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Inclined showers
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Data selection

LOPES dual polarization data 2007-2008 in correlation with 
KASCADE-Grande events

1. KASCADE-Grande data selection:
Zenith angle > 40⁰
Muon number > 106

Area cuts: −420 < Xcore < 50m, 
   −550 < Ycore < −30m

→ 8253 KASCADE- Grande events

2. Corresponding LOPES radio data 
→ 5582 events

ARENA 2010
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Antenna characteristics

LOPES antennas:
V-shape rods + metal pedestal

All included in the simulated 
model used in the processing

ARENA 2010
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Antenna characteristics

Amplification factor: 

V =
PM 

PR
=

4 r 
c


2 PM 

Gr  , ,Gt Pt cos
2


S. Nehls et al., NIM A, 589 (2008), 350-361
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Data processing

 Cross-correlation:
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Quality selection: 

CCheight /rmsCCbeam20

X height /CCheight=1±0.4

CCheight=CCheightEW

CCheight=CCheightNS

 CCheightEW /rmsCCbeamEW 
2
CC heightNS /rmsCCbeamNS

2
20

 EW or NS:

 EW + NS:

Errors:
   - muon number: 50% error (inclined events!),
   - geomagnetic angle: 0.6⁰ for direction,
   - core: 20 m,
   - radio error: 20% of pulse height as gain error + CC

height
 error and 

rmsCCbeam from pipeline.

ARENA 2010

Data analysis
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Data analysis

With pedestal: 5176 events, processed with output.
No pedestal: 5266 events, processed with output.
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Data analysis - correlations

ARENA 2010

=ct1∗∣v×B∣ct2 exp −R0

R   N 

106 
ct3

[
V

m MHz
]

=∣v×B∣,R ,N 

v = direction of incoming shower
= Earth's B-field at experiment location
= distance from antennas to shower axis
= number of muons in shower, estimator for E

p

B
R

→ iterative separation of parameters

N
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Data analysis – correlations, vxB

y=6.94±1.6 0.03±0.18∣v×B∣

y=4.02±1.50 0.53±0.50∣v×B∣

P=∣v×B∣=PEW
2 PNS

2

ARENA 2010

=∣v×B∣,R ,N 
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Data analysis – correlations, vxB

With pedestal No pedestal

ARENA 2010

y=2.58±1.801.08±0.30∣v×B∣EW  y=1.87±1.802.04±2.80∣v×B∣EW 

y=2.53±2.3 0.74±0.40∣v×B∣NS  y=3.12±2.501.00±2.30∣v×B∣NS 

PEW , NS=∣v×B∣EW , NS=∣v×B∣EW , NS , R , N
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Data analysis – correlations, distance

y=1.75±0.07−R /281.77±26.00 

y=1.93±0.08−R / 268.18±25.00

ARENA 2010

=∣v×B∣,R ,N  P=∣v×B∣=PEW
2 PNS

2
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Data analysis – correlations, distance

ARENA 2010

y=2.01±0.1−R /434.99±86.00 y=2.05±0.01−R/ 760.82±270.00 

y=1.73±0.09−R/ 411.33±70.00 y=2.03±0.09−R/ 600.76±160.00

With pedestal No pedestal

PEW , NS=∣v×B∣EW , NS=∣v×B∣EW , NS , R , N
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Data analysis – correlations, muon number

y=−4.90±0.320.93±0.05 lg N

y=−4.00±0.410.79±0.06 lg N

ARENA 2010

=∣v×B∣,R ,N  P=∣v×B∣=PEW
2 PNS

2
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Data analysis – correlations, muon  number

With pedestal No pedestal

ARENA 2010

y=−3.90±0.380.79±0.06 lg N y=−2.70±0.560.58±0.09 lg N

y=−3.40±0.360.70±0.06 lg N  y=−1.5±0.50.38±0.08lg N

PEW , NS=∣v×B∣EW , NS=∣v×B∣EW , NS , R , N
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Pulse height parametrization

EW , NS=2.82±0.21.03±0.18PEW
2
PNS

2
exp  −R

218.77±26.00  N 

106 
0.93±0.05

V
m MHz

EW , NS=3.21±0.400.53±0.50PEW
2

PNS
2
exp −R

268.18±25.00  N

106 
0.79±0.06

V
m MHz

Pulse height estimation, EW+NS polarizations:

- with pedestal

- no pedestal
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Pulse height parametrization

EW=3.8±1.6 1.08±0.3∣v×B∣exp  −R
434±86  N 

106 
0.79±0.06

V
m MHz

NS=4.25±0.41 0.74±0.40∣v×B∣exp −R
411±70  N

106 
0.71±0.06

V
m MHz

EW=2.97±1.90 2.04±2.80∣v×B∣exp  −R
760±270  N 

106 
0.58±0.09

V
m MHz

NS=1.37±1.021.00±2.3∣v×B∣exp  −R
600±160  N

106 
0.38±0.08

V
m MHz

Pulse height estimation EW and NS polarizations:
- with pedestal

- no pedestal
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Comparison with simplified geomagnetic model

data 40°-50°
data 50°-60°
data above 60°

PEW , NS=∣v×B∣EW , NS
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 Antenna gain from simulation used in amplification factor
 investigation of how changes in antenna model influence the results

 Investigation of the inclined shower
 

 Simplified geomagnetic model

Useful to look for inclined showers!

Conclusions
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Back-up
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Comparison with simplified geomagnetic model

data 40°-50°
data 50°-60°
data above 60°

P
NS

/P
EW

 40°
PNS/PEW 50°
PNS/PEW 60° 
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Comparison with simplified geomagnetic model

P
NS

/P
EW

 40°
PNS/PEW 50°
PNS/PEW 60° 

data 40°-50°
data 50°-60°
data above 60°



25

Comparison with simplified geomagnetic model

P
NS

/P
EW

 40°
PNS/PEW 50°
PNS/PEW 60° 

data 40°-50°
data 50°-60°
data above 60°
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Antenna characteristics

Amplification factor: 

V =
PM 

PR
=

4 r 
c


2 PM 

Gr  , ,Gt Pt cos
2


Gain of the LOPES antenna 
taken from simulation

S. Nehls et al., NIM A, 589 (2008), 350-361

ARENA 2010
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Data analysis – correlations, vxB

y=2.58±1.801.08±0.30∣v×B∣EW 

y=1.87±1.802.04±2.80∣v×B∣EW 

PEW

y=2.58±1.801.08±0.30∣v×B∣NS

y=1.87±1.802.04±2.80∣v×B∣NS 

PNS

ARENA 2010
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Data analysis – correlations, distance

y=2.01±0.1−R /434.99±86.00

y=2.05±0.01−R/ 760.82±270.00 

EW NS

y=1.73±0.09−R/ 411.33±70.00

y=2.03±0.09−R / 600.76±160.00

ARENA 2010
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Data analysis – correlations, muon  number

y=−3.90±0.380.79±0.06 lg N

y=−2.70±0.560.58±0.09 lg N

EW NS

y=−3.40±0.360.70±0.06 lg N 

y=−1.5±0.50.38±0.08lg N

ARENA 2010
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Antenna characteristics

ARENA 2010
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Comparison with simplified geomagnetic model
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Comparison with simplified geomagnetic model

data 40°-50°
data 50°-60°
data above 50°

P
NS

/P
EW

 40°
PNS/PEW 50°
PNS/PEW 60° 
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