
PHENO 2025Phenomenology Symposium (PHENO) 2025

Too Fast Less Furious:
Three-Body Interaction with Fast 

Low-Mass Primordial Black Holes (PBHs)

Badal Bhalla
With Benjamin Lehmann, Kuver Sinha and Tao Xu



PHENO 2025MOTIVATION

Can a PBH be detected through gravitational 
interactions with observed astrophysical systems?
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PHENO 2025FIRST CONSTRAINTS ON MACHOs

In the quest to detect MACHOs, binary star systems have served as valuable observational probes. 

Yoo (2004) : arXiv:astro-ph/0307437

MACHOs: Massive Astrophysical Compact Halo Objects
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PHENO 2025

MACHOs, by definition, are heavy
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PHENO 2025

Unlike MACHOs, PBHs can have a 
wide range of mass
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PHENO 2025

Can a low-mass (<𝑀⊙) PBH 
be detected through gravitational 

interactions with binary star systems?
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PHENO 2025THREE-BODY DYNAMICS

A gravitational three-body problem is extremely complicated and highly 

sensitive to initial conditions, which can vary a lot. However, in specific 

circumstances, it is possible to predict the outcome of the event.

There are five possible outcomes in three-body encounters:

Hardening

Softening

Disruption

Capture

Exchange

1.

2.

3.

4.

5.

PBH
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initial state
Disruption Capture

Hardening Softening Exchange

PHENO 2025POSSIBLE OUTCOMES
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PHENO 2025THREE-BODY EXCHANGES WITH PBHS

BB, Ben Lehmann, Kuver Sinha and Tao Xu
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https://arxiv.org/abs/2408.04697


PHENO 2025

The mass and velocity of the PBH before the encounter determine the outcome.
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PHENO 2025HARDENING: LOW MASS LOW VELOCITY

Hardening: Objects 1 and 2 remain bound, and they give up energy to 

object 3, causing their separation to decrease. Object 3 remains free.

PBH

Consider the scattering of three bodies 1, 2, and 3, 

where 1 and 2 are initially bound and 3 is initially free. 
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PHENO 2025HARDENING RATE

𝑥 is dimensionless impact parameter defined as 𝑥 = 𝑏/𝑏0 

Quinlan (1996)[astro-ph/9601092]

105 𝑜𝑟𝑏𝑖𝑡𝑠

5 ⨯ 105 𝑜𝑟𝑏𝑖𝑡𝑠

N-body Simulations
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PHENO 2025HARDENING RATE
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PHENO 2025ENCOUNTER RATE

Slow PBHs Fast PBHs

𝑁𝐸= Large: More Hardening

𝑁𝐸= Small: Less Hardening

𝑁𝐸= Large: Zero Hardening

𝑁𝐸= Small: Shot Noise
Could be Hardening or Softening

𝑁𝐸 = 1.62 ⨯
𝑚𝐵𝐼𝑁

𝑀⊙

ρ𝐷𝑀

1 𝐺𝑒𝑉 𝑐𝑚−3

10−16𝑀⊙

𝑚𝑃𝐵𝐻

𝑎

1 𝐴𝑈

220 𝑘𝑚 𝑠−1

σ𝐷𝑀

𝑇𝑂𝐵𝑆

10 𝑦𝑟
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PHENO 2025SHOT NOISE

Student’s t-distribution: A 
Gaussian curve with a heavy tail
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PHENO 2025OBSERVATIONAL PROSPECT

𝑻𝑶𝑩𝑺 = 𝟏 𝒚𝒆𝒂𝒓
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PHENO 2025IMPACT ON OBSERVED BINARY PULSARS

Some well-observed wide binary pulsars provide the most 
optimistic scenario for dynamically detecting a low-mass PBH.
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PHENO 2025CONCLUSION

The net effect of an encounter 
with fast, low-mass PBHs is 

small, but potentially detectable. 

Binary pulsars offer the most optimistic 
scenario to capture this effect, given the 

extraordinary precision of binary pulsar timing.
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