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COSMIC RAYS AND EXTENSIVE AIR SHOWERS

 COSMIC RAY'S (CRS) WERE DISCOVERED BY VICTOR FRANZ HESS IN 1912 (BALLON
FLIGHTS) AS HEIGHT RADIATION; NOBLE PRICE 1936

» DISCOVERY OF EXTENSIVE AIR SHOWERS (EAS) BY PIERRE AUGER IN 1939 (Swiss ALPS
CONINCIDENCE EXPERIMENTS)

* PRIMARY PARTICLES ARE CHARGED ATOMIC NUCLEI WITH VARIOUS KINETIC ENERGIES

e SUPERNOVA REMNANTS (SNR) ARE CONFIRMED ORIGINS, OTHER POSSIBLE ORIGINS STILL
UNDER INVESTIGATION (LIKE AGNS, GRBs ETC.)

Yan Seyffert, Universitat Bremen, Master in Astrophysics and Space Science




Cosmic ray energy spectrum
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[1] Adopted from W. Bietenholz. “The Most Powerful Particles in the Universe: A Cosmic Smash”. In: Revista Cubana de Fisica 31.1 (2014), pp. 45-50. issn: 2224-7939. arXiv: 1305.1346 [physics.hist-ph]
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Left: Simulated Extensive Air Shower (EAS) cascade. A denotes the hadronic interaction length and X_0 the radiation length. 6

Right: Schematic illustration detailing the various components of the shower, together with their possible decay pathways

[2] Adopted from S. Paredes Saenz. 2019 CERN Latin-American School of HEP: Student Project Presentation: Cosmic Ray Studies at the Pierre Auger Observatory. [online]. url: https://indico.cern.ch/event/763013/contributions/3358878/



geomagnetic emission
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Lesser known radio pulse component of an EAS: mechanism for geomagnetic emission and charge
excess emissions visualized. Bottom: the respective polarization directions.

[3] Adopted from T. Huege. “Radio detection of cosmic ray air showers in the digital era”. In: Phys. Rept. 620 (2016), pp. 1-52. doi: 10.1016/j.physrep.2016.02.001. arXiv: 1601.07426 [astro-ph.IM]




1201

o)) o]
o o

0(Xmax(Xrit) = XME) / gem ™2
=
o

Reconstruction resolution of X_max shown for different time jitter scenarios and depending on

(Mant)

[
(a»)
S

)
e

1342 336 149 84 54 37
30 - 80 MHz
—— MC axis
-------- Rec. axis )
—— 0;=00ns
+ gt = 1.0ns 4
—— ()'f=2.01'\$ ﬂ
*— 0;=3.0ns 4
K | —
T e it .
asmaafesssssssasssscssssss L. S 3
250 500 750 1000 1250 1500

spacing / m

different antenna spacings

[4] F. SchlUter and T. Huege. “Expected performance of air-shower measurements with the radio-interferometric fechnique”. In: Journal of Insfrumentation 16.07 (July 2021), PO7048. doi: 10.1088/1748-0221/16/07/p07048.




. THE PIERRE AUGER OBSERVATORY




II. THE PIERRE AUGER OBSERVATORY

e (CR EXPERIMENTS NEED TO INSTRUMENT LARGE AREAS WITH AUTONOMOUS DETECTOR STATIONS

e THE PIERRE AUGER OBSERVATORY IN ARGENTINA (PROVINCE MENDOZA) COVERS 3000 KM?
WITH 1600 SURFACE DETECTORS (SD) AND 1.5KM SPACING BETWEEN DETECTORS

* A CURRENT DETECTOR UPGRADE IS ADDING RADIO ANTENNAS TO ALMOST ALL SDS

Yan Seyffert, Universitat Bremen, Master in Astrophysics and Space Science 10
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Detector map of the Pierre Auger Observatory located in Argentina B

[5] D. Veberi¢. Auger Array. [online]. [Last access: 07.09.2023]. url: hitps://wwwif9.ijs.si/~darko/auger/auger-array/auger_array-jpg/






Il. TIME SYNCHRONIZATION METHODS




1. TIME SYNCHRONIZATION METHODS

* WIRED:

* ON WIRED PACKAGE-BASED NETWORKS VIA PRECISION TIME PROTOCOL (PTP)
OR WHITE RABBIT PTP DEVELOPED BY CERN

* FOR SUB-NS AND PICOSECOND PRECISION
WIRELESS:

o GLOBAL NAVIGATION SATELLITE SYSTEMS (GNSS) E.G. GPS
e TYPICALLY: ABSOLUTE ACCURACY OF 10-100NS, RELATIVE ACCURACY 20 NS

* BEACON REFERENCE TRANSMITTER (SPECIFIC TO PIERRE AUGER ENGINEERING RADIO ARRAY)
* DESIGNED FOR ~1NS RELATIVE ACCURACY

Yan Seyffert, Universitat Bremen, Master in Astrophysics and Space Science 14



GPS Galileo GLONASS

- Altitude 20,200km - Altitude 23,222km - Altitude 19,100km
- 24 Satellites + Spare - 27 Satellites + 3 Spares - 21 Satellites + 3 Spares
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[6] J. Van Sickle. GPS Modernization and GNSS. [online]. [Last access: 09.09.2023]. url: https://janvansickle.com/gps-modernization-and-gnss/
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[7] from the lecture series “"Global Navigation Satellite Systems” at University of Bremen, Lecturer Dennis Philip, Sommer Semester 2024
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GNSS IMPROVEMENTS WITH "RTK"™ RECEIVERS

