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The Auger Engineering Radio Array

153 radio antenna stations spread over 17 km?2in
the Argentinean pampa

Sensitive to the frequency range of 30 to 80 MHz

Located within the particle detector array and in

the field of view of fluorescence telescopes of the
Pierre Auger Observatory

E.
;100
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§ 50 polarisation East
k=2 ;
n ol
-50
- Signal measured by polarisstion North
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C. Glaser
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Radio emission from extensive air showers

e Geomagnetic:
o e and e separationin
the Earth magnetic field
o radiation linearly
polarized in the direction
of the Lorentz force

longitudinal charge
imbalance

radiation radially
polarized towards the
shower axis

Fabrizia Canfora

Y 'e - shower axis
' vxB
-
& e .o \
magnetic field 8

I
+ shower
plane

ARENA - Catania 12.06.2018



Radio emission from extensive air showers

Geomagnetic:
o e and e separationin
the Earth magnetic field
o radiation linearly
polarized in the direction
of the Lorentz force

longitudinal charge
imbalance

radiation radially
polarized towards the
shower axis

Fabrizia Canfora
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Mass composition techniques

Peak of the Hilbert
envelope

Signal measured by
a radio station

polarisation East

polarisation North

700

1. X . fromthe energy
density footprint

1
:

D3a.4p Hun uad
ABaaua uonpipoy

Fabrizia Canfora
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Xma from the arrival
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Xmax from the energy density footprint

a. subtraction of two gaussians

b. description of the geomagnetic
and charge excess mechanisms

Proton-like
shower

Iron-like
shower

max

I_ footprint ® '
width footprint |
width
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Xmax from the energy density footprint
1.a

CoREAS Simulations

a. subtraction of two gaussians
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Parametrization of the energy density distribution:

CoREAS Simulations
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Xmax from the energy density footprint

1.b

Parametrization of the energy density distribution:

b. description of the geomagnetic and charge excess mechanisms
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Xmax from the energy density footprint

1.a

Fabrizia Canfora

Parametrization of the energy density distribution:

b. description of the geomagnetic and charge excess mechanisms
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Xmax from the energy density footprint

1b Parametrization of the energy density distribution:

b. description of the geomagnetic and charge excess mechanisms
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Xmax from the energy density footprint
Auger Fd-Rd hybrid data

subtraction of two gaussians
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Xmax from the spectral information

CoREAS Simulations
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Xmax from the spectral information
2.

FD-RD X comparison for 3 events

Spectral index b as function of the the
distance to the shower maximum

The grey line is the best prediction line
obtained using X >
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Xmax from the arrival time fit
3.

The arrival time distribution of the radio signal can be well described by a hyperbola

o OMSE

\
\

Distance to shower maximum as a

The angle p of the asymptotic cone of function of the cone opening angle p for
the hyperbola depends on X _ the MC dataset
The dashed line shows the polynomial
function fitted on the profile distribution

Q.Dorosti arXiv:1705.06230
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Xmax from the arrival time fit

Fabrizia Canfora

FD-RD X comparison for 3 events
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Three independent methods under investigations

1. X___ from the energy

max

density footprint

The width of the footprint is
correlated to the distance to
X

max’
Footprint parametrizations:

Q. subtraction of two
gaussians

b. geomagnetic and
charge excess
mechanisms

2. X___ from spectral

max
information

The spectral slope of radio
signals depends on X .
Cosmic rays that interact
high in the atmosphere have
a shorter pulse and a lower
spectral slope.

3. X__ from the arrival

max

time fit

Arrival time measurements
can be used to study the
longitudinal shower
development.

The opening angle of the
hyperbolic wavefront is
sensitive to X __

X.

The results of these analysis can be combined to obtain a mass composition
reconstruction that uses all the information in the detected radio signal

Fabrizia Canfora

ARENA - Catania 12.06.2018

16




Fabrizia Canfora ARENA - Catania 12.06.2018 17



Energy density

pulse maximum east-west
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£ o " — vertical
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Energy density parametrization - two Gaussians

l.a Parametrization of the energy density distribution:

a. subtraction of two gaussians

_(F+C1'EVXB_FCOW)2 _C XD _(F+C2'_éVxB_Fcore)2
0

u(7)=A- exp

_ con v b bevea by T B I AR AR A —
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2 2
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Nelles et al., Astropart. Phys. 60, 13 (2015) e a
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Energy density parametrization - Geo and Ce

1.b

Parametrization of the energy density distribution:

b. description of the geomagnetic and charge excess mechanisms

Geomagnetic

f _ p(r) ,
ﬁE;’;eo exp (— (bﬁ‘:;) if Rgeo <0
fgeo — < | / r—Rgeo p(r r+Rgeo r )
| NR+ Egeo [exp (_ (\/icgeo) ) T exp (— (\/icgeo> )] lf Rgeo - O
1 — P (k41
Jee(r) = Eéerkexp £ 1;) )
ce p(r)cte

(V[ Fgeo(T

fﬁx(ﬁxé) = sin’ @\ fee(r)

fq’;’xg -

Total energy

f="Fax T fox@xb
density (7% B) x(9xB)

¢ = arctan 2(y, x)
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Polarization

-2 _,
134 has only VxB
component

position in vx(VxB)-direction [m]

Geomagnetic

B)-direction [m]

-
VX
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Xmax from the energy density footprint

Parametrization of the energy density distribution:

b. description of the geomagnetic and charge excess mechanisms

Energy density distribution
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Shape of the energy density distribution

1b Parametrization of the energy density distribution:

b. description of the geomagnetic and charge excess mechanisms

(A) that hit ground before emitting most radiation energy
(B) that hit ground shortly after emitting all radiation energy

(O) that have Iorge distances between the ground and the air-shower development

| C. Glaser
: arXiv:1806.03620
1 [astro_ph.HE]
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Spectral index parametrization

1 10bG(V+_V0) +f((Dobs)R . 10bc(V+_Vo)
by = logm be(v_—vg) el
vy —V_ 10%60-=%0) + f(Dyp,)R - 1080~

where bG and bc'

2 p
ith b x 10% = _
Ze; )(ch'x 1 4+ exp(—y * Dax/1km) P
,/ B and y are functions of the distance to the shower
/ Dmox axis d
A 2
/

R is the ratio between the scale parameter A_/A_

f(P,,)=cos®_ in the VxB direction

0}0
core i
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Spectral index parametrization

Geomagnetic contribution Charge-excess contribution -
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