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From LOFAR to LOFAR2.0

YNl LOFAR2.0 Station
ver Operations




Station: SE607

1
: : 2 Test Results
1
. LOFAR2.0 Station LOFAR2.0 Station ) LOFAR2.0 Station Table 2: Compliance Summary of Verification Tests
\ Installation Verification . Operations Test | Test Title" Remarks » : » Pass | Fail
H 1 Ref.* (optional, e g. conditional pass or fail condition) ! —
1 1 2 Clock distribution system | Typo apsgf boards. No issue 1ol
1 : 3 Power distribution system | I
D o o o o o e e e o e e - - 4 Configuration '?{J '
\ 5 RCU Control [ I
6 Crosslet statistics (XSTs) | LBA3 swapped 121
- — — 7 Beamformer performance 121
Installation Verification Verification 8 All sky imaging | |
*Test reference and title as in the verification procedure [RD.3]. -?

Procedure

Report

Procedure

to be executed by 3 Antenna Status

remote rollout team

to be executed by
field rollout team

containing detailed test
results per station

The issues with the antennas have been found during the checks on the systems. These are the major
errors we see in a quick check. It is far from complete but a first check. The broken antennas need to be
repaired in the next maintenance visit. This is not part of the AV responsibility. Only to give an indication!

to be signed by LBA
representatives of

field rollout team,
remote rollout team, and
station owner.

Per station

Site Acceptance

Test
LBAO3 has a polarisation swap between X and Y. Can be checked/fixed by local staff.

LBA40 has a short in the X polarisation (We think in the LBA head)

Broken LBA [40]

Chapter 2: test 2 3 6 check APSCT PCB_NUMBER

SE6OTLBA
Antenna eigenvector components

]
stat/apsct/h0: FAILED stat/apsct/h1: FAILED stat/apsct/10: FAILED ] M b [ ] e o 0
APSCT PCB_NUMBER R no matchwith ~ APSCT PCB_NUMBER R no match with  APSCT PCB NUMBER R no match with stat/apsct/|1: PASSED 0104 .b o .. '... L] ".l . ..: 'l."f' [ ]
APSC-202514-00140 APSCT202517-00158 APSCT202514-00142 ‘.‘ . e, L] , ’e '™ '....
% [} L . ]
" L] e .
Chapter 3: test_3_7_2_check ANTENNA_LBA_OUTPUT VOLTAGE t 0059 '
=
H
stat/recvl/I0: FAILED RCU_PWR_ANT VOUT R at [[ 6] [ 7] [80] [81]] ([0.00910493 o e/l PASSED 2 om :
0.0089264 0.00856934 0.00928346]) was too low, should be above 7.5
o Median of EV
® EVof median of captures
Chapter 3: test_3_7_3_check ANTENNA_LBA_OUTPUT CURRENT -0.05 1 Weak signal region
m Swapped Antenna
. Flagged Antenna
stat/recvl/10: FAILED RCU_PWR_ANT _IOUT R at [[ 6] [ 7] [80] [81]] ([0.00554813 .
stat/recvl/I1: PASSED ") 20 ) E:O SYQ

40
Tile Number

0.00556186 0.00556644 0.00565799]) was too low, should be above 0.14




SE607 Tile currents

xst_ring_rx_latency for LBA xst_ring_rx_latency for HBA

6 7 8 9 1011 1213 14 15

Cloud Router Switch
CRS326-24G-2S+Rm

1250 1500 1250 1500

All-sky image for SE607LBA

SB300, 58.594 MHz, 2026-05-21T09:33:27
N

3.00e+06

2.60e+06

2.40e+06

2.20e+06




LOFARZ2 Monitoring & Control: Unified Observability Architecture

NOMAD
Prometheus
SeaweedFS
Grafana ——
Consul
Jupyter Labs

Prometheus
Mimir
Loki
Hawkbit
Grafana —

Maintenance repair (MT

Data clusters (CEP)

Correlator (Cobalt)

Long term archive (LTA)
etc..

|
|
|

Y Grafana

Platform

Grafana
buttons

|
v

Local RestApi

v
Grafana buttons |
[

. Central Restpi | l
| |
v

4

SLACK & email

TANGO distributed control
systems

Using Grafana for monitoring and control: what do we get ?
Centralized visibility of system health and performance
Real-time system monitoring for status information
Faster troubleshooting capabilities

Automated alerting system

Improved operational efficiency

Better decision-making through historical trends
especially for maintenance

Scalable and evolvable

v
v
v
v
v
v

<

«* Monitoring with Grafana: collect and visualize metrics, logs,
and status information to understand how the system is
performing.

+* Control with Grafana: integrated dashboards with automation

and external systems so that operators can initiate actions or

workflows directly from a unified interface.

X3

%

Gradfana itself is not a control framework. Its primary role is
visualization, monitoring, alerting, and observability. It had
been integrated with control framework and automation
systems (e.g.,RestApi & TANGO) to create the unified
operations dashboards




System Overview: Seeing the Array at a Glance

e

Obs (TMSS/Jup)

State errors

FPGA errors

Datastreams

Grafana

Jupyter

NOMAD

Consul

Bird's-Eye View Dashboard:

v

v
v
v
v
v
v
v
v
v

Live plotting (station above, individual LBA antenna x / y pol below)

The dashboard offers a quick overview of the entire
LOFAR2 array's operational state using key indicators or
icons.

