Hunting for Pulsars

Agenda

> Why Pulsars
> Methodology to detect Pulsars.
> Program to predict Pulsar detectability : MURMUR.

> Early detection @ IMNDP and latest developments with
wide bandwidth.

> Results and detailed analysis of special Pulsars detection
@ OESJFL.
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Hunting for Pulsars

Why Pulsars .....

At EME 2016 the detection of pulsars was just a dream, but in less than two years
thanks to a strong team effort (IWSBHY, I1NDP, OE5JFL, IONAA) we have established a
methodology that includes peer review. The best performing station has detected more
than 50 Pulsars!

The chief enabler for this success was Andrea,
IWS5BHY who has created a suite of programs that
uses popular low cost SDRs such as RTL-SDR and
AirSpy. The application can then perform numerical
analysis and organize the received data into the
‘filterbank’ format which allows the use of
professional radio astronomy programs such as
PRESTO, SIGPROC and TEMPO. : R
Andrea also made his radio telescope available | oo oo oo e o o by v o20s
online. It is configured in drift scan and continuously Bt
receive the Pulsar B0329+54.

Ltalian eur Radio Station - Z
sar B0329+54 ﬁ

IWSBHY Pulser 032904 | B

INSHEE Barga - Lucea - Lealy ERelessane Eares

It is interesting to note that the vast majority of
amateurs that are able to detect Pulsars are also
Neutron Star Group | avid EMErs. This is highlighted in Neutron Star
| Group web site maintained by Steve Olney.
The successful reception of Pulsars requires
careful optimisation which in turn improves the
effectiveness of an EME station. The requirement
http:/neutronstar.joataman.net/ maintained by Steve Olney to squeeze every single ‘electron’ from the receive
set-up allowing results in a truly state-of-the art
system.

IR

A Collection of Information About Amateur Pulsar Detection
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Hunting for Pulsars

Why Pulsars .....

A Pulsar is the remnant of a catastrophic stellar explosion ?;% S
(Supernova) that due to a fortunate sequence of events ” N
behaves like a ‘cosmic lighthouse’. The resultant noise bursts
have a very regular interval. This pulse interval can be from
milliseconds to seconds.

Radio beam

Spin axis

Schematic image of a pulsar

e If an observer is lucky and the direction of the ‘noise
beam’ is Earth bound we can then try to detect the

Pulsar.

51 The ‘noise spectrum’ emitted from the Pulsar is very
ey wide, but it is stronger at lower frequencies (down to a
few MHz) and weaker at higher frequencies (in the GHz
range).

The ‘energy’ of the ‘noise’ signal emitted is VERY LOW
and this is the thing that makes this activity both
stimulating and interesting!

Flow @ 400 Mhz vs. flux @ 1400 Mhz extracted
from ATNF .

In radio astronomy the intensity of signals is measured with the concept of ‘Flow’ due
to the intrinsic nature of signals that are wide band and incoherent ; the unit of
measure is the ‘jansky’ or Jy (named after Karl Guthe Jansky who discovered galactic
radiation in 1932) and is equal to 1026 W/ m?/Hz.
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Hunting for Pulsars

Why Pulsars .....

To put the strength of a Pulsar signal into perspective we can use EME at 1.3GHz as an example: the
path loss is approximately 270 dB which means that a 1W EIRP signal will be return to Earth at
-240dBm equivalent to 3,000 Jy in a 3 KHz bandwidth.

The strongest Pulsar at 1.4GHz has a Flux intensity of 1 Jy (but all others are in the range of mJy),
The sun has a Flux intensity of 400,000 - 500,000Jy and the moon is approximately 800Jy.
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The Folding technique allows to the emitted noise to be
summed. The folding must be done EXACTLY at the Pulsar

TEMPO

The example above makes it clear that the Pulsar signals
cannot be heard with amateur equipment in real time and
so it is necessary to make long recording of a large chunk
of the RF spectrum (minimum 2 MHz) to collect more
‘noise’ and perform a numerical analysis ‘FOLDING’ the
received data with the right ‘TEMPO’.

B0329+54 Best pulse profile (409Mhz)

Main blocks of an amateur digital Pulsar receiving system

receive the
max possible
bandwidth to
collect more
‘noise’.

Bandwidth is
between 2
MHz to 50 MHz
obviously more
BW = more RFI

the signal and
the shift from
the time
domain to the
frequency
domain is the
key for the
subsequent
data
processing.

the total
received
bandwidth into
smaller pieces
allows the use
of DSP tools
such as RFI
mitigation.

Wide band rx Dlgdlt;?.’rt'on Channelization Numerical
an analysis
The goal is to Digitisation of The splitting of The data

processing is
based on some
professional
software
called PRESTO
for analysis
and on TEMPO
for the EXACT
determination
of the Pulsar
period.

Detection detalls [PSR Main parameters
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[Center frequency hinz 409 Tsky | 10| [RAJ(hms) hms 03 32 59 36B[DECJ{hms) |hms
integration Bandwidth |1z 2[Total system noise figure |08 | .75 [RAJD deg 5324737 DECJD =0
Intergration time 5120 System MDS miy T15.35) [s400 Iy mly
Antenna Gain B 23 Software for recording IWSBHY (Windows)| PO s 0.7145197\DIST kpc
Antenna feeder type BFR Software for analysis PRESTO ( Linux )| [DM cm™-3 pc 257641 DIST (derived) |Light ¥r
Preamplifier NF 0B 045 Receiver type RTL-SDR| W50 ms £ 6/AGE r
Preampli in I 60,GPSDO | NO| [wio ms 31 4|AGE (derived) [uillion Yr
30-jan-2017 |Daa from ATNF Catalogue ver 1.57

B0329+54 detection @ IONAA - 409 Mhz 9120 sec. 2 Mhz BW
http://iOnaa.altervista.org
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Hunting for Pulsars

Governing equation

v Interstellar path loss is much more complex and unpredictable than EME path loss.
Also the intermittent pulsed nature of the emitted noise burst makes things even

more complicated .

v Fortunately the radiometer equation allows good prediction of the detectability of a
Pulsar by comparing station characteristics and Pulsar distinctive elements:

5
2kb (“Nmm)Tsys 11,74

S o =
ez — L A, nptintAf P—-Ww

S = Minimum Detectable Signal ( Jansky )

min

B = Factor to take in account system imperfections. >=1 ( dimensionless )
k, = Boltzmann’s constant (1.38 *107%® joule K™ ')

A, = Effective aperture of antenna ( m*2)

s

= Minimum S/N threshold ( dimensionless )

T.,. = Total system noise temperature (K )

n p = 1 for single polarization, 2 for two polarizations ( dimensionless )
t ... =Integration time (sec)

Ay = Detection bandwidth ( Hz )

W = Pulsar pulse width ( msec. )

P = Pulsar pulse period ( msec. )

D. Lorimer, M. Kramer, Handbook of Pulsar Astronomy
Cambridge University Press, pp262-265

The equation it is not so difficult to calculate, but there are many parameters involved.
The program MURMUR provides an automatic solution by just entering basic station

parameters.
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Hunting for Pulsars

Murmur

v MURMUR is available from the web site http://iOnaa.altervista.org and has an
installer that creates a directory used to store configuration and local parameters.

v" The program does not touch any register entries and can be completely removed
simply deleting the directory.

