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What iS P“lsar? rapidly rotating

highly-magnetised neutron star,
«electric lighthouse»
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LOFAR2

Pulsar Pipelines

o Pulsar Folding ~
o Fly’s Eye (FE)

o PSRFITS

o Re-digitization

o Gridding

Centrally run on CEP6

o Dynspec _/




LOFAR2 $
Pulsar Pipelines

a.k.a.

o Pulsar Folding ™~ PulP2

or

o Fly’s Eye (FE) PulP2 pipelines

o PSRFITS

> Centrally run on CEP6
o Re-digitization

o Gridding

o Dynspec _/



Simulated Dispersion
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Dispersion

PSR B2021+51 DM is off by only 3 pc/cc!
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® DM [pc cm™] measures the integrated column density of free electrons along the line of sight

e Can be corrected using (in)coherent dedispersion



Folding

PSR B0943+10
Pulse energy Single—pulse sequence
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Pulsar Folding pipeline

Input
parameters

sasid

h5in

nbins

DSPSR
coherent
dedispersion
and

folding

(1 pipeline runs per TAB

@ input files (h5in):
* raw beamformed HDF5 (32-bit and 8-bit):
v XXYY (complex-voltage)

Part O

Part 1

Part 2

Part N

Stokes |
PSRADD RFI Optimizing Creating
_ Zapping Pulsar QUICKVIEW
adding Period and
frequency and summary
parts —Pp» Dispersion ——Pp» diagnostic
together Measure plots

Output
Parameters

workdir

folded data
cube(s)
quickview
summary pdf
parfile
pipeline.log




Quickview diagnostic plot

obsid Observation Id 2050321 obsid Observation Id 0329-hba-low-i.clfd.fod4.ar
120 - - pipeid Pipeline Id undef — ] pipeid Pipeline Id und:
L file Name of the file 12050321_b1919-hba-low-xxyy paz.ar :I:me goalznmeeufnatrr\naeme b0329-hba-| |DWJ i (\lzd fg:;J
— name Source name
coord Source coordinates 19:21:44. 815-)2]?2513 022133 250 4 coord Source coordinates 03:32:59.337+54.34:.45.03
—_—V tstart UTC start date/time: 2025-04-25T03:29:55.1328 60790 145777 tstart UTC start dateltlmg: 2025-04-24T12:33:59 3856 60789 523604
100 4 |eg|gth ﬁbSE‘:\lﬂtu‘m d‘uran;‘:n (s)b 29981213184 :-‘E;;:E‘th Sﬁrsr?hr:?%?:j:?gr?:sg’bms 29997662208
nbin umber of pulse phase bins 512
nch‘an Numger o: freluu_eng_y channels 488 gg;lan Nﬂmgg; g: gglgl:iiggiyéﬁgannels 488
npol umber of polarizations 4
a0 4 neubint Number of bub integrations 200 4 nsubint Number of sub-integrations
peried Topecentric folding period (5) 1.3372080555706 period Topocentric folding period (s) 0.71455300317971
dm Dispersion measure {pc/cm™3) 12 3999996185303 dm Dispersion measure (pc/em™3) 26.7640991210938
m Rotation measure (rad/m~2} 12.3999996185303 m Rotation measure (rad/m~2) 26 7640991210938
&0 4 freq Centre frequency (MHz) 152.24609375 150 4 freq CentrE.frEquEn:y {MHz) 152 244567871094
z an Bispersion conested B e 5 P Bispersion comatted e
imc ispersion correcte: False T
# rmc Faraday Rotation corrected False rmc Faraday Rotation corrected False
polc Polarization calibrated False polc Polarization calibrated False
a0 site Telescope name LOFAR 100 4 site. Telescope name LOFAR
revrname  Receiver name unknown revrname  Receiver name unknown
be:name Name of the backend instrument COBALT be:name Name of the backend instrument COBALT
snr Signal-to-noise ratio from psrstat [ snrpy 7.46/129.79 :ﬁljr ;HTI t? nn&se ;atlg fmmfsrstat Isnrpy 393;;1364‘101‘:
rfi RFI fraction {in %} by paz / cIfd 2927111 raction {in v paz X e
20 4 dEvattur)‘n ,Eglevat‘t%n( (InddEthJ :t ;he tst?trt"f m‘t\‘d pulr;vt’.’ E!:]d 561/563/565 50 4 i?;auttu:‘n ELEI:I:I:\J‘H{I(r:nd:l;?)aitt;f;ESts;?trt”lmnrdldpglurl‘?tffeiréd ggg : gg g : g;;
azimu zimu in deg) at the sta mid-point / en 149. 6,‘ 150.6/151.6 . r !
k‘ transit Hour angle (in hr) at the start [ mid-point / end -1.18/-1.14/-1.10 transit Hour angle (in min) at the start / mid-point / end -20.34/-17.84 /-15.33
0 ey J s
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a5 4 16004 — stokes |
4 157.5
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£ g E
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datadir: /data/kondratiev/processing/LOFAR2- T90/AR-BIL2050321- HEA Low/calib2 kondratiev, 2025-06-30 13-54:31 datadir: /data/kondratiew/processing/LOFAR2-T90/4R-B{L2050302-5takes] kondratiew, 2025-06-30 13-57:54




