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e 2000: Engineering Array
e 2004: start...

® 2008: ...end of construction of Auger

- OV U

AugerPrime deployment

® 2024: end of construction of
AugerPrime

® Data taking till > 2035

OO S0
-ﬁ

End of 2024:

= Collaboration meeting in Malargue : 10-15 November
= Finance Board meeting in Malarglte (M.Pallavicini, O.Cremonesi attending)
= Celebration ceremony: extension of data taking for AugerPrime to 2035 [https://indico.nucleares.unam.mx/event/2235/

= UHECR Symposium in Malargie : 17-21 November

Spectrum
Arrival directions
CR Phenomenology

Activity since October 2024 2025: an ICRC year i Soomee i

. . . .o Cosmogeophysics
= | Collaboration meeting in Malarglie : 9-14 March Mt meseenger

= 1 Augerltalia meeting : 3-5 February Foundations

Atmosphere

= 1 Analysis meeting in L'Aquila: 19-23 May in L'Aquila MonteCariolDPA

Data release

Qutreach
AugerPrime
Garage

= |CRC (Geneva) : 15-24 July 44 contributions from Auger ! Wes
= Next Collaboration meeting in Malargle : 16-21 November —
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1. First meeting of the starting
collaboration held at CERN in 1995

Pierre Auger Project International Agreement

PIERRE AUGER OBSERVATORY

INTERNATIONAL AGREEMENT FOR THE ORGANIZATION, MANAGEMENT AND
FUNDING FOR THE OPERATION OF THE PIERRE AUGER OBSERVATORY

AMONG

THE SCIENCE FUNDING INSTITUTIONS OF COUNTRIES IN THE PIERRE AUGER
COLLABORATION

3. 2nd Int. Agreement signed in
Malargue in 2015 (chaired by

F.Ferroni)

2. First International Agreement finalized and
approved at UNESCO, Paris in 1998
Signed in Mendoza March 1999 (chaired by

H.Schopper)

Annex

to the

Pierre Auger Observatory

Intermationnl Agreement
for the
Organization, Management and Funding
for the
Operation
of the
Pierre Auger OUbservatory

Among the
Science Fundimg Insttubons of
Countries in the

Pierre Auger Collaboration

4. Annex to Int.Agreement signed in
Malargie in Nov.2024 (chaired by

S.Bentvelsen)

Plerre Auger Observatory

Agreement
for the
Organication, Management and Funding
of the
Pierre Auger Observatory

AMon2
Scence Fanding Agencies of
Courdncs i the

Pierre Anger Callaboration

Mendoza, Argeming
March 15, 1599
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AugerPrime in the field

e \WCD (UUB+SPMT) and SSD completed in summer 2023
® RD completed in December 2024

® UMD completion foreseen in mid 2025
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= 1480 SPMT working, only 31 missing (unaccessible regions).
= 1478 SSD, 10 without PMT, 31 missing (unaccessible regions).

Malirgue

.
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= 1605 antennas in place, with corresponding electronics

= Few positions missing, due to forbidden access, 12 without
digitizer

= Commissioning ongoing

AugerPrime in the fie

e \WCD (UUB+SPMT) and SSD completed in summer 2023
® RD completed in December 2024
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AugerPrime in the field

e \WCD (UUB+SPMT) and SSD completed in summer 2023
® RD completed in December 2024
® UMD completion foreseen by 2025

= 100% of SD433 have UMDs
= 79% of SD750 have UMDs

- 13 positions (39 modules) still to be deployed

- Second batch of scintillators arrived in Malargtie

A.Castellina Napoli, 4 Luglic



FD in AugerPrime

2443 telescopes op/E ~ 8% ox. <20 g/cm?
Agys = 15% Agys < 10 g/cm?

® cnergy and Xnax scale provided to the Observatory

® most powerful evaluation of <Xmna> and 0(Xmax) up to ~1019:5 eV

® stereo measurements to evaluate X« resolution and study the systematics
® I[ndependent cross-checks for

energy calibration with Radio
<Xmax> and o(Xmax) from SD (DNN) and Radio

FD contribution in different analyses [p excess with inclined and LE showers, up-going
showers, anomalous profiles, ...]

A.Castellina Napoli, 4 Luglio 2025 7



Maintenance

Number of Masked PMTs [VEMpeak<10 o VEMpeak>90 or PMT off]

8C0
700 ¢
600 +
S00 ¢
400 }
300 ¢
200 ¢
100 |
0 e ‘ :
01/07/1 01/01/20 01/07/2C 01/01/21 01/07/21 01/01/22 01/07/22 01/01/23 01/07/23 01/01/24 01/07/24 01/01/25
70

Number of 2 Masked PMTs

50 + . - | c
a0 L n AT 1 T

LA AT e, et ot

01/09/24 01/10/24 01/11/24 0l/12/24 01/01/25 01/02/25 01/03/25

Percentaje of discarded by year

Large PMTs (3 x 5000) [IT/Torino, FR/Orsay + help from CZ/Prague] N 2c2i
§ 10,00%
® ~100 PMT changed /year in the past, now doubled : ~balance between failure and recovery rate & .
® % discarded/year decreasing mainly thanks to new procedure to recover corroded pins 0;0:% :
. DecreaSing PMT StOCk 2021 2022 2025 2024 2020

