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INTRODUCTION 2/10

Binary inspirals can serve as probes of dark mediators,
under the assumption that the spiraling objects

accumulate dark charge \

NS, BHs, or other compact objects.
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EXTREME MASS RATIO INSPIRALS (EMRI)

mHz Gravitational Waves.

1

In-spiral of a compact, stellar-mass
object into a massive black hole.
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EXTREME MASS RATIO INSPIRALS (EMRI)

mHz Gravitational Waves.

1

In-spiral of a compact, stellar-mass
object into a massive black hole.

Few EMRIs should be detectable by LISA per year. |

What is interesting
about EMRI?

Precise Measurement M4

Long Observation Time
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DARK FORCE 4/10

We consider a Yukawa force mediated by a particle of mass m,,
Furthermore, we assume that the dark force only acts between two
black holes. All other compact objects do not experience it.

a'Q:0Q, _

r2 e ™" (1 +myr)
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We consider a Yukawa force mediated by a particle of mass m,,
Furthermore, we assume that the dark force only acts between two
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a'Q:0Q, _

2 ¢ T (1 + my,r)

Fpark =

a' = Coupling Constant of the Dark Force
my = mass of the dark force mediator

r = separation between the two objects

Q; = dark charge on it" object.
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Furthermore, we assume that the dark force only acts between two
black holes. All other compact objects do not experience it.

a'Q:0Q, _

2 ¢ T (1 + my,r)

Fpark =

a' = Coupling Constant of the Dark Force
my = mass of the dark force mediator

r = separation between the two objects

Q; = dark charge on it" object.

In the presence of the dark force, the evolution of orbital frequency is given by

2

G(M; + M
w? = (M, 2) [1+&e™™(1 + myr)] a'Q40,

I‘3 a" =
GM, M,
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MULTIMESSENGER STUDIES OF EMRIS 1 5/10

Why is it necessary to conduct a Multimessenger study?
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Why is it necessary to conduct a Multimessenger study?

Because

_ GM, M, ~I_—m,T
FroraL = 2 [1+aT'e™" (1 + myr)]

IS same as

GM,'M,’
FroraL = r—2

Rescaling the mass of binary components can imitate the effects of Dark Force.
Therefore, it is crucial to measure the mass of binary components without any
dark force acting between them.
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MULTIMESSENGER STUDIES OF EMRIS II 6/10

Other methods, free from dark forces, can determine the mass of SMBH.

AMgyph — 10-39

‘ 1. Multimessenger Studies with XMRI-EMRI Combinations :

MSMBH
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MULTIMESSENGER STUDIES OF EMRIS II 6/10

Other methods, free from dark forces, can determine the mass of SMBH.

AIWSMBH

‘ 1. Multimessenger Studies with XMRI-EMRI Combinations : = 10739,

SMBH

‘ 2. Multimessenger Studies with Stellar Kinematics and EMRI : ‘ AMsupH =10 — 30%
MSMBH

: . : - _ AMgsypH N
3. Studies of Spectroscopic Reverberation Mapping and EMRIs: — =10%

SMBH
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RESULTS: FREQUENCY EVOLUTION OF GW

The time evolution of orbital frequency is

dw 32
= =~ Grrf wg(d, my, N
|

l Relativistic Correction
3+a’e”™7(3+myr(3 +myr))
1+a’e ™ (1+ myr(1 —myr))

g:

We assume a 10% uncertainty in the mass
measurement of the compact object in this study.
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RESULTS: FREQUENCY EVOLUTION OF GW

The time evolution of orbital frequency is
dw 32
Py Gur? w’g(a’, my, r)N 1
|

l Relativistic Correction

_ 3+a'e™7(34+myr(3 +myr))
9771+ a'e”™v7 (14 myr(l —myr))

We assume a 10% uncertainty in the mass
measurement of the compact object in this study.

Attractive Dark Force
Repulsive Dark Force

3.0

few [MmHZ]
(]
w

2.0

1.5f

M;=10 My, Mr=105M,

my=(1x10"km)™

3.5

3.0r

M=10M, M,=10°M
my=(1x10"km)™!

— d'=0

[ — l&1=0.10

— 1@ =025

t [years]




RESULTS: CHARACTERISTIC AMPLITUDE OF GW 8/10

The rms amplitude of the gravitational wave emitted for the
dominant, m = 2, radiation is

, 36x1073( M \"/( £ 2/3}[
>2 " 1y/1Gpc \Mg ) \100M 100Hz 02

Here
1o 1S the distance from EMRI.
H , - is the relativistic correction to the amplitude

y 2f,°
hC,Z ﬁe hO,Z - .

f2

[s the characteristic amplitude for the waves
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SENSITIVITY OF AN EMRI TO DARK FORCE

| LIKELIHOOD ANALYSIS | my~ k]
10° 10° 10° 10’
o~ 1 1 = Spectroscopic Reverberation Mapping
A(s|&) = K expl(ha|s) — i(h&,m&,) _ 5(5‘5)] ............. EMRL Spestoscopls Reverheration Mopeing.
-11 D[RJ—;';];;I:;.; ceeaet ]E\[RI_\\[RI ........
(ha|s) = Re /fmax dfaw he (faw)se(few) °
! fmin f(%vv STl(fG\fV)
5 1072}
EMRI-SRM IMRI-XMRI
M, 10 M 10 Mg 10* Mg
-3
M, 10° M 10° M 108 M 10
M e 10 % 10 % EMRI [AM;/M;=10"2%, AM,/M>=10"39%] )
1 0% 0 O e -
M,
107 =T =E 7
AM; 10 % 1073 % 1073 % 10 10 10
Mz mV[eV]

The UNIVERSITY o OKLAHOMA




CONCLUSIONS 10/10

‘ EMRIs can be used to probe Dark Forces. ‘
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CONCLUSIONS

‘ EMRIs can be used to probe Dark Forces. ‘

EMRI is sensitive to a range of mediator masses. The best sensitivity arises
for mediator mass which is comparable to the separation of the EMRI.

An independent mass measurement of the central SMBH breaks the degeneracy of the
effect of the dark force with a simple rescaling of the binary component masses.
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THANK YOU
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BACKUP SLIDE: DARK-CHARGED BLACK HOLLES

Consider a millicharged DM fermion interacting by
the exchange of a vector mediator

1 1

4 2
Q2 = Nag,
m m and 1018
x ~ Mp. dx ~ €

Assuming that the SMBH is in an environment with density p
of oppositely charged dark fermions moving with velocity v

v > (0.4GeV/cm® 10Me\ [ my e
Tdischarge 290 km/b P ]\/[2 m, o yr
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BACKUP SLIDE: MORE RESULTS
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