Pulsar Folding pipeline

= Development — done
- https://git.astron.nl/RD/pulp2-cwl-folding
= Integration in TMSS — done

o ingest — not yet finished / to be tested

What is next?
o support / maintenance
o IQUV support
o calibration (flux & pol)

# LOFAR2 Beamformed Pulsar
Folding Pipeline

Search docs

* TMSS - Telescope
Manager
Specification
System

# / LOFAR2 Beamformed Pulsar Fold

LOFAR2 Beamforme

This is a Common Workflow Languagd
beamformed complex-voltage (XXYY)
data, and fold it modulo pulsar period
Straten (van Straten and Bailes, 2011).
functionality in the original Pulsar Pips
note, that the pipeline is still in develo
might happen in the future. The name
development working name is PulP2-I
Beamformed Pulsar Folding Pipeline”)

SN

Frequency {MHz)

1400

obsid Observation Id 2068989
— pipeid Pipeline Id undef
file MName of the file L2068989_NO0OO_SAPOD0_BOOOO.paz.ar
1200 4 — L name Source name 1033245434
coord Source coordinates 03:32:59 337+54:34:45 03
— V tstart UTC start date/time: 2026-05-31T08:47:55.992 61191 366655
length Observation duration (s} 309.63010048
1000 o obsmode Observing mode: Fly's Eye or {In)Coherent Coherent
nstat MNumber of stations (core f remote [ international) = 46 46/0/0
nbin Number of pulse phase bins 256
nchan Mumber of frequency channels 400
800 npol Mumber of polarizations {XXYY) 4
nsubint Mumber of sub-integrations 31
period Topecentric folding period (s) 0.7145182430302
500 dm Dispersion measure {pc/cm ™3} 26.7640991210938
rm Rotation measure {rad/m ™2} -54.3300018310547
freq Centre frequency (MHz) 14892578125
bw Bandwidth (MHz) 78.125
400 dmc Dispersion corrected False
rmec Faraday Rotation corrected False
polc Polarization calibrated False
site Telescope name LOFAR
200 revrname  Receiver name unknown
be:name Name of the backend instrument COBALT
snr Signal-to-noise ratio from psrstat [ snr.py B.47/2978.76
rfi RFI fraction (in %) by paz / cIfd 32.85/17.20
0 elevation Elevation (in deg) at the start / mid-paint / end 7497537757
azimuth Azimuth (in deg) at the start / mid-point / end 735/736/737
transit Hour angle {in hr) at the start / mid-point / end 1.70/-166/-1.61
—200 1
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https://git.astron.nl/RD/pulp2-cwl-folding