Set Observer location

(®) Sat observar location with sexagesimal notation ( DMS )
O Set observer location with QRA locator
O Set observer location with decimal notation (D.DDD)

Latitude (DMS )
Longitude (DMS)

QRA Locator

Latitude (D.DDD)

Longitude (D.DD

2 |8 |4 528119

6 3 ||® E | 063961

Calulated Latitude (D.DDD)

Caleulated Longitude (D.DDD)

F Calculated Latitude (DMS) 43

Calculated Longitude (DMS) 12

Calculated QRA Locator 10325774

Murrnur 5.0.0 30-June-2018  mario.natali@gmail.com  http://ilnaa.altervista.org

Latitude
43.0022

Longitude
12.5772

Location
Assisi-Beviglie

SAVE current set as default SET Observation location

(@) Dish antenna () other antenna

Wave length 0.23

Dish diameter |5 | m
 — Effective ant. aperture 13.54

Dish efficiency g9 | % e e
e M 63

UTC Time
28/06/2018 16:46:59

CALCULATE

m*2

m*2

Local Time

TRACK noise sources| Culminations

CALCULATE Noise Y-Factor

List of first 60 detactable PULSARS
based on ATNF Pulsar catalogue
Catalogue Version 1.56

Above horizon

Boz29+54 ]

28/06/2018 18:46:59

Rev. History
RESET Settings and EXIT

EXIT

Hext 24h PSR visibility Mext 24h PSR tracking

1 Month PSR visibility 1 Month PSR tracking

g I
Minimum S/N IEI

S/N >10 suggested for reliable results

Right Ascension (12000) 53.25 deg

Declination (J2000) 54.58

|[pesiiperae 5,05 o
|Dwingelos Dish 52.8119 €.3961

Hame of location |Dwingelon Dsh

Close:

ResetLocation D

Click on focation to select

Sensitivity constant Ks |1
Frequency [1303 | Mhz

Line loss before LNA (0.1 | de
LNA Noise figure [0.23 | dB

BN |
LNA gain |38 | dB

3 [
Line loss after LNA |0.5 | dB

= = 3 T
Receiver noise figure 4 | dB
=

Tsky |4 K

T spillover r] K

T atmosphere |0 K
Integration time 18000 | sec.
Integration bandwidth (10000 | KHz

BO950+08

B1133+16
: . B2021+51

ot B1642-03

Far field 217 m
Antenna gain 35.06
HPBW 3.22 deg

System noise temp. 3598 K

System noise figure 0.52 de

MDS 17.77 mly | i

The analysis does not take into account the
polarization of the signal as this parameter is
strongly depending on the specific Pulsar.
Please evaluate carefully case by case as this
may deteriorate performance up to 3dB.

Show all PSR List

Width of pulse at 50% of peak ¢
Barycentric period 0.71452
Dispersion measure 26.76
Flow 400Mhz 1500.0
Flow 1,400Mhz 203.0
Max. integration bandwidwith
(without de-dispersion)
Calculated S/N
Azimuth
Elevation

Evaluation done only for following frequency intervals :
390Mhz-500Mhz and 1,000Mhz - 1,500Mhz

The data to enter are the basic characterstics of the station and
the coordinates of the observation place.

EME Conference 2018, Egmond aan Zee
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Hunting for Pulsars

