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Overwew Pierre Auger Observatory
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Radio Emmission Processes

Geo-Magnetic-Radiation Model
Electrons+Positrons O(10MeV)
Coherent emission ~ 1-100 MHz
Radio Pulse Power:
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Radio Emmission Processes

Geo-Magnetic-Radiation Model
Electrons+Positrons O(10MeV)
Coherent emission ~ 1-100 MHz
Radio Pulse Power:

2
oc NV,
2
o EPrimary
t~20 ns +
e
< - Y )ée' Thermal Electrons: O(eV)

Collision with air molecules

Radio Emission:
GHz frequency range
Isotropic in all directions

Molecular Bremsstrahlung
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Molecular Bremstrahlung for Air Shower Detection

Watching shower evolution

— Fluorescence Detector like
measurement at 100% duty
cycle

SLAC T471, July 2004
II LI} I 1 T I 1 T I 1 I

S 10-8 1.5=6 GHz, cross—pol.
S T, = 400K
;6 10-7 L 100 beam shot avg.
e
£ 1ol |
= .
NN w AL Tshot
Molecular Bremsstrahlung s | \
observed at accelerator setup: ¥ 10"°WMM“"A}755;5015
Beam on fixed target mimics ¢ . .[ o supprdssion
. | MBR,
alrShower E - |i ,i '\l\-fulll sulppreissicjn o
(SLAC & Argonne Wakefield) 0 50 100

Time relative to beam entry, ns

— Phys. Rev. D 78, 032007
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MIDAS & AMBER

AMBER:
Air-shower Microwave
Bremsstrahlung Radiometer @@=

2.4 m dish
16 pixels

Microwave Detection
of Air Showers

4.5 m dish
53 pixels

— Talk Pedro Facal
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MIDAS & AMBER

MIDAS Candidate Event Event Topology similar to

Event §19

fluorescence air shower detectors:

Signal in individual camera pixels
Timing fit downgoing events

— Talk Pedro Facal

early —»late
Trigger concept:

Self triggered
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MIDAS & AMBER

MIDAS Candidate Event Event Topology similar to

Event §19

fluorescence air shower detectors:

Signal in individual camera pixels
Timing fit downgoing events

— Talk Pedro Facal

, Day 71, Sec . MK
early —»-|ate

Trigger concept: 5 Sm

buff
Self triggered g % lGB;Jchaer:m AMBER

Buffer + external Trigger
. S - N'V‘WWU Soft
trigger from Auger M o

| tank. p93|tlons E{}
timing
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MIDAS & AMBER

MIDAS Candidate Event Event Topology similar to

Event §19

fluorescence air shower detectors:

Signal in individual camera pixels
Timing fit downgoing events

[ — Talk Pedro Facal

find proper time

window with respect
7 \% to shower geometry

5 ‘

Year 14, Day 71, Sec T221, INs 487587840
early —»-|ate

Trigger concept:

_ buffer B
Self triggered L GBI chan. een| Al
Buffer + external Trigger | 4 e
- AN Software g

trigger from Auger ¥

| tank. p93|tlons E{}
timing
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MIDAS, AMBER and AERA

—— MIDAS
& AMBER

AERA

Auger Engineering Radio Array

<] Jfl! | Recent Radio Setups
yV Layout AERA

X $$ Hardware Concepts
X R X Reconstruction Software
* %

Theoretical Models

Predictions

Stefan Fliescher 10



Recent Radlo Setups at Auger
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Recent Radio Setups at Auger

Setup at CLF

Stefan Fliescher



Recent Radio Setups at Auger
Setup at BLS Setup at CLF

Radioigal measuredi #
coincidence with SD
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Air Shower Events in Coincidence with SD

Q225 ' . : .
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Auger Engineering Radio Array
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Science Goals

Probe the nature of cosmic rays at the transition region
with a novel independent detection technique

Realize a large scale Radio Detector

++ +
A +++++

.+ Understand the details of the
g - radio emission processes
Ml +++ +++fi+++++++++ + o+t
v Explore the Potential of the v
- .

6 km Radio Detection Technique

Realize combined detection of air showers at Auger
,ouper-Hybrid“: Radio + SD + FD

sERA
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Overview: Pierre Auger Observatory
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The AERA Site
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AERA & Low Energy Enhancements of Auger

HEA'IZ/H’gh Elevation
Auger Telescopes

N

..........
L2 YRS
-------

Shift energy threshold of
Auger from 1018°to0 10'72eV |



Layout of AERA

161 Radio Detector Stations

.