Status of stations and antennas: ST/RTSM info
COBALT and CEP data streaming and usage
UNIB2 software & firmware versions/issues
Live statistics plots: SST, BST & XST

Applies stations calibration files/info

Station LCU uptimes and TANGO version info
Overview of PCON/Modules

Stations Cabinets temperature: EC

And many more

Single Subband SST (filtering out issues / broken antenna)

vl Ee R e




System control: one web interface to control the system

What can we do ? With the right system rights, one can:
% Toggle the status of stations O - —
** Power up or down stations i 9 LBALBAZ! Broken HBAO Tile16 HBAT Tile24

%+ Start-up firmware = ::::: No broken Antenna's Broken Broken
+»+ Disable broken antennas/tiles s S eaMo Broken
** Flag suspicious hardware

% Etc

LOFARZ2.0 observing system: compared to LOFAR1

v Real-time System Health Monitoring

wscTassumEo ez K fl, st = v Absolute visibility of the entire observing system at
- A " a glance
ST e = R v Rapid Fault Diagnosis
R T—— = I "m v" High Level of Automation

v 488V

v Ease of stations and system control

Module
3

rack  no no no
488V 487V APSCT APSPURECVHUNB2 pite 10 Info Info

What does this Mean for Astronomy/Science,
Operations & Maintenance: a huge win !!!

NB: Credit to Team Rub and the Operators for this work




ASTQRON

Post-rollout Series of observations and diagnostic plots to
verify system status after major changes in both

rocedures

P hardware & software
Goal is to catch regressions and to ensure that major
control points still work (e.g. pointing, filter changes,
TMSS, COBALT, clocks)

Aida

Initially performed after new stations were delivered

Now being performed more routinely as changes to
software are more frequent

(Mostly) automated




Post-rollout Procedure Overview

* Short imaging observations on a calibrator (few SBs)
* Verify observation success (TMSS, data on CEP)
* Verify success of pre-processing pipeline
 Verify success ofingestto LTA

status T]

finished

finished

schedulable

TMSS view

Name T|

Pipeline

Cleanup



Post-rollout Procedure Overview TMSS view

status T] Name T|
» Short imaging observations on a calibrator (few SBs) w

* Verify observation success (TMSS, data on CEP)
* Verify success of pre-processing pipeline o o
* Verify success ofingestto LTA

(finished Ob 1
* Short Fly’s Eye observations of a pulsar with all
HBA/LBA filters to verify filter switching works and get s i
an overview of single station data e -

12067149_SAPO00_BO09 | 2026-04-21T15:51:39 | CSO17LBA | LBA_ALL | LBA_10_90 | PSR B0329+54

MWM !
2 120 I |t b I e T
k e

r (dB)

Time (s)
IS




° MS inspection plot
Post-rOIIOUt Procedure overVIew 3 2059958]HBA|3C196|XX[2026-06»0815:23:00.000_
» Short imaging observations on a calibrator (few SBs) et SesiEsiieniiniiniteos
* Verify observation success (TMSS, data on CEP)
* Verify success of pre-processing pipeline »
* Verify success ofingestto LTA

oy

LT

Amplitude (d8)
Time (0.0 to 59.1 5)

» Short Fly’s Eye observations of a pulsar with all
HBA/LBA filters to verify filter switching works and get .
an overview of single station data

* Imaging observations on a bright calibrator (1-min) '
. 2069249 | HBA | 3C380 | XX | 2026-06-03 01:10:00.000
* Check the coherence between stations :

(MS inspection plots) -
* absence of coherence could indicate

clock, synchronization, pointing, g

calibration issues

3
NEREE!
HHH

CEEEEL
|

Amplitude (dB)
g
Time (0.0 to 299.4 5)

Frequency (103.0 to 196.8 MHz)

Phase (deg)

Phase (deg)



Post-rollout Procedure Overview

» Short imaging observations on a calibrator (few SBs)
* Verify observation success (TMSS, data on CEP)
* Verify success of pre-processing pipeline
* Verify success ofingestto LTA

* Short Fly’s Eye observations of a pulsar with all
HBA/LBA filters to verify filter switching works and get
an overview of single station data

Amplitude (d8)

* Imaging observations on a bright calibrator (1-min)
* Check the coherence between stations

(MS inspection plots)

» absence of coherence could indicate
clock, synchronization, pointing,
calibrationissues

* Check the status of statistics recording, beamlet
statistics (BST) plots for quick views of

* filter changes

* RFI conditions

» temporal archive of station behaviour

Beamlet number

100

100

100 4

.

