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5 Event selection

5.1 Events selected from the radio setup

5.1.1 Overview of the data taking

Using the first-generation radio setup that was described in Chapter 4, data 

was collected for a little over a year: from April  29, 2007 until  May 26, 2008. 

During this period, various changes were made to the configuration of the setup; 

these are listed in Table 5.1.

It  was  mentioned  before  that  the  filter  configuration  was  changed  several 

times, and that the configuration “SHP-25 + SHP-25 + SLP-70 + SLP-70” has 

been used most of the time, for 11 out of 13 months of data taking. The most 

significant change in the antenna configuration is the replacement of the wire-

LPDA by a LOFAR antenna after one month of data taking. Therefore the antenna 

setup has been rather stable as well, with the “LPDA, LPDA, LOFAR” configuration 

in use for 12 of the 13 months.

Although  the  setup  has  been  in  use  for  about  13  months,  it  did  not 

continuously gather data during this time. Possible reasons for this are:

■ DAQ disabled during on-site maintenance;

■ loss of AC power;

■ malfunction of DAQ hardware / software.

Additionally, the data of antennas 1 and 3 for the period April 14, 2008 - May 

12, 2008 has been lost due to the theft of a laptop. The corresponding data for 

antenna 2 had been backed up, however for the data from antennas 1 and 3 

there was no backup.
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date activity

configuration

antennas

(1, 2, 3 resp.)

filters

(in order)

28-04-2007 initial installation
LPDA, LPDA, 

wire-LPDA

SHP-25 SHP-25

SLP-70 SLP-70

01-05-2007 remove LPDA2 from DAQ
LPDA, none, 

wire-LPDA

SHP-25 SHP-25

SLP-70 SLP-70

02-05-2007 add LPDA2 to DAQ
LPDA, LPDA, 

wire-LPDA

SHP-25 SHP-25

SLP-70 SLP-70

12-05-2007
removed one SLP filter from 

scope 3 channel 2

LPDA, LPDA, 

wire-LPDA

SHP-25 SHP-25

SLP-70 SLP-70 *

16-05-2007 change filters
LPDA, LPDA, 

wire-LPDA

SHP-25 SBP-60

SLP-70

17-05-2007 change filters
LPDA, LPDA, 

wire-LPDA
SBP-60 SLP-70

24-05-2007 remove wire-LPDA, install LOFAR
LPDA, LPDA, 

LOFAR
SBP-60 SLP-70

28-05-2007
replace SBP-60 with SBP-30 on 

EW-arms

LPDA, LPDA, 

LOFAR

NS: SBP-60 SLP-70 

EW: SBP-30 SLP-70

30-05-2007 put back the SBP-60 filters
LPDA, LPDA, 

LOFAR
SBP-60 SLP-70

20-07-2007 change filters
LPDA, LPDA, 

LOFAR

SHP-25 SHP-25

SLP-70 SLP-70

20-08-2007
on scope 1 channel 1, a filter 

that gave no signal was repaired

LPDA, LPDA, 

LOFAR

SHP-25 SHP-25

SLP-70 SLP-70

08-04-2008
change filters, only on scope 2 

(SHP-25 SBP-60 SLP-70)

LPDA, LPDA, 

LOFAR

SHP-25 SHP-25

SLP-70 SLP-70 *

13-04-2008
change filters back to SHP-25 

and SLP-70 combination

LPDA, LPDA, 

LOFAR

SHP-25 SHP-25

SLP-70 SLP-70

12-05-2008
end data taking antennas 1 and 

3 (transit to MAXIMA)
-, LPDA, -

SHP-25 SHP-25

SLP-70 SLP-70

19-05-2008 change filters on scope 2 -, LPDA, -
SHP-25 SBP-60

SLP-70

26-05-2008
end data taking antenna 2 

(transit to MAXIMA)
-, -, - -

Table 5.1: Overview of changes made to the radio setup. An asterisk (*) indicates 
a slightly different configuration; see the associated description.
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To maximise the number of radio events in the dataset that we will analyse, we 

will not make any 'a priori' cuts on the data based on the filter and/or antenna 

configuration. Where needed, additional cuts will be made.

However, there are some data files that should be excluded at this point. Data 

that was taken while people were on-site, working on the setup or performing 

various tests, should be excluded. Sometimes the setup was used with a different 

trigger setting (not using the regular scintillator trigger); these files are excluded 

as well. Lists of the excluded files are given in Appendix A, in Tables A.1, A.2 and 

A.3.

5.1.2 Determination of good data-taking periods

Because of the frequent gaps in the data-taking period, we would like to have 

a list of the periods during which the radio setup was actually running properly. 

This is important when one wants to calculate the efficiency of the detector. For 

example, when the detector is not running due to a lack of AC power, air showers 

will not be registered. Not measuring these events is a problem of the detector, 

but not of the radio-detection technique.

