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Gravitational lensing



Other than gravity?



Radio scatter Events

A radio microlensing event? 

(Clegg, Fey & Lazio 1998)

Micro-lensing, image credit: OGLE



Same, but different

Gravitational lens

■ Inhom. Projected mass 

density

■ converge

■ Non-dispersive

■ Image distortions

■ Source unobservable

Plasma lens

■ Inhom. Projected electrons

■ diverge

■ Dispersive

■ Magnification curve, 

– Time-delay

■ Source observable



Let’s borrow some math from GL

■ Lens eq. 𝜷 = 𝜽 − 𝜶(𝜽)

– But, 𝜶 ∝ 𝛁 𝐍𝐞 𝜽

■ The effective plasma ‘lens potential’ 

– 𝝍 𝜽 =
𝑫𝒅𝒔

𝑫𝒔𝑫𝒅

𝒓𝒆

𝟐𝝅
𝝀𝟐 𝑵𝒆 𝜽

– 𝝀-wavelength, -𝑵𝒆 electron projected density

– No Poisson eq. 



Plasma lensing
■ Astrophysical properties: 

– Lens:

■ small scale ~103 AU to large scale (maybe)

■ Density profiles?

■ Typical density?

■ B-field?

– Source:

■ Point source, pulsar, QSO, FRB

■ Observations: 

– Image distortions, multiple images?

– Light curve(s), frequency-delay



plasma 
lensing



Spatial scale and density
■ ‘Einstein radius’ in plasma lensing 𝜽𝟎-- the strength of lens

■ Density or gradient?



Magnification curves



Clumpy distributions
■ E.g. binary cases, 

– very large parameter space

– Various critical curves 

(caustics)



The elliptical distribution

■ Highly elongate

■ Asymmetric distribution increases 

lensing efficiency 



Dispersion Measure
■ In pulsar study, the radio signal is delayed by plasma, i.e.

𝑽𝝂 = 𝒄 𝟏 −
𝒆𝟐𝒏𝒆

𝝅𝒎𝒆𝝂
𝟐

𝟐

Usually we see, 𝑫𝑴 = ∫ 𝒏𝒆 𝒅𝒍



The time delay

In Gravitational Lensing

𝚫𝐭 ∝
𝟏

𝟐
𝜽 − 𝜷 𝟐 −𝝍

-- geometric delay

-- Shapiro delay

In Plasma lensing

𝚫𝐭 ∝
𝟏

𝟐
𝜽 − 𝜷 𝟐 −𝑵𝒆

-- geometric delay

-- dispersion delay (DM)

How significant are the two terms?



The geometric delay

■ In Shapiro’s origin paper:

■ In the community of Strong 

lensing

– 𝜽, 𝜷 𝒗𝒔 𝜽𝑬

■ In plasma lensing? 



Time delay in plasma lens



Dispersion delay and geometric delay

■ The frequency-delay relation (DM delay) 𝒕 𝝂 ~𝟒. 𝟏𝟓 𝒎𝒔 (
𝑫𝑴

𝝂𝟐
)

■ The geometric delay: 𝜽 − 𝜷 𝟐 ∝ 𝝂−𝟒



Multiple- planes?

■ In GL, the structures alone the line of sight: perturbators

■ In plasma lensing, not so.

– E.g. the cosmological sources FRB, DM~𝟏𝟎𝟐 − 𝟏𝟎𝟑

– 𝑫𝑴𝒕𝒐𝒕 = 𝑫𝑴𝑴𝑾 +𝑫𝑴𝑰𝑮𝑴 +𝑫𝑴𝒉𝒐𝒔𝒕 …

– 𝝍 𝜽 =
𝑫𝒅𝒔

𝑫𝒔𝑫𝒅

𝒓𝒆

𝟐𝝅
𝝀𝟐 𝑵𝒆 𝜽 , distances differ huge

– 𝑫𝑴𝑾~ 𝟏𝟎 𝒌𝒑𝒄, 𝑫𝑰𝑮𝑴~𝟏𝟎 − 𝟏𝟎𝟎𝟎𝑴𝒑𝒄



Multiple-planes

■ An effective single plane? Yes and no

■ Then 



The magnetic field B

■ The effective potential with B

– 𝛙 𝛉 =
𝐃𝐝𝐬

𝐃𝐬𝐃𝐝

𝐫𝐞

𝟐𝛑
[𝛌𝟐 𝐍𝐞 𝛉 ±

𝝀𝟑𝒓𝒆

𝒆
𝑹𝑴(𝜽)]

𝑹𝑴 = ∫ 𝒏𝒆𝑩∥ 𝒅𝒛

■ 𝜶- depends on the helicity of circular polarization 

■ Faraday rotation

– Linear polarization



Summary and outlook

■ There are scatters by plasma of radio sources

■ The DM-frequency relation can be biased 

■ Multiple-planes are necessary

■ More realistic structure, magnetic field

■ Multiple-planes and thin lens?

■ Can we study IGM using distance source (FRB)?


