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Compact dark matter = macroscopic mass
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Gravitational lensing

microlensing

magnification

. time
Two important length scales:

« A > rg., » diffractive optics suppression

* Riource > 75 = /275 DorDr s/ Dos * finite source-size suppression
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For lenses in the asteroid-mass window 107'° < M/M_ < 107!,
the sources must be:

/ - energetic — to avoid diffraction

« compact _
_ } — to fit within the lens’ Einstein radius
J - distant

Such sources exist: - W™
Gamma Ray Bursts r T

C Transient events — duration from ~1s (short) to ~100s (long) )

- Of extragalactic origin — distance ~Gpc \
can’t use
 Broad spectrum from hard X-ray to soft y — tens to microlensing

hundreds keV



Picolensing aka lensing parallax
Nemiroff & Gould (1995)

Imagine two telescopes seeing the same GRB
and there is a lens in front of one g:}
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0"
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R¢ ~ (3 +3000) - 10'%cm
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coincidentally of order solar radius
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cf. Rp~1.3-10 cm for lenses at Gpc
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NB. The finite source size kills the femtolensing constraints

Katz, Kopp, S.S., Xue (2018)



Variability time scale is not measured for all GRBs. Use total burst
duration as a proxy?

Barnacka & Loeb (2014)

-1 -0.5 0 0.5 1 1.5 2
Iog10 (Tgo/(1+z) [s])

Perhaps there is correlation... within an order of magnitude
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Method: Consider a realistic population of GRBs

NN/
and introduce a factor that scale the source size 5 1 + Zg
DE™ [Re]
102 102 107! 10° 10! 102 103

distribution of GRB sizes from 3O_f Bt-a"f“}:"if):l | 4 s
the Swift/BAT catalog for £ | sma k=10
three choices of the scaling S 2
factor: z

= 10

D™ [em]

Study how the results depend on kg



Method: Consider a realistic population of GRBs  p ksTog
and introduce a factor that scale the source size S + Z¢

DE™ [Re]
1073 1072 101 109
LILILI IIII T T IIIIIII T LEBLIL

10!

102
I T LA

103
I T LELLELLAL

III T IIIIIIII T LILBLIL
— Standard, ks =1

""" Big, k)s =10

==+ Small, kg = 107!

20

iTs |'-"'i i ||I : |._.| 1
108 109

Study how the results depend on kg

D™ [em]

Statistical challenge: photon counts in the detectors are
stochastic, with large backgrounds Jung, Kim (2020)
Gawade, More, Bhalerao (2023)

* Differential magnification must be sufficient to have
significant SNR > 5

Use Monte Carlo to determine the lensing cross section



Picolensing exclusion forecast

One telescope on low Earth orbit, another at L2
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Picolensing exclusion forecast

Two telescopes separated by astronomical unit
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Are constraints saturated by a single, the most compact, GRB?

Test: Cut out the smallest sources from the sample
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» Solves strong CP problem
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. Minihalos’ inner density profiles p(7) ~ r~>

Eggemeier, Anilkumar, Dolag (2024)
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Picolensing of QCD axion miniclusters (in progress)

- minihalos act as extended lenses. Only inner part of the cusp is
inside its Einstein radius

mp effective lensing mass ~ 1072 of the minihalo mass

- magnification has long tails
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Sensitivity to QCD axion miniclusters

Fedderke, Kolonia, S.S. (in prep.)
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Conclusions

M Picolensing of GRBs has potential to probe compact dark matter in
the asteroid-mass window

M Setup with two gamma-ray detectors separated by Earth—L2
distance or larger is robust w.r.t. uncertainties in GRB sizes

™ ~AU separation will constrain DM from 10714 to 10_3M® at
cosmological distances. Observation of 3000 GRBs will probe the
abundance of lO_HM@ PBH below 1072 even in the most
pessimistic scenario

Work in progress

] Picolensing as probe of axion miniclusters and minihalos



