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Cardoso, Pani, Nature Astron [1709.01525]
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primordial black holes
boson stars, BEC

WIMPultralight particles
(axion, dark photon)

wave dark matter particle dark matter exotic compact object
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                       Did LIGO detect ECOs?
subsolar compact object detection means something new



Nitz, Wang, PRD [2202.11024]

Rising interest in subsolar PBH searches (LVK, ...)

• Method: matched-filtering

• All assuming ultracompact objects

Need to take tidal disruption of ECO into account

Signal decreases quickly as mass 
decreases (for comparable masses)
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Same Chirp Mass Binaries

To probe a lighter one, make the other one heavier: larger mass ratio

Signal becomes stronger as the chirp mass increases
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the chirp mass
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Same Chirp Mass

(heavier object mass)mass ratio: 10−5
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Same Chirp Mass

SMBH

BH, NS, WD

extreme mass ratio inspiral (EMRI)

SMBH:        4 ∗ 106 solar mass
BH/NS/WD: O(1-10) solar mass

m (mass)
C (compactness)

M (mass) a   (spin)

For simplicity: require the heavier one to be BH-like

Can search for much lighter ECO!

EMRI mini-EMRI
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HG, Andrew Miller [2205.10359]

a standard EMRI system



ApjL, 930:L12

Wikipedia

SMBH

BH, NS, WD

extreme mass ratio inspiral (EMRI)

SMBH:        4 ∗ 106 solar mass
BH/NS/WD: O(1-10) solar mass
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Babak et al, PRD [1703.09722]



HG, J.Shu, Y.Zhao, PRD [1709.03500]

assume one detection in 5 years

• Can reach O(1000) events in 5 years



HG, K.Sinha, C.Sun, 1904.07871 [JCAP]

tidal disruption

Tidal radius:

NASA



12Pan, Lyu, Yang, PRD 105, 083005 (2022)
Barsanti et al PRL 128, 111104 (2022)

Davoudiasl, Giardino, Phys.Lett.B 768, 198 (2017)

Similar systems:

HG, Andrew Miller [2205.10359]



•  Signal is similar to continuous waves from neutron stars

•  Search strategies can be employed for mini-EMRIs

  targeted searches (known black holes, neutron stars as the heavier object)

  directed searches (where their presence is more likely)

  all-sky searches (blind searches)
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ligo.caltech.ed
u
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HG, A.Miller [2205.10359]

•  Results obtained with the continuous-wave detection method (Keith, LRR [2206.06447])



• EMRIs are ideal systems for searches of subsolar ECOs

• LIGO can detect mini-EMRIs

• mini-EMRIs allow searching for much lighter (subsolar) ECOs

• mini-EMRIs discoverable up to O(kpc - 10Mpc)




