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2160 CoREAS p-simulations:

Log(E) = [18.4,18.6, .., 20.0,20.2 ] eV
Azimuth = [0, 45, ..., 270, 315 ] deg
Zenith = [65.0, 67.5, ..., 82.5, 85.0 ] deg

Simulated observer positions on a star-shaped grid

Geomagnetic (geo) and Charge-excess (ce)
field decomposition*:
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Egeo (T 1) + costp Eee (7, 1)

Positions on the vxB-axis are excluded from the analysis
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*From “Simulation of radiation energy release in air showers”, JCAP, C. Glaser, M. Erdmann, J. R. Hérandel, T. Huege, J. Schulz




Log(Amp) [mV/m]

Log(Amp) [mV/m]

2.6% 1071

2.4% 1071

2.2x1071

2x10°!

1.8 x 1071

1.6x 1071

6x 100

5x 100

E = 1086 eV, 8 = 85 deg, ¢ = 45 deg
Simulated pulses at dgy = 123 m

reh = 1353 m
ST St e Wt e [\
Y ¢\ il \
f~| S~y | /
At L | /
\ONR '
\ I~ I
| Y.
N/ \\
Linear model
Quadratic model
L
e
~
\\\
3 7
N
~
Y
\\
L
\\
\\
.
b
w
3‘0 4‘0 5‘[) 6‘0 7‘0 EID

Frequency [MHz]

GEO and CE frequency spectra fitted separately in
the 30-80 MHz band, comparing the models*:

L=A.100—fo)mf
Q=A- 10()“—1”0)T'T’Lf-l-(f—fo)2 mfa

*Models as described in: “Reconstructing the cosmic-ray energy from the radio
signal measured in one single station” (JCAP) - C. Welling, C. Glaser, A. Nelles
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@ Flattening of the spectrum around Cherenkov radius
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Frequency slope mf footprint
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Parameterization of the slope mf
and the quadratic term mf2, as a
function of dmax

Previous works about the spectral
slope exploit second-order
dependence of Xmax

(F. Canfora, S. Jansen)

This work can be used in reconstruction
tools to better constrain the geometry
(e.g. the core)

Above about 2 Cherenkov radii, thinning
becomes relevant
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Stations above r = 2 are excluded from the analysis,

withr = dg/re,
after applying (see backup slide):

1. core refraction displacement correction
2. early-late (el) correction of the distance

Example: slope lateral distribution for fixed zenith angle
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GEOMAGNETIC COMPONENT

Quadratic Model

O = A . 10U—F) mf+(f—fo) mFz

14



Function used to parameterize the slope:

*[-exp(BE*(r—r0))+AZz*exp(—c* (r—r0)™2)]

5 parameters, to be parameterized as a function of dmax

Distributions from individual shower free fits
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4 parameters left

*[—exp(BE*(r-r0))+
+ AZ*np.exp(—c*(r—r0)**2)]
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mf[1/MHz]

Full param. Function!
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Full param. Function!

@ The quadratic term mf2 shows a similar trend as the slope 0.00005.
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CHARGE-EXCESS COMPONENT

Linear Model

L= A.10—fomf
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*[—exp(

(- vexp (=¥ (-

))+

y*2)]

4 Same function can be used to parameterize also the CE slope
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Conclusions

The quadratic model describes better the geomagnetic spectrum

Parameterizations for geomagnetic slope and quadratic term were found

The charge-excess spectrum can be described by a linear model

¢ ¢ ¢ o

Parameterization for charge-excess slope was found

4

Given zenith angle, xmax and antenna position, the slope and quadratic term can be analytically
calculated and exploited in reconstruction algorithm to better constrain the geometry

4@ GAP note soon available
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¥ Wider frequencies regions:
- linear model inadequate
- quadratic model significant better

€ An additional correction, not only quadratic, could be needed (see two curvatures)
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“Reconstructing the cosmic-ray energy from the radio sienal measured in one single station”, C. Welling, C. Glaser, A. Nelles

()= 4

) 10/ mr+(F=80MH2)%np oo (A 5)

Quadratic correction of a broader frequency bandwidth (80 — 300 MHz — ARTANNA) shows interesting features
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Positive quadratic correction
identifies signals measured
outside the Cherenkov ring,
negative otherwise



_ _ _ Example: slope lateral distribution for fixed zenith angle
With larger distances, the scatter increases due to

(13 > > »
early-lateness (“splitting” feature) 0.00 300
.
1. core refraction displacement correction* —0.01
2. early-late (el) correction of the distance**
—0.02 200
= —0.03
% Shower Plane R, = g
PPt ~ r100 o5
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€ Above about 2 Cherenkov radii, also thinning o
becomes relevant
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ET L20
@ Stations above r = 2 are excluded from the analysis, = —5010 ,
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L—20
* “Refractive displacement of the radio-emission footprint of inclined air —0.020
showers simulated with COREAS” - F. Schliter, M. Gottowik, T. Huege, J. Rautenberg e
** “A Rotationally Symmetric Lateral Distribution Function for Radio Emission
0.0 0.5 1.0 1.5 2.0

from Inclined Air Showers” - T. Huege, L. Brenk, F. Schluter
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4@ The CE quadratic term can just be set to zero
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QUAD. TERM: GEO component

