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“Science is going well”
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• 6 published or submitted (full-LOFAR) articles

• LBA detection and pipeline description, A&A
• HBA detection, Cherenkov ring, Astroparticle Physics (submitted)
• Wavefront, Astroparticle Physics (submitted)
• Mass composition, Nature (submitted)
• Parameterization of emission pattern, Astroparticle Physics submitted 
• Description of particle detectors, Nuclear Instruments and Methods, submitted

• > 4 (full-LOFAR) articles in preparation

• Routine operation is working fine for cosmic rays with a lot of support 
from the observers

• Successful FRATS observations with TBBs require manual intervention

• Automated data-transfer pipeline to LTA is being tested 
• Currently still has to handle back-lash of 2 years of data
• Data volume manageable (< 10 TB) 
• Number, collection and updating of files challenging 
• Hope to be fully up to date at end of May
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Open Issues
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Absolute Calibration

• V/m instead of ADU

• => cross-calibration 
campaign scheduled 
May 2014

• => calibration in the 
LOFAR field, usage of one 
station for ~ 3 days

• additionally: 
“dominant noise is the 
Galaxy”
=> RMS of voltage traces 
can be predicted
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Open Issues
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Weather station at the LOFAR 
core

• Electric field affects air showers

• electric field meter and weather 
station installed 
=> how to make data available 
to all users?

  

to ionization losses that are smaller compared to the en-
ergy gain at the critical field strength. This results in a
net energy gain of the electrons and an increasing num-
ber of electrons. This is since the electrons coming from
the ionization are also accelerated and again produce new
unbound electrons. This mechanism can only take place
when the number of unbound electrons that can be accel-
erated, the seed electrons, is high enough within the strong
electric field of a thundercloud. A source that can provide
these seed electrons are cosmic ray induced air showers.
During an air shower development up to 106 electrons and
positrons can be generated on a very limited area, which is
the location of the shower maximum, typically in a height
of 3-8 km above seal level. These particles are then accel-
erated in the strong electric field of the thundercloud and
lead to a RREA which results in a breakdown, called RRB,
relativistic runaway breakdown. So, cosmic rays could be
the initiator for lightning by providing the seed electrons
for a RREA (Dwyer, 2010).

7. Radio Signal from Lightning Strikes

The jumps and discontinuities in the electric field are
clear evidences for thunderstorms and are used at LOPES
to change the data acquisition into the so-named thun-
derstorm mode (Nehls, 2008). During this special mode
the recorded time traces are roughly eight times longer
than the usual 0.82 ms and 6.55 ms of data taken for each
triggered event, where the pre-trigger time of 0.41 ms re-
mains the same. This is done to be able to look for timely
extended lightning signals in the recorded traces visible
after the EAS signal, see an example in figure 6. A dis-
charging process like a lightning is always accompanied by
strong electric fields in thunderclouds and always emits
broadband electromagnetic radiation (Rakov, 2005). The
radiation can be observed in the radio regime over long
distances with antenna arrays originally designed to de-
tect the radio emission from cosmic-ray air showers. The
time structure of the signal can be very different depending
on the distance and the nature of the discharging process.
Figure 6 shows a lightning signal recorded by all antennas
of the LOPES array.

Discharges located in clouds with altitudes between 5
and 20km above sea level can produce very short and
strong pulses that are described as narrow bipolar pulses
by (Gurevich, 2004). It could be an interesting question
to investigate if such short pulses seen in figure 6 just in
front of the large emission from the lightning strike are
generated by relativistic runaway breakdowns (RBB) and
if such RRB’s are always present at the initiation of light-
ning strikes.

Discharges within or between clouds or from cloud to
ground result in signals that are lasting longer than RRBs
or EAS signals (see figure 6). This gives us the possibility
to calculate for many successive time slots and in every
direction of the sky the cc-beam value and to combine
them into a skymap. Typically the cross-correlation beam

Figure 6: Example for time traces of the 30 LOPES antennas
recorded in the thunderstorm mode for a KASCADE triggered air
shower. Whereas the cosmic ray event triggering the readout is vis-
ible as small peak in the beginning of the traces, in this particular
event a lightning strike occurs approximately 4 ms after the EAS.
Structures in the radio emission of this lightning are very nicely re-
solved in all 30 antennas.

is used, since the signal from lightning strikes is coher-
ent, but if desired also the power beam (averaged power
of all antennas in a certain direction) is used to generate
the skymap. By this procedure the lightning development
is observed and the location of origin, the type and the
direction of the lightning is reconstructed. For the prin-
ciples of lightning observation using radio interferometers
see also (Rhodes, 1994). For example the lightning strike
displayed in figure 7 (which corresponds to the time traces
shown in Figure 6) is a cloud-to-cloud lightning as the
track does not reach the horizon. This example shows
the capabilities of EAS radio antenna arrays to investi-
gate in detail the radio emission from individual lightning
discharges.