2069958

MS inspection plot

1T

HBA | 3C196 | XX | 2026-06-08 15:23:00.000

1T
1=

NEREERNI

Ty

Time (0.0 t0 59.15)

llllll

| 2
1 U
T

i

200

CS004HBAL Stokes 1)2000 (3.0371rad, 0.27671rad)

Frequency (103.0 to 196.8 MHz)

BSTplot

100 200

2026-06-06
18:00:00

2026-06-06
18:10:00

2026-06-06

2026-06-06
18:50:00

2026-06-06
18:30:00
Date (UTC)

2026-06-06

18:20:00 18:40:00

150

100

Phase (deg)



Post-rollout Procedure Overview

* Fly’s Eye (FE) observations of a pulsar
* Run FE pipeline to measure and compare sensitivity of
each station through pulsar SNR

* Beamform observations of a pulsar

* Verify Pulp2 folding pipeline runs successfully

* Check validity of beamformer

* Verify the presence of astrophysical pulsar signals in

data and pulsar SNR

* Upcoming: ingest verification

z

SN

obsid Observation Id 2069230
—— CO0HBAD | pineig Pipeline Id undef
CSO0LHBAL | name Source name 10814+7429
CS002HBAD | coord Source coordinates 08:14:59 500+ 74:29:05.70
SODZHBAL | fstart UTC start date/time: 2026-06-02T14:55:59.376 61193 622215
60 o — cso03kBAD | length Observation duration (s) 299.97662208
Cso03iEAl | obsmode  Observing mede: Fly's Eye or (In)Coherent Fly's Eye
CS004HBAD stat Number of stations (core / remote / international) = 48 48/0/0
nbin Mumber of pulse phase bins 256
50 o (CSODSHBAL | yrpan Number of frequency channels 6400
— (CS005HBAD npol Number of polarizations (1) 1
CS00SHBAL | nsubint Mumber of sub-integrations 30
CS006HBAD | peried Topecentric folding period (s) 1.2922833440095
40 4 csoogHBAL | dm Dispersion measure (pc/cm™3) 575069999634824
— soo7eBAD | MO Rotation measure (rad/m~2) 14
csoo7Hear || Fred Centre frequency (MHz) 148.919677734375
20 4 Ceoawmesg | BW Bandwidth (MHz) 78.125
Sonama | 9mC Dispersion corrected False
mc Faraday Rotation corrected False
— (CS013HBAD polc Polarization calibrated False
20 site Telescope name LOFAR
rcvrname  Receiver name unknown
be:name Name of the backend instrument COBALT
elevation  Elevation (in deg) at the start / mid-point / end 68.4 /68.4/68.4
10 4 azimuth  Azimuth (in deg) at the start / mid-point / end 13/06/04
transit Hour angle (in min) at the start f mid-point fend  -7.15/-4.65/-2.14
B T
0 Ay
DIO ) 08 lb
ke pnise FE folding pipeline summary plot
50 — mean S -
Bm ms T |
40 o =
a -
4] -
30 4 i '3 4
5 a
20 4 L
= ]
10 E .
] = 1
04 g | 4
A |[cs y
T T T T T T T T T T
0.0 0.2 0.8 10 0.0 0.2 0.4 0.6 0.8
Pulse phase

0.4 0.6
Pulse phase



ey obsid Observation Id 2069230

[ ]
i pipeid Pipeline Id undef
- o BB CSO0LHBAL | pame Source name J0814+7429
CS00ZHBAD | coord Source coordin 08:14:59 5004 14:29:05.70

soozeeel | tstart T SFart nte/iime: 2026-06.02T14:55:59 376 9362215
60 — (CS003HBAD length Observation duration (s} 299 97662208

ooapar | obsmode  Observing mode: Fly's Eye or (In)Coherent Fly's Eye

Conanpan | MStat Number of stations {core / remote / international) = 48 a8/0/0

nbin Mumber of pulse phase bins 256

50 o (CSODSHBAL | yrpan Number of frequency channels 6400

) . —_ ggg:::ﬁ npol Number of polarizations (1) 1

nsubint Number of sub-integrations 30

* Fly’s Eye (FE) observations of a pulsar | SN g fmesmnemer
40 4 csoogHBAL | dm Dispersion measure (pc/cm™3) 575069999634824

. . « e e ~ — coo7mRap | M Rotation measure (rad/m~2) 14
£ freq Centre frequency (MHz) 148.919677734375
* Run FE pipeline to measure and compare sensitivity of Somm | e ente eduenc
| dmc Dispersion corrected False
. CSOTIHBAL | Faraday Rotation corrected False
e ac h Sta t I On th rou h u lsa r S N R — G013HBAD | polc Polarization calibrated False
g p 20 - site Telescope name LOFAR
t| rcvrname  Receiver name unknown
| be:name Name of the backend instrument COBALT
| elevation Elevation (in deg) at the start / mid-point / end 68.4 f GB 4 f 68.4
10 ) azimuth  Azimuth (in deg) at the start / mid_paint / end 3/06/04
transit Hour angle (in min) at the start / mid-point fend -7 15[ -4.65/-2.14
X

* Beamform observations of a pulsar o| demaned) Sty
* Verify Pulp2 folding pipeline runs successfully OO CORICORY FE folding pipeline summary plot
* Check validity of beamformer

* Verify the presence of astrophysical pulsar signals in =1 i £
data and pulsar SNR -

. . .p . g .

