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Overview

✴ The Horrible ISM

✴ Time domain vs. frequency domain

✴ You need cyclic spectroscopy

✴ B1937+21 case study

✴ I need an enormous computer
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The Horrible ISM
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The Horrible ISM means ...

✴ Impulse Response Function is complicated

✴ IRF width (“scattering time”) is an inadequate 
representation of this function

✴ May have significant flux at much larger delays

✴ IRF spectral variation is unpredictable

✴ IRF temporal evolution is unpredictable and rapid

✴ Especially so at high frequencies

✴  Much larger effect than anticipated GW signal

✴  NEED TO CHARACTERISE FOR EVERY T.O.A.
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Time-  or  frequency-domain ?

≤  10 ns∆T      ~   W  x  ∆F / F

!!!∆F / F  ≤  0.0001

Not just a S/N problem:
need deconvolution of pulse profile
to this level of detail

MUCH easier to work in frequency domain:
deconvolution       ->         division

1 µs               ->     1 MHz
∆F                 ->      √(F ∆F )
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Ye Olde Interstelare Holografie
(Dan,  Leon,  Willem)
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Interstellar holography in 2010

+ No phase retrieval required

+ Delays are relative to template pulse profile

+ Maximum lag not limited by pulse width

+ Residual DM uncertainty captured in H(ƒ)

+ Get intrinsic (unscattered) pulse profile

Cyclic spectrum: manifests phases explicitly
     ->  get  H(ƒ)  every ~ 10 seconds

Sz(ƒ, Ω) =  H(ƒ+Ω/2) H*(ƒ-Ω/2) S0(ƒ, Ω)

TH
AN

KS P
AU

L !
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holography of B1937+21

BOOTSTRAP:

use scattered profile for S0

determine H

improve estimate of  S0

improve estimate of  H
... (repeat).

(Paul, Willem)

Ω

ƒ 

Sz(ƒ, Ω) =  H(ƒ+Ω/2) H*(ƒ-Ω/2) S0(Ω)
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Pulse profiles



Manly Astrophysics

Pulse profiles
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Pulse profiles
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Delay-Doppler images
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Delay-Doppler images
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Impulse response
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Impulse response
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Impulse response
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Epoch        MJD          IRF centroid

1            53791            42979  ns

2            53847            12093  ns

3a          53873     *        6824  ns
3b          53873              6782  ns

TOA offsets
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I need an enormous computer

Model: thin phase screen

1014 cm

Array dimensions ~ 106

1014 cm  @ resn.  108  cm

1D : no problem
2D : no go

But array size ~ 104 OK
   -> L-Band
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Summary

✴ The ISM is beautiful, enigmatic and perturbing

✴ Much larger effect than anticipated GW signal

✴ Need to precisely characterise the effects of 
propagation at the epoch of each pulse TOA

✴ First step: Cyclic Spectroscopy gives H(ƒ,t)

✴ Measured H(ƒ,t) for B1937+21 (3 epochs, 430 MHz)

✴ Broadening out to hundreds of microsec

✴ And shifts up to 40 microsec (ephemeris error) 

✴ Second step: bespoke physical models of transfer

✴ Impossible to compute 2D/3D models for low freq

✴ May be OK at L-band. Hope screens are frozen !




