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What is in an air shower?

Top of atmosphere
(~ 35 km)
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What is in an air shower?
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RFI makes triggering on radio
pulses in real time tricky!
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Cosmic rays detection at LOFAR

Particle detector for
triggering

Low band (30-80 MHz

e 2%
vl ST

Wik,

|

B Existing scintillator

~ New scintillator

) LOFAR Superterp P. Schellart et al., A&A 560, 98 (2013)
LOFAR Core station

CR event ——>  particle trigger — radio buffer readout —— offline analysis
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The particle detectors

ﬁ detector box

scintillator

wavelength shifter

& \%ﬁ% UPM1.5

Detector in the field 98 cm Inside the box
PMT ~ 1 kV
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The particle detectors
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* recycled at LOFAR
* Recycled again for the LORA upgrade
* Recycled AGAIN for SKA...

F. G. Schréder, PoS(ICRC2019)030
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LORA operations
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Trigger conditions (12/20 detectors):

 We mostly want showers >1016.5 gV
(strong radio signal)

 We want to avoid low energy
showers which are 1000s times

Mmore Nnumerous



LORA event reconstruction
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LORA event reconstruction

Arrival time : direction
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Deposited energy

100

4]
o
I I 1 |

A
]
] i
E =
= i
o 0 :
< |
0 i
o I o
i
= o =
=100 nl . &
B [ |
g 50” | | | .| | | I
-150 -100 -50 0 50 100 150

Meters (East) ——>

Lateral distribution of particles: energy, core
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LORA Upgrade - 2019

* Added 20 more particle detectors to surrounding
stations- allows us to trigger on more optimal events
* New electronics with more sustainable parts

e Detector calibration

* Rewritten central station software - flexible triggering

e In-field calibration - better event construction
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Coax cables for signal and HV
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New digitizers
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LORA Upgrade -
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Detectors with spatial resolution

Data from KIT muon tower
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Potential extensions - hybrid trigger

 Radio only triggering is difficult due to RFl, particle detector ensures a cosmic-ray event

 We want to go to lower energies, but we have to keep the trigger threshold high enough not to overwhelm the

system, only trigger on usable radio events

* Relaxed particle detector trigger + radio information = ideal trigger conditions

10! ,
-o all events
good radio events
” >
< | e
10 . n
N
T "
N R
O 10° '
e
© 1 / hour
S
>
-4 Se
S
—
..
\.\
)
107 .

# LORA detectors for a trigger

Bias-free detection
down to 10162 eV

K. Mulrey - LFM 2025

10

20

Current detection
criteria

log(FLUX m?s'sr'ev’)

'
-
o

Balioon and
» Satellite experiments
oA [ —>EAS experiments
."
- » ticle onl
(N particie onily
\ particle+radio

I N

25 |- Knee
.¢.°

-30 = 2nd Knge

I Ankle E |
35 /,,i

I speculatdd GZK cutoff TH

14!]llllllllllllllLllllJlLlllLllllllljllll‘ LAILL
1

12 13 14 15 16 17 18 19 20 21
Log (cosmic ray energy)

Power spectrum [ a.u. ]

online firmware trigger

zoo-MW/\M mww
y A \ VU

0 20 40 60 80 100
Frequency [ MHz ]

/ Cosmic ray \/ RFI rejection

\/ Good signal J Reduced bias

13



Potential extensions - particle separation?
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Top of atmosphere

(~ 35 km)

 Muon / electron separation important for serious

event reconstruction with particle detectors

 Information about hadronic interaction models

Absorber
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Questions?
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