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high energy particles
dominated by atomic nuclei

similar in composition to
solar system

broad range in flux and
energy
different energy regimes:

<1077 eV modulated by solar wind
<5*10714 eV direct detection possible
> 5*10714 eV indirect detection

(air showers)
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Air Showers Nilmegen =\

high energetic cosmic rays interact withoxm- s
nuclei in the atmosphere i |

In a cascade many secondary particlesiskm .

& Detection: Radboud
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emerge
few meters thick 10km[~ 7
up to kilometers wide i 1
classical detection methods: Skm[~ .
air fluorescence -
. Okm |l m [ v I m vy sl vy L m |
particle detector arrays -5000m 2000m  Om  2000m 5000m

these cascades also emit radio waves
coherent emission produces short (<10 ns) radio pulses.
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Huege, Ulrich, Engel, Astroparticle Physics 2008
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Air Showers
broad-band, short time pulse (~10ns)
random arrival times and directions
need to trigger on events
can ignore (man made) pulses from the horizon
limited illuminated area on the ground
depending on primary energy
curvature of radio front a . , nctined 0 LeY afr shower
imilar (but not identical) t ' i
swmar( u np identical) p %{7\/\ | B
point source in few km height | fﬁ% |

coincident with other air shower
signs

e.g. particle front field stengh

“ImV/imMHz |

50 km
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prototype of a LOFAR station
set up inside an air shower array
frequency range of 40-80 MHz
triggered by particle detectors

detection of air showers with LOFAR
technology

Muon Tracking Detector
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LOPES Results :;;:;:;s;ya
INC*

parameterization of
the pulse height

effect of (on?)
thunderstorms ——

log(Primary Energy/GeV)

lateral distribution ¢__, . = A«(1+B-cos o) *cos e A=109+1.1

B=1.16 + 0.02
comparison with exp(-R/Ro)*(E/ 1077eV)" R 3021 6am
simulations

log(Radio Pulse Height)
0.2 04 0.6 0.8

[uV/ m MHz ] y=0.94 +0.03

13



Radboud

LOPES Results :;}gggﬁya
INC*

parameterization of

the pulse height L T S
effect of (on?) < o ety
thunderstorms Sol 11 i
lateral distribution g

comparison with o [ . |
simulations ° 0204 08

1—cos(Geomagnetic Angle)

14



Radboud

LOPES Results :ggggs;ya
INC*

parameterization of
the pulse height

effect of (on?)

€0 =14.74 + 0.71 pV/m/MHz

thunderstorms : R, 27492274 m

k= -0.46+ 0.16

lateral distribution
comparison with

10 Mg -

field strength € [uV/m/MHz]

simulations ] )
| E.=1.8410"eV
0 =302.5]
6 =28.04

1lIIIIIIIIIlllllIIIIIIIIIIIlIIIIIlIIIIlIIIIIIIl
0 20 40 60 80 100 120 140 160 180 200 220

distance R [m]

15



Radboud
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parameterization of
the pulse height
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designed as an astronomical telescope not an air
shower detector:

“small” stations with lots of antennas in a
area

different baselines between stations

consequences.
low effective area for the number of antennas
high sensitivity
very good calibration |
this makes LOFAR an unique tool to study air showers:
Develop the method (triggering, reconstruction)

Understand the emission process (polarization, lateral
distribution, spectrum, curvature)
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G. trigger External trigger

(from RCU) Detection  Trigger Store /Read-out
antenna control control

3

data COMPENSATE
CABLE LENGTH
DIFFERENCES

SEPARATE
SUBBANDS

Subband
data

Receiver band
data

(to CEP)
Transient
uffer data

select
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TBB hard- and firmware is working and stable

TBB DAQ software:

scripts for setup and simultaneous dumping of data
partly integrated into general DAQ system

first radio triggered data available

Interface to calibration data still missing

analysis software:
several modules done (e.g. read-in, skymapper)
algorithm development in Python

analysis with custom made C++ applications or Python

scripts
22



\\ Ragbougl - )
S LBA All Sky Map  giversios 958
MiNe<©

30-85 Mhz, 5 ms integration time
CS302

43 dipoles

‘ 5
L BA-INNER '(

ez

ﬁji‘% '

-

N

A




| ' Radboud
@ LOFAR Trlggerlng U;iveor:ity,g ?:3
(not yet on air showers) ™9 %, W&
CS021 32ch, Sat JggﬂlZ 14:42:07 2010 1:' T '- =

L-QI;AF{‘"#"
Opening

s

180°

270°



& - LOFAR Oniversity? 1 ¢
Triggered Pulse  ™™9*" %\
a0

ch
o

Elevation [deq]
N B
= =

o

0 50 100 150 200 250 300 350
Azimuth [deg]

25



Radboud
OFAR AERA University? &) &
(RadiO@Auger) Nijmegen ﬂ%mee&?

= 20 km? array at Auger

“ operation together with other ———
extensions Sy

= System integration done in
Nijmegen

Auger Engineering Radio Array

SERR
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cosmic ray air showers emit ultrashort radio
oulses

_OPES was the first experiment in what now
nas become an “industry”

_OFAR will give high precision information
about the radio properties of air showers

pinpoint the emission mechanism
identify the primary particles of air showers

this makes LOFAR complimentary to large scale
radio efforts
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