Azimuth Elevation

Murmur beg.  bey

185.00 62.98

MURMUR al id I ti tracki f the Pul d ti e
also proviaes real time tracking o e ruisars unaer scrutliny Crame Al 32267 || 624
] h i i Additi lly the visibili f
Taurus A 141.79  64.87
as well as the most important radio sources. Additionally the visibility o
the Pul for th t 24 h d th t th, th Iminati A e
e ruisars ror € nex ours an € next montn, e cuimination Sagittarius A 30617 6893
-
data of the radio sources and a list of the strongest 60 Pulsars ( by flow ) 3C273 o001 | 1998
- - - - BO329+54 326,52 75.36
with the main characteristics .
s e
Next 30 culminations - THIS CAN TAKE SOME TIME ! X i
| i Real time Az-El widget
Moon 5un Cygnus-A Taurus-A Cassiopeia-A Sagittarius-A 3C273 B0329+54 1 Month Pulsar visil B0329+54
Date Time ( UTC ) Date Time ( Local ) Azimuth ( Deg.) Elevation (Deg.) Date Time ( UTC) Date Time ( Local ) Azimuth ( Deg.) Elevation (Deg.) ks’
Fri Mar 23 15:03:11 2018 Fri Mar 23 17:03:11 2018 359.91 88.23 Thu Mar 22 15:46:32 2018 Thu Mar 23 17:46:32 2018 290.74 83.89
Sat Mar 24 14:59:15 2018 Sat Mar 24 16:59:15 2018 359.92 88.23 Thu Mar 22 16:46:32 2018 Thu Mar 22 18:46:32 2018 286.82 75.22
3 i55:13 2 2
;“” :a' *Eii :“” :a' “"55'1: *Eis 2::'32 22"2 Thu Mar 22 17:46:32 2018 Thu Mar 22 19:46:32 2018 290.43 66.59
on Mar 201 on Mar 2 23 2018 . 3
Tue Mar 7:27 2018 Tue Mar 27 16:47:27 2018 359.94 88.23 Thu Mar 22 18:46:32 2018 Thu Mar 22 20:46:32 2018 295.63 58.22
wed Mar 28 14:43:31 2018 wed Mar 28 16:43:31 2018 359,95 88.23 FR Wil 28 IO A i e 2 2 SRR R ot ]
Thu Mar 29 14:39:35 2018 Thu Mar 29 16:39:35 2018 359.96 88.23 Thu Mar 22 20:46:32 2018 Thu Mar 22 22:46:32 2018 308.12 4278
Fri Mar 30 14:35:40 2018 Fri Mar 20 16:35:40 2018 359.88 88.23 Thu Mar 22 21:46:32 2018 Thu Mar 22 23:46:32 2018 315.16 35.99
sat Mar 2018 Sat Mar 31 16:31:44 2018 359.89 85.23 Thu Mar 22 22:46:32 2018 Fri Mar 23 00:46:32 2018 322.72 30.01
Sun-Apr: 2018 Sunape, 165272482018 3389.50 BESed Thu Mar 22 23:46:32 2018 Fri Mar 23 01:46:32 2018 330.76 25.03
Mon Apri: 2. 14523252/ 2018 Mon. Apr - 2016523252 2018 EEEEE 88523 Fri Mar 23 D0:46:32 2018 Fri Mar 23 02:46:32 2018 339.25 2118
7| P : :
5 Next 30 culminations - THIS CAN TAKE SOME TIME | ps Fri Mar 23 01:46:32 2018 Fri Mar 23 03:46:32 2018 348.10 18.63
i Fri Mar 23 02:46:32 2018 Fri Mar 2| Pulsar list derived from ATNF Catalogue ttp://wuw.atnf.csiro.au/research/pulsar/ psrcat/ x
£ Moon Sun Cygnus-A Taurus-A Cassiopeia-A Sagittarius-A 3C273 B0329+54 Fri Mar 23 03:46:32 2018 Fri Mar 2] ed b i
Ik - - 5 Wy e S Fri mar 2| Sorted by 51400 22/03/2018 17:37:45 Local Time Recalulate Return to main screen
| | Date Time ( uTC ) Date Time ( Local ) Azimuth ( Deg.) Elevation (Deg.) far 23 05:46:32 2018 FriMar2| | ps = PSR rame RA(Deg) DEC(Deg) DMem™-3pc) Ws(ms)  S40(mly)  S1400(wly) BarycentricPeriod(sec)  Azmuth  Blevaton Vb |
Wil FricMan:dsa106:04 3018 ErdgMap 22, 13.16:21 2018 Jen.09 a8.18 Fri Mar 23 06:46:32 2018 FriMar2 g 8083345 1288359 45,1763 67.5%0 2.100 5000.0 11000 0.08932839 0.4 1374 no
T| | sat Mar z4 L 106 2018 Sat Mar 24 13:16:06 2018 180.03 48.57 Fri Mar 23 07:46:32 2018 FriMar2 1 B1541-45 2512053  -45.9860 478.800 8.200 375.0 296.4 0.45505978 22094 -86.09 no
w| | sun Mar 25 1 45 2018 Sun Mar 25 13:15:48 2018 180.09 e A R 2 80323454 512474 54.5788 26.754 5.600 1500.0 203.0 0.71451870 325.54 7522 YES
T Mon Mar 26 1. 130 2018 Mon Mar 26 13:15:30 2018 180.09 49.36 M 23 09:46:32 2018 3 J0437-4715 69,3162 -47.2525 2545 0.141 550.0 145.0 0.00575745 178.78 .36 no
F| | Tue Mar 27 1 111 2018 Tue Mar 27 13:15:11 2018 180.09 49.75 . e 4 50950403 148.3858  7.9266 2369 2500 200.0 340 0.25306516 0.4 214 ¥ES
5| | wed Mar 23 11:14:53 2018 wed Mar 28 13:14:53 2018 180.09 50.14 Mar 23 10:46:32 2018 5 B0736-40 1146347 -40.7114 160,800 29.000 1900 837 0.37491999 146,17 -3.95 no
s Thu Mar 29 1. 135 2018 Thu Mar 29 13:14:35 2018 180.09 50.53 Fri Mar 23 11:46:32 2018 FriMar 2] & B1451-68 224.0007 -68.7276 8.600 12.500 350.0 80.0 0.26337681 162.28 -61.59 no
M| | Fri mar 30 11:14:17 2018 Fri Mar 30 13:14:17 2018 180.09 50.92 Fri Mar 23 12:46:32 2018 FriMar2] | 7 Lol ST bhar LB el 00 el ] aoTesn S il e
| | sat mar 31 11:13:59 2018 ST Mar 31 13:13:59 2018 180.03 51.30 Fri Mar 23 13:46:32 2018 Erpeoll @ o SRR A e iy o = b et e
2 113:51 2 ; . A : i ’ g ; g o
M SumeApn i e :n.u; SurpApe \L, R :nlf 1800 el Mar 23 14:46:32 2018 FriMardl |y gions+m 293081 10,9923 3.183 7.400 030 3.0 0.22651764 311.00 2183 no
F(Q Man.ApP Z2.11513:33 2008 MO ARE, ©2,13:13:43 20149 160,03 1,83 Fri Mar 23 15:46:32 2018 FriMar2) | 11 sus3+i6 1740135 158512 4,841 31700 7.0 20 118791307 67.29 073 o
3 for el if“’ 30_13 soe e W lafffls 3015 18009 Fri Mar 23 16:46:32 2018 FriMar2] |12 B2+ 3045160 28,6651 14.198 14.900 3140 3.0 0.55795348 31261 122 no
S| | Wed Apr 4 11:12:58 2018 Wed Apr 4 13:12:58 2018 180.09 e A A S iiar ol 1 BaD21451 05,7078 519139 22.550 7,400 770 70 0,52919692 326.67 17.47 YES
Thu Apr 5 11:12:41 2018 Thu Apr 5 13:12:41 2018 180.09 i i 14 B0355+54 59.7238  54.2205 57.142 3.900 6.0 2.0 0.15638412 338.04 775 YES
Fri Apr 6 11:12:23 2018 Fri Apr & 13:12:23 2018 180.09 Mar 23 18:46:32 2018 FriMar2 | is  posas-e 7% 28,5785 34,425 5,200 260 20 L24B60 153,04 345 YES
Sat Apr T 2:06 2018 sat Apr 7 13:12:06 2018 180.09 Fri Mar 23 19:46:32 2018 Fri Mar 2| 16 B1054-62 164.1065 -62.9799 320.300 20.000 45.0 21.0 0.42244719 143.73 -40.29 no
—] | Sun Apr 8 11:11:49 2018 Sun Apr 8 13:11:49 2018 180.09 Fri Mar 23 20:46:32 2018 FriMar 2| | 7 i g iR e R e it . Losani s Ly o
Won Apr 9 11:11:33 2018 MOn Apr 9 13:11:33 2018 180.09 Fri Mar 23 21:46:32 2018 FriMar2l | B B2111+46 3183514 4.7358 141.260 32.100 2300 19.0 101468479 316,64 1946  YES
o 13 B1748-28 268.2445  -28.1104 50.372 9.100 1100.0 18.0 0.56255764 305.12 £7.57 no
Tue Apr 10 11:11:16 2018 Tue Apr 10 13:11:16 2018 180.09 .26:
wed Azl’ 11 1 1:00 2018 wed Azl’ 11 13:11:00 2018 180.09 Mar 23 22:46:32 2018 Sat Mar 20 B2154+40 329.2577  40.2961 71124 38.500 105.0 17.0 1.52526563 305.94 2L21 YES
i Ape Ao 3 0:44 ol e 13:10:44 2 L”U.Us Mar 23 23:46:32 2018 SatMard | 21 B1557-50 240.2210  -50.7382 260.560 5.400 00 17.0 0.19260123 149.51 -80.88 no
Uane 12 Srkgasit UGR0E 22 s ol gy Sat Mar 24 D0:46:32 2018 SatMard | 22 B1548-42 252.9533 42,7697 482.000 110,000 100.0 16.0 084408067 7278 86.01 no
Erlghpt.13,11:10:29 2018 Foisine 1213102302018 160:09 23 8132362 201825 -62.3791 318,600 11.000 1350 150 0.52991319 42.07 57.33 no
e EGDER LT e R 10 o018 LEOHO8, = 24 Bos3saL 12,3383 -41.5873 147.290 &.900 197.0 150 0.75162352 137.7 1127 no
Sun Apr 15 11:09:53 2018 Sun Apr 15 13:09:59 2018 180.09 Hidemains | o5 gigos08 271.9085  8.7853 112.380 8.900 650 15.0 0.16372737 320.96 952 o
Mon Apr 16 1. 2018 Mon Apr 16 13:09:44 2018 180.08 e 2% B2310+42 348.2859  42.8870 17.277 8.800 82.0 15.0 0.34943368 299.27 34.39 YES
Tue Apr 17 1. 2018 Tue Apr 17 13:09:30 2018 180.08 27 B0740-28 115.7044 -28.3788 73.782 5.400 296.0 15.0 0.16676229 138.76 5.95 YES
Wed Apr 18 1. 2018 wed Apr 18 13:09:16 2018 180.08 30399+54 ViSibi ity 28 B0403-76 60,4653 76,1372 21800 18.000 8.0 14.0 0.54525274 181.93 -20.32 no
Thu Apr 19 1 2018 Thu Apr 19 13:09:03 2018 180.08 2 B1443-64 2233864 642210 71070 2.400 2300 140 0.17348475 155.29 £4.82 no
Eri Apr 20 11 2018 Fri Apr 20 13:08:50 2018 180.08 30 B0S3+L 83.6332 220145 6771 3.000 550.0 140 0.03339241 2.4 65.05  YES
sat Apr 21 11: 7 2018 Sat Apr z1 13:08:37 2018 180.08 31 B1800-21 270.9642 -21.6187 233.9%0 14.000 23.0 13.9 0.13366692 310.30 -60.99 no v
Hide main screen Exit
MURMUR internal Pulsar data based on ATNF catalogue