* Upcoming: ingest verification =

Outlook

* Procedure is actively being expanded and automated as more functionality becomes available

* Important inspection plots are currently automatically uploaded on Slack to allow quick assessment
and troubleshooting by the development and commissioning teams

* Inthe future the procedure will ideally become part of standard operational workflow to be performed
after major maintenance made on hardware and software




ASTRON

Transient Re-instating antenna data capture for nanosecond bursts
buffer mode

Sander

Lightning 3-D imaging,
see Marten Lourens,

Cosmic ray illumination
of Superterp Thursday 16:00




Tasks Details

A R

Status T|

O 3 v

OBSERVATION

Y

O (Ol scheduled

Dump Start Time

Control ID T] Name T|
Y Name Y
2069770 Observation

Dump End Time

Description ]

D

Transient Buffer
Observation for LIFT

Y Y

TBuf Obs

06/04/2026 16:48:53

06/04/2026 16:48:54

Time

Station

CS002

CS003

CS004

CS005

CS006

CS007

Antenna Field

LBA

LBA

LBA

LBA

LBA

LBA

State

First Recorded

04/06/2026, 14:48:52.993

04/06/2026, 14:48:52.993

04/06/2026, 14:48:52.994

04/06/2026, 14:48:52.992

04/06/2026, 14:48:52.992

® Find Best

Short Description T| Process Start Time Tz

N

2026-06-04 14:29:13

Process End Time T

2026-06-04 15:01:05

Dump
' Stations

c0o

Duration (HH:mm:ss) |
Y Y

00:31:52

Last Recorded

04/06/2026, 14:48:57.011

04/06/2026, 14:48:57.011

04/06/2026, 14:48:57.012

04/06/2026, 14:48:57.011

04/06/2026, 14:48:57.011




Tasks Details

-~ IRl v

Status T] Control ID T Name T| Description T
v Y Y Name D Y Y
® Tared 2069770 Observation E?;;:::&?:;E;ILIFT TBuf Obs
Dump Start Time Dump End Time

06/04/2026 16:31:00 ‘ ‘ 06/04/2026 17:01:00

Station Antenna Field State First Recorded

CS002 LBA Recording 04/06/2026, 14:31:03.600
CS003 LBA Recording 04/06/2026, 14:31:03.945
CsS004 LBA Recording 04/06/2026, 14:31:03.423
CS005 LBA Recording 04/06/2026, 14:31:03.667
CS006 LBA Recording 04/06/2026, 14:31:03.568
cs007 LBA Recording 04/06/2026, 14:31:03.904

Short Description T| Process Start Time Tz

2026-06-04 14:29:13

Y

Last Recorded

04/06/2026, 14:31:07.619

04/06/2026, 14:31:07.964

04/06/2026,14:31:07.442

04/06/2026, 14:31:07.687

04/06/2026, 14:31:07.587

04/06/2026, 14:31:07.923

Process End Time T

Y

2026-06-04 15:01:05

A

Duration (HH:mm:ss) |
Y

00:31:52



Tasks Details

A R

Transient Buffer Dump co

Status T| Control ID T Name T| Description ] Short Description T| Process Start Time Tz Process End Time T| Duration (HH:mm:ss) |
v | Y Y Name Y o | Y Y Y Y Y
5 Transient Buffer e 6. .01+ 91
©® started 2069770 Observation Observation for LIFT TBuf Obs 2026-06-04 14:29:13 2026-06-04 15:01:05 00:31:52

X % B . transient buffer dump
touf_dump_b2390468-724b-4dc4-8363- | 104 at 2026-06-04 tbuf dump 2026-06-04 14:33:26 2026-06-04 14:48:00 00:14:33

©® started 2069771

a800a6l/8cto 14:33:23.700570+00:00

Dump Start Time Dump End Time

' ] ® Finc:I Best 4 Dur_np
06/04/2026 16:48:54 ‘ 06/04/2026 16:48:55 Time Stations
Station Antenna Field State First Recorded Last Recorded
€S002 LBA =2 04/06/2026, 14:48:52.993 04/06/2026, 14:48:57.011
CS003 LBA = 04/06/2026, 14:48:52.993 04/06/2026, 14:48:57.011
€S004 LBA 04/06/2026, 14:48:52.994 04/06/2026, 14:48:57.012
CS005 LBA Dumping 04/06/2026, 14:48:52.992 04/06/2026, 14:48:57.011
CS006 LBA [ Frozen | 04/06/2026, 14:48:52.992 04/06/2026, 14:48:57.011
CS007 LBA Dumping 04/06/2026, 14:48:52.992 04/06/2026, 14:48:57.011



