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01 Introduction



Compact dark matter , 
such as Pr imordial 
Black Hole？

1.Introduction
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Sasaki et al., 2018, CQG, 35, 
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OGLE, Kepler, 
HSC, EROS......
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1.Introduction

Echoes of 
transient sources FRB

GRB
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02 Millilensing GRBs



Key observational properties

 Duration: milliseconds-hours, shor t 
bursts (<2s mergers of compact  
objects), long bursts (>2s, deaths of 
massive stars)

 Cosmological redshift: extragalactic 
or igin

 High emission energy: 1048-1055 ergs 
 High rate: More than 1 per  day is 

observed

2.1. Introduction: GRB

Discovery of GRBs
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 Testing fundamental physics: Amelino-Camelia, G, et 
al., 1998,  Nature, 393, 763

 Using GRBs as standard candle to constrain 
cosmological parameters: Amati, L., et al., 2008, MNRAS, 
391, 577

 Lensed GRBs for probing compact dark matter: Blaes, 
O. M., and Webster, R. L., 1992, ApJL, 391, L63

 ......

Cosmological and astrophysical probes: GRB
2.1. Introduction: GRB

9



2.2. Millilensing theory
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 ~2700 GRBs in 
BATSE dataset



2.2. Millilensing theory

3000 GRBs detected by Fermi up to 2022.08 
(https://heasarc.gsfc.nasa.gov/FTP/fermi/)

 GRB 200716C
(Yang, X., et al., 
2021, ApJL,  921, 
L29;
Wang, Y., et al., 
2021, ApJL, 918, 
L34.)

GRB 210812A
(Veres, P., et al., 
2021, ApJL, 921, 
L30.)

GRB 081126A
GRB 090717A
GRB 081122A
GRB 110517B

(Lin, S.-J., et al., 
2021, ApJ,  931, 4.)
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Pass both light curve similarity test and hardness similarity test
(Mukherjee, O., and Nemirof, R. J.,  2024, MNRAS, 527, L132;
Mukherjee, O., and Nemirof, R. J.,  2024, MNRAS,  529, L83.)



2.3. Hierarchical Bayesian Inference
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Likelihood of len mass for 
each millilensing events



2.3. Hierarchical Bayesian Inference
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Selection effect

Measurement 
uncertainty



03 Constraints on 
compact dark 
matter



3. Constraints on compact dark matter
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Log-normal mass function



3. Constraints on compact dark matter
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�c log10(�c) log10(�CO)
6 events 1.47−0.40+0.35 5.55−0.36+0.38 −1.60−0.24+0.23

1 event 1.03−0.61+0.64 5.71−0.42+0.43 −2.53−0.62+0.45
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4.Summary

 There are some intrinsic burst mechanisms which 
may cause these similar multi-peak structures 
instead of lensing effects, for instance, the 
repeating light-curve properties of these GRBs 
can be interpreted in the jet precession model

 It would be worth considering the special physical 
mechanisms that produce so many supermassive 
compact objects, e.g. a scenario that predicts 
inevitable clustering of PBHs from highly non-
Gaussian perturbations has been proposed to 
produce supermassive PBH.
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