Bottleneck : SensTech HVPS

® ~120 Sens-Tech HV modules repaired in 2024, ~180 waiting to be repaired
® Purchase of new modules: quotation ~260 €/cad for at least 250 (5% decrease from 100 units)
® SensTech only provider - problems with past purchases after pandemic

A.Castellina Napoli, 4 Luglio 2025 8



Maintenance

CLF stably running

(After 2 campaigns in November 2024 and March 2025)

XLF stably running

Raman Lidar and LA Lidar working fine
CO LIDAR PC replaced end of March

‘“ \
” f ;W» ‘r’m G
M(‘ -{‘: AV

LL : spare HV/LV boards (CAEN A1738) will be provided by Catania group

Very active common working group of Calibration & Foundation

Absolute calibrations updated as

of July 2024

C1F shots fired

FDshift #1 FDshift #2 FDshift #3
1, UTTTITUITT ")
i
6&9\. "DNQQ» ”&p bou,g, ) ™ 60‘)@ 60".5 ) ‘0.9
& > S ) = = = =

elevation [deq]

ZIIXX
SO
IXIXX

[S0008 SNRDS B

XILX

o0

B
T TTITTY‘
Y X)L f

p LIJI;
T
111111 X rrr\rr
1)‘1 ll 1D 111 I

1

. |

run 1 27, event 9295

X-Y scanner : differences with

CalA are investigated

120

M
100

30

60
azimuth [deg]

HEAT-Coihueco intercalibration

HEAT downward for a precise
measure of the cross-calibration
factors

A.Castellina

Napoli, 4 Luglio 2025




Performance of data taking

P
&
o
ol
>
£
«
o
o
ﬁ
e Two SD shifts/month online 5 5 5 2012/13 01610 2 SN0 BAAL
o4, 200701 200812 201101 201212 201501 2016/12 2019001 2020/12 2023/
,9_, - | ] Sch«l-.uluh'al (l:u:l-laki:lg_ fraction ] | l
] § 0.35 :_ Los Leonces
* More than 300 FD shifts (15-20 days each), = = Taloall.
mostly on site + remote (20 remote rooms) s 03— Coihice
©
=
£.0.25 _
0.2 :\:‘ ﬁ, f W f‘ % |
E T
0.15 i |3 B f2 WUy HiEEE
. . H\/ f\‘ \{("j RN
The largest worldwide exposure: VAT 1V BRIy
0.1 \21 ' H ¥
= ~105,000 km2 sryr for the measure of the spectrum by SD z:\ " I
0.05+ :
= ~ 5,000 km2 sryr for the measure of the spectrum by FD =il S I [T |
= ~135,000 km2 sryr for the search of anisotropies T e e

shift number
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Commissioning ofAugerPrime [“bring (something newly produced) into working condition”]

* Methods used for Phase | daily monitoring have been
adpted to Phase Il data

e Currently operating in compatibility mode with Phase |

* Purity of event-level triggers same as in Phase |

e Over 99.9% of events (satisfying EAS triggers) can be
reconstructed

* Due to higher UUB sensitivity, bursts at station level
appear during lightning periods: estimated 5%
exposure loss/year

Currently finalizing
* Alarm settings

e Commissioning of triggers and calibration procedures

* Data processing anf reconstruction pipelines

First analyses of physics quantities ongoing

Purity of 3Tol event level trigger
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Commissioning ofAugerPrime [“bring (something newly produced) into working condition”]

Dynamic range extended to

-
o
<D

>20,000 VEM thanks to the SPMT

SD id 71956421 .
2023-03-09 06:37:57 Noise :

Energy =23 EeV - HG channel <2 ADC counts

Zenith = 26.7°
o« LPMTs - LG and SPMT channels <1 FADC

+ SPMT count
= SS8D x 5

-
o
O

Matched by SSD employing a
highly linear PMT, gain-ratio set to
128

-
o
NN
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AugerPrime - one multi-hyorid event

r - 10 10 307 ]

1000 {[:] wcu} FiaH Station 1773 150 [C= WCD Station 1622 [ wep] Station 824
3 == ’3/"&:\ "T“{"’"’ -08 g —— é/’g%z%ﬁ'q” -08 Fas {0 | B | ool ' ' '
5 i e B e gdat ® Commissioning is ongoing
= =06 = i =06 z.o«i }
. 5 10 Zisd |
8 Sl £ 10 ﬁl | ® [t has to be strictly linked to maintenance
g 02 E]m' 0.2 —aos | 15 }
Z B 0 & | . . .
—_—— e R | ® The monitoring is fundamental
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> 3 3 }  Radio (AERA) = ~ :
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g .1 ‘= ™ 2
o S ot .
€124 2 102 02 2 e Z Electronics [JINST 18 (2023)]
- N R a .
= 1 g ] ‘g - A = SSD: [submitted to JINST, 2025]
: D 1 1 1 o
.1 7 3 b =R el - = UMD: [JINST 16 (2021) T07008 nd
) 3 | & :
€ 3 B i 2 Lip & P01026, JINST 12 (2017) P03002]
1 @ E/EeV=735+16 .- 2 , ,
! 0/°=4520£012 .~ $ = RD: in preparation
100 - 101+ r ==t T T T "l —r—rr110"1 107
10° A0 104
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R — S = _ 6 Contributions to ICRC2025
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ted R 2 g : : ® Status and first results
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o I o ;| s e CDAS
0 500 1000 1500 2000 : . . ' ’ = . 0
oA o LT RO s S L f . ® Electronics
® RD status
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More info

