t\ g
h

N el !
A A '

Low
frequency
science with
LOFAR2.0:
future
perspective

Emanuela Orru’ (Astron)

— o=
. »

FANS




Lh

” N
ordentedt™

@ Fotsam




v Rate of 100 papers per year

a—

- e

Papers per Science Area Extragalactic
53%

Cosmic Rays
lonosphere

Instrumentation & Methods Galaxy
14%

Pulsars & Transients




Dutch
stations on
same Clock

2X LBA
elements

LOFARZ2.0

Dupplo

Simultaneous
L BA+HBA MEGA Mode




TBM mode NenuFAR

AARTFAAC N[SWAN




LOFAR 2.0 Operational processes

Station & array calibration

|

Proposal tool telescope management specification system

Scheduling, observing & online processing specification

‘ Central Clock ‘ e
Maintenance
— Correlator +  Online processing

Processing and storage management specification system

Offline processing specification & data managent
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Science cases vs LOFAR2.0 functionalities:

LBA+HBA

Simultaneous observation of HBA+LBA.
» Deep fields: Transfer HBA solutions to LBA to ease the LBA calibrations.

» Survey speed observing efficiency




Science cases Vs
LOFAR2.0 functionalities:
2 X LBA

Double the amount of LBA elements with
respect to LOFARIT.

Increase the sensitivity of the LBA

Depends on the collective area

Deeper images , lower noise

More sources to be used as calibrators
See next slide

Start deep LBA observations Surveys &
Deep fields

SEFD [Jy]

80000

70000 A

60000 -

50000

40000

30000 -

20000

10000

Measured SEFD
Theoretical SEFD

=== | OFAR1 SEFD for 96 dipoles
== = | OFAR1 SEFD

o)
L Y
Ce
o N
°

o

[

~

~

~
~~——’

-

s’

7’

/

4

\w

20

30

40

50 60

Freq [MHZz]

70




£ *

ELAIS-N1

LOFAR 1 (30 stations)
3.5 mJybeam™

44’ X 25"’

Courtesy of H. Edler - -

20




v
<
L
O
=

] H i
: H H
i T 5
H ]
H H
£
i H |
i i i i
£ H H
i i H i
i i
f i
i ] H
g H
i H
i H i i
3 i
5 t
i f] i i
2 H H
g H H
i i i i
3 i 3
g H
) )
0 g 0
(s) 3oy (5] %012 51 %012

H § €
B £
H : [
d i £
B z
1 €
i £
i E
i LE
i £
o
i i £
i T
£ nE
H P
g
! -
£ i H
: |3
4 ¢
o
F H 5
H 5 £
g H nE
H A v
d i £
T - 1o
H t] 5
£ : i LE
ki H [
i 3 5
) ;
| E L o
g 0 0 0
15)3p01 s}y (s) 301y 1513013

0 0
151300 [EFEL)

%
>
W
0,
R
O
@,
0,
@,
-

RO
@,

V)

ITIES

le clock

sing

O

C
O
-

O

C
=
O
N
04
<
L
O
—

All NL stations are locked to a single clock.

LOFAR2.0

Beam Formed (tide array mode) improves the

sensitivity of this mode.

Allows to include the RS to the PSR observations

Imaging reduces the delays between the stations
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Science cases vs Sclence Sysiem amntmemz| TT? | o oyt
LOFAR2.0 functionalities:
MEGA MODE [ 1 i

Stqtions Send dqta to :{-j-l-:;atﬁ““""".""-."”“"”“"."-"” .".‘“".".".".".".“.".“.".“.".“."."."."."."."."."."."."."”E
multiple correlators '

CEnitral Processor

Transient project

EUROCLUSTER receives Swion >, e S
data from stations Network >

while other projects are .

observing (e.g. HBA ¢ Commoy s somanng
Survey |-LoTSS) |

Correlate the station
data in TAB mode to
see if there are any
fransient detected.




Science cases vs LOFAR2.0
add-on functionalities:
New IS & NenuFAR

Addition of new International stations
Long N-S long baseline
Fill up the uv-plan for infermediate long baselines

Power up the long baseline science

Addition of the new LBA Super Station NenuFAR
Increase LBA sensitivity over long baselines

Transient science




Science cases vs
LOFAR2.0 functionalities:
Transient Buffer Mode

Transient buffer captures raw station data at
resolution of 5ns for a duration od <1s.