3 km

by

6 km

22010 Inav/Geosistemas SRL
© 2010 Cnes/Spot Image Qzﬂugcoogle

Image = 2010 DigitalGlobe
©'2010 DMapas
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3 Stages of Deployment

; _ Wide Spacing

161 Radio Detector Stations 85 @ 380 m
Dense Core
22 @ 150m

+ Triplet

Dense Core is currently
\| beeing deployed!

iGeasistemas| SRL Medium DenSity GOO le
casnnrl SA@ 250 m o o003

©'2010 DMapas
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Simulated Radio Event
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Impressions from the AERA Site

AER&S
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Impressions from the AERA Site
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AERA Communication

o "-"d. B i s ey
T i .

L 5
‘

'!,// cae

—

ﬁCe’htraI Radio Station
7 -

& A A A

7 Sy WSy WSS CRese SRR

Rédio Detector Stations

Auger Engineering Radio Array Stefan Fliescher



AERA Communication

=
/

% /
CRS
RDS /

Radio Detector Stations Central Radio Station
,Home of the DAQ"

Auger Engineering Radio Array Stefan FlieSCher 26




AERA Communication

O i
CRS

Al ). —

< L ]
E) ] ]

i ‘

‘

Radio Detector Stations Central Radio Station
,Home of the DAQ"
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Raw Data Rate and Trigger Scheme

Radio Detector Stations:

Sampling frequency : 180 MHz
Number of channels : 4 1.2 GB/s
Data bit depth . 12 bit

Highly selective
trigger on RDS level CRS

100-200 Hz trigger rate per RDS /

~ Trace length: 10ps

\ g

Central Radio Station
,Home of the DAQ"

Auger Engineering Radio Array Stefan FlieSCher 28




Raw Data Rate and Trigger Scheme

=

| have a signal
| have a signal
CRS /

100-200 Hz tigger rate per
Radio Detector Station

=

RDS

Central Radio Station
,Home of the DAQ"

Auger Engineering Radio Array Stefan FlieSCher 29




Raw Data Rate and Trigger Scheme

Send me your data
RDS j/

Send me your data

CRS

o= ")

100-200 Hz tigger rate per
Radio Detector Station

Central Radio Station
,Home of the DAQ"

Auger Engineering Radio Array Stefan FlieSCher 30




Raw Data Rate and Trigger Scheme

@ me your data

CRS Trigger:
Combine RDS triggers

Position + Timing
Send me your data Message-Retour Time:

3 sec

Dedicated deterministic

RDS wireless network

100-200 Hz tigger rate per Event to file rate : 1 Hz

Radio Detector Station

Auger Engineering Radio Array Stefan FlieSCher 31




Radio Antenna for AERA

,omall Black Spider*

5% Generation of
LPDASs

Robustness
|tested at windspeeds
up to 130km/h

Ultra Wideband
30-80 MHz
High Sensitivity

Stefan Fliescher — Talk Oliver Seeger



Integration Test: Sample Radio Detector Station

 Radio Antenna
* Low Noise Amplifier
* Readout Electronics
p A « Solar Panels, Batteries
&  Communication, GPS

Sample station in Nijmegen (NL)

-
.
| '.:
i [

— g

iy m I

L &

24 x for Phase 1

EERA
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Radio Detector Station Electronics

Stefan Fliescher



Radio Detector Station Electronics

 Filter / Amplifier
« ADCs
« Comms

* Monitoring
* Power control
* 3 Seconds Ring Buffer

FPGA - on the fly:
FFT \

Noise Reduction
Dispersion Correction >Trigger

T . FFT Decision

=~ 1" Consumption Signal Analysis J
/%ER %\ 16.56 W — Talk Christoph Riihle

Stefan Fliescher 35




Test of Assembled Hardware Components

EMC Testing Chamber 'Radio Quietnhess'

of the hardware:

» Shielded box
» Carefully selected
items

— Noise floor
— Running Station

L ; Ny b A~ . 2
: | {ES | | | | 11 11 | | | | | 11 =] | | |
30 40 50 60 70 80 90 100
E R% Frequency (MHz)
Auger io Array
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Test of Assembled Hardware Components

Take some
noise data in
Nijmegen

Frequency (MHz)

. High gain (NS upper, EW lower)
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AERA  Tmen
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Central Radio Station

Home of... _ & e e :
Data Acquisition Powered with P, TP
Workshop \ solar pane_ls L e
Monitoring (Weather, Consumption: RN e

Earth's elec. field, ..)) 460 W

EER& R
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Weather and Earth's Electric Field Observation

o
o
o
o

:
Thunderstorm E

[«
o
[=]
[=]

[=2]
o
o
o

How does the
electric field effect
\radio pulse?

