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e Ultra-high-energy cosmic rays and extensive air showers
e Radio emission from extensive air showers
e Pierre Auger Observatory & Auger Engineering Radio Array

e Cosmic-ray composition techniques based on radio detection
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Ultra-high-energy cosmic rays

Fabrizia Canfora

ot
<

10

IEFELEEEEEEEERE R SRR E 'I LD B I IR R
&
X

dijf_erentialﬂux] [m2sr'lGeV-1s
o —
i o

[

=
—
w

o
>

10°

10-22

102

108

+ <«— (1 particle m~ per second)

%

ankle

(1 particle km™per year) ——» ‘;;.

(1 particle m” per year)

(1 particle km™ per century) ——3» L»_‘;

:|.|J.|.|.||| llllI,IJ lllllull llllI,ILI llllu,ul Jllll],d lJllI,I,IILLLumII lllll],lll HJJLLII [llll,ll,ll L LU

knee

> s,

10> 102 10" 10" 10" 10™ 10" 10'® 10V 10'® 10" 20®

NNV - Lunteren 02.11.2018

energy E [eV]

Ultra-high-energy cosmic rays
1 particle km™ per century—
Large area detector
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Extensive qir shower
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v shower front
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Charge?

Energy?

Arrival direction?

Fluorescence light
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Radio signals <
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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
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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
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The Pierre Auger Observatory

Ultra-high-energy cosmic rays Detector
Sensitive to cosmic rays above 10" eV

Located in the Argentinean pampa

\ Hybrid detector: combine independent
FENTRENN detection methods

cccccc

ooooooooooooooooooo

- 27 fluorescence telescopes (FD)

.
ooooooo

- 1660 particle detectors (SD)

- 153 antennas for radio detection
(Auger Engineering Radio Array) ~17 km?

/! El Salitral-F
1 J Virgen del (
- Pto; ':n

8. Bornlind.. El Salitral-F

Surface area of about 3000 km?
~ 30 times Paris
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The Pierre Auger Observatory

Ultra-high-energy cosmic rays Detector
Sensitive to cosmic rays above 10" eV

Located in the Argentinean pampa

Hybrid detector: combine independent
detection methods

- 27 fluorescence telescopes (FD)
- 1660 particle detectors (SD)

- 153 antennas for radio detection
(Auger Engineering Radio Array) ~17 km?

Surface area of about 3000 km?
~ 30 times Paris
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The Pierre Auger Observatory

Ultra-high-energy cosmic rays Detector
Sensitive to cosmic rays above 10" eV

Located in the Argentinean pampa

Hybrid detector: combine independent
detection methods

- 27 fluorescence telescopes (FD)
- 1660 particle detectors (SD)

- 153 antennas for radio detection
(Auger Engineering Radio Array) ~17 km?

RIERT=E A

Surface area of about 3000 km?
~ 30 times Paris
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The Pierre Auger Observatory

Ultra-high-energy cosmic rays Detector
Sensitive to cosmic rays above 10" eV

Located in the Argentinean pampa

Hybrid detector: combine independent
detection methods

- 27 fluorescence telescopes (FD)

- 1660 particle detectors (SD) +
Scintillator Surface Detector (SSD)
(Auger Upgrade)

- 153 antennas for radio detection
(Auger Engineering Radio Array) ~17 km?

Surface area of about 3000 km?
~ 30 times Paris

Fabrizia Canfora NNV - Lunteren 02.11.2018 1



The Pierre Auger Observatory

Ultra-high-energy cosmic rays Detector
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Located in the Argentinean pampa
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The Pierre Auger Observatory

Ultra-high-energy cosmic rays Detector
Sensitive to cosmic rays above 10" eV

Located in the Argentinean pampa

Hybrid detector: combine independent
detection methods

- 27 fluorescence telescopes (FD)
- 1660 particle detectors (SD)

- 153 antennas for radio detection
(Auger Engineering Radio Array) ~17 km
+ antenna on top of each particle
detector — 1660 antennas (Auger

9 Upgrade)

2

Surface area of about 3000 km
~ 30 times Paris

Fabrizia Canfora NNV - Lunteren 02.11.2018 13



Cosmic rays mass composition

Lighter nuclei interact deeper in the atmosphere

X o dtmospheric depth where the number of charged particles is the largest

FD measurements
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Xmax from the radio signal
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density footprint
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Xmax from the energy density footprint

description of the geomagnetic

and

Proton-like
shower

Fabrizia Canfora
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Xmax from the energy density footprint

Parametrization of the energy density distribution:

description of the geomagnetic and charge excess mechanisms

CoREAS simulation with a star-shaped antenna alignment in the shower plonerTB)-vxvx

Fabrizia Canfora
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Xmax from the energy density footprint

1 Parametrization of the energy density distribution:

description of the geomagnetic and charge excess mechanisms

Iron E=10 EeV 6= 60" X __ = 679 g/cm?
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Xmax from the energy density footprint
Auger FD-RD hybrid data
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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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Two independent methods under investigations

1. X___ from the energy 2. X__ from spectral

max max

density footprint information

The shape of the footprint is
correlated to the distance to The spectral slope of radio

X o signals depends on X .

Cosmic rays that interact

Footprint parametrizations: high in the atmosphere have
a shorter pulse and a lower
geomagnetic and spectral slope.

charge excess
mechanisms

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 NNV - Lunteren 02.11.2018 22



Fabrizia Canfora NNV - Lunteren 02.11.2018 23



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.
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n ol
-50
- Signal measured by polarisstion North
a radio station
-150 AR S I | e | r | PR g oo L
700 800 900 1000 1100 1200 1300
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C. Glaser
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Energy density
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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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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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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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Xmax from the energy density footprint

1 Parametrization of the energy density distribution:

description of the geomagnetic and charge excess mechanisms
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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
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Spectral index parametrization

Geomagnetic contribution Charge-excess contribution -
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