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One experiment’s 
background is another 
experiment’s research*

* This is an attempt at a joke -Vital De Henau 2026



A Few places where we work

• LOFAR
• SKA-Low
• Monte Carlo Dreamland

Order by distance 
I’m not being biased
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LOFAR (LOw Frequency ARray)

* Or at least we try

A cosmic ray collides 
with the atmosphere 

causing an extensive air 
shower which emits 

coherent radio and we 
detect*.

* Or at least try toArt by Karen Terveer!



LOFAR

• LBA (Low Band Antenna) 
• 10-80 MHz bandwidth

• HBA (High Band Antenna) 
• 120-240 MHz bandwidth

• LORA (LOfar Radboud air shower Array)
• Scintillators

HBA

Stick!

LORA

LBA

* This stick is highly important, other wise you can’t see LORA and 
will hit it with the lawnmower. This is also why stuff looks so bushy.



LOFAR

• Going towards LOFAR2.0
• Simultaneous LBA + HBA 
• triggered by LORA 

• Adding more scintillators
• In the core stations
• Each gets 4 scintillators

• This year IIHe members will help with 
deployment of electronics*
• Lead by Katie Mulrey

frequency range of 110–240 MHz. The signals from the antennas
are digitized and stored in a ring buffer (transient buffer board,
TBB). A triggered read-out of these buffers will send the raw data
to a central processing facility.

An ultimate goal is to independently detect radio emission
from air showers with LOFAR. This requires a sophisticated trigger
algorithm that analyses the digitized antenna signals in real time.
To assist with the development of the trigger algorithm and to
measure basic air shower parameters, an array of particle detec-
tors has been at LOFAR.

The LOFAR Radboud Air Shower Array (LORA) is an array of
scintillation counters, located in the innermost center of LOFAR,
the superterp. It has been designed to register air showers initiated
by primary particles with energies exceeding 1016 eV. Strong radio
signals are expected from air showers in this energy region. This
energy regime is also of astrophysical interest, as a transition is
expected from a Galactic to an extra-galactic origin of cosmic rays
at energies between 1017 and 1018 eV [2,3].

In the following, we describe the set-up of LORA and its
properties. The experimental set-up is described in Section 2 and
the detector calibration in Section 3. The various steps involved in
the reconstruction of air shower parameters are described in
Section 5 and in Section 6 the reconstruction accuracies are
discussed, followed by a review of the array performance in
Section 7.

2. Experimental set-up

LORA comprises 20 detector units, located on a circular area
with a diameter of about 320 m. The positions of the detectors in
the innermost core of LOFAR are illustrated in Fig. 1. The array is
sub-divided into five units, each comprising four detectors. The
detectors are located on circles with a radius of about 40 m around
a central electronics unit, with a spacing of 50–100 m between the
detectors.

Each detector unit contains two pairs of scintillators (NE 114)
with the dimensions 47.5!47.5!3 cm3, read out via wavelength
shifter bars (NE 174 A) through a photomultiplier tube (EMI
9902).4 A detector unit, containing the two pairs of scintillators
and two photomultiplier tubes, is sketched in Fig. 2. The detectors
are installed inside weatherproof shelters.

The two photomultipliers in one detector unit share a common
high-voltage channel. To match the gain of the two tubes, we use a
resistor network to adjust the voltage correspondingly. The signals
of the two photomultiplier tubes in each detector are read out via
RG223 coaxial cables and a passive connection into a single
digitizer channel. 12-bit ADCs are used, which sample the incom-
ing voltage with a time resolution of 2.5 ns5 [15]. A field program-
mable gate array (FPGA) provides a trigger signal in real time.

Four detectors form (electronically) a unit, comprising two
digitizer units (with two electronic channels each) [15,16], con-
trolled by a Linux-operated, single-board mini PC. The two
digitizer units operate in a master and slave combination like a
four-channel oscilloscope, where the master generates a common
trigger for both the digitizer units. The master digitizer contains a
GPS receiver (Trimble, Resolution T), which provides GPS time
stamps to both the digitizer units. Each digitizer contains a
200 MHz clock counter to assign a time stamp with nanoseconds
accuracy to each triggered signal.