Electric field (V/m),

Y
o
o
o

~ __I | 1T ‘ T T | 1T | T | T | T T

' \
. ] ]
Time of event: 2
I 3 CDAS
| | | | | | | | | | | | | _E1(JE|E_
:00 18:00 19:00 20:00 m“ a ® & Pgle 1
i - o
Time (utc) “‘% C B Pole 2
uf 10.5— |:| E OffLine
B ]
- Pole 1
O
1 § O O Pole 2
O
|
107
10_2 i | | | | |
J3BB3E0 3531TBE 4349437 4802085 4833032
/%E R%\ Event Numhber
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Beacon Timing

GPS tlmlng only

Beacon installed at Auger

ﬁu:—

50—

entries per bin

a0

30

20

f.m

Apply peacon tlmlng//

Beacon timing : of J q}”t o BLS
- estied a
Time resolution of RDS ~ 1 ns %--"a-m-a---; gl Atested Al BES )

aERAa T s

Auger Enginsering Radio Array Stefan Fliescher 40




Radio in Auger Software Framework

Auger software framework for:
Reconstruction
Simulation
Calibration
Visualization

The radio extension of Auger Offline

e s B 6 Sl Full reconstruction

Stefan (h } | l[ \I “ha l G k \l 'mli]ivn Melissas?,
Prietro Oliva®, .\"ullz'ul ["-\ . 1 R l riin
Harm Schoorleimn . Fr: l e l -'\ re a y O r

June Sth, 2000 (GAP-2010-056)

Key for:

' Super-Hybrid
Reconstruction '

Radio
Fluorescence
Surface

GAP-2010-056

94 pages| -FEEe—
/% R%\ " — Poster Daniél Fraenkel

Auger Engineering Radio Array Stefan Fliescher
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Event Reconstruction with Radio Offline

Measured coincident radio event

80000 | | | 10000 ¢ | |
channel east i channel east
60000 channel north _ channel north
— I
40000 = % 1000 -
g 20000 i -‘E
o m S '
o 0 bl o 100 H
g S
S  -20000 1 = _
O
-40000 . o 10 -
a :
-60000 -
_SDGGD ] ] ] ] ] 1
1500 2000 2500 3000 3500 4000 4500 0 20 40 60 80 100
time [ns] frequency [MHz]

— Poster Daniél Fraenkel

sER&
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Event Reconstruction with Radio Offline

Measured coincident radio event
[=> Remove impact of cables, filters, amplifiers

5000 . . 1000 ¢

ST
100 rITW‘} ‘H,!

\

| I
channel east
channel north

I
channel east
4000 - channel north

3000 2
2000 S
1000 | ) =
0 gl ihwm.- .NT-, el Ay It bt
-1000 _ |
-2000 i
-3000 =
-4000 | =

-5000 | | | | | 1 | |
1500 2000 2500 3000 3500 4000 4500 30 40 50 60 70 80

time [ns] frequency [MHz]
— Poster Daniél Fraenkel

voltage [«V]

spectral voltage [«V/MHz]

sER&
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Event Reconstruction with Radio Offline

Measured coincident radio event

[=> Remove impact of cables, filters, amplifiers
[=> Apply median filter, do upsampling

5000 T T

1000 ¢

[ I I [

r channel east - channel east
4000 - channel north - f channel north
-3000 | M y

3000 i
-4000 - | &

2000
1000
_SBDD | | | | | | | .1 | ]
1900 1950 2000 2050 2100 2150 2200 2250 2300 30 40 50 60 70 80

0
-1000

time [ns] frequency [MHz]
— Poster Daniél Fraenkel

voltage [«V]

-2000

spectral voltage [«V/MHz]

sER&
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Event Reconstruction with Radio Offline

Measured coincident radio event

[=> Remove impact of cables, filters, amplifiers
[=> Apply median filter, do upsampling

