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The Pierre Auger Observatory

e Located in Malargue, Argentina

e world’s largest cosmic ray detector (3000 km?2)
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The Pierre Auger Observatory

e Located in Malargue, Argentina

e world’s largest cosmic ray detector (3000 km?2)

e detection of air showers induced by cosmic rays
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The Pierre Auger Observatory

e Located in Malargue, Argentina

e world’s largest cosmic ray detector (3000 km?2)
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The Pierre Auger Observatory

e Located in Malargue, Argentina
e world’s largest cosmic ray detector (3000 km?2)

e detection of air showers induced by cosmic rays
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The Pierre Auger Observatory

e Located in Malargue, Argentina

e world’s largest cosmic ray detector (3000 km?2)

e detection of air showers induced by cosmic rays
E>101eV

e physics goals
e sources
e acceleration mechanisms
e origin of the cut-off
e mass composition

e 1660 Cerenkov tanks

e 4 fluorescence sites (27 telescopes)

e 153 radio stations

coincident measurements

Los Leone
0
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AERA
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AERA
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AERA

- Deployment and spacing: AERA_24 ‘
+ 2011: Phase | - 24 stations - 144 m 175_ L AC 3D prototypes o o o |
- 2013: Phase Il - 124 stations - 250 & 375 m | eRagen O YPes o 6 & ¢ o -
- 2015: Phase lll - 153 stations - 750 m : ]

N o ]
3 o E
N £LH OO ]
. N QOO O e Z
E ! 0 o090 -
= 15[ o000doo .
£ 5 ¢ o ]
L - i
5 B H N j
< B 1
14 - ]
13 -
X 7 \ : L “ I I Y Y | | I I Y I | | [N I Y Y I | | I I A | | I I Y I Y |
N L WL S “‘ -28 -27 -26 -25
“ butterfly antenna (i Fasting [km]

florian.gate @subatech.in2p3.fr ECRS - 2016 9



mailto:florian.gate@subatech.in2p3.fr?subject=

AERA

- Deployment and spacing: : .AERA_'Z 7
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Emission mechanisms

- Charge excess mechanism

Excess of negative charges
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Emission mechanisms

- Geomagnetic mechanism

Lorentz force applied to secondary particles

. o -
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Polarized in the direction of the Lorentz force
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Emission mechanisms =

- Total electric field

composition of the two effects

geomagnetic charge excess

+

—
v N\ B

leads to asymmetry around the
shower axis and complex pattern
at the ground level:
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Energy measurement

compute the total electric field from
the three polarization components

with vertical polarization
from the arrival direction
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Energy measurement

Fit a 2D model that accounts for asymmetry around the shower axis
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Nelles et al.,Astropart. Phys. 60, |3 (2015)
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Energy measurement

Fit a 2D model that accounts for asymmetry around the shower axis
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Nelles et al.,Astropart. Phys. 60, |3 (2015)
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Energy measurement

Fit a 2D model that accounts for asymmetry around the shower axis
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Nelles et al.,Astropart. Phys. 60, |3 (2015)

(036040')2

Eradio = // LDF(QT, y) dx dy

— R ! 400 .
€ 80l . — fit (¢ = 130°) ® data ,

§ | v Tit(¢ = 3327) - — 300} [ sub-threshold O] * —
9, N - fit (¢ = 256°) X é s% core (SD) [] 70 &
N—, 60} data ¢ = 130" ﬁ — 200 i D S

éc‘g sub-threshold . 3xB "q O ] 60 D
o 40} TX 100} S,

= \i’ O [ o

§ 20+ d 12 O O D 40 -

- = 5

) 0 = 1l =t T = B = c -100 i D D 30 —
e) >
1} B -200} o 2

= ] oW ] )
e § o -
| blo'"'*[’ """"""""""""""""""""""" ° 2 -300¢ 0 @
i i i i i ] - | 1 ! -y
0 50 100 150 200 250 300 350 400 -400 -200 0 200 400
distance to RD shower axis [m] R
position in v x B [m]
florian.gate@subatech.in2p3.fr ECRS - 2016 17



mailto:florian.gate@subatech.in2p3.fr?subject=

Energy measurement

Correlation between the deposited radio energy Auger collab., PRL 116,241101 (2016)
and SD energy for coincident measurements Auger collab., PRD 93, 122005 (2016)
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10 =~ 3 -4 stations with signal 20l ¢ data |
+ > 5 stations with signal —+ resolution: 17% model
slope = 1.98 +- 0.04
% 108 — 151 A d A
3
5 E
z 107 £ 10| Py .
- )
23 *
<th5
10 5L M -
vy - L
1051 10]9 O :

15 —-10 -05 00 05 10 15
2(Esp — Erp)/ (Esp + Erp)

Energy measurement from radio signal!
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Mass composition

- Xmax correlated to the mass of the primary

Xmax iron nuclei

- electric field highly
beamed toward the
direction of propagation

atmospheric depth [g/cm?]
E field

g E field

- strong correlation between the LDF and Xmax

- Xmax reconstruction from the amplitude or energy fluence
with a duty cycle close to 100% (14% for fluorescence)
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- Simulation of few LDF
(radio arrival direction)

E field
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- the agreement is tested for different
locations of the simulated core
position to find best core position
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Mass composition

- Montecarlo on Xmax values
- Best agreement for an optimal Xmax -

- Comparison to FD measurements
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- 4 methods developed for AERA

- width of the residuals ~40g/cm?2
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Conclusions

- AERA produces high-quality data in coincidence with the fluorescence and ground
detectors

- The emission mechanisms of the radio signal are now well understood

- Energy:
- the primary energy is partly released as radiation energy in a calorimetric way
- the energy resolution using the radio signal is 17%
- this provides a new independent energy scale for CR experiments

- Composition:
- we work on systematic Xmax reconstruction with a 100% duty cycle
- The expected resolution is of 40 g/cm?

- Current analysis are focused on determining the energy spectrum and mass
composition in the transition region
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Thank you for your attention!
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Time calibration

Auger collab. JINST I'l (2016) POIOI8

- Beacon method: _ 30 T —
£ butterfly:
frequencies: 8 1 u=0154ns
3 251 c=1.196ns |7
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68MHz, 71MHz £ 2 o0 - 1 #=66611ns |
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) 151 .
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florian.gate @subatech.in2p3.fr ECRS - 2016 24



mailto:florian.gate@subatech.in2p3.fr?subject=

Amplitude calibration

- Direct calibration using a pulser on a drone vector effective length:
V =H(f,0,9)  E(f)
T Drone
flight path =~ ====-__ _
gntpa SOMHz 450 0

Signal
generator

differential GPS f Transmitting
‘ P I Antenna
= Far Field

V > 20m

|H| [m]

75°

0123 45 678 910°

Spectrum Analyzer

90°

- Simulation
¢ ¢ Measurement

—

overall uncertainty: 14% (antenna response + full electronics chain)
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Energy measurement
this provides a calorimetric energy estimation from the radiated energy in [30-80] MHz:

Auger collab., PRL 116,241101 (2016)

, E B \°
E30.80) MHz = 15.8 MeV (sma 1 EeV 0.24 G) Auger collab., PRD 93, 122005 (2016)

- allows to calibrate the detector
- allows to cross-calibrate various CR experiments
- universal method as the atmosphere is transparent

|
to radio waves and first principles based method f\
, 1
|

one simulated shower seen by two experiments: i ,\\
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