= of [ 1t :
> : ] ]
—-25F 1F 1F 2

—-50 ‘ 'E ' ' ' ' 104
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5 IlI""I"“l""l""; _""l'n"l""l""-l-o
e = 0.00 — mimy 4| ]

=== Mpi/{Mnin) '

M, M
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3 i ' :
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Time-dependent SED are Variable

L, [ergs tHz1]

Vem [HZ]

N

0 1

50 60 70 80 90 100 110
Frequency [forp]

t [hours]
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