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Abstract

Ultra-light dark matter (ULDM) is a promising candidate for cosmological dark
matter. If ULDM exists and interacts directly with ordinary matter, it could
produce characteristic signals in the timing data of pulsars in binary systems.

In this talk, we review the latest results on how binary pulsars can constrain
the ULDM parameter space through pulsar timing data and signal modeling.
Our analysis employs two independent methods: (1) Bayesian model
comparison and (2) deep neural networks. We compare the strengths and
weaknesses of each approach, present the sensitivity limits they yield, and
discuss prospects for future research.



Abstract

Ultra-light dark matter (ULDM) is a promising candidate for cosmological dark
matter. If ULDM exists and interacts directly with ordinary matter, it could
produce characteristic signals in the timing data of pulsars in binary systems.



| | .
aanal i T
HHH AnRRENl/
A
iveuRuAni) ARANAA AT AR I
i /AN
R T
i ]

Figure comes from https://arxiv.org/pdf/2107.04063.pdf
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1. Dark matter

Figure comes from https://arxiv.org/pdf/2107.04063.pdf



1. Dark matter interaction

2 Orbital parameters' time variation
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Figure comes from https://arxiv.org/pdf/2107.04063.pdf



ULDM models and Binaries
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3. Pulse emission 1. Dark matter interaction
(imprint of 1. through 2.)
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Figure comes from https://arxiv.org/pdf/2107.04063.pdf



If the effect of ULDM is not included in the timing model of pulse arrivals on Earth, it causes
a mismatch between predicted and observed times—seen as timing residuals.

These residuals carry a distinctive pattern for each ULDM model, which we call the signal.

We study how strong this signal must be to stand out from noise and constrain the ULDM
parameter space using two methods: a Bayesian approach and a deep neural network.



Bayesian model comparison

evidence for signal hypothesis
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On - evidence for null hypothesis

Bayes factor: compares support for the full model vs. noise-only



= Sensitivity limits from
different orbital
parameters

10—15

Limit on coupling &N Yoo
. 1
constant of direct 2
interaction o
- = Cassini stochastic
(a3
MY (®) = My (1+a®) ‘
103 From 6%’ .
—— Gaussian — prior
-------- 0 — prior
10—27 O M i e Y | 3 MR RIS T | N P MG R | FagEET) 5
1072 10722 107 10720 107"° 1078
eV T~
mEY) Probed DM mass

111 binary pulsars from the ATNF catalogue and assuming
next-generation radio-telescope precision (future SKA)



Neural networks

1. Synthetic data
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2. Methods:
a. Autoencoder
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3. Sensitivity limits
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Summary

binary pulsars are UDLM detectors

two approaches how set sensitivity limits: 1. Bayesian, 2. Deep NNs
4 examples of ULDM, large portion of DM phase space constrained
forecast of the constraining power of data, not an actual data analysis

applicable to low- and high-eccentric systems
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the capability to combine all pulsars together, the strongest sensitivity limit



Thank you for your attention!
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