The pulse per second signals (1PPS) from this type of GPS
receiver can introduce a timing uncertainty of up to a maximum of

20 ns. This error is stored every second during the data taking. It is
corrected for the event time stamp in the offline data analysis
using a proper correction formula [17]. The time stamp calculation
also takes into account the fluctuations in the number of clock
periods of the 200 MHz clock counter between two PPS signals.

The two digitizers are connected to the PC through an USB
interface. The PC also controls a four-channel high-voltage supply
through one of the digitizer units. The FPGA inside the digitizer
unit controls an input–output register, which is connected to the
high-voltage supply, allowing to set the individual voltages on the
four channels remotely. A block diagram of the electronics com-
ponents is depicted in Fig. 3.

When the four input signals from the PMTs in an electronics
unit satisfy a local trigger condition, usually three out of four
detectors in coincidence within 400 ns the digitizers send the data
to the local computer. The data from the five mini PCs conse-
quently are sent via Ethernet to a central, Linux-operated master
computer, where the main data acquisition (DAQ) runs. Within
100 ms all data are collected from the other electronics units. The
received time stamps, which are each assigned according to the
first threshold crossing in a detector, are checked for coincidences
(500 ns window) and are combined to an event file that is stored
locally. A simple analysis is performed on these data, which
reconstructs arrival direction and core position to allow for
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Fig. 1. Layout of LORA in the dense core in the center of LOFAR. The squares
represent the positions of the particle detectors. The crosses and open squares
represent the two different types of LOFAR radio antennas. The dotted lines
indicate the grouping of the detectors for the data acquisition.
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Fig. 2. Schematic view of a scintillation detector. Sheets of plastic scintillator are
read out by photomultiplier tubes via wavelength shifter bars [14].

4 The detectors were previously operated in the KASCADE calorimeter [14].
5 Internally, two ADCs are used per channel, sampling the same input signal at

200 MHz with an offset of half a clock cycle.

S. Thoudam et al. / Nuclear Instruments and Methods in Physics Research A 767 (2014) 339–346340

old

*Slight delay due to servers getting lost…



LOFAR

• New reconstruction technique!
• Work by Karen Terveer (FAU)
• A Bayesian Method for Air-Shower 

Reconstruction using Information 
Field Theory (IFT) [2602.19864]
• IFT provides a probabilistic 

framework for reconstructing 
physical fields by treating them as 
continuous random functions 
defined through probability 
distributions.



LOFAR

• New method agrees with old one
• Reconstruct more events that 

weren’t possible before
• Extremely fast!
• Will carry over to SKA-Low*
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*SKA-Low has to many antenna’s to do ‘brute force’ reconstruction



SKA-Low (Square Kilometre Array) 

Art by Karen Terveer!



SKA-Low
• 17.600 antennas assembled 

and installed
• 96.000 steel sheets laid
• 530 drums / 330 km of power 

cables installed
• 960km of fibre optic cable 

installed
• Science chapters
   [2606.20366]



SKA-Low

• First generation
• 8 prototype stations*
• Went well!

• Second generation
• 100 scintillators fully funded
     (FWO, NOVA & KIT)
• Construction underway

*They have little sun hats for the heat and little feet for the rain



SKA-Low
• Low noise
• PMTs replaced with SIPMs
• RFoF comm links

• Compatibility
• Power/signal cables + digitization 

backend same as SKA-Low 
antennas

• Environment
• Automatic T-sensitive gain control

• Muon tower results
• Homogeneous!
• Purity 94%-90%
• Efficiency 90%-92%



Monte Carlo Dreamland*

• Simulation studies
• Lots of simulations, ask IT (:

* This term is commonly used among colleagues and refers to the fact that working with simulations can 
often under-prepare one for how complicated real data can be. –Karen Terveer 2026



Monte Carlo Dreamland

• Anomalous showers
• Mass composition sensitivity
• Probing of Hadronic models

• Create possible models
• A total of 10.000 showers
• Mix of random H:He:C:Fe
• Extract all the Double Bumps
• Do physics!*
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*The physics has been physicsed and will ‘soon’ be submitted



Monte Carlo Dreamland
• Advanced analytical coherence model
• Used to explain spectral features
• Inspired by work done in RET* hence collaboration of IIHE people 

*Form looking at their screens during the all important 4tje




That’s it.f




