Overview of Data
Analyses

OBSERVATORY

Alena Bakalova

Joint Olomouc + Prague astroparticle meeting,
Olomouc 14.10.2024




OVERVIEW OF DATA ANALYSES OF ULTRA-HIGH-ENERGY
CosMIC RAYS

Mass Composition Task
Air Shower Physics Task
CR Phenomenology
Energy spectrum

Data and Simulations
Other analyses

o ueswWwheE




MASS COMPOSITION PHYSICS

TASK

* Alexey Yushkov task leader of the mass
composition physics tasks

» Selected topics

FD Xmax measurements, Xmax S38 correlation (Alexey
Yushkov)

Joined Auger TA task (Alexey Yushkov, Olena Tkachenko)

Extraction of muon traces from WCD signals, Risetime and
Delta method studies (Margita Kubatova, Alexey Yushkov)

Xmax from Stereo and SD2FD reconstructions (Nikolas
Denner, Jakub Vicha, Vladimir Novotny)

Cherenkov Xmax using HeCo (Shayoni Panja, Alexey
Yushkov )

p/He from tail of Xmax distributions (Jhansi Bhavani Vuta,
Alexey Yushkov)

MPD from AMIGA using Machine Learning (Leo Ostman,
Alexey Yushkov )




MASS COMPOSITION OF UHECRS

* Measurements of the depth of the shower maximum X,,,x and correlation between X,,,x and
the signal in the SD stations (A. Yushkov)

* FAL paper X,,x from phase | data in preparation
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AUGER-TA MASS COMPOSITION

103-
 Comparison of the first two moments and the shapes of Xmax 2
distributions for energies above 10*%2 eV (A. Yushkov, O. Tkachenko) 2 .
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e TA-05/2008 - 11/2016, the data set contains 3330 events
. . . . <t
* AugerMixes are processed using the TA detector simulation, event = 10
reconstruction and analysis chain =~ _ _ z°
~ - -~ 0
Sy’s. errors: Auger TA - (Auger” +TA%)' SYs. errors: Auger Tl";\\ S ~o
T — T T T T T T T J T 80— T T T T T T T T T S F —_— 1
o AugerMix, ICRC (2019) ® TA Sibyl12.3d - SVl e -
m TA, ApJ (2018) + ’ 2% 05
800+ 1 . 6oF .o LR 2 B + i T
d""’_.-- Oa # -;_]n [ e © o +o o t . 3
o b % 5 :ﬁ 40F o - £
- P o ; = I | £
750} p o 0w Tl | = | N
T © 20f i T
m ¥ [ o AugerMix, ICRC (2019) ® TA
700k - m TA, ApJ (2018) o
IRI.S . IGI'.G I 1‘3;.5 = l?é.S l I l'-::.l] I 1‘3:.5 '
lg(E/eV) lg(E/eV)

For more details see POS(ICRC2023)249

— Auger, [CRC (2019)
TA, Apl (2018)

1 " L 1
19.0 20.0

18.5 19.5
lg(E/eV)
o Auger (ICRC 2019) Sibyll 2.3d ﬁpfifgﬂ
¢ ]
T v 2.5 & & &
helium
& ?
s 6 o 9
) ? s
LI S
° CNO
7 I
¢ ¢ 7
o © o o °
° 9
s
eeeeeeeeeeee s
185 19 19.5 20
Ig(E/eV)
5



EXTRACTION OF MUON TRACES FROM WCD SIGNALS

* Predictions of the muon traces using deep neural network (DNN) and recurrent neural network (RNN)
* Extraction of S, in first 200 bins of time traces in water

Cherenkov detectors (WCDs)

* Small biases on integrated S,, and muon rise time
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XMAX FROM STEREO AND SD2FD RECONSTRUCTIONS

* Potential to increase the Xmax analysis data set with Stereo and

SD2FD Reconstructions (N. Denner, J. Vicha, V. Novotny)

1.

2.

* Around 40% of new events could be added by the Stereo and

Stereo: Two or more eyes used for geometry reconstruction

(no SD information needed)

SD2FD: Axis estimated from SD geometry

SD2FD methods above 1019 eV!

Highest-energy Stereo event - Coihueco

elevation [deg]
e
[
T

I I I | L
180 170 160 150 140 130 120
azimuth [deg]

dE/dX [PeV/(gicm?)]

~200 &= 0
400 600 800 1000 1200 1400

slant depth [g/em?]

800 [—

700

time [100 ns]

600 |—
500 —
400 [

300

200 [—

L I I I I
90 100 110 120 130

% angle [deg]

run 2881, event 4444
time s 7069 s 906244949 ns
Int or L/R trigger’, 'Shower Candidate’
56(nDAQ: 123456)

(6, 1401, 86.7:0.3) deg
(x,¥) = (-5.2020.47, -88.83+1.08) km
Rp = 34.42 £ 0.02km
profile: 4-parameter Gaisser-Hillas (type: classic)
E=(1.12+0.03+0.09) x 10 eV
Xmax = 736 £ 14 glom”
(dE/dX)mas = 156,63 + 2.83 PeVi(glom’)
7,1

(X, 79+107, 576) g/om?, fasym = 0.45
Che 2%, mva=27 deg

datab: 2008/11/30 05:10:55
Mie easured (h<2.7 km, VAOD at 3km: 0.07)

LIDAR: h(cloud)=4.0 km, 39%; GloudGam: max(()=(0/0)% (elev>5.5"); GloudMap: max=20%
molecular profile: GDAS; time correction: good

Number of showers above EFD

Reconstruction/Hybrid [%]