Staff
Staft hired for AugerPrime (UUB, RD) completed their task
3 WI” remain in Staﬁ .'Gabriel Diaz Matl' Rojas b.JeiberCastro Sebastian Villar -
1 paved from AugerPrime budaget for 2025 7
Pay S d New FD observer ;:7 [\

2 technicians from CNAE, part time
22 interns from Isazky School

Yosel Balibrea

New computing expert
Juan Pablo Behler

»
qa‘ X
"~ * - e
,“ 5 ‘..“ L ).
T4e .J).’ - ..“.".‘0_ o .'.-_v.
h s :

Landowners

Only 1 conflict on 101 properties
almost all renewed to cover AugerPrime data taking period

~20 USD/WCD/yr and ~400 USD/FD/yr
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Auger as an infrastructure for other scientific projects

Pierre Auger Observatory: unique infrastructure
providing deployment expertise from the local
staff, good communication systems, a
multitude of detectors for comparison of all
techniques, a pertect playground!

A very welcoming environment for
cross-calibration and testing detectors

Excellent opportunities to learn from each other

and test new ideas

T T .
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Socio-economic impact of Auger

s

11970

o

© wP ot e R R g gt o

Year

:

* Close relation with municipality of Malargle

g

* General public talks

¢ Visitor center (almost 12000 visits in 2024)

® Auger seat in the Strategic Planning Commission of Malargtie
* Ordinance for protection of night skies

:

Local environment

-

# Visitors .

° 3 3
>y

-
'ﬁ_
%_

h
'h
=]
&

* 101 owners, almost all contracts already extended to 20235

Landowners * Small increase in payment (20 USD/yr for WCD, 400 USD/yr for FD)
* 140 papers
Science * Interdisciplinary researches (solar and atmospheric studies) el
' VATORIO
* Training: 419 PhD students, 27 double degree PhDs =N IERRE AUGER

Etudi mdo lcs

'3 05 Chsmice
de las m. y nEOSY\lr

* Infrastructures for other projects
Science Fair 2024

® Technical training (Iszacky school)

Pre ragistered: 85 groups

Received works 51

Deacline October 2nd

A great job by the evaluators!!! ‘

ufamf’. g— . . -
Giencias wess| Final selection | | |

e Science Fair

Economic impact ®>90% of operational budget is spent in town
25 reports

e Use of Convention center

e Power line also used by local landowners
* Wi-ti provided to remote land inhabitants
e Donations to local schools -

countries

5 Argentinian
provinces

30
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Outreach and Education

Sep. 2024 - National High School - UNLP, La Plata

2012: 100 years of Cosmic Rays 20

ESPEJO
pROTOTIPO DEL
DETECTOR DE

FLUORESCENCIA

& e
11: The Adventure of konwled

4 MaDecy » MBIV

International Masterclasses 2025

e ahad

AUGERENFOCO

Nam. 8, Cclubre 2024

www.auger.org.ar T &

En e s voiade wive, o Oluwvafiriz P /4
Ya revelvoomdy W owslode Jy ke e olamilur .
o ol wowgle RCUAEL by paciiculys  miy
aWRieEY oo 2o Uy Huwenilau,

MEDICION DEL ESPEC TRO DE RCUAS
Bl otseresturio ba confimade un lemibe de corte de bos
URICR e tomo o § x 10™ eV, o gue significs gue se
deleclan muy poccs ROUAE por wind 'w de 10% w, v
NSNS por enema ce W07 eV AdemAs, s Ran
deseshitrm NooVES CAMCIANSHERS o0 @ psperTm. cue
propacinan  cformedkn oarg ks modeis Je s
fuosnles v propugeddy, gue scuem siendo dvis de
i oL iln alivas.

ORIGEN EXTRAGALACTICO .

