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Shape of radio wavefront
® Radio emission generated during
shower development
® Radio wavefront # particle front
® Shape of radio wavefront?
® Sphere - static point source - no!
® Cone (approximately for d > 50 m)
® Hyperbola
® Correlation with shower parameters

B Sensitivity to shower maximum
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LOPES history

Apr 2003

LOPES 10

Feb 2005

LOPES 30

Dec 2006

LOPES Dual

May 2010 Jan 2013

LOPES 3D

~—

for this wavefront analysis

Y

talk on Wed. 11:50

® LOPES = radio extension of KASCADE particle array

® trigger and air-shower reconstruction for comparison

B LOPES started in 2003 as LOFAR prototype station

B stopped in 2013, but analysis still continues

@ Data will be made available publicly
B KASCACE Cosmic Ray Data Center (KCDC): https://kcdc.ikp.kit.edu/
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KASCADE
before LOPES

'

successful
common history

'

KASCADE
after LOPES
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Setup for Wavefront Analysis AT

Karlsrube Institute of Technelogy

B East-west aligned dipole antennas: 43-74 MHz
® 316 measured LOPES events: E > 10" eV, 0 < 45°
® 1 proton + 1 iron CoREAS simulation for each event
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Example event: LOPES and CoREAS -\S‘(IT
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Large measurement uncertainties = Use different method for measurements!
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Beamforming

® Digitally shift all traces in time by
distance to wavefront/ c

® 3-dimensional problem

® depends on
® wavefront shape
® shower axis

® relative time
(1 ns precise)

® but not on
® absolute time (t = 0)
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Digital radio interferometry -\X‘(IT

u After beamformig, cross-correlation for pulse identification
® only air shower radio pulse is correlated in all antennas

T T T T T T T T T T T T I lalk T T T T I T T T I T T T .[ —
KASCADE RFI I cross-correlation

total power

E | M |
>j. ,' | 1 i '\Iln:~ ‘] 4 1"' . II,'i ill\llll I !
E il »efw?*;v;%wj’%ﬁ

2.0 1.8 -1.6 14 2.0 -1.8 -1.6 14
timet[us] time t [ps]

8 09 June 2014, ARENA, Annapolis LOPES: Radio Wavefront frank.schroeder@kit.edu
Institut fiir Kernphysik, KIT Campus North



Comparison of wavefront shapes SKIT
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Clear evidence for hyperbola with sims ég.!

® Number of events with smallest y? for certain wavefront fit

8 11 144

E Sphere
B Cone

[ Hyperbola
CoREAS Proton CoREAS Iron
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Parameterization of hyperbola &‘(IT

hyperbolic
wavefront

7-"asymptotic
cone

ground — —

-_._._I.-l

-------- P b ~ few ns
e 0~ 1-2 °
shower plane
and parallel
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Offset parameter b &‘(IT

— CoREAS p
Mean -34
Std. dev. 2.3
40 t--] COREAS Fe
Mean - 3.8
Std. dev. 2.3
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offset b (ns)
—> Offset b fixed to -3 ns for better X, resolution!
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Cone angle p -\l‘("

% = s — LOPES
c = : : Mean  0.0210
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Measured correlation with shower age
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Correlation with X __. in simulations S‘(IT
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Correlation with zenith angle -\S‘(IT
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correlation after zenith correction -\3\‘("
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Reconstructed X
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Conclusion -\5‘("

B Shape of radio wavefront
® Hyperbola
® Cone: good approximation at large distances (d > 50 m)

B Sphere, i.e., point source at shower maximum: poor approximation

® Practical applicability
® Reconstruction of shower geometry
® Discrimination between air showers and disturbances
®m X__.:alsoin combination with independent lateral-slope method

max-*

—> Composition of primary cosmic rays
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Experimental indications for hyperbola &‘(“

40— = .
o - ;“‘I Mean of fitted Gaussian:
S 351 s T Spherical Beamforming
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Hyperbolic wavefront &‘(“

shower hyperbolic
axis wavefront

r,asymptotic
i cone
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antenna
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shower plane
and parallel
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Simulation: true vs. reconstructed X
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LOPES technical data ﬂ("

® Frequency range
® 40-80 MHz
® 80 MHz ADC sampling
(2" Nyquist domain)
® Trace length: 0.8 ms
® Radio pulse: ~ 0.1 us
—>Frequency resolution for
noise reduction
® Digital interferometer

® relative position accuracy
of 5 cm (differential GPS)

® relative timing accuracy
of ~1ns
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