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Science objectives

e What can be learned about :
— the Interstellar Medium and Solar Corona?

— the pulsar magnetosphere and radio emission
mechanism ?

» What previously encountered enigmas can be
solved by modem instrumentation?




Propagation through the ISM

* Cold plasma dispersion

— Electron density x distance

» Faraday rotation

— N, B x distance

: 4
e Scattering

— Fluctuation of index of refraction




Interstellar scattering

196.5 MHz

Counselman & Rankin
(1971), ApJ, 166, 513
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Crab Giant Pulse at 23 MHz

23.228 MHz
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Interstellar
Dispersion




Crab pulsar discovered by dispersed
“olant” pulses at 112 MHz
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Staelin and Reifenstein, (1968) Science, 162, 148




"Pulse width

Dedispersion

Receiver

p rin Ciples Bondwidth

Incoherent dedispersion =»
(detect, delay, add)

TO Optlmlze, ChOOSC B :1 / Z' . Dispersed pulsar ‘ Posi-detection delay

signal compensation

\

Coherent dedispersion =» .
(Inverse filter, detect) ‘ e

‘ .
Dispersed pulsar True dispersion
signal removal




Coherent dedispersion

Emitted signal: s(®) <~ S(w)
Dispersive ISM: H(w) = explik(w)z] < h(f) B
Received signal: s(O)*h(@) <~ S(w) H®)

Dedispersion processing: S(w)H(w)*H(w) ! = 5(7)

» and 10,000 lines of code

<~ : Fourier Transform
* + Convolution

e : Multiplication




Time
Resolution
Limits:
Incoherent
Dedispersion

and ISS
Broadening
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Pulsar Science

* Drifting subpulses
» Polarization

o Magnetospheric structure




Drifting
subpulses

Pulse fluctuation power components:

Steady (S)
Drifting subpulse (DSP)
White noise (W)
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Pulsar polarization:
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Faraday Rotation

: Linearly

: polarized

, component
U

1 Circular + Unpolarized
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Figure 3(a,b&e). The estimated Position Angle {(a) and Intensity (b) profiles of pulsar PSR
0740-28 from the observations on 19-03-94. Panel (¢) shows the corresponding
631 MHz obtained by McCulloch et @f. (1978) using dual-polarization data.
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p0740-28, dated 19-03-94
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Notches in the
Average Profile of
B1919+21

Requires coherent
dedispersion
to resolve notches.

Polarization artifact?

Hankins, (1973), ApJ, 181, 1.49

111 MHz

at

73.8 MHZ [
b—————— 10 ms
1 1 ] ] '




Why is the Geminga radio pulsar
only seen in Russia?

Gamma-ray pulsar, P=0.237 sec
Beaming 1ssue?

Scintillation 1ssue?

RRAT? (Rotating RAdio Transient)
Not there?




Geminga spectrum limits

Ramachandran et al. 1998

Shitov & Malofeev 1997

Shitov & Pugachev 1997 ~ . ..
Malofeev & Malov 1997 § LWA SenS]‘thlty

Kuz'min & Losovskii 1997 50 stations
this paper | L 2 pol’n, | hl”, AMHz

Ramachandran et al. 1998

Seiradakis 1992

Calculated lowe:
for spectral indejq
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Puschino

Observatior
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Standard
pulsar
model

>
Radius to
Frequency
Mapping




Radius to
Frequency
Mapping

magnetic
9 aberration +

retardation \

Cordes (1979), ;JLR, 24,567
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Conclusion

B

Lots of pulsar stuff to do at low frequencies.

» Searches: Steep spectrum objects
* Precise timing could do some things.
— JTonosphere, average profiles, Faraday rotation

» Single pulse studies: neglected for decades!
— Drifting, nulling, polarization

e ISM “weather”