We will refer to the period during which the radio setup was running properly 

as the uptime.

To calculate the uptime, we make use of the rate with which events have been 

registered by the setup, the trigger rate. This trigger rate has been calculated for 

each of the three antennas individually; time bins with a length of 5 minutes have 

been used. With the exception of the data files listed in Appendix A, all data has 

been used for this calculation. The calculated trigger rate is plotted in Figure 5.1.

Although many features can not be seen well due to the compression of the 

horizontal axis of the plot, it does give a good overview of the performance of 

the setup during the data-taking period. There is a large number of gaps during 

which no data has been measured, some of them lasting for more than a month. 

There are also several short periods with a much higher trigger rate. Additionally, 

the average trigger rate becomes permanently lower in November 2007; this can 

be explained by the replacement of the high-voltage unit that was powering the 

scintillators.
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Another feature that can be seen in  Figure 5.1 is that the trigger rate in July 

2007 was much lower than usual. During that period a problem with the hard- or 

software of the setup was causing an extremely long dead time. After the system 

was reset, normal data taking resumed.

To exclude data from periods during which the setup did not run well, e.g. July 

2007, we define the uptime of each antenna as the time during which the trigger 

rate was at least 0.05 Hz. Then, the uptime of the complete setup is defined as 

the time during which at least one antenna was running. In this way we have 

determined the good data-taking periods of the radio setup; see Figure 5.2.

The overall uptime of the setup during the data-taking period was 43 %. For 

antennas 1, 2 and 3, the uptimes were 32 %, 39 % and 33 % respectively.

An alternative, more stringent definition of the uptime of the complete setup 

would be to require that all three antennas were “up” (instead of only one). This 

would result  in the selection of  a smaller  set of higher-quality data.  In cases 
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Figure 5.1: Trigger rate for each of the three antennas. The dashed, horizontal 
line indicates the 0.05 Hz threshold.
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where  one  needs  data  from  all  three  antennas,  e.g.  for  a  three  dimensional 

reconstruction of the direction of the air shower, this would be a logical choice. 

However, because the amount of measured data is limited and because data from 

all three antennas is not strictly required for the analyses in this theses, we have 

chosen  to  use  the “at  least  one  antenna”  requirement.  The advantage  of  the 

higher uptime is 43 % versus 30 %.

For the analyses in this thesis we only consider data from the radio setup that 

was measured during the uptime. Other data is ignored. Additionally, this same 

cut is applied to the data from the Auger surface detector.

5.2 Events selected from the surface detector

We have created a list of events from the Auger surface detector (SD) that we 

will use to aid the analysis of the events from the radio setup. This list can be 

used to search for coincidences:  an extensive air-shower event that has been 
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Figure 5.2: The uptime in this plot indicates the time periods during which the 
radio setup was running properly. The combined uptime is the condition that at 

least one of the antennas was running.
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measured by both the SD and the radio setup.  For such coincidences,  the SD 

provides  us  with  very  useful  information  about  the  air  shower,  such  as  core 

position, arrival direction and primary energy. One may also use the list of SD 

events to determine which air-shower events were not seen by the radio setup. 

This can be used to calculate the efficiency of the radio setup.

To select the events on this list, we have made the following cuts on the data 

from the SD:

■ The event must have passed the CDAS trigger [81].  This  is  trivial;  else 

there would not have been any data.

■ The event must have passed the CDAS reconstruction. This implies that 

the event is a physical event that could be reconstructed.

■ The SD station that is nearest to our radio setup, called Olaia, must be one 

of the stations in the reconstructed event. Note that events elsewhere in 

the SD, with which Olaia was accidentally included due to a coincidence in 

time, are rejected. Also note that this cut on the selected station implies a 

hidden cut on the distance of the air shower.

■ The  event  must  take  place  during  the  uptime  of  the  radio  setup,  as 

determined in Section 5.1.2. This ensures that the radio setup was running 

properly.

The set of SD events that satisfy these criteria consists of 2,028 events. An 

overview of their properties is given in Section 6.1.

The  performance  and  operation  of  the  surface  detector  are  discussed  in 

[98, 79]. The number of SD stations that is operational at any time is typically 

more than 98.5 %.

5.3 Events coincident between radio and SD

Coincident  events,  or  coincidences,  are  events  that  have  been recorded by 

both  the  radio  setup  and  the  Auger  surface  detector.  Coincidences  can  be 

searched for by comparing the GPS timestamps of the events selected from the 

radio setup and the SD.
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In the radio setup, GPS timestamps have been attached to each event by the 

digitizers. This information is therefore available for each antenna individually. 