Ahora se sabe que bas RCUAE su s 0 Bx W ev
probabiemente e orgiean fuerm de nuestr galsia.
Ezm conduzion 52 basa en 3 medicldn de la o> isotrepia
dipoe en sus Jrecdoms Je Necada que diliere
sgnPcetivemente de be drexdn dd dew gdaitoe
®in. 1)

COMPOSICION MAS PESADA A MAYORES

ENERGIAS
S A0 s LRILER £0°SR0en DANSPAKSANTS S0 ptroes

10" o4 estdn tomocesten co nidoes cada vz
% [OMO "eln o nimégens, o megis mis

A pasar Uu nben logrus, gqueten muches preg.otes sin
rescorsta. £l sio lente pasc es medi- la c2rpa de los
LIUCE, ya e s traywstenas de 158 Adess mis
cargacos w2 dewdon Mz por ks campo: magnéticos del
Univemo. Esta desvindon hace cue B arlemtacdn ce los

AUGLR PRWIL

Pam enfeentar pemns desafing, a Cobberacidn Plenn Auger
ha iniciada ons impormanee schalizacdo del abenvesonin,
conecdda come Augerfrime. Esta senmlizackn induye |2
corperncian de detecterss de conmeldien [(550) y detectorss
de racic {RD) a caca estacidn ce cetector de supeficie
existents (Fig. 20 La mueves cortiqumcion mejors
capacidsd de distiaguir entre 103 CcomDoneTtes muonicos y
cectromanéticos de las EAS debido 2 a3 d-erentes
resposstas de satos detectores

0 region ceslial de b Tuva de paticulas, Jo cu e densidad
ce paticuas es méds ot Ios tres tubos Sotomultiphzadores
AT de DS encones o0 upeficke pueden sarurarse, | que
@us: meddores de roxoctas de b sofa. Para mitgar esto
Bage Priw inUodote un peguidc Mabomsdlipl Gads PATTS)
jUD con los tres qrandes PVWT axistentes. El FMTs esth
clseNosio paea p el o '3 g0 dindicn de las medickones ce o

AREACIAS, 10 08 DO ITA L MUSNITAN BEAS AORORS e
corticubas,

El cbeenvatorio tamb én Inchaye roglonsz on ka: gue | distanca
wouaw lngoes vy Infurkr @ ls esbinder. 1500 mutros, En ve on
esas rep ones. docce as estasiones estAn espacindas ente 8l
750 v 433 melics, o acbuaizadon induye i eslaadin e
CASRAINNAS de ~nres subbersine s (M) F s despenses
pmportionatan mecicores drecas orticas ool comporente
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Phase | : the first 15 years of Auger

Unrivalled exposure and accuracy in measurements
140 journal publications
+ 3 already accepted

ass composition

Hadronic Interactions
Beyond Standard Model |

Neutrinos

Phenomenology

Photons & neutrons

MM

Take home message ey

A global, coherent view emerges from the analyses of the data collected at the Pierre Auger
Observatory, dispelling the pre-existing UHECR picture

Valuable inputs to phenomenological models T N Astropanicle
Physics

Particle

Auger provides the only way to explore the UHE domain: ' WY Jfe W

information about hadronic interactions and constraints on BSM effects

Atmospheric
Physics

A.Castellina Napoli, 4 Luglio 2025



E [eV] Energy spectrum
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> 10 :—.".“"...‘u...‘% instep Largest available exposure, >80,000 km? sr yr, >920,000 events
(- N e st oo - :
5 L Jow energy ankle “eey, T ‘/ First measurement of the instep feature
N ‘...- . . . .
c i "1} A measure completely independent of any assumptions on the primary mass
X : ankle . It provides constraints on source properties, injected masses, interactions/escape
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NEW
submitted to ApJL = First measurement of the energy spectrum over the entire declination range -90° to +45° (104,575 kmZ sr yr)

arXiv:2506.11688

D.Ravignani
PoS(ICRC2025) 268

= No declination dependence up to &= +450 (apart from the modulation expected from the dipolar anisotropy)
disfavoring the TA conclusion about a possible astrophysical contribution from the Northern sky [see slide SGP]
= |nstep feature confirmed at 5.20
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Measurement from the

> longitudinal protile (FD, ~15% Duty Cycle) 'PRD 90 (2014) 122005+122006

> temporal and lateral distributions (SD, ~100% DC)  PRD 95 (2017) 122003

radio footprint (AERA, ~100% DC)

Energy [eV]

10" 10" 10™
%0 1 LB I L] orn I I 1 LR A l
4 Auger FD, ICRC (2019)
| Auger SD, ICRC (2023) -”j;é;;'éiq_\?-
|+ Auger RD, PRD (2024) el
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.E -',"-t v —:.U".‘!’l!‘!”
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o
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FD, SD, AERA

Mass Composition

NEW
PRD 109 (2024) 022002
PRL 132 (2024) 021001
E.Mayotte, PoS(ICRC2025) 538

=The <Xmax> gets lighter up to
~2 1018 eV and heavier above
this energy, incompatible with
pure composition

=The 0 (Xmax) at the highest
energy

— excludes a large fraction of
protons (DNN and FD)

— excludes the GZK as a
dominant reason for the spectral
cutoft

DNN analysis

Measurement from SD using DNN

» Elongation rate in agreement with that found with FD
» Clear evidence of a structure in ER, best described with a three-break

model: constant ER rejected at 4.40

18.0

—fP incompatible with pure composition

log 1ol E/eV)