Culmination data for Sun and for B0329+54

EME Conference 2018, Egmond aan Zee Mario Armando Natali, IONAA



Hunting for Pulsars

Murmur

5]
mgm -
I he Iatest addltlon to the prog ram Is Two Station EME | Rx Performance | Source Pos. | Planets | Sky Map | Home Data “U’““‘“P"Ef‘ Hote PEU} H‘”"R93| Ver. H'STW‘ VK3UM.com | 'Help | About | Exit
Tx A [Home Station) Defaul i
th H b- I -t t d- t th it AeEW Diam Mesh SpacingH-V Sys Sensitvity  Echo I YagiArray .. E| 2604° Pt Type and G
€ PpossInlIty 1o predic € sun N = 5 7
1296 MHz | 2722008 | B.OK TesHe 288w | [1000mm || 1604 cBm |1511 5 [ ]
- - - = = = 16,00 dBd j 1 20w [ o | [ 1em0ded | | 1z150e
Frequency PathLoss AquorLes Eire 0313 ~| Ef d 280K - nd
noise (Y-factor) using quadratic j S
San Vito Southern Italy 2018 Jun 28 12162 T =
Losz D013 4B i ~
spline interpolation of the solar flux| « - « w0 B e ool gy [ cocorye |Visliikabres I e i
Dismeter  Size Ho Efficiency Beam Width Gain Dish Gain
- - 76 010¢8 || 023dB || 38048 || 20dB || 4048 || 1582K o7k | 1EsE R 7 = 7
f N AA 7 5.00m Metic || 0.50 J £3.0% 328 37 328684 | 3501 dBi
a a Isse m I n a e ro m . LMALoss  LNANT LMAGan  Coasloss  Fwhi Spilover  Feedthrough i ik 4
Get sfu At 216 Lambas
2 = = | | 2 Meshsize | 30 dB
A i Home Station ... Y Factor Calc Noise[hot] Flux Quist [cokd] Sy System TK
Sun flux and sun Y-factor noise p— Noise Soures (Hot
st O Sagitariisd TauusA 17184y 5K #552K
1.657.288 W EIRP o =
Sun Flow data downloaded from : http:/ /legacy-www.swpc.noaa.gov/ ftpdir/ lists/ radio/ rad.bxt z EassmuzaA = \;"DUA‘ Point Source Y Factor 0.74dB
ate & Cyanus srmination
2018 Jun 28 52 K=0.63dB O Eertaumch YUTAW Aperture Source calculations
= - These are only valic for 144 and 432 MHz
Learmonth ~ San Vito Sag Hill Penticton Penticton Palehua Penticton Best set Frermen 1205 Mhz T Cuiet Source [Cold) Point Sources should be used for 1298 MHz.
Mhz 0500 UTC  1200UTC 1700 UTC 1700 UTC 2000 UTC 2300 UTC 2300 UTC equency e e & Aquaivsorleo € TSky (varisble) and above
245 1 13 1 1 1 1 1 13 1on noise included -
= | Woise Soures Fositians.
410 1 28 1 -1 1 1 1 28 § o
610 1 1 1 1 = a a 1 < Sun noise Y-factor 17.28 dB 407 470 kms YagiAmray T R
1415 49 47 -1 -1 =k =k =k 47 User Defined
s = = . 5 o o o = e : e o ‘lsussmsi[ivi[u . = Single agi Gain in dEd ‘rl\mmnev of Yagis 1 T T RN
2800 -1 -1 -1 =t Al -1 -1 = Comment [Dummy #3 ‘ | b s 1200 dBd -l 1 B 000 W 4127 || f200dBd | | 1415 dBi
4995 117 117 -1 -1 -1 -1 -1 117 5 = = = a|  Erfective groung 236K geerbihhed ey
8800 227 218 -1 -1 = = = 218
o . o a =
15400 s30 s08 1 1 S % 1 508 1 » Questo PC » Disco locale (G » Murmur @ Murrnur BETA 5.0.0 -
Ready Calculate Y-factor for sun o~
MNome Ultima modifica Tipo hmensione
Noise measerments Data Base - Sy e
: L 062918.csv 28/06/2018 1251 KB
# Date Hour Frequency  Antenna Gain Tsys SFU Expected Noise Measure
o (k) [CKly) |CdF) (d8) £ Murmur 5.0.0.exe 07/05/2018 12:24 A
1 28/06/2018 19:22:11 1296 35.016 43.080 469809 17.27 16.5
| 20NRSANIE 1242 KR
2 28/06/2018 19:22:19 1296 35.016 43.980 469809 17.27 16.8 Murn.lurDE'bd: et e b Rt P =
3 28/06/2018 19:22:25 1296 35.016 43.980 469809 17.27 16.3 : - NDiSEM easu rEﬂtS.bd: ;' ‘._-: ‘_: !.- i K E:
| oy P A G4 7 ¥R
=| SunFlowMoaa. bt 29/06/2018 11 2 KB
. | unins000 07/05/2018 17:18 2 KB
Delete row | Save Data as mmddyy.csv Delete All Data - unins000.dat S r T =
§ | . Lo B
;;3] unins000.exe O7/05/2018 17 0

v Sun noise predictions have been verified as accurate and results closely agree with
those from the VK3UM EME performance calculator.

v The ability to record and export field measurements and program predictions is a very
useful tool to track station performance!
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Murmur

Sun Flow data downloaded from : http://legacy-www.swpc.noaa.gov/ ftpdir/lists/ radio/ rad.txt

2018 Jun 28 - o
learmonth  SanVito  SagHill  Penticton  Penticton  Palehua  Penticton Best set

Mhz 0500 UTC 1200 UTC 1700 UTC 1700 UTC 2000 UTC 2300 UTC 2300 UTC Frequency |1296 e By cl I ckl n g t h e b u tto n
245 -1 13 -1 -1 -1 -1 -1 13 sun flow ( derived ) 469800  Jy

