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The Milky Way from the Himalayas, May 2024. Photo by-Prashant Kumar [@prashant3052]



What is an XMRI?

“Extremelylarge - Brown vaarf ( D)
mass-ratio inspiral |nsp|ral|ng around a SM BH
~ . %e . Amaro-Seoane,2019: arXiv:1903:10871 -

XMRls =

 Massratio .-

\ ‘An inspiraling systemevcalves Only due
to the emission of gravltatranal waves '
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Background photo by Prashant Kumar [@prashant3052]



~XMRIs in the Galactic Center

!

Bl Extremely Iarge mass rat|o allows the
BD to spend a large amount of time
orbltlng SgrA %

x‘:g‘.;i ! TianQin

» Detecting the GWs. em|tted by
inspiraling systems will give us .

information :about the_space t|me ..':7. ° [ anile
~ around SMBHS R,

o |f detected in_our galaxy Extract 28
|nformat|on about SgrA* (like the spm) : R

. Improve our understandmg of galactlc p Qe RSN g ’.‘-’10
dynamlcs 2y .
Amaro-Seoane, 2019: arXiv:1903.10871



‘How are XMRIs formed?,

Key process in .a dense.

- system:

Two-body relaxation < -

Increases the eccentricity of -

an orbiting object; - = - -

At pericenter, the energy -.
loss by * GW emission .

becomes significant.

The orblt reaches a crltlcal semlmajor aX|s

acr,t such that

"~ Two-body relaxation .

[Hopman & Alexander (2005), AfHaro-Seoane et al. (2007)]



But we have to c_hposé_ our orbit: The pericenter

, rp:a(lfe)
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Direct Plunge Inspiral

"“We set the pericenter at the Last Stable Orbit |
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The loss-cone
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Brown dwarfs polytrope R G ,01+

=) N2 T

S | egm [Shapu.ro&TeUkOISky 1983]
With M= 4X106M®"‘:
mBD_ 0. OSM@

=0.083Rz- . o
[So.rahana' et a|2013]
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What |f we have e Kerr BH?

The posmon of the LSO depends on the. spln
maghnitude  (s) and . the orbital .inclination.. The
e | perlcenter [SEalies © ' ' '

rp =4rs W(6,5)

.

» - -,‘. i‘\.\' )

NoB'aC‘fHO'E Where the function W( 9 s) |
Hatation he shift in the position of |

1e last stab "orb|t for arbitrary-
orbital " inclir tions and spin |

magnit o -O 999
Prograde GRS ‘:\‘1' ‘
Rotation [Sopuerta&Yuhes 2011

Amaro Seoarre et al. 2012]




The event rates

..N/acrit dn(a)
" Japin Tix(a) In(822)

min

[Hopman & Alexander, 2005; Amaro-Seoane, 2019]
The event rates. depend on:.” % .
Initial mass function =~ © 0 — Y

i b Den5|ty dlstrlbutlon for bIack holes
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The relaxation time ST B s
The orbital parameters of the XMRIs ~ * p (r) T

* Density dlstrlbutlonfor I|ghter objects



Rates for different BD mass around SgrA*.

—— 0=0.1rad —— #=0.7 rad #=1.3 rad —— 0=0.1 rad — 0=0.7 rad #=1.3 rad
— 0=0.4 rad — (=1 rad —— (=1.57 rad (0 =0.4 rad — =1 rad —_— (=157 rad

Prograde orbits 1 Prograde orbits
e=0.9986 . e=0.9986

MMBH:4-3X 106M@ ~: MI\IBH:4-3X ].OGM@
my = OOSMQ .: 3 1 my = OOSM'J

v=1.75, B= 150, A v= 175, f= 150,




The total number of XMRIs Nt orbrtmg around SgrA* can be
'estrmatedas e B

Ntot T XMRI(acm) X TGW

contmurty functron that descrrbes the;__r at WhICh the source
[ takeS d glven Sem|ma_]0r aX|S [Amaro -Seoane et aI 2019]



The total.number of XMRIs Nig orbiting around SgrA” can be
esti ‘ 5 |

Sources in detection band

No
inspiraling
sources

No sources
in band

No sources
Ny

Circular sources |Eccentric sources
e<0.2

amin ab'and
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~Can we measure the spin of SgrA* RN
detectmga _smgle (MRBEE S .



Accuracy for the measurements of the mass and svpin of SgrA*.
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i, ik . [Vazquez-Aceves et al., 2023] .

Waveforms: PN2 5 [Barack & Citler (2004), Fang & Huang (2020)]

Fisher matrix analysis to estimate how accurately the spin and the mass of SgrA* can: be measured.
[F|nn 1992; Coe 2009; Klein et al. 2016] = .




Whatif we have a few sources?

We take detectable sources (SNR = 20)

-

s=0.1 and SNR=20 s=0.1 and SNR=20
+ $=0.9 and SNR=20 . % ~-%+ 3=(.9 and SNR=20

s=0.1 and SNR=100 : s=0.1 and SNR=100
. §=0.9 and SNR=100 ‘ - %+ 5=0.9 and SNR=100

2 3
number of sources




Conctu’sions ~

« We expect XMRIs to be abundant and most hkely, the loudest sources in
our Galaxy -

« Future space- -borne detectors WI|| be able to detect at Ieast one C|rcular :
XMRI if the spin of SgrA*" is hlgh (=0.9) and ~ 10 eccentrlc XMRIs
regardless of the spin value. - - -

_ . Detecting just one XMRI W|II alloy\_f us to measure the mass of SgrA* W|th
- an accuracy of the.order of 102Mg. . - - T

» The spin can be meastred with f !_'fﬁacy between 10and 107 .

« The spin magnitude of SgrA has ah |mpact on the orbital parameters and -
the number of XMRiIs. - Different scenarlo%are worth eprorlng as there is
currently no restriction.on the spin_ of SgrA g - . |

' veronica@pku.edu.cn






How o‘ften-these tidal disruptions occur ¢

We can obtain. ' Qerit
the event rates of E 1. o dn(a)
successful XMRIs 1 —

a

min Trlx(a’) ln(le\lzz),

[I'-Iobman & AIeXander, 2005; Amaro-Seoane,2019]

Ntot is ‘the total number -of objects “(mpain-
" sequence stars, compact objects, and substellar
objects) within the mfluence radlus of th:

fSulo IS the fr‘actlonénumber of the con5|dered species

1

obtained from a Kroupa broken power Iaw go(m) e

m*“’

with m. the average stellar mass. [kroupa; 2001]