A pulse in transient buffer date}u~

Station Antenna Key ==
cs@0ol hba €s@e1/L D20260518T131617,.0007 cs@@1 HBA® R1 tbb.h5
cs@ol lba cs@01/L D20260529T7145017.0007 cs@@l LBA R1 tbb.h5
cs@ol hba csPe1/L _D20260602T190655.0007 cs0@1 HBA® R1 tbb.h5
cs00l1 lba csP01/L D20260604T090700.000Z cs@@1l LBA R1 tbb.h5
cs001 lba 1/L_D202 47121 . Z 1 LBA R1 tbb.h /\ /\
cs@0l lba cs@01/L D202606047121501.0007 cs@@1 LBA R1 tbb.h5 W) XJ \/ \/
cs002 lba cs002/L D20260604T090700.0007 cs@@2 LBA R1 tbb.h5
cs002 lba csP02/L _D20260604T7123207.7447 cs@@2 LBA R1 tbb.h5
cs002 lba cs@02/L D20260604T7123208.7447 cs@@2 LBA R1 tbb.h5
cs002 lba csP02/1L _D20260604T7124852,.9947 cs@@2 LBA R1_tbb.h5
cs002 lba 2/L D202 4T124854.9947 2 LBA Rl tbb.h 2026-06-04T15:58:41.373Z 0.02
cs002 lba cs002/L D202606047124855.9947 cs0@2 LBA R1 tbb.h5 2026-06-04T14:54:19,3817Z 0.02
cs002 lba Ccs002/L D202606047144853.9947 cs@@2 LBA R1 tbb.h5 2026-06-04T16:04:38.363Z 559.93
cs002 lba csPe2/1L _D202606047144854,9947 cs@@2 LBA R1 tbb.h5 2026-06-04T16:08:13.427Z 559.93
cs@e3 lba cs@@3/L D20260604T090700.0007 cs@@3 LBA R1 tbb.h5 2026-06-04T11:33:36.001Z 0.02
cs@0e3 lba cs@0@3/L _D20260604T123207.7447 cs@@3_LBA R1_tbb.h5 2026-06-04T14:33:33.628Z 0.02
cs003 lba L D282 4T123208.7447Z LBA R1 tbb.h 2026-06-04T14:46:26.324Z 0.02
cs003 1lba cs003/L D20260604T7124852.9947 cs@@3 LBA R1 tbb.h5 2026-06-04T16:06:36.939Z 0.02
cs003 lba cs@@3/L D202606047124854,9947 cs@@3 LBA R1 tbb.h5 2026-06-04T15:58:41.325Z 0.02
cs@e3 lba cs@@3/L D202606047124855.9947 cs@@3 LBA R1 tbb.h5 2026-06-04T14:54:19.436Z 0.02
cs003 lba csP@3/L _D202606047144853.9947 cs@@3_LBA R1_tbb.h5 2026-06-04T16:04:38.278Z 546.91
cs003 lba csP03/L D20260604T144854.994Z cs@@3 LBA R1 tbb.h5 2026-06-04T716:08:13.118Z 546.91
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Background

We live in an imperfect world
Manufacturing tolerances

Cable delays aren’t fine enough to be
precisely correct

European weather, flora and fauna
have not been kind to the array



Background

We aspire to correct for that
Take a perfect model

Corrupt it to represent our
“expected” result for our telescope
lteratively fit a correction factor until
we reach some stopping criteria
Reach a per-antenna amplitude and
phase/fitted delay solution




Background
(LOFAR1)

LBA
24 hour dedicated observations

A-team sources
HBA

2-8 hour dedicated observations
Single point source



HBA
Calibration

Point the analogue beam at Cas A
Simple gain/phase calibration

Single point source reference model

Hamaker antenna model corrections
Completes in less than 2 minutes

It just works®
" Mostof the time, issues twice+ a day if the Sunor Cygnus A pass through the sidelobes and at
extremely low elevations




HBA
Calibration

Point the analogue beam at Cas A
Full Jones solve for stability, X/Y solutions applied

Single point source reference model

Hamaker antenna model corrections
Observing completes in less than 2 minutes

It just works




LBA
Calibration

Passive data collection with LOFAR2.0 outputs
Full Jones solve for stability, X/Y solutions applied

Nside=32 Healpix map of diffuse
galactic emission

Embedded element patterns
corrections




LBA
Calibration

Passive data collection with LOFAR2.0 outputs
Full Jones solve for stability, X/Y solutions applied

Nside=32 Healpix map of diffuse
galactic emission

Embedded element patterns
corrections




CSO17LBA | LBA_10_90 | 2026-05-29T19:50:45 | Relative Phase

LBAO4 LBAOS LBAO6 LBAO7 LBAOS

BROKEN

REFERENCE

LBA12 LBA1S

BROKEN

LBA37

LBA47
BROKEN

BROKEN

Phase (rad)

Frequency (MH2)



... unless it doesn’t

RSS503LBA | LBA_10_90 | 2026-05-29T19:53:12 | Relative Phase

LBAO4 LBAOS Aoy ||| J

|

I
REFERENCE

LBA12

Phase (rad)
|
=

Frequency (MHz)