Number of unique events after
standard hybrid Xmax selection

10°

102

—_
(=]

Hybrid rel: events
SD2FD#Stereo |

Stereo Erec. events
SD2FDigeom. rec. events

sy
| IIIII

100

80—

60

SD2FDJHD
StereofHD

(SD2FD+Stereo)/HD '

20.2



AIR SHOWER PHYSsICS TASK

* Jakub Vicha task leader of the Air Shower Physics
Task

e Selected analysis

* MOCHI - Modified Characteristics of Hadronic
Interactions (J. Ebr, J.Blazek, J. Vicha, P.
Travnicek, E. Santos, N. Denner)

e Mass composition and cross-section from
Xmax fits (O. Tkachenko)

* MC modifications using [Xmax,S1000] fits
(J.Vicha)

* A Heavy-Metal Scenario of UHECR (J. Vicha
and others)

* Anomalous shower profiles (J. Blazek, P.
Travnicek)

* Rmu from universality on hybrid data (J.
Vicha)




MODIFED CHARACTERISTICS OF HADRONIC

INTERACTIONS

* Modification of macroscopic parameters of hadronic interaction models to better describe
measurements (J. Ebr, J. Blazek, J. Vicha, P. Travnicek, N. Denner, E. Santos)

* Changes of multiplicity, elasticity and cross-section with CORSIKA 7.741 with CONEX option, Sibyll
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MASS COMPOSITION AND CROSS-SECTION FROM XMAX
FITS

» Simultaneous mass composition and cross section measurement (O. Tkachenko)

* Vary the proton-proton cross section + perform a standard composition fit -
self-consistent estimation of the interaction cross sections and cosmic-ray

primary composition
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MODIFICATIONS OF HADRONIC INTERACTION MODELS
USING [XMAX,S1000] FITS

 Analysis of J. Vicha FAL paper (Phys. Rev. D 109

(2024) 102001)

* Existing tension between models and observations

Rhad(emin)

- poor description of data by current models

* Global fit of observed [X,,2%x,5(1000)] distributions
with free mass composition and adjustments of MC
predictions to hadronic signal and X,;.x
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A HEAVY-METAL SCENARIO OF UHECR
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_ PHYSICALLY MOTIVATED CLOSEBY
—— SOURCES

/
/

* Influence of the Galactic magnetic field (GMF) on the direction 180
and the amplitude of the dipole JCAP12(2023)016 (A. Bakalova3,
J. Vicha, P. Travnicek)

* Analysis repeated using fitted fracitions from heavy-metal
scenario and new models of GMF

* More physicaly relevant scenario using selected closeby sources ™
(A. Bakalov3, J. Vicha, A. L. Miiller)

* Objects of interest AGNs, Seyfert Il, Starburt Galaxies ...
* New models of Galactic magnetic field

* Dipole above 8 EeV ol
« Small scale anisotropies above 40 EeV *.
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, ENERGY SPECTRUM FROM
| CHERENKOV DOMINATED DATA

* New reconstruction method of Cherenkov—dominated events developed
and implemented by V. Novotny

elevation [deg]

* Allows to extend the reconstruction of the energy spectrum from Pierre
Auger Observatory data down to 6 - 101°eV
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* The profile constrained geometry fit method is described in detail in (a) Gaera view
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DATA AND SIMULATIONS

 Monte Carlo simulations
* E. Santos coordinator of the Monte Carlo
simulations task
* Production of official simulation libraries for the
whole Collaboration (E. Santos, A. Yushkov) - used
in FAL papers

* A Catalog of the Highest-Energy Cosmic Rays

* Release of 100 most energetic events
* 7/8EeVtol66EeV
* V. Novotny reponsible for the FD part
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OTHER ToPICS AND NON AUGER ANALYSES

Neutral Particles Physics Task
» Search for upward-going showers with the Pierre Auger Observatory (Vladimir Novotny, Jiri Blazek) —
FAL paper submitted
Muon seasonal variations (Jordi Tuneu, Eva Santos)
Invisible energy from KASCADE data (Jakub Vicha, Vladimir Novotny)

Defence of five bachelor theses in September 2024
 Marie Benedova - Influence of the Galactic magnetic field on arrival directions of ultra-high energy cosmic rays
 Radovan Beno - Modified Hadronic Interactions and their Effect on the Composition of Cosmic Rays
* Lucie Karczubova - Mass composition of UHECRs using hybrid data of the Pierre Auger Observatory
« Martin Smid - Propagation of UHECRs for the case of heavy composition of primary particles
e Simona Velichova - Superposition model of cosmic-ray showers



	Snímek 1: Overview of Data Analyses
	Snímek 2: Overview of Data Analyses of Ultra-high-energy Cosmic Rays
	Snímek 3: Mass Composition Physics  Task
	Snímek 4: Mass Composition of UHECRs
	Snímek 5:  Auger-TA Mass Composition
	Snímek 6: Extraction of muon traces from WCD signals
	Snímek 7: Xmax from Stereo and SD2FD Reconstructions
	Snímek 8: Air Shower Physics Task
	Snímek 9: MOdifed Characteristics of Hadronic Interactions
	Snímek 10: Mass Composition and Cross-section from Xmax Fits
	Snímek 11: Modifications of hadronic Interaction Models Using [Xmax,S1000] Fits
	Snímek 12: A Heavy-Metal Scenario of UHECR
	Snímek 13: Physically Motivated Closeby Sources
	Snímek 14: Energy Spectrum from Cherenkov Dominated Data
	Snímek 15
	Snímek 16