18.5

19.0 19.5

20.0 20.2

800 |

@ FD
¢ SDI{DNN) £ oupn

E3J(E) / km Zsr Lyr VL6

# S D i o

NEW
PRD 111 (2025) 022003
PRL 134 (2025) 021001

= kinks resembling the spectrum
features

= supported by independent SD-
based measurements (Delta
method)

= in agreement with those
predicted by a simplified
astrophysical model

20f .
: — = The radio measurement
10F .. . .
. Auger preliminary _ provides an independent | | |
7 s 19 T : : 1 3 10 30 100 160
lg(El'C\;) COnflrm atlon E /.' E‘.C\"
A.Castellina Napoli, 4 Luglio 2025 20




Composition informed search for large sc:ale Anlsotropy

-t '.‘V.F'.
..........
- ‘e
.........
......
..........
..........
'''''''''''
.......

30° __
Dipolar modulation in RA Science 357 (2017) 1266] ,,,,,,,,,,,,, o B
at 6.80 for E>8 EeV, at 5.70 for 8<E<16 EeV | Ap) 976 (2024) 4 ._

L
o
------
-
e
.
.0

Cosmic ray interactions with background radiation and magnetized —30°

regions depend on the cosmic-ray energy, charge and mass composition,

—60° M E>8 EeV,

giving rise to different horizons and deflections that are expected to lead to Equatorial
different anisotropies. 0.36980 > 1 .._-17 0.43506 coordinates
Flux [km™ sr== yr=*]
E/EeV \Br
) Ze ©
= 0.1 |
=} : } events with
: : : . : £ | zenith angle
* Expected in models with a local dominant source emitting in the EGMF = ¥ <80°
. . . .y @ d(E)=d
* Expected in models with many inhomogeneously distributed sources Q = "’X(IOECV)
S dyg = 0.049 £ 0.009
* =097+021
0.01 1. A | N A A
5 10 50
Energy [EeV]
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Composition informed search for large scale Anisotropy

10 " s
............ g 43
-1
o 10 fouen . £ 5 f_
E _ °1 {
s L, ¥
<E: 107 F >32EeV |
P ;
8. . (16-32) EeV
~ 10~ ¢ E
i Data, ApJ 2024 reH
__BAGEeV Sim, "light" Univ +4
oD, ey Yo 12
-4 im, "light" Fad
10 ° fppureFe Sim, "heavy" DNN H
NEW S S ' - —
G.Golup, PoS(ICRC2025) 216 5 10 50
Energy [EeV] Estimator Resolution
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Differences between Northern and Sourthern sky?

Using vertical+inclined events we have partial coverage of the Northern sky 525 l A - I60° I
o : uger g <ou” - - - -
' N
700 TA hotspot and warmspot regions _~E4 20 ~  Auger 0 > 60° -
| ,l'_ B BT e NS %15- ~>~\Augertot — =
+60°F - T - G ETA 10~ eVt o, St v — N TA — -
/- \ (c) Epa > 10199 eV — - = - P T SN i total i
T 500, | \| (d) Epp > 10196V — - -0— - - / w\s\\ 3 4 . , N d
ks - , . - =t N -
S 400kt 2 L] Auger incl. FoV | e X D TR N U
T‘E,! ‘o el 7 l o ) A= | 1 - | -~ T ’/."‘l\i\ |
= +30°F N P 7 N, / = , O 0 o o o o o o o
e 1 VEGES e R -90° -60° -30° O0° +30° +60° +90
+20° - o~ _ 7 Auger vert. Fov \\\' 1 4,// - declination &
— - N i
*}Al o) | | | | | | | | | | | | | | | | | |
480° 170° 160° 150° 140° 130° 120° 110° 100° 90° 80° 70° 60° 50° 40° 30° 20° 10° 0° 350°
right ascension «
Telescope Array (Telescope Array Collaboration 2023) Pierre Auger Observatory (this work)
Emin Niot ggti:{ Nbg Nin q)(_r;i:: ZLM qu) Er?it;- Emin Ntot t%i; Nbg Nin q,i;i& ZLM %Q‘E)
TA hot spot =P (a)| 57 EeV 216 9.47%|18.0 | 44 2.4410:%% |+4.80 |1.60 2.80 |44.6 EeV 1074 1.00%(10.7 | 9 0.84"231 | —0.50|1.76
P 0.39 0.25 NEW
19.4 1) +0.17 ‘ ‘ ) n+0.12 ‘
PPSC (b1) [10™"%eV 1125 5.88%]64.0 |101 1.587 ' ¢ |[+4.10 [1.22 3.30 |20.5 EeV 8374 0.84%(70.1 |65 0.937 ;77 |—0.60(1.23 ApJ 984 (2025) 123
(b2) [10"°°eV 728 5.87%|41.1 | 70 1.701522 [+4.00 |1.25 3.20 |25.5 EeV 5156 0.84%|43.5 |39 0.9019:3% |-0.70 |1.29
(b3) | 10°%eV 441 5.84%|24.6 | 45 1.83103L 113,60 |1.23 3.00 |31.7 EeV 2990 0.87%(26.0 |27 1.0412:2} 140.20|1.61