... or infra falls over

CS301LBA | LBA_10_90 | 2026-05-29T19:53:12 | Relative Phase

LBAOL LBAO3 LBAO4 LBAOS LBAOG LBAO?
CALSHATION BROKEN BROKEN BROKEN

REFERENCE

LBALZ LBA23

BROKEN

LBA39

BROKEN

LBAST

BROKEN

BROKEN

50 0
Frequency (MHz)




Tables
Deployed to
Most of the
Array

Cees deployed a set of tables to all available stations
in November/December 2025

Kept constant while commissioning for AR-C and
follow-up investigations are on-going

Daily calibration observations indicate minor
variations in delays, or have picked up on bigger
issues




Tables Deployed to Most of the Array

» Ceesdeployed a set of tables
to all available stations in
November/December 2025

* Kept constant while
commissioning for AR-C and
follow-up investigations are
on-going

 Daily calibration observations
indicate minor variations in
delays, or have picked up on
bigger issues
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Improved TAB
Performance?

~ 6 hours of observing attempts at obscure
hours

4 attempts at manual per-station uploading of
calibration tables

0 smooth executions

I’m sure this’ll appear at a LOFAR Forum
whenever things are more stable.



Where To Next?

Getting broken automation fixed and missing functionality
implemented for operations

Automatic visibility/sky based RFI flagging

Testing on the new LOFAR2.0 ILT stations

SE607LBA has shown us lessons from
the core do not apply to their layout



ASTQRON

Array calibration
(delays)

Cristina, Maaijke, Henrik
Phase and Amplitude Responses XX \ Source \ Time = 3C295 \ SAS ID = 2059027 \ 2025-12-12 12:32:00.000
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ASTQRON

SEFDs
*SEFD = System Equivalent Flux Density
*How bright would a source need to be to
— match my telescope’s noise?
Cristina

High SEFD Low SEFD

O
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SEFD per station
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3 tiles vs 4 tiles HBA1 3 tiles vs 4 tiles HBAO
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RFI situation
then and now

Aleksandar

Then

The RFI environment was characterized in the past and we aim to
continue monitoring it into LOFAR2.0 operations

L42B654: 27/28 Jan 2016
L431160: 10/11 Feb 2016
L431596: 16/17 Feb 2016

[mJy PSF']

RFI % - LBA
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RFI situation Now
then and now

The RFI characterization will be continuous.
Shown are a few sample short test observations

RFI % - LBA

Aleksandar

——> RFI (%)

220 235 230 235 240 245 250
(A kel Ll —> Frequency (MHz)
10 120 130 140 150 160
10 20 30 40 50 ———> Frequency (MHz)
————> Frequency (MHz)

9 13 Apr2026 HBA (110-190 MHz Filter), CS001HBAO: _ RFI O/O - H BA IOW RFI o/o - H BA i:'

We aim for a series of
versioned reports allowing
users to refer to the RFI
properties at the time of
publication.

Interference in the LOFAR

Power (dB) - HBA low ——
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LOFAR2 Core coherence tests — |
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LOFARI1: coherent vs incoherent addition of stations

Signal—te—naise ratic

2000

1500

1000

s00

Mumber of combined stations (HBA Sub-stations)

e Coherent: S/N ~ Nstat

* Incoherent: S/N ~ Nstat'?

van Haarlem et al. (2013)



LOFARI1: core coherence
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LOFARI1: core coherence COBALT / UDP data

COBALT station coherency (Ntrials = 100)

S/N ~ No:816

* RFI fraction

400 - A , , ~ A ’ ++ S/Ns are corrected for
+ * fraction of bad tiles

SIN

300 + ! | +‘/+,,
+ ++ «S/N» plotted here

% is actually Profile
200 A v */
. + L(S/N) /sqrt(W )

Significance:
i+ + | | (LK, p. 167)

1003 + | —-== fit (0.816+0.003)
1 BG/P (0.85)
P 1-0 region
© & data
0.0 25 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Number of stations




Kondratiev et al. 2016

Flux calibration

In general (see e.g. Lorimer & Kramer 2005):

T ~ C=SEFD
AS.ys = = Cop,.
u G n]‘)t()l')sAf
2/[5]{ ZZ_’ins.;t_ JC _|— T‘ak 7 j‘q GL. GB
!\/( ) . T(i)hs‘
B — digitization factor = 1 ¢ — average fraction of bad/flagged
GL, GB — Galactic longitude and latitude dipoles/tiles
'y — coherence factor = 0.85 ¢ — RFI fraction
N, — number of stations used nbins — number of bins in the profile
n — number of polarizations (2) T, — observation length (s)

A . — effective area of a 48-tile station Af — frequency channel width (Hz)



LOFAR2: core coherence tests

What can we do with LOFAR2?
. Cmbalt$ UDP data

> requires TBs of raw station data, offline beamformer, dedicated processing
o not yet, eventually

« Multiple beamformer p ﬂpelmes
o same observation, different setups

> not at the moment — some Cmbalt issues — Jiras LOIS-287, LOIS-288, LOIS-299
° Very soon

 Original LOFAR1 approach
o series of short sequential pulsar observations

> cons: non-simultaneous - intrinsic variability, scintillation, varying RFI, EL change