obsid Observation Id 2069870

—~ " i | — csoolHBAD P e
D) D D COMMON —cowen | Bed ZoRNC p1o+i5]
l ORKFLOW 01 e tDSDtDrr.z E%EEF f—?gmt”}?tes 2026-06-06T04-59-59 75:231119:43'1395?1‘;:?5;5553%%
Fly’s Eye ipeline ¢ S E pEeeosmyl
L-""\ \“l 'G L;-""\'\J‘ E i ] SEEpeahy ‘\;ns'g_;gde 8:;2:%?02153?_??.1_;%) e or (In)Coherent 299-9?FI65‘5220§
oo | hetat Number of stotians {core / remote | intemational] = 57 g7 /)0
200 H CSonaHBAL nbin Number of pulse phase bins 256
I I S e T e
—— (S005HBAL nsubint Number of sub-integrations 30
CS006HBAD period Topecentric folding period (s) 0.53844192359242
150 4 s006HBAL | dm Dispersion measure (pc/fcm ™ 3) 43.497501373291
i i —— CS00THBAD m Rotation measure (rad/m”2) -35.9300002051758
5 —— CSO0THBAL Lreq gentdre Lﬁ]q:ﬁ:'c:{ {MHz) 148.9196?77?;?;5;
W anawl Z =
13 : f the Pulsar foldi ineline for FE Soucaa | Sme Dmermenconeced o
n XtenSIOn O t e u Sar O lng plpe ].ne Or 100 4 == CEDESHRAN |} q«;lc _iP_oIIarlzatlon calibrated LOFEF.Elg
site lescope name
observations with multiple station beams: S et e akers e N
. 50 4 elevation Elevation {in deg) at the start / mid-point / end B4 9 /B4 6 /847
azimuth Azimuth (in deg) at the start / mid-point / end 191.7 /196.3 7 200.7
transit Hour angle (in min) at the start / mid-peint / end 6.18/8.69/11.20
o o . . ! L
o runs folding pipeline for each station beam
T T T T T T T
o creates FE diagnostic plot N TR e
<
, 200 | e o P—
. . : H i i H H wn
= To check quickly the station’s health during i -
. . . . = 5 | i
commissioning and operations R o
ot J
50 | @
; : : : : £ J
=1
=
D 1 e 07 7 1[cs)
. eve Opment done 0.‘35 0.:10 O.AS F‘ulsg-égase 0.‘55 0.‘60 0.‘55 0.35 O.AD U.AS F‘ulsg-ggase 0.;5 U.éﬂ
> https://git.astron.nl/RD/pulp2-cwl-folding
500 4 Used stations
. o
= Integration in TMSS — not yet o

Profile SN

T T T T
+0.0 25 50 75 0.0
Mumber of stations

Mean S/N = 35506 + 88.60
Max S/N = 53075 (CSD07HBAL)
Min S/N = 16626 (RS106HBA)

Missing stations = 19
[CS/RS/Int]] = 0/5/14

X missing

Profile SiN

For HBA 5/Ns for RS and INTL are scaled down by a factor of 2 and 4. correspondingly root, 2026-06-06 L6:26:54