= confirmation of the Centaurus region as most significant excess (4.00 post-trial), extended to lower energies (20 EeV)
= no hints for excesses in the TA “spots” with data of comparable size —> at variance with the claim of TA that the declination
dependence of the UHECR energy spectrum is due to the presence of excesses in particular regions of the Northern sky
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Galactic backtracking + limited UHECR horizon

ldea: apply GMF models backtracking UHE events above 100 EeV, taking into account the volume of the Universe responsible for them

8 GMF models, 6 different source catalogs

p i~
" Detecteﬁ(? Event . S B 15 109
Sin Ie events anal Sis o : ' TN PAC191110 % Van Velzen RGs
g .y : \L'i?:ﬁli?r;:g; N ‘ 1.0 == 100 Fgy % Lunardini SBGs
57 % FenmisrHLAct e NN o emirachl
The backtracked position of 39 of 40 events above 100 EeV ool WO SWIR-BATAGNS ) 3p° 4 -3p° -0 ‘ 5 A - R A ™ 8
\ : e | 3 £
. . . ' 572 A ,‘/ - 0.6 x Ui
re compatible with more than one source of the SBG, Fermi- Eai ‘ J/ 2f },* . X o
. . . 205 4 Ej , * 2 X
LAT, Swift-BAT or radio galaxies TN T4 * ’: * 10753
4SS * . *%
60° — . = } 0.
| I— [ o
0.0 0.5 1.0 oY 70 40 60 80 100 120 140 07
Likelihood based analysis i Distance [Mpc]
We can exclude at 50 CL a contribution of >40% van Velzen, ,
>65% Fermi-LAT, >67% Lunardini and 70% Swift-BAT T Jenvelen "
Only the Fermi-LAT catalog describes the data better than 35| — SwiftoAT b
isotropy at low signal fraction (5-10%) o | — rermi-LaT expX
£ 25+ —— Biteau (sm weights) spur
Al: —— Biteau (sfr weights) - synCG
— Liso = crel0
c}lilw 151 - 50 threshold rr neCL
¥ nebCor
. / wn :
Inclusion of EGMF, UUHECR, newer GMF models can change 5/ — | "o
the conclusion = Isotropy
™00 01 02 03 04 05 06 07 08 I 1.0
Signal fraction el

00 01 02 03 04 05 06
Signal fraction

NEW

M.Bianciotto, PoS(ICRC2025) 188
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Astrophysic:a\ interpretation (energy spectrum+mass composition)

Basic scenario:
— 2 populations of EG identical sources, uniformly distributed
— power law injected energy spectrum + rigidity cutoff

' Auger Coll., JCAPOS5 (2023) 024
— propagation only (no in-source interactions considered)

2

1038 — N T RS . —
] [ -

< 1.0 -
] . t. ) — A‘— ! .
_ :W“""’\\l S 2<A<4 ; =Ankle ~ 5 EeV: interplay between
| N X ) 1 : i .
- \ | 5081 the two popolations
B N ¢ = nstep ~ 10 EeV: interplay between
e 10° ! l___l.- S 0.6- :
E a A He and CNO primary masses
Y L S04 =| uminosity density ~ 6 x 1044 erg
= CIE Mpc3 yr' b ti ly emittin
7 i ———— © | pc3 yr! by continuously emitting
~ 0% HE component 2 0.2 _- sources to supply UHECR above the
LE component % | | ankle
oA sare  aan - A 00 N I . e ]
18.0 18.5 | 19;; v 19.5 20.0 18.0 18.5 19.0 19.5 20.0
0_‘_.11()( ev) logl(](E/eV)

LE component HE component

soft spectrum, unconstrained cutoff point to hard spectrum, low cutoff, limited mixing of ditferent nuclear

= interactions in-source or in the source environment indication species point to

=could be made of EG protons if a Galactic component is =confinement of UHECR in the source, magnetic horizon

included = suppression mainly due to exhaustion of the sources

= | imited source to source variations

A.Castellina Napoli, 4 Luglio 2025 o5



The mass composition at UHE

From the global fit of the observed [X__ ,S1000] distributions and , , , ,
Iy H lei f d at the highest
from the most recent hadronic interaction models (EPOS LHC-R) » VIS NHEIST TaVOred at the NIGRESt ENergies

c 7 ® nfe)
~A|l — | €'o(e) dede’

s 2 2
= 2= J,, enpr €
g ~GZK max distance
&
o New questions:
v
v . " . .
ke — Are there astrophysical conditions for which ultra-heavy UHECR can exist?
>,
m .
§ Metal rich sources, r-processes = collapsars, BNS mergers
Ll
10°- — What is the maximum A needed to explain our data?
101° ‘107 107 .
E [eV] } oY — $-Process

10° o= r-Process

NS post-merger

| - »‘)\.(p Ba disc simulation
FIG. 1. Total energy loss lengths for various nuclei: p, He, O, S 100 ) . N | o, Pb
I'e, and Pt. The black dashed line is the energy loss length Z oM i ',“ Y
due to the adiabatic expansion of the universe. CMB and g 10" """-.«-’:' ‘ Eu o &8 |}
EBL [60] are considered as target photons. -;;’ j “ e ”‘ Y.
< 10 v