LOFAR2: core coherence tests

What can we do with LOFAR2?
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LOFAR2: core coherence tests
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LOFAR2:

superterp
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LOFAR2: superterp Vvs. rest of the core
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LOFAR2: first MSP observation
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LOFAR2:
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LOFAR2: first MSP observation J2145-0750

RM.. ~ —4.4 rad/m?
RM, opar = +4.4

I 1 28-04
ﬁ | mmeasz_l.gg

a - H| _

i
& ﬁ' I [ . :

L
s i
52 ’ :i] !P [ .
5 § 1 ) ;
| i 02-05
RMI'HEE.S 0

Rotatlon Meosurs

05 -'[}6 g P‘::la:;at::ﬂﬂ i:i;llililll‘l.rﬂ.i:ii::q:l:+
— ee aterina Tiburzi
RMe0s = -1.25 on Thu morning




B s

LOFAR2
Pulsar pipelines

o Pulsar Folding

o Fly’s Eye (FE)
Vlad / Team Raphtor
o Re-digitization

o PSRFITS

o Gridding

o Dynspec



Pulsar Folding pipeline

Input
parameters

@ pipeline runs per TAB

sasid

hSin

nbins

DSPSR

coherent
dedispersion
and

folding

® input files (h5in):
« raw beamformed HDF5 (32-bit and 8-bit):
< XXYY (complex-voltage) (MPS)

Part 0

Part 1

Part 2

Part M

~ Stokes |
Output
Parameters
PSRADD RFI Optimizing Creating workdir
— Zapping Pulsar QUICKVIEW
adding Period and
frequency and summary
_ _ folded data
parts Dispersion diagnostic cube(s)
quickview
lots summary pdf
tagether Measure p vartle
pipeline.log




Pulsar Folding pipeline
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= Development — done
+ https://git.astron.nl/RD/pulp2-cwl-folding “

= Integration in TMSS — done
o ingest — not yet finished / to be tested

™
R G S—

What is next?
= support/ maintenance S W W
= update to the latest Ubuntu release ] @

IQUV support el
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# LOFAR2 Beamformed Pulsar

Folding Pipeline # LOFAR2 Beamformed Pulsar Folding Pipeline Vi

p—

LOFAR2 Beamformed Pulsar Folding Pipelind

This is a Common Workflow Language (CWL) pipeline to dedisperse LOFAR raw pulg
beamformed complex-voltage (XXYY) 32-bit or 8-bit HDF5 data and also beamformy
data, and fold it modulo pulsar period with DSPSR software package developed by W e
Straten (van Straten and Bailes, 2011). This pipefine represents the CWL implemental
functionality in the original Pulsar Pipeline (PulP) for LOFAR1 (see Kondratiev et al. (3
note, that the pipeline is still in development, so some changes in the workflow and {

Freguancy (L
3

: B

might happen in the future. The name of the pipeline is also not finally decided, the ¢

development working name is PulP2-DSPSR-folding, but more sensible name (such 3
Beamformed Pulsar Folding Pipeline®) might be agreed upon in the near future

? )
Tome (rir
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Fly’s Eye (FE) pipeline

= Extension of the Pulsar folding pipeline for FE
observations with multiple station beams:

o runs folding pipeline for each station beam
o creates FE diagnostic plot

= To check quickly the station’s health during
commissioning and operations

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

« Integration in TMSS — not yet (later this year)
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PSRFITS pipeline

raw beamformed HDF5 data = PSRFITS format

= Development — not finished vet
+ https://gitastron.nl/RD/pulp2-cwl-psrfits
= Integration in TMSS — not vet (when: TED)

Todo:
o better selection of quantization levels depending on
data distribution
o diagnostics

?  pulp2-owl-psriits & # b
T~ | aimiamtls — | R

) o e . AR s s +-sn a

e [ [

LOFART Deamicmmed PSRFITS Ppalina

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 vet (when: TED)

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-cwi-redigitization @ o a]
[Trr T — RN I —

S Y B A M TR T Y B B P B N DL L
yy Do ) e ™

e L Lt g

Jal T

LOFARD Beamformed Re-digitization Pipsline




Gridding pipeline Dynspec pipeline

time-frequency averaged dynamic spectra

extension of Pulsar Folding pipeline for multi-TAB of the raw beamformed data

observations

= Development — later this year (TBD) = Convert raw beamformed data (for LOFARI
o will run folding pipeline for each TAB described by ICD3) to Dynspec data (described by
o will create tied-array heatmap for source localization ICD6 in LOFAR1)
concept example = Successor of Dynspec Toolkit Container (DTC)

developed by Nicolas Vilchez for LOFARI

O PSR B22|7+47 2000 » Development — TED

e 1750

2 2
= 1500 . » .
g z If you used Nicolas's DTC in the past,
5 , o : your feedback is very welcome,
s il please come talk to me to discuss
£ 750 needed functionality
& -2
= 500
230

Right Ascension Offset [deg]
van Haarlem et al. (2013)




7 stations (CS002, CS003, CS004, CS005, CS006, CS007, CS032), 2 hrs, LBA20-68 MHz, briggs -0.

