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Overview

I Exploiting natural lenses

I potentially precision pulsar distances, precise PTA GW
localization

I pico-arcsecond astrometry

I FRB/pulsar emission

I nature of lenses

I baseband data, VLBI

I unique opportunity for GMRT
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Natural Lenses

Fiedler et al 1987
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Natural Lenses

I Fiedler 1987++: chromatic radio flux variations

I evidence for localized ISM lenses: not volume filling

I AU transverse scale: if isotropic, requires ne ∼ 103cm−3

I ISM explosions, or exotically confined

I exploding dark matter, quark nuggets, superconducting
cosmic strings

I hints from pulsar inverted parabolic arclets

I lenses elongated, perhaps also along line of sight!
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Sheets

Pen and Levin 2014
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Secondary Spectra
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Scintillometry

PSR B0834+06:
DS = 620pc,
DL = 389/415pc
Sheet cusp caustic?
Brisken+2010, Liu+2016, Simard+2018

Brisken+2010, Liu+Pen 2016
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Grazing incidence
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Applications

I cosmic telescope: picoarcsecond astrometry of
magnetospheres

I measured 1km motion of PSR B0834+06 emission, initial
results for crab

I potential for precision distances to pulsars, increased PTA
sensitivity, accurate GW localization.

I Masui+ 2015, FRB110523: lensing of scattering tail by milky
way localizes scattering screen to host galaxy, rules out IGM
scattering

I repeating FRB: potential to discriminate AGN from nebula
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Pulsars

I plasma microscopes: B1957+20 (see talk by Dongzi)

I map distances to invididual screens (see talk by Viswesh)

I distances and inclinations to binary pulars: masses, sizes
(inertia), distances

Pen+ 2014 .
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Discussion

I ISM lenses: probed by compact radio sources at high
frequencies

I pulsars are low frequencies

I ISM contains localized, 1-D, strong lensing screens

I Pulsars/FRB: unique source of coherent radiation

I Use ISM to map source structure
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Conclusion

I new picture of ISM lensing by small number of inclined sheets

I VLBI for screen distances, initial results (incl uGMRT, see
Viswesh talk)

I new analysis techniques needed: coherent imaging, phase
retrieval.

I unique window on ISM

I potential to use scintillometry for precision pulsar distances,
orbits, masses, improved PTA, emission structures, FRB,
magnetic fields
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