Te12s|'. I}

60 50 100 120 140 160 180 200

Atomic mass number A
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Auger ﬁi i’}“ Telescope Array

Mass composition

Comparison feasible only up to 109> eV - no FD data above this energy

No direct comparison of Xmax distributions is possible: Auger measurement

unbiased, TA one folded with detector effects

Auger best fit composition as input to the TA simulations; the resulting

distributions are compared to the TA Xmax results

300

(X max) [gem™]

700

SVS. €rrors: Auger

ety
© AugerMix, ICRC (2019) ® TA
s TA,Ap] (2018)

-------

TA == (Auger 2 + TAY'?

T
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e
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Auger TA
 ——— S

o AugerMix,TCRC (2D19) ® TA
m TA, ApJ (2018)

T
Sibyl12.3d

M 1 "
19.0
Ig(E/eV)

R B
18.5

s 1 s
19.5

TA data consistent with proton and also with Auger-mix at

least up to 1019:5 eV

The opposite is NOT true, as Auger data are incompatible
with pure composition (4.40 exclusion of constant ER)

Energy spectrum

~ull declination band
-900, +44.89] Auger

& 10%
- a -
(S snesd tt -5.70, +900] TA
-
> ¢
(".J Il
z ol .
o 10F | Overall shift with same FY and E;.,
L common fluorescence yield and E_ madel + ,
x 5 av . . . . °
X[ = TaKcRC20S i of 4%, well within uncertainties in
L;—ﬂ" | o Auger ICRC 2025 v
| o] energy scales, up to 10 EeV
10" 10™
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Auger and TA WG - full sky search for anisotropies

Enin TS  f/% ®/° post-trial
All galaxies 37 BeVauger ® 47EeVra 193 13.17%7  155%1 340
All AGNs 3I8EeVauger ¥ 48EeVry  17.6  4.8716 15493 330
Jetted AGNs 37EeVayger ~ 47EeVy 229 88728 174841 3380
All gal. (no atten.) 37BeVauger ¥ 47EBeVa 135 33.673%7 292050 280
Starburst gal. (no atten.) | 38 EeVauger ¥ 48 EeVa  27.3  10.675%  15.073% 420
E1a threshold [EeV]
4() 45 50 55 60 65 70 75 80O 8 90 95 100
S LY~ AL B BN BN B B A IR IR I I I
25 all galaxies —*—

o starburst galaxies —®— - &

= b jetted AGNs —— =

320 all AGNs —~— —45 &

3 ' 8

CE; 154 . 0o altenuation ---¢--- | 5

| . B
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g 10F |7 =

z 0y &
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8 5 e,

lo
0 O

E pyger threshold [EeV]

(D(ETA < 48.2 EeV) _

Auger = 38
75°

W =25°

-75° glor

10 15

20

Flux [10°3 km~2sr-1yr-1]

¢ Eni pre-trial  post-trial
Auto-Correlation = 2 41EeVayger = 51.8EeVTa 420 2.1
All galaxies 2 37EeVayger = 46.5EeVTa 320 —
Starburst galaxies 2 38 EeVayger ¥ 47.8 EeVTa 4.50 2,10
All AGNs 2 38EeVauger ¥ 47.8EeVTa 470 3.00
Jetted AGNs 2 38EeVauger ~ 47.8EeV1a 4.1 2.00

NEW

A.Galvez Urena, PoS(ICRC2025) 185
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The science case

p o— " o n () * N :
'\ he 9' | Do UHE photons and neutrinos exist?
p(n) Y
The origin of the flux suppression 398 Transients / steady sources
above 10195 eV
% \ I Qo ﬁ ra .
The identification of the sources Particle interactions at UHE
GRB (Gamma Ray f - ROl PR L L ¢ o Maghinars Hints for new physics?

i A Need accelerator of size of Mecury's orbic

— to reach 10 eV with current technology

Large Hadron Collider (LHC),
27 km circumference,
superconducting magnets

The nuclear composition at UHE

TDE (Tida!l Disruption Events o vl . A .‘ Supernova Ar.emncmts |
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Multi-hyorid events in AugerPrime

WCD/SSD/RD can collect multi-hybrid events with a 100% duty cycle
Separation of shower components can be obtained

e by WCD/SSD for events up to ~600

e by WCD/RD for inclined events >600

e by WCD/SSD/UMD extending the mass sensitivity to the lower energies and improving the
ohotons/hadrons discrimination

Hadronic interactions can be studied

e By WCD/RD simultaneously measuring energy and muon content of EAS up to the UHE with
100% duty cycle

e By exploiting different muon populations (WCD and UMD)
VERTICAL (0-60°) HORIZONTAL (60-90°)

RD

e/\ln‘
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Multi-nyorid events and Machine learning