« NEW COMMERCIALLY AVAILABLE REAL TIME KINEMATICS GPS RECEIVERS IMPROVE
POSITIONING TO CM-ACCURACY VIA MULTIPLE METHODS:

* DIFFERENTIAL GPS (USING A CLOSE-BY REFENCE RECEIVER WITH PRECISELY KNOWN POSITION)
* DUAL-BAND RECEIVERS (ELIMINATING FREQUENCY DEPENDED |IONOSPHERIC EFFECTS)

* CARRIER PHASE MEASUREMENTS OF MULTIPLE SATELLITE SIGNALS

e THIS SUGGESTS 3CM/(SPEED OF LIGHT) = O.1NS ACCURACY (SINCE C=1FT/NS)

Yan Seyffert, Universitat Bremen, Master in Astrophysics and Space Science 18



RADIO BEACON REFERENCE TRANSMITTER

e SIGNAL GENERATOR STABILZED BY A TEMPERATURE COMPENSATED
CRYSTAL OSCILLATOR

 DIPOLE ANTENNA EMITTING RADIO WAVES AT 4 DISTINCT FREQUENCIES,
SUCH THAT THEIR SUPERIMPOSED SIGNAL REPEATS EVERY 1.13
MICROSECONDS, CALLED A BEAT

* SIGNAL IS RECORDED IN THE STANDARD CR-RADIO-DATASTREAM

e BY ANALIZING THE PHASING INFO OF THE BEACON SIGNALS IN THE
DIFFERENT DETECTORS RELATIVE TIMING OFFSETS OF THE GPS RECIEVERS
CAN BE CORRECTED FOR

e AT LEAST 2NS ACCURACY ALREADY PROVEN, BUT RANGE IS LIMITED

Yan Seyffert, Universitat Bremen, Master in Astrophysics and Space Science 19







~IV. RESULTS FROM MY THESIS
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V. RESULTS FROM MY THESIS

e MISSION STATEMENT 1)
« STUDY WHAT RELATIVE TIME ACCURACY IS ACHIEVED USING MODERN RTK GPS RECEIVERS

e PLAYING AROUND WITH GPS HARDWARE AND PC OSCILLOSCOPES

e MISSION STATEMENT 2)

* ANALYZE PIERRE AUGER RADIO ENGINEERING ARRAY DATA
TO FIND BEACON SIGNAL STRENGTH DISTANCE DEPENDANCE

* AND THUS, EXPLORE THE FEASIBILITY OF A POTENTIAL FUTURE EXPANSION OF THE BEACON

Yan Seyffert, Universitat Bremen, Master in Astrophysics and Space Science 22
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83h survey: GPS/Galileo, RTK on, default rover mode, GNSS antennas 15cm apart
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95h survey: GPS/Galileo, RTK off, fixed rover mode, GNSS antennas 15cm apart
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Raw data from the the Auger Radio Engeering Array, where the beacon fransmitter is deployed
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Mean intensity map for 58.887MHz_Chl
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To find the relationship between amplitude and distance to the
beacon, we assume the Power Law function y = qa - 4

b fits over time with |¢| <10° anda= —3°
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Figure 5.16: Evolution of the spectral index b over the course of December 2018.
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example beacon signal amplitude
with rp for a contrast of 256 (8bits)

—— power law with b = -2.0
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Figure 5.17: Illustration showing the locations of ry and r;. Both points are marked with
vertical dashed lines and represent the array edge and array center respectively.
The beacon is located at » = 0. The amplitude profile for b = —2.0 is also
shown on a logarithmic scale. For this example, the difference between r; and
ro is assumed to be 30 km. This leads to a beacon located 2.0 km away from 20
the array edge. A contrast of 2° = 256 between edge and center is observed.
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V. CONCLUSIONS

* THE FINDINGS REVEALED THAT EMPLOYING RTK CORRECTIONS DID NOT IMPROVE TIME
SYNCHRONIZATION BEYOND 3.4NS — AT LEAST WITH THE GIVEN HARDWARE

 WE FOUND THAT THE RECEIVED POWER DROPS VERY QUICKLY, WITHIN A TYPICAL RANGE OF P «
1/R* AND P o< 1/R%, DEVIATING A LOT FROM THE IDEAL P o< 1/R?

e DEPLOYING A SIMILAR SYSTEM FOR THE WHOLE ARRAY WOULD NECESSITATE BEACONS BE
LOCATED AT AROUND 2 TO 8KM DISTANCE TO THE ARRAYS PERIMETER. ALTHOUGH THIS APPEARS
NOT EASILY REALIZABLE (DUE TO TOPOGRAPHY), IT COULD BE WITHIN THE REALM OF POSSIBILITY

* RADIO INTERFEROMETRY WHICH NEEDS STNS SYNCHRONIZATION, STILL MUST WAIT FOR MORE
TECHNOLOGICAL ADVANCEMENT

Yan Seyffert, Universitat Bremen, Master in Astrophysics and Space Science 32
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