https://git.astron.nl/RD/pulp2-cwl-folding

o Steps: 1 (45)
° ° _ ll | 10 Quantized Original
1 e lne NGIAG e B | 97th %ile
= = 250000 A 800000 -
wi
[
S 200000 -
raw beamformed HDF5 data > PSRFITS format E 600000 -
. . . w
https://www.atnf.csiro.au/research/pulsar/psrfits_definition/Psrfits.html |5 150000
@ 400000
1 d ‘£ 100000 |
= Development — done 2 200000 ]
. 50000 -
- https://git.astron.nl/RD/pulp2-cwl-psrfits
0- 0- ‘ r T ‘
0 50 100 150 200 250 00 02 04 06 08 10
1 ] lel3
= Integration in TMSS — not yet
350000 L3 ;
BN 0 | 540000 | EEE Q: 3-97th %ile
. 300000
. . 8 600000 -
u DlagnOStICS: % 250000 7 500000 -
> h : “ 200000 4
 samples’ histograms s 400000 1
. d . t é 150000 - 300000 -
ynamic spectrum £ 100000 | o000
X 50000 100000 A
P pulp2-cwl-psrfits @ Q| #rster | 0| ¥Fork |0
1530« | up2 v prts ++) (Fnane § orofcttormaton O T s 100 150 200 2% L A
LOFAR2 Beamformed PSRFITS Pipeline 1812
5':'3 ?Z:a;‘;gl;xf:sr:e‘fogmza:dm(Tedﬂc (cloning from main now, not 8bit-conversion branch) © (s7serso | @ | [ History [2:1273?(‘;!\50‘:tzsc:\?ufrlTr:]v),\L;::\;
fn‘)e'a’::f‘nr'weu HDFS data to PSRFITS 350000 - 600000 4 B U: 3-97th %ile
B8 Code owners Assign users and groups as approvers for specific file changes. Learn more. Manage branch rules
& T " ¢ . LOFARZ: (PulP2 (Python’ + 3 more i, 300000 4 500000
Name Last commit Last update T —— % -
: £ 290000 400000
B docker added Imagemagick, ghostscript, gy, an 3 weeks ago ; 13;:::: ts E 200000 4
Eldocs update git clone command in the 4o (c... 2 weeks ago E 300000 1
 0Tags g 150000 -
B scripts addressed comments from Cees for this 3 weeks ago £ 12.4 MiB Project Storage £ 200000 4
B steps added options --nsigma and —-tail-perce. 3 weeks ago % 100000 -
B README
Bltests added support for input 8-bit data; optio. 4 months ago o5 GNU General Public License v3.0 or 50000 - 100000
later
B3 workflows small fix for the pipeid 3 weeks ago & ciico contiguration 0 0
& dockerignore inftial commi amonttsage | 4 Add CHANGELOG 0 50 100 150 200 250
© gitignore initial commit + Add CONTRIBUTING lel2
D —— F— amorgmage | 350000 A mm v | 8000007 E V: 3-97th %ile
Add Wiki
& prepare.gitlab-ciyml initial commit 4 menths ago + Configure Integrations » 300000 -
[
B readthedocs.yam! initial commit 4 months ago Crentedon EL 250000 - 600000 -
87 LICENSE initial commit 4 months ago April 17, 2026 ]
wl 200000 -
README.md initial commit for the documentation; wor 3 weeks ago 5} 400000
-
150000 -
[@ README.md £
2 100000 ~ 200000 -
LOFAR2 Beamformed PSRFITS Pipeline 50000 4
This is a Common Workflow Language NL) pipeline to convert raw LOFAR HDF5 beamformed data to 8-bit PSRFITS format. It
works for both Stokes Iand IQUV data, and also for XXYY data where data are first converted to Coherence values (AABBCRCI) or 0 = 0 = T T T T
Stokes 1QUY and converted to 8 bits. The input raw 8-bit HDFS data is also supported and in this case Stokes | and IQUV data get re- 2 3 4 5



https://git.astron.nl/RD/pulp2-cwl-psrfits
https://www.atnf.csiro.au/research/pulsar/psrfits_definition/Psrfits.html

° ° OMMOL L2076263, Dynamic spectrum (IQUV)
P SRFI I S 1 ellne ) FLOW Tscrunch: 2048 (1.0's) Fscrunch: 16 (0.1953 MHz)
ANGUAGE 180 4 0 21.070
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~ ]
. T =
‘ 12076263, Steps: 59 (59) N ‘ £ 1601 E 21.060
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Re-digitization pipeline

raw beamformed 32-bit XXYY HDF5 data > 8-bit HDF5

= Development — done

- https://git.astron.nl/RD/pulp2-cwl-redigitization

= Integration in TMSS — not yet

Cobalt3 can also record 8-bit data directly.