Cosmic rays science
Piggyback mode

Lightening science




Science cases vs LOFAR2.0
functionalities:
All sky imaging

AARTFAAC2.0 monitoring observations
AARTFAAC2.0 streaming LBA antenna data of 12

Stations, 48 antenna each, which are correlated
in real time

Transient science
Space weather science

EoR science
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nsiot ne s L S L1 099 T, i 1 R g
p B Simple test YGABC 9 1/27/2025, 01:00:00 UTC  12/31/2025, 23:59:58 UTC 12/17/2025, 12:02:33 UTC --
B SCIENCE PORTAL % PROPOSAL TOOL
Kicking off the LOFAR2.0 Minimal Production System L2MPS 9 1/27/2025, 01:00:00 UTC  12/31/2025, 23:59:58 UTC 1/1/2026, 18:00:32 UTC  ([EEER]) -
B
E w H t . l LOFAR 2.0 Large Programmes L2tp 10 12/18/2025, 00:00:00 UTC 12/18/2030, 23:59:59 UTC 1/1/2026,19:19:46 UTC ([ EEEEER]) -
rite and shine! g
LOFAR 2.0 Large Data Plan L2DMP 10 12/18/2025, 00:00:00 UTC 12/18/2030, 23:59:58 UTC 1/19/2026,12:00:00 UTC ([ EEERI) -
This is the Proposal tool for access to the telescopes provided by ASTRON.
B = apcl 12 1/27/2025, 01:00:00 UTG  12/31/2025, 23:58:58 UTC 2/13/2026, 14:38:32 UTC ([ lERERI -
call_ana apcl 8 6/16/2025, 00:00:00 UTC 1/1/2027, 23:59:59 UTC  2/13/2026, 14:38:32 uTc  ([EEEEER]) -
-
) This is NOT a test T 1 2/11/2013, 00:00:00 UTC  11/14/2013, 00:00:00 UTC 4/1/2026, 18:18:42 UTC --
] U This is NOT a test 3 , 3
Let's start!
] Operational efficiency OEF 8 6/16/2025, 00:00:00 UTC 1/1/2027, 23:59:59 UTC  7/2/2026,12:55:03 uTc ([ EEERI)
New proposal View your proposals
- o LOFAR2.0 C: g Proposal (external) L2Lpc 14 10/1/2025, 00:00:00 UTC 1/1/2027, 23:59:59 UTC  1/1/2027, 11:06:04 uTC  ([HERI)
Start submitting a new proposal Show all your proposals [0}
Test Call for proposals CTEST 12 /27/2025, 01:00:00 UTC  12/31/2025, 23:59:58 UTC 2/25/2028, 13:38:49 UTC ([EEEND - _
? H I p & S u p p rt Pl demo call PIDC 8 11/15/2014, 00:00:00 UTC 5/14/2015, 00:00:00 UTC  8/7/2026, 09:54:53 UTC --
Update report for LOFAR2.0 Large Programmes L2LPU 10 12/18/2025, 00:00:00 UTC 12/18/2030, 23:59:50 UTC 9/10/2026, 12:00:18 UTC ([ EHEEER]) -
g - call_ana apppp 8 6/16/2025, 00:00:00 UTC 1/1/2027, 23:59:59 UTC  10/31/2026,14:38:32 UTC ([BHENI) - . _
LOFAR 2 Commissioning array release G L2cc 8 6/16/2025, 00:00:00 UTC 1/1/2027, 23:59:59 UTC  8/26/2026, 12:21:20 UTC  ([EERID -
>

Proposal tool: TULP
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View Call for Proposals Emanuela orru @) -

8 L oA 3 PR T 3 Ch o PGPS CAL R PROPOAL
\1] Opening l 8 |
- B8 |
ue )
Create Proposal Emanuela Orru @ v Submission deadiine [ 26708/ 2026 2 )
B SCIENCE PORTAL 3 PROPOSALTOOL 3 SUBMIT PROPOSAL =) |
Direct action