410 1 28 =1 1 1 41 1 28

i = o 3 5 3 a = =2 Sun noise Y-factor 17.28 dB h Y f f I I
T e S S i T == «Show Y-factor for a
2605 7 77 a 1 a1 a4 1 77 Measured noise |16.3 dB Save

2800 1 -1 =1 1 4 41 1 1 Comment [Dummy #3 ] - - -

I e || NOIS@  SOUrces» it is
8800 297 218 a 1 a a 1 218 Sun Flow calculated is by quadratic spline interpolation

1 1 1 1 1

15400 539 508 E | - E = 508
-
Ready Calculate Y-factor for sun Show Y-factor for all noise sources a I s o p oss I b I e to

ke s s e calculate the noise of

# Date Hour Frequency  Antenna Gain Tsys SFU Expected Noise  Measured Noise  Delta Comments
( Mhz ) (dBi) (K) (Ky) (de) (d8) (de) -

1 28/06/2018 19:22:11 1296 35.016 43.980 469809 17.27 16.5 0.776 Dummy #1 a few ot h e r cos m I c
2 28/06/2018 19:22:19 1296 35.016 43.980 469809 17.27 16.8 0.476 Dummy #2

28/06/2018 19:22:25 1296 35.016 43.980 469809 17.27 16.3 0.976 Dummy #2 -

radio sources.
v
Delete row | Save Data as mmddyy.csv Delete All Data Show main screen
Y-Factor noise *

Flow Noise Y-Factor

3 de Pleuon Tits UGt Bod ey = Presently this feature works at
0

|._ given @ 1420 Mhz therefore Noise
Moon 8

Y

l]_| 0.371 Y-factor is only valid at this - - -

Cygnus A | 1495 | 0.670 r}rfl?:fa?u;«valuescan be entered to 1400Mhz’ bUt It Is pOSSIbIe to
calculate Noise Y-factor for any

TaurusA [ 875 | 0.404 other frequency. directly enter Flux data in Jy to

¥-Factor is calculated with following

Cassiopela A | 2477 1060 Tont=(Ae/ 2760)" How obtain Noise factors at other
Sagittarius A 0.879 Y=10*L0G10((Tant-Tsys)/Tsys) -
frequencies.

<8

3C273 | 4 0.023 Re - calculate Exit
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The program version
( 6.0.0 ) released this
week has a very
useful new feature :
PLAN Observation
that shows the hourly
positions ( Az/El ) of
all radio sources and
all PSR of the internal
data base filtering
results with a specific
Radio Horizon.

ario.natali@gmail.com

Latitude
43.0922

Location
Assisi-Beviglie

SAVE current set as default SET Observati

(@) Dish antenna () Other antenna

Dish diameter [5 | m

Dish efficiency [so | %
Sensitivity constant Ks |1

Frequency |1303 |Mhz

Line loss before LNA (0.1 dB

= e |
LNA Noise figure [0.23 dB

LNAgain [338 | dB
Line loss after LNA [05 | dB
Receiver noise figure '4—| dB
Tshky |4 K i
T spillover [10 K .
T atmosphere 'o—| K i
Integration time [E)F| sec.

Integration bandwidth [56000 | Kz

may deteriorate performance up to 3dB.

Hunting for Pulsars

Murmur 6.0.0 .... One more iittie thing ...

PLAM Observation

Tracking table ordered by ~ S1400  cakculated for local time
Object SN 0o 01 oz a3 o4 a5 s o7 03 i) 10 11 12 13 14 15 18 17 15 19 20 21 22 23 2
Moon 094:15 105:26 117:35 132:44 152:50 175:53 199:52 220:47 236:38 249:29
Sun 097:29 109:40 124:50 145:57 17361 202:60 227:54 244145 257:34 268:24
Cygnus-A 233:86 26775 276:65 28454 067:39 074:50 081:60 089:71 104:82
Taurus-A 090:33 101:44 115:55 136:63 169:69 206:67 23460 251:50 26440
Cassiopeia 045:57 040:65 33772 045:50
Sagittarius-A 213:10 145:10 160:15 174:18 1858:18 201:15
3C273 097:10 108:21 120:31 135:40 15446 176:49 198:48 218142 235:34 246:25
B0833-45 654
B1641-45 211
BO329+54 203 053:56 051:65 041:73 3327 031:19
J0437-4715 91
B0950+08 41 099:21 110:31 124:41 142:49 165:54 191:54 21450 233:43 247:33 259:23
BO736-40 28 176:06 187:086
B1451-68 35
B1933+16 25 201:62 226:56 244:47 258:36 269:25 095:30 107:40 122:50 143:59 171:63
B1556-44 25
B2020+28 19 17476 221:72 24763 262:53 085:40 096:51 11:62 133:71
B1929+10 19 200:57 223:51 240:42 254:32 265:21 090:16 100:27 113:37 128:47 148:54 174:58 w
Radio Horizon

Azimuth a 30 30 &0 &0 90 S0 120 | 120 | 150 | 150 | 180 | 180 | 210 | 210 | 240 | 240 | 270 | 270 | 300 | 300 | 330 | 330 | 380

Fresmsen freiin a0 50 30 5 5 5 5 5 20 50 90 90 -
ST - 1day + 1day

Expected S/N is calculated based on parameters entered in the first screen . Hourly data indicate Azimuth and Elevation and are based on above radio horizon

Max. integration bandwidwith

mly i ‘ (without de-dispersion)

MDS 10.36
Calculated S/N
Show all PSR List B
| The analysis does not take into account the Azimuth
polarization of the signal as this parameter is Elevation

strongly depending on the specific Polsar.

Please evalvate carefully case by case as this Evaluation done only for following frequency intervals :

390Mhz-500Mhz and 1,000Mhz - 1,500Mhz

KHz i

deg
deg

EME Conference 2018, Egmond aan Zee
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Hunting for Pulsars

Results @ IONAA

PULSAR DETECTED B0329+54 B0329+54 B1642-03| B1933+16|B1929+10 | B2020+28 B0950+08
Center frequency Mhz 1297 409 1303 1330
Integration Bandwidth Mhz 2 2 10 56
Intergration time S 7200 9120 18000 10800
Antenna Gain dB 33 23 33 33
Antenna feeder type W2IMU BFR W2IMU W2IMU
Preamplifier NF dB 0.23 0.45 0.23 0.23
Preamplifier Gain dB 38 60 38 38
T Sky K 4 10 4 4
T Spillover K 10 10 10 10
System MDS mJy 86.98 123.2 24.52 13.37
System noise temperature K 36.98 59.15 36.98 36.98
Software for recording IW5BHY ( Windows ) | W5BHY ( Windows ) IW5BHY ( Linux ) I1NDP( Linux)
Software for analysis PRESTO ( Linux) PRESTO ( Linux ) PRESTO ( Linux ) PRESTO ( Linux )
Receiver type RTL-SDR RTL-SDR AirSpy ETTUS B200mini
GPSDO NO NO YES YES
Date of detection 26 Jan 2017 30 Jan 2017 17-nov-17 | 18-nov-17 | 27-nov-17 | 28-nov-17 14 July 2018
2 Pulses of Best Profile Search nforrrtfgin . 2 Pulses of Best Profile
| ﬂm N \ Capture of PSR
iy M M ,} . \ . e B0950+08
W ,%l J. | . ifh e i\a”\”*‘ Yy Proe .
o e o S L IR TEE e = showing the
N b “_:;; g * o MWWLW::ET § T. 3 “ fl ;( A E fo_\ : pQ\A_Iel'fl_I" RFI
B immmadl. ¥ e ! g ; L " Bl e bl E‘, v il —-; |mitigation
: T T T eleees function of
r i j [P ﬁf) AW AN: :’ 5 gL i " fD PRESTO.
E F s = 2 et | : Without RFI
B LR e Biokimuol | + |mitigation is
2 N . s | g CHESNEEEE | | .- |impossible to
OV N . E .- |see PSR pulses.
BHES Y = B\ -
& phjm i gk;.;_;j; ’ U,;Ogopc/cmi-. o Period — 253.07983383 (ms) g M8 Ph;m = ]i&,;l;; .(:? DM {pc/em™ P;mvj - 253 gaumwj (ms)
B0950+08 recording before RFI mitigation B0950+08 recording after RFI mitigation
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Hunting for Pulsars

