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SITUATION EARLY 2018
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SITUATION LATE 2018
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Learn from this to determine a suitable lensing source.



WHAT SOURCE?




SOURCE CRITERIA

1. Emits at a large enough energy to reduce wave effects.
Wave effects become important when

E, < 1/(4GyM) = 0.66keV x (1020 g/M)
Points towards X-rays.

2.  Small geometric size compared to the Einstein radius to reduce
finite source size effects.
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SOURCE CRITERIA

3. Large distance from Earth to increase the optical depth (or number
of possible lensing events).
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4. Large, steady flux so that magnification can be easily identified.



| X-RAY PULSARS

reprocessed ;‘
| (soft) X-rays s

illuminated disk
region

* Small source size ~10-100 km Hickox. Vitiek (2009
ICKOX, Vrlile

* Dominates spectrum at high
energies < 2 keV
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| SMC X-1 AND LMC X-4 SPECTRA
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* Higher energies (that reduce wave effect) correspond to smaller source sizel

e Distant in our halo (50-65 kpc) but bright.
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LENSING




Tangential separation

between source and lens:
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FINITE SOURCE SIZE EFFECT

Point source magnification weighted by Gaussian source intensity

profile:
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| FINITE SOURCE SIZE EFFECT
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SETTING EXCLUSION BOUNDS

*Remove fluctuations due to pulse period from data.

*Require a few consecutive time bins with flux statistically significantly
larger than expected by random fluctuations in source /instrument.

(Make this stringent enough to essentially eliminate background from
statistical fluctuations).

*Larger t};, means lower lensing rate, but also smaller statistical
fluctuations.

We select the value of tj;, that gives the strongest bound at each

mass.
(This selection is a priori, so no trial factor)



CURRENT AND FUTURE TELESCOPES
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| PROJECTED 95% EXCLUSION
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SUMMARY

*Wave effects and source size effects on lensing (along with astrophysicall
uncertainties related to neutron star capture) opened a window for

PBHs/MACHO:s to comprise all of dark matter.

*We propose probing this window by searching for lensing of X-ray
pulsars.

These sidestep wave and finite source effects because they emit at
high energies from compact regions.

*With enough observation time, much of this window can be probed.
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OTHER X-RAY PULSAR SOFT EMISSION

Process 1: Emission from the accretion column Process 2: Collisionally emission

Soft X-rays

Soft X-rays

Accr

Process 4: Reprocessing by optically thick material
Soft X-rays

Hickox, Narayan, Kallman (2004)
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WAVE EFFECT

Where:
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SAMPLE RXTE DATA
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Red crosses: 2 consecutive events 30 above mean (much less stringent

than actual lensing candidate selection)
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| STATISTICS

Probability for a particular set of N_,,,50o consecutive bins above a
given threshold ought to satisfy (for zero statistical background):

tbin 41, 1Nn—T 10 daVS tbin
| =1.16 x 107" x ‘
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E.g., for Gaussian data with a threshold N, (number of standard
deviations above the mean)
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Requirement on [ if unlensed points are n, standard deviations
above /below the mean
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CURRENT AND FUTURE TELESCOPES
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