P
? S
5] ‘ Title Code Status Panel Submitted Pl/Creator Primary Secondary
Reviewer  Reviewer
V[sewer x]  V[sewerm x|  V[sewen x]  V[sewn x] T se= x] ¥
= &)
7/3/2025, 20:06:34
L -LOPAR shall be able to track L2cc.00 acceren s Alsksandar Shulevski
812712025, 08:40:15
? @ LOFAR2-778-LOFAR field-of-view messured as the station beam area L2cC002 | REJECTED e David McKenna {
Scientific Justification LOFAR? 785 LOFAR shall, when requested, perform RFI mitigation and Lscco0s = wzsi20zs, 09372 {
- No file selected. gging of visbity samples unsuitabl for further processing before .
8 LOFAR2-5981-LOFAR shall be able 10 track L2¢C.004 | AcceeTED | 9/4/2025, 12:19:57 UTC Cees Bassa
Proposal Call
I LOFAR2.0 Commissioning Proposal (external) ~ LOFARZ-812 LOPAR shallbe able to sta a iggered cbservation L2cC.005 omart | - Sander ter Veen
® avtomaticaly
LOFAR?-793 - LOFAR shall be capabie of de 8/26/2025, 09:55:45
L2€C.007 . Marco lacobelk
- sobstions rm e 8 — ure arco lacobel
LOFAR2-803 shall conguet abseruations with  relative time st 9/10/2025,12:39:49  Emanusla Orru, Henrik
shall condut observatins with a relotve time stompprecisen |\ = /2025, manusia Orru, Heni
between differsnt stations bettar than 1 ns to enable tied-array beam. Edier
LOFAR?799-LOFAR shall be sbie (o store the raw complex voltage dats 1117/2025,12:25:57
sroiced by cach ted- L2CC.010 | AccePTED e David McKenna
8/24/2026, 151429 Assian
(O LOFAR2-14998: TBM Imaging L2cc013 | UNDER REVIEW Technical Brian Hare = # Assign reviewer

reviewer

Proposal tool: TULP
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Edit Proposal Emanuela orru (@) Ranking/Allocation 1a orru @
a8 ek st o oy s ORORAL 8 e v
> >
E L
us Actions

call Code Start ing Endof
deadline

LOFAR2-14999: TBM Imaging | 8 . . |

§ | y Y0000 SPT20TE, 0000 ; 00
B Proposal details ~ | B LOFAR 2 Comnissioning artay release § L2681 000000 SHIE01S, 0000:00. BAAA0LS, 10:0000 B Asocate praposss
LzoC.0n Blnbia | unoek Review
Project code ee Rank | - 1/26/2025, 23:00:00 2/27/2025, 22:58:59 T1/11/2025, 18:00:00
. Test call for regular proposals Testh 0 Bt e READY FOR RANKING
s Facility ‘ Submitter [ J s -
. , 23:00:00 2/27/2025, 22:50:59 1/27/2025, 11:30:00
. Commeai Comm ! READY FOR RANKING
= affiiation
E , ‘ | E R Comma /2612025, 2300:00 21212025, 22:58559 13012025, 1051 _ - _
e Commeaiz L e ¢ N | rasew roaLcsaRG |
comccasmor | \ ure ure ure
2 Queve ) . 1/26/2025, 23:00:00 2/27/2025, 22:58:59 2/10/2025, 11:00:00 [ Ml |
‘ Last TMSS Sync ‘ ‘ ? Test DOT DDTts ute ute ute READY FOR BANKING
. fupi V212025, 2300:00. 212712025, 22:59°58 201012025, 1100:00 — _
S ure utc urc e
E . e . " " : E 1/28/2025, 23:00:00 2/27/20285, 22:58:58 2/10/2025, 11:00:00
Abstract Justification  Specification  Target objects Members  Configuration Test user shared support USS e ute ute READY FOR RANKING
Feedback Rreviewcomments Final Report  Resources overview
@ I H B " it L2RR 1/26/2025, 23:00:00 2/27/2025, 22:59°58 4(27/2025, 10:02:36 _ _
i /26/2025, 12025, 22:5¢ i
st Fole 2 LzRry V2812025230000 212712025, 225958 312472025, 111013 - _ 3
e urc utc ute L
1/26/2025, 23:00:00 2/27/2025, 22:59:59 12/19/2025, 11:59:08
Review procass Rev ! weosRaTe: (1 [ Adocate proposels
urc utc urc
O e S Gares prorossl o1 1/27/2025, 01:00:00 12312025, 11/20286, 08:53:17 ] _
= urc 23:59:58 UTC urc
1/27/2025,01:00:00 12/31/2025 5/29/2026, 22:00:00
e ure 235859 UTC ute i
26t a7 1213172025, 1
— wpst V2812025230000 212712025, 22:59:59 1213172025, 101952 — _
—— urc ute utc T P
. i — ure 23:59:58 UTC ure =
Simple test YGAI . READY FOR RANKING | REAGY FOR ALLOCATION = Ranipropossis _

