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Outline
•Primordial black hole (PBH) dark matter

• Existing constraints on PBHs

•Microlensing
•Photometric microlensing (PML)
•Astrometric microlensing (AML)

•GAIA space telescope and AML

•Projected results with GAIA time series data 

•Work in progress
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Evidence for Dark Matter



Dark matter



Dark matter in our galaxy



Astrophysical black holes



Black hole populations
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Formation of PBH dark matter



Constraints on PBH dark matter

f, M f, M, σ



Constraints on PBH dark matter



Key Question asked in our work:

Can we set stronger constraints on PBH 
Dark Matter the GAIA space telescope, 
using a technique called astrometric 
microlensing ?



Microlensing



Gravitational lensing



Gravitational lensing

Einstein Angle

1 mas = width of a human hair as seen from 15 km away
= width of a fingernail seen in Kashmir from Kanyakumari



Gravitational lensing

Center of light



Gravitational lensing

Center of light



Search for PBHs/MACHOs: 
MicroLensing

Photometric and astrometric microlensing



Photometric and astrometric microlensing



GAIA



Output of Gaia Telescope: more 
than a billion stellar trajectories

• Time Series data (angular 
positions) of more than a billion
stars of Milky Way with the 
nominal observational period of 5 
years. – not yet released

• 35 angular positions of each star 
in 5 years

• Astrometric precision 0.1 mas

• Apparent magnitude: (5 - 21 mag)
Astrometric microlensing distortion in the apparent 

trajectories of stars due to PBH dark matter?



Key Question asked in our work:

Can we predict the expected rate of 
Astrometric microlensing events expected 
from PBH Dark Matter, and set projected 
constraints, assuming GAIA does not see 
any anomalous tracks?



Set

Effective lensing cross-section



Effective lensing cross-section



Effective lensing cross-section



Rate calculation from probability

Known from DM 
distribution and 

assumptions of f, M

Can be calculated 
from lens cross-

section and relative 
velocity of star and 

lens



Probability calculation



Probability calculation



Probability calculation

Not just total event rate, but also differential event rate 
• Which stars? (regions of the sky, brightness)
• Event durations
• Typical deflection

Repeat calculation for every value of f,M



Number of events likely to be observed with GAIA



Likely background sources and uncertainties

• Statistical background
• Centroiding uncertainty 

– For IDLES typically need at least 2 year event durations,  corresponding to at least 14 sample points of 
the trajectory to reduce this background

– For LDLES need a numerical study

• Astrophysical background
• Lensing due to stellar foreground objects – WDs, NSs, BHs (probably small)

• Anomalous accelerations:– needs a numerical study, could be separated by joint PML and 
AML signatures
• Binaries – especially wide binaries with unseen companion  - probably largest background

• Localized gravitational perturbations – typically only background for LDLEs



Constraints



GAIA projected exclusion limits

astro-ph/2208.14460 (JCAP 05 (2023) 045) 
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Types of signals depending on velocities



Some work in progress - I

• Fully numerical studies of trajectories, with parallax of source and 
lens, velocity distributions of source and lens

• Implementation of GAIA scanning law

• Studies of binary trajectories

With Z. A. Borboruah, L. Malhotra, and H. Verma



Some work in progress - II

With A. Thalapillil, L. S.  Bhandari,  and H. Verma

• Exotic Compact 
Objects--Finite 
lens size to 
include structure 
– axion
minicluster, boson 
stars etc

• Signals from 
caustics



Conclusions and Future directions



Conclusions
• Primordial Black holes are a promising candidate for DM

• Astrometric microlensing provides a new window to test for 
PBHs in the Milky Way halo

• High precision astrometric surveys like GAIA with mas precision 
can set strong constraints on PBH DM

• Need a better understanding of backgrounds to set robust 
bounds

• Could potentially rule out a PBH origin for the LIGO/VIRGO 
signals!

• Time series data for GAIA in 2026 – stay tuned!



Thank you!
Questions? Comments? Suggestions?



Probability calculation





Photometric and astrometric microlensing



GAIA catalog



Event classification

Short Duration Lensing Event

Hardly observable lensing signal for SDLE

Intermediate Duration Lensing Event

IDLE observable:

Long Duration Lensing Event

LDLE observable:



Pstar of each star 
within a bin

Observed Gaia eDR3 binned catalog

X



Number of events likely to be observed with GAIA



State the goal of your work here and give the 
results preview… then explain the work 
especially that these are projected constraints 
since no time series data yet from GAIA


