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1660 water Cherenkov stations

Talk by Stephane Coutu at 11:30 Charles Timmermans, Nikhef/Radboud
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Separation, acceleration of Observed by LOPES,

e*, e in geomagnetic field | CODALEMA, AERA
secondary: charge excess, W N detectors ‘
moving dipole \ N geomagnetic asymmetry.

verified
Broadband radio pulse
(width =50 ns)

surface

Charles Timmermans, Nikhef/Radboud
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Auger Engineering Radio Array

AERA in the Pierre Auger Observatory
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Auger Engineering Radio Array

PIERRE

AERA in the Pierre Auger Observatory

e Phase | (since Oct. 2010)
e Phase Il (approx. 2012)
e Phase Il (approx. 2013)
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An AERA Station

2 LPD Antennas (NS and EW)

: g e GPS Antenna
Low noise amplifiers %=

Solar Panel

Electronics:
filter-amplifier
digitizer
comms
power control

Charles Timmermans,;Nikhef/Radboud batte”es
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Optical Fiber




AERA

Auger Engineering Radio Array

|

[/

. - 4 J. . B - . - = - - . B . " - - =
ll, -+ . . A X : 3 . . - - o5
™’ “‘t iz ;::'a R AR R (e

s

.ﬁo&a g - - v

» 'A'...l' J

oLl
ol '7:4. i

y LA A AR
7N\ AERA Filtel bw

74 \J IPE-351-03-02-R1

~
D By B & Fw e~
“ ,.-—ﬂ..d-.l!h..‘

- )
) ‘\ B os®*¥% 1 .

. e : ' - z ;

3 l |

. % L - - A

"l— ;_ 4 - ~
2
W Avas
& X WAt
P T
- j v E LANTE 2, . ‘
W 0P (00 MOt (PSRN .

* 2 stage amplification and filtering
* Each stage consists of 8" order high- and 9" order low-pass

* High speed amplifiers in 2"9 stage for low intermodulation
at low power consumption
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Performance analog electronics

High gain channel Low gain channel

& 52 o S
g T
c - -

T ® 30—
S 50} S o
- 29

48 28—
46 27 N

26—
a4 -

- 25 e

Freq. (MHz) Freq. (MHz)

Characteristics for each module known.
All are the same within ~2.dB
Difference between low and high gain outputs is 20 dB
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Digital Electronics =
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PIERRE
AUGER

OBSERVATORY

Block Diagram

FPGA
EP3C40F484C6
ADC memory
9_ Amp 12 bits 2 events
200MHz L 4kw/evt. Configuration
AD9230 Filters - memory Voipac PC module g:‘
PXA270M - Linux
Trigger logic Ethernet
100Mb/s
Read Out
ADC memory Buffer and .
9_ Amp 12 bits B OIS Control Com port
200MHz L 4kw/evt. MSL-bus (interr?al)
AD9230 Filters
‘|~—| Trigger logic |'>— ¢
ADC memory < Control and e 4 L
9_ - . LE 2 = parameter registers Power distribution :O
200MHz 4kw/evt.
AD9230 )
Trigger logic |->—
GPS Handler GPS receiver module QE
ADQ memory Trimble Resolution T
9_ Amp 12 bits —y-| 2events
200MHz Y 4kwlevt.
AD9230 l IJ_L| LS8 pon
(internal)
- K Trigger select
T 4
External ~
Trigger/Veto
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PIERRE

Digitizer Calibration
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All digitizers have been calibrated.
The responses are identical within 2%
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Using a stable 49.6 MHz beacon:

* The exact frequency has been determined using the digitizers
* From event-to-event phase differences at this frequency the
station timing precision has been determined

* From station-to-station phase differences, the relative timing
between stations has been determined.

* Time resolution is about 1.5 ns
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Implemented digital filter

Q
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3 infinite impulse response filters are implemented in
the FPGA before the digital trigger algorithm is applied
to the data in order to remove narrow band
transmitters and reduce the noise-level.



AERA
Implemented trigger algorithm
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* Algorithm starts with a signal over threshold

* No pulse during some time before the current pulse
* No pulse train (of possibly lower amplitude) during a
long period after the current pulse
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Digitizer Performance

* 4 channel digital scope at 200Msps
 FPGA buffers 2 events of 24 kb each

 More than 500 Hz of triggered events can be sent from
FPGA to CPU

e CPU is able to perform second-leveltriggering
* Timestamps of triggered events are sent to central DAQ

e A third-level trigger compares timestamps of individual
stations

* CPU buffers several 1000 events waiting to be requested
from the central DAQ

* Total power consumption: 6 Watt
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First Results — Background Levels
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The setup is sensitive to the Galactic background variation
A 67 MHz man-made interference is clearly visible
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PIERRE

First Results — Coincidences with the

Surface detector

Self-triggered events are in
coincidence with the Surface
Detector for recorded energies
above 0.1 EeV, mostly originating
from the south.

This is in agreement with a
dominant geomagnetic origin of
the signal.
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First Results — Super Hybrid events
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Conclusion and outlook

e Almost 50 years after the first radio measurements,
AERA Phase | is running as an independent CR detector.

 The available digital techniques allow self triggering of
the individual AERA detectors.

* Time coincidences'with other Auger sub-detectors
allow to find true CR induced air showers.

* Phase | will provide more insight in the radio emission
mechanisms.

 Knowledge obtained in phase | will be used in design
improvements for phase |l.



