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XMRIS = SMBH+BD\'A B A — I, /Mgy < (10,10%)
~102 M

eg. Coleman+2002,Gair+2011: Konstantinidis+ 2013;
Haster+2016; Amaro-Seoane+2018
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" How are they formed?  Different environments
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‘Diverse formation mechanisms = :

-’fstars/ BHs on tlghtlyf--'

Al - [Hills 199815-

" CouldBe nearly cn@l-ar?" [leler+05]
Or maybe just m|IdIy eccentric? [Raveh &Perets 21]
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~ Howare they formed? ~ oiferentenvionments

‘Diverse formation mechanisms

ST

Captures by GW emISSIOn |
Egg Portegies Zwart & I\/Ichllan (2002 Apj)]

e’
Can boost formatlon rates |

Galaxy mergers —
; / { [e.g. Nate Bode & Wegg 2013; Naoz et al. 2022; Vazquez-Aceves

tal, 2022
_ ;t“?e :




HOW are they formed?  Differentenvironments

— iy
i

_";_.DISI uptlen Of brnarres | [Hllls 1998] -~ Diverse -f('_)_rmétion-'mec’h_an'i:},mg -

' Galaxy mergers ""-'les Allgned Wlth dISk
(e fﬁ Nate Bode&Wegg 2013 Naoz et aI 2022-2' ,
_f n ba nd

| ent can be very

-----

In’ sttufformatron [Stone et at zoi7]

Y, After that o S
? |grat|on [McKernan et al 2011] e S -
7% @rowth through mergers [Bellovary et al. 2016] and acer |on S
o .‘_,-te [Gllbaum&Stone 2022]"'.: Cor e . .
:.... = . - _ESO/WFI (Optical); MPIfR/ESO/APEX/A.Weiss et al. (Submillimeter);
S ‘:%’ | ot : NASA/CXC/CfA/R.Kraft et al. (X-ray)



. Different environments =
‘Diverse formation mechanisms =~ -

2 [Peebles (1972), Bahcall & Wolf (1976)]
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_. C-bservatlons and
“~ simulations of the
structure . of the Mllky
“nuclear f star  indicate
eX|stence of a power law denSlty
f"\ ‘cusp around Sgr A*

g N i

%“ \Ppehiestl i), bancalie e [The Dragon simulations, Wang et al. (2016)]




Formatlon Mechanlsm

Key process in a dense

Two body relaxatlen -
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Two- body relaxatlon

[Hopman & Alexander (2005), Amaro-Seoane et al. (2007)]
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~ XMRIs in the Galactic Center

* SNR ~ 20
A SNR ~ 100
*  SNR ~ 1000

Initial conditions set
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[Vazquez-Aceves et al., 2025]
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Multlmessenger signals!

Tldal Strlpplng of WD by Ilght— -

@ Original systems
A Evolved systems
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102
Period[h] Vazquez-Aceves et al., in prep
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MR i the Gl Center

A populatlon of ~ 10 XMRIS IS
T o expected to re5|de in our Galactlc
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But what happens if we have EMRI + XMRIs

Evolved a system Wlth 1 EMRI § R | System |  smafpc | ecc  EES
(We StIII expect to have ]ust 1 E[VIRLper galaxy) - 1.019 x 10~ 0.9970 [N

' 5.7323 x 10~° 0.4978

' 0.98765

S ' iy et Y A Bl 10 09839 &

? -FeW body regime evolvefd'w?t ARWV code™ (I ool

g Evolutlon of oerts Wlth 2 5PN =T _ A x 10 3655 B

-'_.'.:‘_'..-.x"

And added a few XMRIS (10)

e, g

6.001 x
1.096 x

B

_,_r:j' : .' e e ; Phi== s = = ! . A10 3.512 3 1 o (]2529

_\XMRIS: 4 XMRIs with SNR below 10, loudest system -
“'SNR~ 400

Vazquez-Aceves et al., in prep




i COILIC)

—— |solated EMRI

Embedded EMRI | I (h(©) | h(®))(H(®) | K(®))

System Fitting Factor
E+ X, 0.8125
E + X» 0.8126
E + X. 0.8110
E+ X 0.8066
E + X, 0.8122
-2 45 E + Xe 0.8123
s E+X 0.8109
0.6930 | 0.6935 0/694C E + Xs 0.8116
R E + X, 0.8122
E+ X1 0.8068
E+ X1_10 0.8002

TABLE II. Fitting factor of after two years of
observation

0.00 025 050 075 1.00 1.25 1.50 1.75 2.00
Time [yr]

EMRI GW signal: 2 years Vazquez-Aceves et al., in prep



. Only XMRIs

1.019 x 1073 0.9970
5.7323 x 107° 0.4978

0.98765
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0.8655

¥ 0.7956

6.001 x 0.6954

TR — 3 1.096 x 0.2044

1.0 0 7.739 x ; 0.36583
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0.2529

.~ Pericenter comparison X;
__isolated vs XMRIz-10

Vazquez-Aceves et al., in prep




XMRIs

ln thls pase the flttmg factor |s S
f'Iess than 0. 5 . |

y—if 47 0.5 1.0
r Time [yr]

-« Pericenter comparison XMRI-1
__ isolated vs XMRI 1-10

= > Vazquez-Aceves et al., in prep




~ To conclude...

Insplrallng systems everywhere

(Probably more than what we have caiculated)
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‘Event rates number of detectable sys =
i ~Good techniques to identify signals THANKS!

; "{ / =
and extract parameters. veronica@pku.edu.cn
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