I I
400 T I T T T T vllenticali T - el
X 10 east .
300 | "ﬂ n%?ﬁf 1 3 - north :
E
— 200 S
< 100 <
= =
5 § 1l ]
E 7]
kT o
@ -100 2
: =
= -200 £
[
{2}
-300 o
400 | | ! | | | | | | 0.1 ' ' ' |
0 50 100 150 200 250 300 350 400 450 500 30 40 50 60 70 80
time [ns] frequency [MHz]
E>App|y Hann window — Poster Daniél Fraenkel

Remove antenna response (¢,6,f - dependent)
@ER%\ [=> Reconstruct full 3D electric field vector

Auger Engineering Radio Array
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Event View Simulated ,Hybrid Event”

File FD SO MC RD Help |
uger| 50 | bsim RO | Selection
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Theoretical Expectations

narged shower particle magne

Microscopic model Macroscopic model

electron ?? positron

B
e,
kg

Summing contributions of Emission from varying
individual particles net current

[ [ V ] [
Coherent emission at radio frequencies
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Theoretical Expectations

Microscopic model Macroscopic model
400 e ARAALALE RALALARAL RARARALLL RLAARALLY NAAARAS RARARARAS 400 e RARARARAL RARALALAL RARAMALLL T AR RARARARAS
! 100 m ] [ 100 m
[ 6x200m -------- i B 6x200m -------- g
300 | 36 X 400 M _' 300 L 36 X 400 M i
[ 216X 800 M - ] ; 516 X 800 M - - -

100 ff : 100 [ [} ¢

west field strength [uV/m]

west field strength [uV/m]

0 b+l it 0|
100 L ] -100 :.| ......... .| ......... Liviieiin Liviieiin Litiiines Liviiien Leviiiiin ]
0 50 100 1’(50 200 250 300 350 0 50 100 150 200 250 300 350
_ ime [ns time [ns
E=10"eV , Zenith [n] [ns]

« Similar pulse shapes
« Similar field strengths
— Talk Tim Huege  Dominant signal contribution:
Radio frequencies 1-100 MHz
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Expected Event Rate

Simulate Detection Efficieny...

| log10(E/eV) = 18.50 |

...calculate an event rate estimate
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Expect several thousand air shower

/%ER%\ events per year
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Expected Event Rate

= 10°} &  EIE — LOPES extr.
i 10 T : -. CODALEMAextr.
- l 3 = T MCsimul.

O ‘ R PP
7 s ™

o 10%} wE : .

m 102 = -

E - H N
D 10 =
B Gl Lo e =
TI_J 10 % 5

» k_ri-'.-T\]- . -I Iil I|III|IIII|IIII|IIII|IIII|IIII|IIII|II
E 17 | 175 18 185 19
. Energy Ig E [eV]
10 1(]'1? 1(]'19 1(]'20
Energy|eV \
T. Winchen gyleV] Energy threshold
. ] * + Akeno m  Flys Eye Of AU er.
Highest energies L e
CODALEMA & LOPES e T haoerz008 incl. enhancements
v Haverah Park

sER&

Auger Engineering Radio Array Stefan FlieSCher 50




Summary & Outlook

Large Radio efforts at Auger oy

Midas & Amber have approval to set up at the Auger site”
and start first coincident measurement with SD and FD

Auger Engeneering Radio Array

10 Institutes
161 Radio Detector Stations, 20 km?
Phase 1: 24 stations AR
Data taking scheduled for August
~ _, Details of Radio emission ++++++ﬁ+ffi:ﬁiﬁiffffff
e — Potential of Radio
. — Nature of cosmic ray at the transition region

' Super-Hybrid ": Unique possiblity to study UHECRSs
sER&

ngineering R
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Layout of AERA

161 Radio Detector Stations

Power Line

22010 Inav/Geosistemas SRL
© 2010 Cnes/Spot Image [gz[mgGOOgle
Image = 2010 DigitalGlobe

©'2010 DMapas
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Some Handels on Shower Parameters

I 1 I 1 1 1 I I I
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32 to 64 MHz amplitude / E,,, [uV m™' GeV']

T. Huege, R. Ulrich, R. Engel, Astropart. Phys. 27 (2007) 392. T. Huege, R. Ulrich, R. Engel, Astropart. Phys. 30 (2008) 96
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Recent Radio Setups at Auger
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