Proposal tool: TULP
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Proposal tool: TULP

TULP
Allocation: LOFAR 2 Commissioning array release C Emanuela orru (@)
ﬁ SCIENCE PORTAL > PROPOSAL TOOL > RANKING OVERVIEW > LOFAR 2 COMMISSIONING ARRAY RELEASE C
8 Totals Allocation sky distribution |
1,0
@ Resource Call total Allocated Diff. 0,9 .
08
Storage (GB) 0 0 0 07
e =
bl % 0,6
Support time (h) (1] 1 -1 £ 05
.g 0,4 N selected
= =
N Observation time (n) 0 0.001 -0.001 03 |
0.2
2 Compute time (h) 0 0.034 -0.034 o
]
0 1 2 3 4 5 6 7 8 9 10 M 12 13 14 15 16 17 18 19 20 21 22 23
LST* (hour)
]
- ® Allocate as % of requested
0]
1}
o - - - Requested , - . Allocated H
Rank Code Title Pl Quartile Avg. Obs. time (h) Storage Compute Obs. time (h) Storage (GB) Compute (h) Support (h)
rating (B} (h)
0o L2CC.001 LOFAR2-5981-LOFAR shall be able to - Aleksandar No requested | | | | | | | |
track celestial objects Shulevski resources
LOFAR2-778-LOFAR field-of-view David No requested
0 L2ccoo2 ———— ———— ——————— 1 1
D - measured as the station beam area - McKenna el resources | || | | || |
LOFAR2-786 LOFAR shall, when
requested, perform RFI mitigation and Marco Noleqtested
0 L2CC_003 flaggi f lit I itabl
C] ng_of visibility samples unsuitable - lacobelli resources | || | | || |
for further processing before
averaging..
LOFAR2-5981-LOFAR shall be able to No requested
Oo L2€C.004 TR - Cees Bassa resources | 0.00056 || || 0.03417 || 1 |

~ L] L& ;N ]
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1 regular  finished
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LTA processing

< Pre « WF  + Project
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ddtz_oo1

« Processing

SAS_IDs . -
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Next | Last

= Ingest policy

. « Filter , Inputs Batch Tasks Error Actions
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Examples of science ready dato

» VO

ASTRON The VO @ ASTRON

Welcome to the ASTRON VO data center.

In addition to the services listed below, on this site you probably can access numerous
tables using TAP or form-based ADQL.

Please check out our site help.

Services available here
Services marked by [P] require authorisation to access the data.

By Title By Subject By Author

ADQL Query i Q@

Apertif DR1 - Continuum images i |Q

Apertif DR1 - Field calibrated visibilities (i @

Apertif DR1 - Field raw visibilites (i Q

Apertif DR1 - Flux calibrator raw visibilities |1 @

Apertif DR1 - HI spectral cubes |i| @

Apertif DR1 - Polarization calibrator raw visibilities |1 /@
Apertif DR1 - Polarization cubes i @

Apertif DR1 - Source catalogue i Q

Apertif DR2 - Continuum images i |Q

Apertif DR2 - Field calibrated visibilities |1 @

Apertif DR2 - Field raw visibilities 1 @

Apertif DR2 - Flux calibrator raw visibilites 1 @

Apertif DR2 - HI spectral cubes i @

Apertif DR2 - Polarization calibrator raw visibilities 1 Q
Apertif DR2 - Polarization cubes i @

Apertif DR Bootes - Catalogue i Q@

Apertif DR Bootes - Mosaic |1 |Q

Apertif Elais - Catalogue i/ @

Apertif Elais - Mosaic |1 Q

Apertif Lockman - Catalogue i (Q

Apertif Lockman - Mosaic i @

Apertif Time Domain FRB detection cone search (DR1) i@
Apertif Time Domain FRB detection cone search (DR2) i/ Q

Apertif Time Domain FRB observation cone search (DR1)
Q

Apertif Time Domain FRB observation cone search (DR2)
Q

MY Y VY Y Y YYYYYYYYYVNY RNV YYY

Y V9V VYV Y VY VY VY VY VY VY VY VY VYV VYV VY VY VvV VYyVYYY

LBCS Calibrator Search [i]/Q]

LoLSS - Image Cutout Service [i|/@

LoLSS source catalog |[i[@]

LoTSS-DR1 Cross-Matched Source Catalogue [i|[Q
LoTSS-DR1 Image Archive [i|[Q]

LoTSS-DR1 Image Cutout Service [i][Q!