8. Correlations of EAS and Lightnings

To study the possibility of cosmic rays causing lightning
strikes there are two correlations to investigate, the time
and the spatial connections of air showers and lightning.

To investigate the timely correlation, at LOPES a light-
ning is detected by the E-field mill, where a jump in the
electric field corresponds to a discharge process. If cosmic-
ray air showers induce these lightning strikes they should
be observed by KASCADE-Grande or LOPES shortly be-
fore the lightning. In figure 8, the time differences between
jumps in the electric field with detected cosmic ray events
is shown. The time binning of one second is determined
by the time resolution of the electric field mill used at the
LOPES site. In order to investigate systematically intro-
duced uncertainties, similar plots with same dataset but
artificially introduced time delays to scramble the possible
correlation were produced. These studies resulted in only
statistically insignificant enhancements at tdiff = 0.

6



Anna Nelles, LOFAR Users Meeting, 2014

TBB data taking
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Trigger

- LORA particle detector
- pulse detection on voltage trace
- pulse detection of incoherent beam
- ...

Ongoing 
observation

Read-out 
Buffers (TBBs)

Get up to 5 seconds of
“raw data” per antenna

Do “your” physics with it
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TBB data taking

6

Trigger

- LORA particle detector
- pulse detection on voltage trace
- pulse detection of incoherent beam
- ...

Ongoing 
observation

Read-out 
Buffers (TBBs)

Get up to 5 seconds of
“raw data” per antenna

Do “your” physics with it

“Expert mode”

Sander ter Veen (final year PhD)

Pim Schellart      (final year PhD)

Anna Nelles        (final year PhD)
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TBB data taking
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Trigger

- LORA particle detector
- pulse detection on voltage trace
- pulse detection of incoherent beam
- ...

Ongoing 
observation

Read-out 
Buffers (TBBs)

Get up to 5 seconds of
“raw data” per antenna

Do “your” physics with it

“Expert mode”

Sander ter Veen (final year PhD)

Pim Schellart      (final year PhD)

Anna Nelles        (final year PhD)

= Need general solution for triggering 

(cosmic rays (LORA), Frats, external 
triggers: e.g. transients, GRBs, ...)
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Needs of CRKSP
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• Triggering and TBB operations should no longer rely on a lot of manual 
intervention and “private” scripts

• Unless in conflict, TBBs observations in parallel to ALL observations 

• Superterp (+x) stations always running in TBB mode even if not used 
for the primary project

• Idle stations should only be switched off if technically required

• The system receives and handles TBB triggers 
• Logging of all the triggers (origin, actions performed, status)
• No abortion of TBB dumps at the end of an observation

• Until general solution is found: 
Compatibility to old system has to be preserved (COBALT compatibility)
• Granted access to stations
• Writing of parset files
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“Wishes” of CRKSP
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• Implement a “observer-friendly” way of allowing and scheduling TBB 
observations

• Allowing for multiple triggers of subsets of stations
(e.g. CR for superterp, FRATS for remote stations)

• Allowing combined LBA and HBA observations

• Allowing for different types of triggers from outside of LOFAR

• Implement subband-mode for TBBs

• Beamformed-data in parallel to imaging data (FRATS)

• Developing the NuMoon mode (pulse searches in beams on the moon)

• Making TBB observations with international stations possible
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Summary
• Cosmic ray observations performed routinely with no major problems
• Cosmic ray data-set delivers excellent results
• FRATS searches on the way

• Weather station installed, data-access needs to be enabled

• Generalization of TBB observations needs to be implemented
• TBB observations should no longer rely on expert knowledge and 

“private” scripts

• Details: 
TBB user requirements document 
(requirements for cosmic rays, 
fast radio transients, preliminary 
for future TBB users)

• Thanks to all the support from the ASTRON staff
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