Future plans

v MURMUR, like everyhthing else in the ham shack, is always
changing and hopefully, improving !

v Planned new features and improvements :

v Improve Y-factor noise calculations.
v Automatic loading of flow data for cosmic sources.

. Add ibitity o dofi icible kot L o ‘ :
v Add the capability to make sun noise measurements directly
from MURMUR whilst incorporating a fine tuning algorithm

for automatic antenna pointing.
v Allow automatic update of Pulsar data base from the ATNF
catalogue.

Any suggestions, corrections and requests for additional features are welcome !

EME Conference 2018, Egmond aan Zee Mario Armando Natali, IONAA






A brief introduction

The subject may appear as not compatible with
the spirit of our conference, | try to explain why
might be otherwise:

v Big challenge for weak signals hunters
v Achievable results with a medium/small
sized 70cms EME system or a good

23cm system
v A Fascinating and absorbing subject

with a lot to learn
v" Moon is not always available

EME Conference 2018, Egmond aan Zee

Nando Pellegrini, IINDP



IW5BHY, Andrea and is 70cm Antenna
A good example of a big result

EME Conference 2018, Egmond aan Zee Nando Pellegrini, IINDP



2 Pulses of Best Profile Search Information

Candidate: 1.40Hz_Cand RA, 000 = 03:32:59.3700 DEC, 5000 = 54:34:43.5700
Telescope: Unknown Best Fit Parameters
Epochy,,, = 58300.40419000000 DOF,, = 443.35 X%, = 5. 364, P(Noise) < B.56e-294 (36.60)
Epochyg,, = N/A Dispersion Measure (DM; pc/cm’) = 26.015
i = 0.0005 Piopo (MS) = 714.49109(11 Poary (MS) = N/A
Data Folded = 21504000 Pliope (8/8) = 0.0(7.7)x10™" Ploary (3/5),= N/A
Data Avg = 3180 P (s/s ) = 0.0(4.6)x10™'* By (s/s%) = N/A

{ Data StdDev = 248.7 Binary Parameters
Profile Bins = 500 Po (5) = N/A e = N/A
Profile Avg = 1.368e+08 assin(i)/c (s) = N/A w (rad) = N/A

3 Profile StdDev = 5.159e+04 Toeri = N/A

— 0 . . . . .
~ Irﬂl ik 1 wi | I\ N;"
[=] \IIII i | | \ | D
— ] M I i 1 S

2 [ l| il | | | I ! \ | I g

& I I |]|||||H| l'll [ ||H |||‘| I||| |],|| I |‘\ 5 =
o o S
o w =
=1 2 =

o | g

2 Il“’l E'H ,l ” | | ||||’T|H| rl || ey oLy

S o ‘II"HI'"I'[] III|||'II|\!|]!I Il *8 B

©wB ae il o ]

=) 18— || I i g

R = 2 | ‘;u— & =

— © 2 0.04  0.02 o —0.02 —0.04

ﬂé LUl 1 ; it I || []|l|f|||\ 1|i|1h|'|ﬁll]| i ||f||“i|l'|| IHI\]]‘EI 1l Period — 714.48985424 (ms)

= "1|n <5 |\ I
=) ol Tl - o.-.g Freq - 1.399600 (Hi)
=] 2 o —5%10 o 5x10

i Phase % .
—~ w
(o] o~ T z T { I ‘.:3'
(=} 15 A i A T
o e — o =
(o] o + — o -
o =]
§ S r i P
=R =) L w
2 I l 2
e ] 4 -_ Oo 2 0 ' 2|O ’ 4:0 ’ 0.04 0.02 o —0.02 —0.04
Phase Reduced XZ DM (pc/cma) Period — 714.48985424 (ms)
filename.fil 1-Jul-2018 12:38
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Short History

* First pulsar Observation made in 2014

* Very little knowledge

« 70 cms unusable due to RFI so forced to use 23cm
* Only 2Mhz RX bandwidth

* No external frequency reference was available
 Home made post processing software

EME Conference 2018, Egmond aan Zee Nando Pellegrini, IINDP



2014 Results

e Very first pulse
e Certified by K1JT

To my knowledge first pulsar
detection on 23 cm with
an amateur observatory

EME Conference 2018, Egmond aan Zee Nando Pellegrini, IINDP



Analize

A6 —
5B
AF —
ST —
3F —
98—
FLTT i B
19
O —

(== T i SRR

Done

2014 Results

ITNDE Puisar data Analysis

Mumber Points

.40

msec F14

2143

PSR B 0329 + 54 Observation date 28-09-2014 at IMTMNDP. Antenna: 10m Dish., FREQ: 1296 Mh=z - BW 2Mh=z

Duration: 215 minutes - Decimation Factor 1100 - Time window 10 Pulsar periods

EME Conference 2018, Egmond aan Zee
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Next setup

e Years 2016-2017 used the IWSBHY system

e 23 pulsar detected — used 23cm exclusively

e Realised maximum capability of my amateur
observatory

EME Conference 2018, Egmond aan Zee Nando Pellegrini, IINDP



Year 2018 new Radiotelescope

e First attempt with RedPitaya
board,unsuccessful

e \Very promising with more than 100Mhz
bandwidth

e Failed due to insufficient documentation for
programming the FPGA using internal
interfaces

e Not possible to transfer high data rate
otherwise

EME Conference 2018, Egmond aan Zee Nando Pellegrini, IINDP



New Attempt

e Ettus research USRP B200mini

e SDR with maximum 56Mhz sample rate

e USB 3.0 with high transfer rate(up to 5Gb)

e 12 bit fast ADC

e Doubts about being able to process the high
transfer rate on a Linux PC

EME Conference 2018, Egmond aan Zee Nando Pellegrini, IINDP



Receiver Chain

10m dish GADDK LNA GADDK LNA
dual mode feeder 37db gain 0.25 NF 37db gain 0.25 NF