Uncalibrated LOFAR2.0 movie of CasA LBA Calculated PSF from WSClean
2025-09-11T21:59:02. 2025-09-11T21:59:02.

Core-resolution
uncalibrated
movie
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Declination (j2000)

Uncalibrated LOFAR2.0 movie of CasA Calculated PSF from WSClean
2025-09-11T21:59:02. 2025-09-11T21:59:02.

Noa

Declination (J2000)
Declination (j2000)

Flashback to
last year

30m 24m 8™ 2m 23"36™ 30m 24m

Right ascension (J2000) Right ascension (J2000)

7 stations (CS002, CS003, CS004, CS005, CS006, CS007, CS032), 2 hrs, HBA 120-168 MHz, briggs -0.5



32 stations (23CS & 9RS), 6 hrs, LBA 15-70 MHz, briggs -0.

Uncalibrated LOFAR2.0 movie of CasA LBA_FILTER Calculated PSF from WSCIean
2026-05-15T05:00:01.0 2026-05-15T05:00:01.0

Dutch-resolution
uncalibrated
movie
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Uncalibrated LOFAR2.0 movie of CasA HBA_FILTER Calculated PSF from WSCIean
2026-05-15T05:00:01.0 2026-05-15T05:00:01.0
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N

25m 20m
Right ascension (J2000)

23"30m 25m 20m
Right ascension (J2000)

32 stations (23CS & 9RS), 6 hrs, HBA 120-160 MHz, briggs -0.
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LOFAR2.0 first images

First HBA & LBA images

Noa & Henrik M33
CIZA J2242.8+5301

M51
ELAIS-N1
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LOFAR 2.0 LBA

Imaging Sensitivity
LOFAR 1 vs LOFAR 2 ‘
- ELAIS-N1 field | %2 i
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A Match stations of LOFAR1 .and LOFAR2 observation
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ELAIS-N1

LOFAR 1 (30 stations)
3.5 mJybeam

44” x 25”

Credits: Joﬁ, Boxelaér, see talk tqmorrow

for full _1'2—0 hours!
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ELAIS-N1

LOFAR 1 (30 stations)
3.5 mJybeam

44” x 25”
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ELAIS-N1

1.5 mJybeam’
44” X 25”

LOFAR 2 (30 stations)|
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LoLSS (37 stations)
8 hours

3.2 mJybeam-’

44" x 24" (convolved to match)

-

LOFAR 2 (31 stations)
2 hours

3.8 mJy beam-’

44” x 24”

-

Manu & Henrik



LoLSS (37 stations)
8 hours

1.7 mJybeam’

15"

Q.
Few weeks away!

LOFAR 2 (31 stations)
2 hours
3.8 mJybeam-’

44”7 x 24"

-

Manu & Henrik



Thanks!







	Slide 1: One year of LOFAR2.0 Commissioning  Flash results
	Slide 2: Outline
	Slide 3
	Slide 4
	Slide 5
	Slide 6: LOFAR2 Monitoring & Control: Unified Observability Architecture
	Slide 7: System Overview: Seeing the Array at a Glance
	Slide 8: System control: one web interface to control the system
	Slide 9: Post-rollout procedures
	Slide 10: Post-rollout Procedure Overview
	Slide 11: Post-rollout Procedure Overview
	Slide 12: Post-rollout Procedure Overview
	Slide 13: Post-rollout Procedure Overview
	Slide 14: FE folding pipeline summary plot
	Slide 15
	Slide 16: Transient buffer mode
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21: An Intra-Station Calibration Update
	Slide 22: Background
	Slide 23: Background
	Slide 24: Background (LOFAR1)
	Slide 25: HBA Calibration
	Slide 26: HBA Calibration
	Slide 27: LBA Calibration
	Slide 28: LBA Calibration
	Slide 29: It Works!
	Slide 30: … unless it doesn’t
	Slide 31: … or infra falls over
	Slide 32: Tables Deployed to Most of the Array
	Slide 33: Tables Deployed to Most of the Array
	Slide 34: Improved TAB Performance?
	Slide 35: Where To Next?
	Slide 36: Array calibration (delays)
	Slide 37
	Slide 38
	Slide 39: SEFDs
	Slide 40: SEFDs
	Slide 41: SEFDs
	Slide 42: SEFDs
	Slide 43: RFI situation then and now
	Slide 44: RFI situation then and now
	Slide 45: LOFAR2 Core coherence tests — I
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58: LOFAR2  Pulsar pipelines
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64: Core-resolution uncalibrated movie
	Slide 65: Dutch-resolution uncalibrated movie
	Slide 66: LOFAR2.0 first images
	Slide 67: LOFAR2.0 first images HBA – M33
	Slide 68: LOFAR2.0 first images HBA -  CIZA J2242.8+5301
	Slide 69: LOFAR 2.0 LBA Imaging Sensitivity
	Slide 70
	Slide 71
	Slide 72
	Slide 73: M51
	Slide 74
	Slide 75: Thanks!
	Slide 76