LoTSS-DR1 Raw Radio Catalogue Cone Search [i]/Q]

LoTSS-DR2 Gaussian catalog cone search [i|[Q]
LoTSS-DR2 mosaics [i]/Q]
LoTSS-DR2 Source catalog cone search [i]/Q]

LoTSS-DR3 Gaussian catalog cone search [Glq]
LoTSS-DR3 mosaics [i//Q

LoTSS-DR3 pointings i@

LoTSS-DR3 Source catalog cone search [i /@]
LoTSS-PDR Image Archive [i!Q]
LoTSS-PDR Image Cutout Service Il
LoTSS-PDR Source Catalogue |i] /@]
MSSS Verification Field Images [i /@]
MSSS Verification Field Sources |[i]/Q]
SAURON HI Survey Images [i!Q]
SAURON HI Survey Velocity Fields [i] Q]
TGSSADR Image Archive [i]/Q]
TGSSADR Image Cutout Service [i||
TGSSADR Source Catalogue |i]/@]

The Apertif Science Verification Campaign [i[@/
The VO @ ASTRON TAP service [i|

» Surf Data Repository

Published February 16,2026 | Version v1

The LOFAR Two-metre Sky Survey (LoTSS) VII. Third
data release (HP-393)

Shimwell, . W.& ; Hardcastle,M. ). & ; Tasse,C.& ; Drabent,A.& ; Botteon,A.& ;
Williams, W. L. & ; Best,P.N.& ; Rottgering,H.J.A.& ; Briiggen,M.& ; Brunetti, G.&
Callingham, J.R.& ; Chyzy,K.T.& ; Conway,J.E.& ; DeGasperin,F.& ; Haverkorn,M.& ;

Horellou, C.& ; Jackson,N.& ; Miley,G.K.& ; Morabito,L.K.& ; Morganti,R.& ;

o'sullivan,S.P.& ; Schwarz,D.J.& ; Smith,D.J.B.& ; vanWeeren,R.J.& ;
Vedantham, H.K.& ; White,G.J.& ; Ahmadi,A.& ; Alegre,L.& ; Arias,M. & ;
Asabere, B.& ; Bahr-Kalus,B.& ; Barkus,B.& ; Bilicki,M.& ; Bohme,L.& ;
Brentjens,M. &, ; Brienza,M.& ; Bomans,D.J).& ; Bonafede,A.& ; Bonato,M.& ;
Bonnassieux, E.& ; Boxelaar,J.M.& ; Camera, $.& ; Cassano,R.& ; Chilufya, ). & ;
Cianfaglione,M.& ; Croston,J.H.& ; Cuciti,V.& ; Dabhade,P.& ; De Rubeis,E.& ;
deJong, J.M.G.H. ).& ; Dallacasa,D.& ; Dettmar,R.J.& ; Duncan,K.J.& ;

Di Gennaro, G.& ; Edler, H.W.& ; Groeneveld,C.& ; Giirkan,6.& ; Hajduk,M.& ;

Hale,C.L.& ; Heesen,V.& ; Hoang,D.N.& ; Hoeft,M.& ; Holties,H.& ;
Horton,M.A.& ; lacobelli, M. & ; Jamrozy,M.& ; Jarvis,M. ). & ; Jelic,V.& ;

Kadler,M.& ; Kondapally,R.& ; Kunert-Bajraszewska, M. & ; Loose,M.& ;

Magliocchetti, M. & ; Matek, K.& ; Manzano,C.& ; McKean,J.P.& ; Mevius,M.& ;
> dynspec.tar 2.8GB
> images.tar 21.6 GB
> miscitar 234.3MB
> mosaicing_misc.tar 1.7GB
> rmsynth_P000+03.tar.gz 57.6 MB
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LOFAR data processing system
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Beyond LOFAR2.0: LENSS




LOFAR2.0 In the SKA era

International LOFAR Telescope (ILT)

LOFAR2.0

» Reaches 2X lower frequency
» >10X higher resolution
SKA-low Phase 1

» Reaches 2X higher frequency
» >10X higher collective area



LOFAR 2.0

Learned about LOFAR in the e-learning
Learned about calibration at low frequencies
Made images of radio galaxies and Sun, detected

What's in your
hC] ﬂdS? PSRs and transients

Made sub-arcseconds images
Using LOFAR2.0 data.
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