Status and prospects of the Radio Detector of
the Pierre Auger Observatory

Key science questions

What are the sources and
acceleration mechanisms of ultra-
high-energy cosmic rays (UHECRSs)?

Do we understand particle
acceleration and physics at energies
well beyond the LHC (Large Hadron
Collider) scale?

What is the fraction of protons,
photons, and neutrinos in cosmic rays
at the highest energies?

Jorg R. Horandel for the Pierre Auger Collaboration
http://particle.astro.ru.nl
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Horizontal air showers have large footprints in radio
emission

Pierre Auger Observatory
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Expected Performance
End-to-end simulation
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Detection Efficiency Aperture for 3000 km2 array
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Expected number of cosmic rays after 10 years

Using Auger-measured flux
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Lateral signal distribution
E=10""eV 0=72.3"
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Shower reconstruction
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Particle type for each cosmic ray
50/50 p-Fe composition
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Particle physics In air showers
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Calibration with Galactic signal

siderial modulation of Galactic signal

Simulated galactic signal in the EW loop Measured noise & galactic signal in the EW loop
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* EW calibration constant: 1.03 £ 9.6% * 2%
* NS calibration constant: 0.96 £9.7% * 2%

* Uncertainty caused by the Antenna model: max 1.5%
* For more details see this proceeding: https://pos.sissa.it/395/
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Alr showers measured wi
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Global reconstruction (LDF + axis) (5)

&
energy fluence f [eV/m?)
(%))
o

Monitoring

average stations age: 15.7 yr A T L T T T L o) SRR E—— l R

0 500 1000 1500 2000
_ 6.0°C: _ 21 20 -19 -18 -17 . _ .
T=6.0%: T (day) =8.0°C  [km] Distance to radio shower axis [m]

IIIIIIIIIIIIIIIIIIIIIIIIIIII

&
energy [EeV]

Station List | Options |

Le Qui Don: fluence = 2397.0 +/- 2725 eV/m~2, SNR =3798.2, d= 583 m
MNuria Jr.: fluence = 2274.0 +/- 256.9 eV/m~2, SNR =34164, d= 375 m
nononBaEsEBon Peru: fluence = 1208 +~ 191 eV/m~2, SNR= 1346, d=1136m

&

()
000006, oC
0000 DCDCDOD
’ shower cores Q00C0NC00000000COCOCOC

00 - o
EA RD stations .°.2600060¢000000000000C0000

30000 -

030300056630900odoooooocococooooooooco
CODODODOD0OO0000C00000A000000C0COCOCOCO0

ADaDADODO0O0O00000C000000OD0OD COCOCOCOCOO
20000- SR TeReTo R Lol ol el sl el s e Mo ke NelaTole Lol el ol ol ol « N i w} DUOVOVOCOCOC
3 ¢ .oc . .. .

oy ‘ oC '
VOO0 DU D QLUOUOQOUODUOUO ) OCOCOCD
10000 - 2000 00000060000000000000 c cOC0000

\

COUDO0OUOO0O000C00C0DCDODODODOCOCOCO ?mm
D00000D00OCOCDCDCDCDOD
CoCO0O0O0C0CDODODODOCOCOC =

n
!

500 = ——

Peru

"
Vi
v

—INUT

I'. ]'||
IRER!

\

e Qui Don

lII I'. '111 |

metres
o
o
o
o
0
o
o

! f !
l] |I |II |I |I II II
|
IRRREE

|
P00
R

L

100

1
1

W

|
'||I[ '||
B

200

\

S | [aoV/
§m1% m]
Zz

OUIHI”IHHﬂHI“IH

1
RN
111
IR

11
o

L
3

. . . D00 QO
-=10000 - DC%?QPUOCOGOQUQ303UOOOOOOOOUOUCUC 0

o

200

L
(=]
o
(=]

N0DOROCO000000000000COCOCH
-1000 100

-=20000 - COLOL000020COC0O0COD0D00C00

BOCELOED00800000000000000 2000 2000

300

71000 2000 3000 _ 4000 _ 5000 _ 6000 _ 7000 _ 8000 0 1000 2000 3000 4000 5000 6000
COCOODOUDOUDODODOO00OO0 t[ns] t [ns] t[ns]

00000 COCOO0OCODO0OD00
cada o0 o0

== =30000- a0

o
1
o
o
o
o
o
o
o
o
o
o
o
o
o
0
0
0
0
0
0
0
o
0
o
0

00040

0

o

0

g

=]
oI|IIII|IIIIIIII|IIH|IIII

1000 2000 3000 _ 4000 _ 5000 _ 6000 _ 7000 _ 8000 7000 8000

1 ] || || 1 1 | ]
PIERRE —-40000-30000-20000-10000 O 10000 20000 30000

AUGER metres Jorg R. Horandel - Auger RD status - ECRS 2022 11

CBSERVNTORY



Mass production of RD started at Observatory
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Status and prospects of the Radio Detector of
the Pierre Auger Observatory

Radio Detector will enhance the Pierre Auger Observatory
with unique features

End-to-end simulation yields excellent performance

Calibration with Galactic emission verified with
engineering array

Air showers detected with engineering array match
expectations

Expect to complete installation in 2023

Jorg R. Horandel for the Pierre Auger Collaboration
http://particle.astro.ru.nl
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