Introductuoh to pulsar tlm.mg;
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Pulsars

. By timing average pulses, we can learn
e Pulsars are sources of quasi-regular

about:
“pulses” that are broadband and
sum to a mean pulsar profile that * How fast pulsars spin
(to the eye) looks largely identical. * How they slow down

* How they have starquakes (glitches)
* The interstellar medium
* Any orbits they are part of

By timing average pulses, we can learn
about:



Pulsar data is usually folded mto psrchlve c 1 ant!! -

.-archlves on dISk

J1559—4430 J1559—4438.T
Freq: 1297.495 MHz BW: 856 Length: §9.607 S/N: 3567.114
3 T : T e T : T :

An arcﬁlvé is-a co"II‘e‘ctldn of pulsar’ proﬁlés ”ea:chz of which S L
contains information about the. pulsar 5 Jnten5|ty as.a N
function of pulse ”phase” usual1y in 1024 2"10 bins °
; / . i
> cd MeerKAT_Tutorial * . S
> pav -DFTp -r0.5J1559-4438.T =
‘ : 8L
~_pav. = “pulsar archive viewer” =
£ < ; : s ) ; A . . 3
. This cén be seen at https://dev.pulsars.org.au o
5 ‘ o} I OI.2 I DI.4- I D,IB I D,IS

Fulse Fhase



https://dev.pulsars.org.au

Someunm;7’- *
< b v JohpE S G et L SO
: Changetothe(ﬁrecuny«wﬂahn [mbailes@farnarklel MeerKAT tutorial]$ Is -1
/. / y.total 7262
7 drwxr-sr-x 2 mbailes 0z002 33280 Sep 16 21:04 J1141-6545

/o e

- ‘,Li\st‘éll“ofthe“_‘l“ile.s e : . -rw-r--r-- 1 mbailes 0z002 8481600 Sep 16 20:26 J1559-4438.T

~/drwxr-sr-x 2 mbailes 0z002 57856 Sep 16 20:59 MSPs

/o ;[mballes@farnarklel MeerKAT tutorlal $|
s A

~ Show all ofthe flles endlngm ar” | ‘ : ‘ o
L b Herethere s a file,call J1559-4438T
LR ‘ \ ; and two ”d|rector|es” (thlnkfolders)
'Showa Iong ||St ofallthe flles S o 7




See the effect of free eIectrons |r1 the
‘Universe by domg

> pav -Gp J1559-4438T 1 0.7

£

" 7> this pulsar:Has a épin‘ béfiod ef 257 ms 5
- and a dispersion constant of 56.1 pc/cc.

Frequency (MHz)

1200 1400 1600

1000

J1559—4438 J1550—-4433.T
Freq: 1297.435 MHz BW: 856 Length: 89.607 5/N: 3518.088
. | . | . | . | .

Pulse Fhase

Index



Dlsper5|on I\/Ieasure is proportlonal to the |hté&rated free
electron column den5|ty between us and the puls: = ==

The time delay t, = t; between two observing frequencies vy and v, is:

ty - t; = 4.15 ms DM [( vy /GHz)? - ( v, /GHz) 2]




~Scrunching the datato “reddce” it - . e —

J1558—-4438 J1559—-4438.T

Freq: 1287.494 MHz BW: 856 Length: 89.807 S/N: 3518.102
. L . | . L . | .

We can reduce the numb‘e’r_._,‘e‘f p;rgi‘files by

1600

“scrunching” either intime or frequency
To plot fewer proflles we can add an = \
to the ”flags glven to pay’ - e 4
g & -

1000
|

' Eg> pav-f8-GpJ1559-4438T-r 0.7 -

190

Index

0

0] 0.2 0.4 0.6 0.8
Fulse Fhase



What Slgnal +to- n0|se WI|| | get? - B -

Incentlve to. scrunch in poI time frequency bu"t}essr,
pomtsl | Flk e o ——

Information = Period
Gain K/J
Flux density (Jy) / y bandW|dth x Npol x time

SG BN 1) |P—w
SNy = \/ p?) "
/Trec + Tsky

Temperatures




|

~vap = give me information about archive

: ‘3\_ )

c‘ §

§> vap c ”NAME FREQ BW NSUB NPOL NCHAN” J1559 4438T

s vap -h'for everythlng

[mballes@farnarklel MeerKAT tutor1a1]$ vap -C "NAME FREQ Bw NSUB NPOL NCHAN" 31559 4438 T
Jfilename  NAME FREQ BW NSUB NPOL  NCHAN
J1559-4438.T  J1559-4438 1283.582 856.000 1 4 1024
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Generate arrlval t|mes ‘or ToA’s by comparln\ggo an
average proflle ‘ o ‘

Step 1. Form average proflle

'\Stepz Use " pat to generate arrival .

o tlmes from your data

|ll

Step 3. Create a tlmlng mode par":file :

Step 4 Use temp02 to th a model 0 the

i fdata




X .

What about bmary pulsars? ‘.

o /11141 6545 o
> temp02 —gr pIk‘ f pIaygrou_r]qh;'p.af".vy‘tthpn.tim

‘Vorb 2xp|xa sm(l)xc/ Pb"

=2 x 3,141 x 1.85x 3e8 / (O 2x24x3600)

L 201 km/sI ' 2k
(companlon = 1 3 x faster) ; £

-Mutual speed = 464 km/s = 0.15% c“ o
-Whlte dwarf @ 1 Mo A 1 3 Mo pulsar
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 This system is only just bigger than the Sun - - .

‘Advance of pe riastron: =53 3‘";d>ég"/yéar
_ 90 degree phase shift m Y7 .:{/e‘ér‘s“‘ &

Orblt shrlnkmg due to GW em|55|on

;‘Few mm/orblt