For the SD data, GPS timestamps are available from each individual SD station 

(i.e. water tank). These timestamps are used during the reconstruction in CDAS to 

determine the 'time of the event', which is the time that the core of the air shower 

hits the surface of the Earth. It is this time that was used in the comparison with 

the events from the radio setup.

In this analysis, the requirement for a coincidence is that the absolute value of 

the time difference    between radio  and SD events  is  not more than 10 μs. 

Therefore,  the  timestamps  of  the  SD  events  were  compared  with  the  GPS 

timestamps of the events from the radio setup, for each of the three antennas 

individually.

A  search  for  coincidences  was  performed  using  the  events  as  selected  in 

Sections  5.1 and  5.2. For each antenna, 0 coincidences were found. However, 

coincidences were found after adding 1 second to the timestamps of the radio 

setup. Similarly, a search where 2 seconds were added to the radio timestamps 

also yielded coincidences, while adding 3 seconds did not give any coincidences. 

These results have been summarized in Table 5.2.

The time difference between coincident radio and SD events has been plotted 

in  Figure 5.3 for  each of  the three antennas.  Each dot indicates  a  coincident 

event. A further analysis of the time difference between radio and SD events is 

presented in Section 7.2.
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GPS offset (s) antenna 1 antenna 2 antenna 3

0 0 0 0

1 208 259 221

2 140 175 141

3 0 0 0

total 348 434 362

Table 5.2: Number of events coincident between radio and SD, as a function of 
the GPS offset in seconds. The maximum allowed time difference   was set to 

10 μs.
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From these results, we can draw the following conclusions:

■ We  have  successfully  triggered  on  extensive  air  showers  using  the 

scintillator-based trigger.

■ There exists a fixed one second time difference between events from the 

radio setup and from the SD. The source of this offset is unknown.

■ Sometimes, an additional second is added to the timestamp of the radio 

setup. Whether or not this extra second is added can change from event to 

event; however usually it is stable for a few days. The problem was traced 

to a bug in the FPGA code of the digitizers and has been solved in newer 

versions of this code.
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Figure 5.3: The time difference between coincident radio and SD events. Each dot 
indicates a coincident event. No coincidences were found at =0s±10μs  or 

=3s±10μs .
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■ The expected number of accidental coincidences is small: between 0 and 

1. For GPS-offset values of 0 and 3, the number of accidental coincidences 

was  0  for  each  of  the  antennas.  The  same  value  may  reasonably  be 

expected  for  GPS-offset  values  of  1  and  2;  however  accidental 

coincidences can not be ruled out.

To perform an additional check on the number of accidental coincidences, a 

search  was  performed  where  the  maximum  allowed  time  difference    was 

100 μs  instead  of  10 μs;  i.e.  10 times  larger.  This  resulted  in  one  additional 

coincidence, seen in each of the three antennas. Taking into account the distance 

of the event, it was clear that this coincidence is purely accidental. The fact that 

only  one  accidental  was  found  within  the  90 μs  with  which  the  window  was 

enlarged, further strengthens the conclusion that the original window of 10 μs 

does not contain many accidental coincidences.

Alternatively,  a  rough estimate  of  the number  of  random coincidences  can 

easily  be  calculated.  For  this,  we  use  the  trigger  rate  of  the  radio  setup 

r radio≈0.3Hz and the trigger rate of the SD r SD . With the criteria of Section 5.2, 

2,028 events were measured in ~13 months, thus r SD≈6⋅10−5Hz . Then, the rate 

of  random  coincidences  is  r radio ,SD=2 r radio r SD≈3.6⋅10−10Hz .  The  number  of 

expected random coincidences during the ~13 months of data taking is therefore 

0.01.

For each of the three antennas, a total number of coincident events is listed in 

Table 5.2: 348, 434 and 362. Since these three numbers are not equal to each 

other, it can be concluded that some events were registered with only 1 or 2 

antennas  instead of  all  three.  This  of  course is  caused by  the uptime of  the 

individual antennas, as discussed in Section 5.1, and possibly also by the dead 

time of the digitizers. The number of coincident events for which the traces from 

at least one antenna were recorded, is 482.1

The analysis of the coincident events, i.e. radio measurements of cosmic-ray 

induced  air  showers,  will  be  discussed  in  Chapter 7.  In  Section 7.4,  “Pulse

1If  we  would  not  have  applied  the  cut  based  on  the  trigger  rate  as  described  in 
Section 5.1.2, the number of coincident events with traces from at least one antenna 
would have been 494. Due to this  trigger-rate  cut,  12 events were excluded.  These 
events were recorded between July 24 and August 5, 2007.
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detection”, a further cut on the data is made. In that section a selection is made 

between  events  in  which  air-shower-induced  radio  pulses  can  be  seen,  and 

events that don't show such a pulse.
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