‘ Band Filter
50m Coax

o=t USRP B200 MiNi |  1JSB 3.0 t0 PC Streaming

10Mhz from GPS

EME Conference 2018, Egmond aan Zee Nando Pellegrini, IINDP
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Software

e Difficult handle 56Mhz x by 8 bytes I/Q float
samples (448 MB/sec) without loosing a
single sample

e |7 processor with multithreading, highest
priority and no other activity

e Software in 3 blocks

EME Conference 2018, Egmond aan Zee Nando Pellegrini, IINDP



M © @ B0329+54_100_2K.bin

Observation Parameters

Filter High Hz
Filter Low Hz
Center Frequency Mhz

Sample Rate Ms/Sec

Time Series Khz
Target

Gain db (0-76)
Amplification (>0)

Recording (min)

Channels

EME Conference 2018, Egmond aan Zee

B0329+54
50
1
180
80

100
112

Configurator

Read Old File

Write File

FFT Size

Decimation

Channels

KHz

v/ Enable Filter

e Dumb graphic
interface for
entering the
observation
parameters

Nando Pellegrini, IINDP



Data Acquisition

e The most critical process, spread on 5
threads

e The receiving thread at real time priority

e Receive streaming from USB

e Transform from time to frequency domain
(FFT)

e Decimate and integrate the samples

e Write a .bin file to SSD

EME Conference 2018, Egmond aan Zee Nando Pellegrini, IINDP



BinToFil

e Simple converter to make the .bin compatible
with the presto suite

e Add on provide an optional band pass filter
tailored to the target pulsar

e |t could be integrated with data acquisition,
kept as separate step to give more flexibility

EME Conference 2018, Egmond aan Zee Nando Pellegrini, IINDP



2018 Results (1)

 Only first impressions available at the moment

« The 23cms seems to have more spurs than
before — seems ‘dirtier’

« Wider bandwidth and greater number of
channels facilitates better RFI mitigation

EME Conference 2018, Egmond aan Zee Nando Pellegrini, IINDP



2 Pulses of Best Frafie

Candidote: FER_0329+35¢

2018 Results (2

Segrch Inforrmalion
Rl oy 0 00002 OO C00T DEC 5p0q = DO000:00.0000

=

Anduced 3*

Reduced

| Tultazzpa: Unbrowen Beal Fil Pagiaters
| I Epach,__ = SB202.BE55871 2957  DOF,, = 33,36 = 0811 PlMobe) ~ 0 (80,90}
i Epochy ., = M/ Disparaion Mecsure (DA pofom™) = 000
' gt = [Oooon Figge (ma) = 714.60848]74) Prary [msy = N
I | ﬂ i f Dots Felded = 21604000 B s) = 000010 ™ R et - R
| ! h I| Ly buta ey - 038 Plpe ) = G030 P (nf®) = ML
(f F Fata Ghebey = T0Ele+04 Enary Poromaiars
i Frofile Bira = BGO Py (8] = M a = N
Frafile dwg = = =4 4580107 aqsnlilfe [a) = W4 u fradl = HA
1 Prafile Sidlay = J.417=+408 Tae = WA
e H | L oo
I T t t || T L u r T r
tD_’ E v e = E‘//—/\/MM'W‘_
| g4 ;
| | 42 4 W ] -y
| - =1 =
21 | ag b §§ Pdnk {n/%]
@ | | E A= P e e
1 | =4 E ?_J%wui
',ll wE dg 4 G i ]
S I - (= { £ £
o R el s E 1 - ]
‘—"EE “1--E "1__ & = i A B i —EiH
g b = R -5 Purigd ~ T14.5TEI3524 (ma)
C= # i s =
2 i, G i f & ot 1 Freq — 1390428 [Hz)
2 % E o4 e e e e =2x1E ] =i
| (' a4 08 12 18 3 l:_ : -,
13 H Phass TE
i E = T8
=1 O R . o
=10 ¥ 8 Reef e = o
3 | 2
E dmi = ot
r_s"-' &
P SR PR SN I T ¢ o S B oo S A ikl T, S
o] 0.5 1 1.5 w5 0 a 200 400 B Al b - R
Phase Reduced x* oM {peom) Parod — 71457253524 (ma)
B03294+54_ 100 2K 4l 27-War=F1R

e First approach
e No sign of the
pulsar

EME Conference 2018, Egmond aan Zee

o

3 hours of recording at
56Mhz with 100
channels of the
strongest Pulsar
visible in the Northern
Hemisphere.

Not Very gratifying

Nando Pellegrini, IINDP



2018 Results (3

2 Pulpws of Busl Frofis Search Informalian
R gy ® 00:30:00.0000 DEC 370 ™ DO:00:00.0000
Falding Ferameiera

[y = £4335 32 = 34048 PlNohe) = 0

Candidote: 714 37ms_Cond
Tuleasopa:  Unkrown
Epochy, . = GAINLEAGGET OST

e Same recording as

(121 e}

I.'pa:r-b‘“I =P
T,

Disparsion Mecsune (T8%: pofom™) = 5543

= pooos g (M) = TISB7240084) Py, (ms} = M/A
DS teided - 2833500 Pl ] = L0 IR0 PO faa) = R
Dmta Avg - 1048 Ploee (a7 = 0AGRANIOT PLT (afe) = A
‘l‘! | [ata Gholey = 405 , :ILI-r"u?; Paromatars J
:*#f Ay Frofile G = 50O P (30 = HAN 0= N4
l I'll'll"lv "Ir Frofil dwg = ~B570wb0E  aomnli/e (3] = N4 u (ras) = MAA
" Pralile Sdbay = 36550404 Toue = N4 "
o N S o o After deep cosmetic
ap i il 53 W v H_/_/\.ﬂ' \\—'\»-9:3
S |I o I i . we el R T
| i E Pdat {2,/)
: i ':E-l 8=
- il | g4 1 £ &
I £ X E 3
| g “‘9'! £ % SR |
' . sl e T 0
+ == e Only the 18.5 % of
\ s i
} ¥l L . £ i * Freq — 1.398435 [H5) "
S e e ‘l £ - el
oy || Ls amy 'l v - _-1
et (] the data save
[ s | Z
ke . L o]
| s ' 3 1 i
o bbb st st o ~ &
005 1 15 3020100 2 - | ra L g
Bhase b ,x o {pc,f::maj Pariod — 71457850500 (ma)

E0329454_100_2K.fil
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=817 Noise) ~ 0 (207.40]
Y e

500 P, (2) = N/A
—4.4182+08 a,sin(i)/e (3) = N/A
§.| 150404 Toan = N/R

S e =
Period = 35871825600 (ms)

Freq — 2,787703 (Hz)
~Suro™t o

»
i B VU
o L et N <, 3
Qo 0.5 1 15 100 SO0 ©O < 500 1000 1500
Phase Reduced xz oM (pe/em?) Period — 35871825600 (ms)
B1933+16_100_4K.fil 28-Mor-2018 11:31
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Latest News

« The 23cm band RFI is worse than ever

« Further Pulsar searches at my site do not seem possible

« Source of pollution seems to due to the heavy presence of radar
« Signals are between 1 and 3 MHz wide with a very short pulse

duration (usec)

. The image shows a 60MHz wide window centered at 1300MHz,
acquired in a short time