A*[—exp(B*(r—r0))+ A2*exp(—c* (r—r0)**2)] ‘ Fit having all 5 free parameters

No statistical errors

Initial guesses: A, B,A2,c,r0 = 0.000015, 0.8, 0.8, 1.35, 1.3 Parameters distribution as a function of dmax
Fit bounds A, B, A2, c, r0, B/c: Number of total outliers: 22
(0, 0.0006), (0, 2.0), (0.6, 1.5), (0, 3.0), (0, 2.0), (0, 2.0) 0.0004 L5
0.0003 - ol & o,
< 0.0002 4 ? : oy - | it % ’ -
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825: 0 E1.504'm ) S v : : : - A
85.0: 0 s TRE S ¢ - ”‘ﬁ);ﬁ K F e -
& Athigher zeniths, the parameters x| )
. . . “ . . ’, . . 14 )
distribution shows a “splitting”, which is N e e e I L R R R R
not related to any of the shower parameter R R



QUAD. TERM: GEO component & opposite examples

Shower haVing 85.0 deg Zenith angle (SIM008700) - Fit having all 5 free parameters

No statistical errors free fit
Err=0.01*y max+ 0.03*y

0.0001
0.0000 — 0.0000 } —
g '—r‘\\ NOREDSS o o H—\\\,\
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A2: 0.758294 A2: 0.707670
C: 1.3667073 C: 0.8200283

B: 1.12834490 B: 0.9895646



QUAD. TERM: GEO component & opposite examples

Shower haVing 85.0 deg Zenith angle (SIMO]_S]_OZ) - Fit having all 5 free parameters

No statistical errors free fit
Err=0.01*y max+ 0.03*y

0.0000 oy .
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< \ = \I
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A2: 0.8376234 A2:0.7235978
C: 2.35153833 C: 0.90286494

B: 1.089889801 B: 1.01317462



QUAD. TERM: GEO component & opposite examples

—— geo component  ==- Quadratic model
——- Linear model
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2 of previous slide
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QUAD. TERM: GEO component

A*[—exp(B*(r—r0))+ A2*exp(—c* (r—r0)**2)] ‘ Fit having all 5 free parameters

Including uncertainties Err = 0.001 %y max + 0.001L "y

Initial guesses: A, B,A2,c,r0 = 0.000015, 0.8, 0.8, 1.35, 1.3 Parameters distribution as a function of dmax
Fit bounds A . B.A2 .c . 0. B/c: Number of total outliers: 625
(0, 0.0006), (0, 2.0), (0.6, 1.5), (0, 3.0), (0, 2.0), (0, 2.0)
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QUAD. TERM: GEO component

0 =65.0 [deg] - geo
(Imr(a=b=0.001)| - [mr(a=b=0.01)|) / |m(a=b=0.001)|
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Spectra fit & errors scaling

X’/ DoF =1
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X?/DoF

Reduced Chi2 distribution scaling the data errors
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X*IDoF

X2/DoF

X?IDoF

Reduced Chi2 distribution scaling the data errors
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Reduced Chi2 distribution scaling the data errors

85 deg, CE

6 = 85.0 [deg] ce
a=0.05, b=0.01
150
6 =85.0[deg] - ce | I 6 =85.0[deg] - ce
a = 0.005, b=0.001 125 [ a=0.25, b=0.10
20.0 I ‘ oo | il 1.50
s 075 125
8
15.0 = s i l Loo
k1
ki
125 025 I E 0.75
0.0 000 T o0s0 "'
025 B
000 025 050 075 100 125 150 175 200
dulte i
6 =85.0 [deg] - ce
a=0.05, b=0.05
25 35 -025
025 050 075 100 125 150 175 200 6 =85.0 [deg] - ce 0 000 025 050 075 100 125 150 175 200
4 a=0.03, b=0.001 25 e /e
ler / 1
175 20 _ .
0=850[deg] - ce g 0 020
a=0.01, b=0.001 15.0+ w18 =Y., D=0,
150
10
175 125 § ]
05 e L 125
3 10.0 00 H[l“ oo
125 ~ 75 000 025 050 075 100 125 150 175 2.0
dalre L 075
s
100 501 1 8
§ ¥ 6=850[deg] - ce w050
e 25 [ i a=0.01, b=0.01 i
1 | i L 4 141 H 0.25 { E‘ 3
L i I ¢
> 007 ‘ J ' M 2 0.0 1 Ilﬂﬁ% R 5 5 =
000 025 050 075 100 125 150 175 200
25 10
et / 1 —-0.25
s 8
025 050 075 100 125 150 175  2.00 é . 000 025 050 075 100 125 150 175  2.0¢
et/ e et/ e
‘ 9 =85.0[deg] - ce
2 a=0.20, b=0.05
6 =85.0 [deg] - ce 1 150
a=0.05 b=0.001 o
10 000 035 050 075 100 125 150 175 200 1251
dulre
0=850[deg] - ce 1.001
8 a=0.01, b=0.005
145
y 075
12 Ng
° = 050+
10 i
L 000 gaEne + s bt o
2 R ’ [ 1 , 4 0.25
t E.I ;, 1l ; ? i P iLg i | l l{ l [ N 000 025 050 075 100 125 150 175  2.00
¥ "
0 1 I ey /1
ol
000 025 050 075 100 125 150 L75 200 oo o5 nio L e 1 e




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43

