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Pulsars Dispersion Measure
Temporal broadening

An outstanding stability for the fastest pulsars
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Those still present in a binary system
speed-up by angular momentum transfer,
and produce radio waves again,
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Pulsars Dispersion Measure
Transient sources Temporal broadening

The most challenging application
is the search for Gravitational Waves
through the 'Pulsar Timing Array’
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Pulsars Dispersion Measure
Temporal broadening

Gravitational Wave search

Times of Arrival (ToAs) can be
as precise as ~100ns
(i.e. J1909-3744 at Nancay)
The current best limits
are close to
theoretical expectations

(Sesana, MNRAS 2013)
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Pulsars Dispersion Measure
Transient sources Temporal broadening

The effects of the interstellar medium

-1- dispersion

I > cold and ionised plasma

~ In radio observations, we got
& a delay with respect to infinite
; frequency
= ddl _d_ , DM
; % , t=f & 4=k
- 81 ; ; : = . 2
; iz % - with k = Q;mEC
- ‘!; : and DM the 'Dispersion Measure’
e oW or integrated electronic content
g % : along the line of sight
SRR DM = [ ned
121.06 ' 121.08 ' WX‘W 1 1,""4 ' 'U‘ 14 1,‘1‘1': ' 'Z\‘\h 14“1,‘ -/
B Time (s)
A dispersed pulse from pulsar B0329-+54 an homogeneo_us ionized ISM
with DM= 26.8pc.cm—3 (140ms, 128MHz) would be nice, but...
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Pulsars Dispersion Measure
Temporal broadening

The effects of the interstellar medium

-2- multi-propagation

Lovel 1408 Mz

randomly

distorted
spatially wavefronts AT 610 btz
coherent
radiation,

diffraction
pattern /L p—

VPSH

turbulent
plasma
(ISM)

Earth

Vbum

While the ionised ISM produces the total dispersive delay,
turbulent inhomogeneities generate multi-propagation and so
intensity scintillation (in time and frequency) and temporal broadening
Narayan, Phil. Trans.Royal Soc. of London A 341, 151 (1992)
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Pulsars Dispersion Measure
Temporal broadening

NenuFAR will be

a low frequency SENSITIVE instrument

Let’s try to use it to observe pulsars to probe the ISM!
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Pulsars Dispersion Measure
Temporal broadening

Dispersion Measure variations

a ionized turbulent medium

inhomogeneous ionized ISM produces
DM variations,

usually easy to measure

using different spaced frequencies [
for radio observations ° «VH{"HN‘«}‘

i

v

4000 53000

while scattering

produces multi-propagation = M . : ‘%ff*”\wll JHJl‘xJ
and a cigar shape probed volume g Wit m :
which is highly dependent g et e
on the radio frequency Sk T e w/«
— difficult to measure :{(\*rlf‘ml . Va R
reliable DM variations SRS A e
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S B measured Dispersion Measure variations
\ ! Keith et al., MNRAS 429, 2161 (2013)
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Scintillation arcs
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Pulsars

Pulsar and Screen Locations, Galactic Plane
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a dynamic spectra with both high time and frequency resolutions and high SNR
the computation of the secondary spectra (2D FFT of dymanic spectra)
— detection of 'scintillation arcs’, each corresponding to a given screen
where interferences occurs between the central point and points along the motion axis

Stinebring, Chin.J.Astron.Astrophys. 6, 204 (2006)

ients with NenuFAR
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Pulsars Dispersion Measure
Temporal broadening

Inverted arclets
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Pulsar B08344-06
at 314.5MHz (bw 8MHz)

Arecibo
Brisken et al., ApJ 708, 232 (2010)
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Pulsars Dispersion Measure
Temporal broadening

Interstellar holography

Impulse response

Doppler Shift

a high SNR dynamic spectra,

the calcul of the 'secondary spectrum’,

and the adjustment of thousands of coefficients describing the electric field
provide the impulse response of the medium

Here, multi-propagation delays up to 100 s are observed

and the pulse has a mean delay ~15pus...
Walker et al., MNRAS 388, 1214 (2008)
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Transient sources

NenuFAR will be
a very large instantaneous field of view instrument

Let’s try to find transient sources!!
= T —" -
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Transient sources

RRATS : sporadically pulsing pulsars cLughin et a1, 2006)

s

g E|

e is wirir Beam Info, *+++
g3 32 [
29 %g % Beam: PM0072_03391.yoink
=
S s 1» RA: 15:14:02.3  Dec: —59:52:25.6
sS s8
i Fe ey Beam Score: 1722.94202

” |

M i L . h *xxxx Peak Event Info. *+++
6 8 10 1z 0 100 200 300
S/N DM Chan Peak time/s: 1115.42004
Peak DM pulses >= 5*sigma: 21 Peak S/N: 12.7299995
No. of PSRCAT sources in Beam: 0 Peak DM/(cm™® pec): 171.399994
T - T T

281 L 1.
g oints yoinked
ev [ “in this pointing: 16

o f .
a8 o oo . Peak S/N Fold:21

s

gl
s 8
=
H

s

s ]

B

500 1000 1500 2000 6 8 10 12
Time/s peak S/N

RRATSs are probably just extreme nulling pulsars...
just ON a few % of the time and OFF for the rest
they are really interesting as a population to check that
there isn't any birth rate problem
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Transient sources

Intermittent pulsars
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An intermittent pulsar 5°
is successively ON and OFF g
with timescales of weeks-months °
and braking changing by ~50% M
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for pulsar B1931+24
Kramer et al., Science 312, 549 (2006)
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Transient sources

Lorimer bursts o FrB (Fast Radio Bursts)
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very high DM dispersed events (DM ~ 500-1000 pc.cm~3)
— probably of extra-galactic origin (still unknown)

but very rare electrons at mid-point minimizes the scattering
and make possible low frequency detections Lorimer et al., MNRAS 436, L5 (2013)

NenuFAR, an 'FRB factory' ? ... Beware ! Possible confusion with GRBs afterglow.
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