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• DM overdensity around a BH may significantly alter the dynamics of BH’s merger with 
another compact object 

• The strong gravitational potential of a BH is theorised to lead to a significant increase in 
the concentration of DM in the central region

• Creation of a “spike” in the dark matter density- Gondolo & Silk 1999 

• OJ287: accurate timing of outbursts constraints DM distribution

Kavanagh et al. 2021

DARK MATTER AROUND BLACK HOLES



Dark Matter spike at Centre of Galaxy?

Adiabatic contraction of  dark matter during formation of  

black hole leads to spike at centre of  galaxy 

(Gondolo+Silk ‘99)
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Lacroix 1801.01308



OJ287 is a 

BL-Lac object
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Outbursts of OJ287 discovered back to 1891 on 

photographic plates.



OJ 287

• BL Lac object (𝑧=0.306)- one of the most extensively-monitored blazars

• variations with timescales of ∼ 𝟔𝟎 and ∼ 𝟏𝟐 years

• A feasible model of OJ 287 must at least explain and predict:







Conservative sector  (‘even’ order)

Dissipative radiative sector (‘odd’ order terms)

Spin-related contributions

PN numerical integration scheme:

EOM: 

• Relative two-body COM motion

• Precessional dynamics of primary BH spin

DETERMINING THE RELATIVISTIC BBH ORBIT 





• Precession of the pericenter

• Precession of the orbital plane

• Gravitational radiation

ICs
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Projection on y-z plane

Convergent trial orbit 

𝜒2 ≈ 0.259

ORBIT SOLUTION 



RESULTS

Total mass of spike cannot be more than 
around 3% of mass of primary.



CONCLUSIONS

OJ287 is a remarkable, extreme object

Its highly relativistic nature makes it very sensitive to 
initial conditions and the presence of any spike

We predict that we can rule out any spike with mass 
greater than 3% of the black hole within the orbit of 
the secondary