« Band occupation is from 1215 to 1400 MHz

EME Conference 2018, Egmond aan Zee Nando Pellegrini, IINDP



« Screen shot taken using the peak hold facility of a B200mini utility
designed to be used as a band monitor

. The signals are of very short duration and go unnoticed during normal
EME activity

@ @ & Ettus B200mini Band Monitor

Configuration

Stop
Gain (db) ¢ Y40 Average 1 » 50
CenterFreq.(Mhz) |1 /3 ° 0 ~ 0~ Bandwidth (Mhz) v Hold

| | —— Band Monitor
20 iindp 2018
0 -
£
n
(=]
o
®
E ) W/V\WW
-] m
I
-40%
1,28-10°% 1,29-10° 1,3-109 1,31-10° 1,32:10° 1,33-10°

Use Mouse to change/shift scales
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Conclusion

e RF Environment is not the same everywhere

o Interested to know if anyone has knowledge of
23cm occupancy

« Willing to help anyone who is interested in
searching for pulsar
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54 pulsars

Software:

IW5BHY detected
Murmur (IONAA) - 47 on 70cm,

18 on 23cm,
11 both bands

Presto

Weakest:

70cm B0626+24:.
31mly

23cm B1845+01:
£ 3.6mly




Setup Block Diégram




Sun: 500 000 Jy (23cm)
Moon: 500 Jy (23cm)

Mean flux: 1.5 Jy-(70cm), 0.25 Jy (23¢m)
Peak flux: 150 Jy (70cm), 25 Jy (23cm)

- Peak of pulse 13dB below moon noise on 23cm




0.25dB moon noisemon 23cm

33dB too low on 23cm ! (for real time)
on 70cm > 25dB too low (90m dish o.k.)

solution: reducing noise amplitude by using mare
bandwidth and folding

19dB better
10dB better







Frequency 1,'39LHz — 714 ms period

3 pulses 424 MHz

Amplitude (dB)

1 1 1 1 1 1 1 1
800 1000 1200 1400 1600 1800 2000 2200
Time (ms)

pre- and postpulse in
normal mode 1294
MHz

Amplitude (dB)

-U-'Ul _I | | | | I | | | | | 1 1 I I 1
0 50 100 150 200 250 300 350 400 450 500 550 600 650 716
Time (ms)




observation time: 5 hours

PROFILE
01-
0,08-
0.06-
0,04 -
0,02-
0-

—
[=E)
=
A
i
=]
3
=
=3
=
=
<1

100

SIGMAL STREMGHT
0,08 -

0.06-
0,04 -

0,02-

Amplitude (dB)

-

-0,02- - - -
a 50 100 15
Time

[ [ [
200 250 300

Plot D [Pl

Plot 0

[ [ [ [ [
350 400 450 500 550




Amplitude (dB)

| | | |
900 1000 1100 1190

| | | | | | |
100 200 300 400 500 600 700 8OO
Time (ms)

measured pulse

profile confirmed by
EPN profile catalogue




Young pulsar, exists since a supernova explosion in 1054
(observed on earth as a star even visible at daylight for about two years)

Rotates 30 times per second

Fast speed slowdown: 1% in 25 years, 1ppm in less than one day!

Highly dispersed : 6,4 ms per MHz is more than the pulse width,
at 10 MHz bandwidth dispersion is 2 periods!

produces “giant pulses”

In an observation file offB0525+21 the Crab signal was
found as well with good-S/N, including giant pulses




2 Pulses of Best Profile

Candidate:
Telescope:
Epmhhm =
Epochy,, =

sample
Data Folded
Data Awg

.. Data StdDey

Profile Bins

Prafile Avg

Profile StdDev

N/A

 RARANREARE REREE|

1

0.6

0.4
Fraction of Observation

o
100 50 O

Reduced xz

33.74ms_Cond
Unknown
57978.01863425926

0.001
21504000
3188
2238
400
1.719e+08
5.19e+04
wl

RA

agop = 05:33:60.0000

Folding Parameters

DOF,, = 32.10

= 105.23]

Dispersion MeasureTDM; pc,/cr'r-s)
Propo (M) = 33.73601200(39)
P opo 18/8) = 0.0(1.4)x107

p“lnpn

(s/s%) = 0.0(4.3x107"7

Binary Porameters

P (a) = NJA
aysin(i)/c (s) = N/A
Tnaﬁ = N/A

™

1

T T T
420 422 424
Frequency (MHz)

418

100

Reduced xz
&0

0

57
DM (pc/em™)

Candidate:
Telescope:

PSR_0531+21 RAon
Unknewn

]

Epochy,, = 57978.050000000 DOF,, = 32.10 e
Epochyg,, = N/A

sample
Data Folded
Data Awg
Data StdDav

" Profile Bins
Prafile Avg
Praofile StdDev

a B

o
100 50 0

Reduced xz

Fra ::'llu'on of Obsanr;:ticn

= 05:33:60.0000
Best Fit Parameters
= 130.757

Dispersion Meusu(er?DM; pe/fem®)

0.001
21504000
3198
204.2
400 P (5] = N/A
1.718e+08  a,sin(i}/c (s) = N/A
4—.13564(}4 Touri = NAA

Piopo (ms) = 33.73599809(35)

P iopo (8/8) = 0.0(1.2)x107"

P (=/5%) = 0.0(38)107"7
Binary Parameters

o L | T r ° T

i

PRSPPI U S T [T ST T ——

T T T
420 422 424
Frequency (MHz)

T
418

T
418

100

Reduced xz
50

4]

55 &0
DM (pe/em™)

folding without frequency tracking folding with frequency tracking




software: IW5BHY

SINGLE PULSE SEARCH
SINGLE PULSE SEARCH

Cursors: SNR_THR #SINGLE
Cursor 0 r S Cursors: | X SNR_THR ESINGLE

: A ) - Cursor 0 0 == T
Cursor 1 o IES : = ST
BB Cursor { ] B8 Cursor 1 33 ® | v 2 25

Average Profile Average Profile

Amplitude
Amplitude

5 | s N | s ] st [ et
8 10 12 14 16 18 20 22 24 26 28 30 32
Time

| | ] U | I 1 | 1 1 | I 1
8 10 12 14 16 18 20 22 24 76 28 30 32
Time

Single Pulses
1200~

Single Pulses
1200

1000

S

< - o EY ;
Y il N\ N

/

Amplitude
Amplitude

o= ~
< <

1 1 i 1 U 1 1 1 I | 1 J 1 1 1 ] [ [ [ [} [} 1 [] [ [ [ [ 1 [
6 8 10 12 14 16 18 20 22 24 26 28 30 32 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
Time Time

21 best giant pulses, @ne interpulse




period 388ms, puIs‘e width 4ms
dispersion DM=35,76 =2 4ms/MHz (40ms/10MHz)

Condidate: 387.66ms_Cond  RA .0, = 03:32:59.3700 Candidate: 387.66ms_Cand RA,. = 03:32:58.3700
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1 pulsar on 23cm: B0329+54
4 pulsars on 70cm: B0329+54, B0950+08, B1642-03, B1929+10

10 observations, 5 hours each,
only 1 positive result !

2 Pulses of Best Profile Search Information
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6 hours, parallel 2 MHz and 10 MHz
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