However, can still be used when recording of
32-bit data is needed for different science cases

P pulp2-cwl-redigitization &

¥ main v pulp2-cwl-redigitization

:I'\-’l: anumber of small changes to improve the text and also give link to re-digitization repo
~=," Vlad Kondratiev authored Apr 17, 2025

88 Code owners Assign users and groups as approvers for specific file changes. Learn more.

Name

B3 docker/workflow
B3 docs

B scripts

B3 steps

B tests

B3 workflows

& .dockerignore

¥ .gitignore

& _gitlab-ci.yml

& .prepare.gitlab-ci.yml
B .readthedocs.yaml
B3 LICENSE

1+ README.md

[3 README.md

Last commit

modified back Dockerfile but alse .prepa..

update documentation to reflect the cha...

replaced assert statement with if/raise fo...

updated workflow and digitize step to us...

RAP-900: addressed comments from Mi

fixed typo in the path for CWL steps files

updated .dockerignore and .gitignore files

updated .deckerignore and .gitignere files

input JSON is commented out from cwlio..

modified back Dockerfile but alse .prepa...

RAP-900: tidying up, removed obsolete ..

Create initial project structure

a number of small changes to improve th

LOFAR2 Beamformed Re-digitization Pipeline

+ v

36d215df | [@ | History

Manage branch rules

Last update
1year ago
1year ago
1year ago
1year ago
1year ago
1year ago
1year ago
1year ago
1year ago
*year ago
1year ago
1year ago

1year ago

This is a Common Workflow Language (CWL) pipeline to convert LOFAR raw beamformed complex-voltage (XXYY) 32-bit HDFS data
to 8-bit HDF5 data. This pipeline represents the CWL implementation of existing LOFART functionality in the Pulsar Pipeline (PulP) by
means of the digitize.py script written by Marten van Kerkwijk to be run in the LOFAR operational framewark. The script itself was

A~ | Yrstar | 0 ¥ Fork | 0 H

Project information

LOFAR2 Beamformed Re-digitization
Pipeline (PulP2-XXYY-8bit-redigitization)
in CWL implementation

LOFARZ PulP2 re-digitization

+ 3more

-0~ 18 Commits
# 2 Branches
&7 0Tags

B3 13.4 MiB Project Storage

[ README

&8 GNU General Public License v3.0 or
later

7 CIiCD configuration
+ Add CHANGELOG
+ Add CONTRIBUTING
+ Add Kubernetes cluster
+ Add Wiki

+ Configure Integrations

Created on
January 20, 2025



https://git.astron.nl/RD/pulp2-cwl-redigitization

Gridding pipeline

extension of Pulsar Folding pipeline for multi-

TAB observations

= Development — later this year (TBD)

o will run folding pipeline for each TAB

o will create tied-array heatmap for source
localization

concept example

Declination Offset [deqg]

PSR B2217+47 | Izooo
11750
11500
11250

11000

Cumulative S/N

1750

L3
<
=
“
>
«
>
«
>
“«
>
«
>
-
>
«
>

500

250

-2 0 2 4 0

Right Ascension Offset [deg]

van Haarlem et al. (2013)

Dynspec pipeline

time-frequency averaged dynamic spectra
of the raw beamformed data

Convert raw beamformed data (for LOFARI1
described by ICD3) to Dynspec data (described
by ICD6 in LOFAR1)

Successor of Dynspec Toolkit Container (DTC)
developed by Nicolas Vilchez for LOFARI

Development — TBD

*ICD — Interface Control Document
(data format definition)



Thank you!

Questions?..

a)

N/
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