@ @ shower
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powerful Machine Learning techniques need to be cross-checked by
means of multi-hybrid measurements!
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Multi-hybrid events and composition

8201

800+

logy

18.5 19.0

O(E/(}V)
19.5 2Q.0

Instep

Ankle

¢ SD (DNN) + oy

Suppression .-~

3 10

30 100

E | EeV

7

>
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reject constant elongation

reject two breaks
reject two breaks (AugerPrime)

$H18 2020 2022 2024 2026 2028 2030 2032 2034

year

Composition features (DNN, current result, bias-corrected with FD) :
= energy independent elongation rate excluded at 4.40,

= two breaks rejected at ~20

50 reachable in 10 years from now with AugerPrime
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Multi-hybrid events and composition

] Sibyll 2.3d {  EPOS-LHC

1111111111111111111
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lllllllllllllllll

_______________________________________________________________________________________________
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lg(E/eV)

What is the fraction of protons at UHE 7
WCD + SSD
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merit factor MF: difference in units of std-dev
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Multi-hybrid events and hadronic interactions

705 482 285 174 108 52 26
—_—
> 2.0
@
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=
w 1.DF
S
&
&
= 10 — QGSJetil-04 > RD with Sibyll-2.3d
>E - Sibyll-2.3d > RD + 30% at 30 EeV
o ® FD inclined hybrids
~ 0.5
18.50 18.75 19.00 19.25 19.50 19.75 20.00
log10(Ecr / €V)
. 705 482 285 174 108 52 26
0.30 \ AN SEE S SEmmn SEmmn S 4 \ 4
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O.25F ..., sibyll2.3d > RD with Sibyll-2.3d
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5 .......................................
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0.00
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RD+WCD, simulations - 10 years. (mass composition mixed)

ad-hoc correction for the muon deficit in simulation for the
mean R,

What is the muon number at UHE ?

WCD + RD - inclined events
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Phase Il : the first preliminary results

= First preliminary measurement of the 1 . = = 1 °®
energy spectrum (SD-1500, 3<600) with > . g =10 [
the data of Phase |l — . * = =z ¥ b .
= \ery good agreement with Phase | result ! L © e % - I
m ] i
) :
- I
Y4
™
> :
D 10%7 .
X = Auger SD-1500 |
185  19.0 195  20.0
l0g10 (E/eV)
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SCieﬂce rOadmap - From our coordinators (

Mass composition at UHE is the key; together with the spectrum info

= what are the nuclear species ?

= up to which mass are our data described at the highest energies?

D.Boncioli, L.Cazon)

= which components do we need to explain the Galactic to extragalactic

transition?

= |nput to hadronic interaction models

+ Arrival directions
= exploration of the most interesting regions (CenA)

= Study of mass-informed dipolar amplitude

= UHECR-informed studies of models of GMFs and EGMFs

Auger 2004-2022

8wy

—

New analysis
techniques

-

AugerPrime
and new triggers

Phenomenology
New physics

Neutral particles
= Cosmogenic vs and ys observation/non observation

provide more info on the possible sources - strong
connection to proton fraction at UHE

= Astrophysical »s and ys can be studied, down to which

energy?

= |nfo on BSM eftects (LIV, SHDM, upping showers)

Napoli, 4 Luglio 2025
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volume 85 - number 1 january - 2025

Open Data

O @ Recognized by European Physical Society

R Particles and Fields

Started in 2007 with 1% of CR data, portal opened in 2021

From “The Pierre Auger Observatory open data”

Table 1 List of specific releases on the open data portal [ 19] with the corresponding DOIs by Pierre Auger Collaboration, Eur. Phys. J. C 85, 70 (2025).
Release tag Date Content Specific DOI
Release 3.0 March 20, 2024 10% cosmic-ray data, low energy sample https://doi.org/10.528 1/zenodo. 10488964
Release 2.0 Dec 22, 2022 10% cosmic-ray data, inclined sample (60°-80°), https://doi.org/10.5281/zenodo.6867688
Outreach section with different languages
Release 1.1 Oct 26, 2021 100% atmospheric data and scaler data https://do1.org/10.5281/zenodo.5588460
Release 1.0 Feb 15, 2021 10% cosmic-ray data, vertical sample (0°—60°) and https://doi.org/10.5281/zenodo.4487613
auxiliary files, ready-to-use event display, analysis
examples

= March 2024: >54000 SD750 + 197 HeCo hybrid events

Visualization of an exemplary event. Left panel: camera view of the fluorescence detector; the cosmicray
shower is seen as a trace that moves along the pixels of the camera, from early (green) to late (red) pixels

1 OO h i 9 h est e n e rg y eve n tS Right panel: reconstructed energy deposit as a function of atmospheric depth as measured with the two.

telescopes participating in the event.

= Next release : 30% of Phase | data (2004-2021) vertical SD + Hybrids,
100% atmo+scaler

NEW & @ Springer
EPJC 85 (2025) 70 akisa
V.Scherini, PoS(ICRC2025) 646
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INFN

CNAF

New data center at CNAF —

. . D ——
The storage and computing resources required for 2025 have ‘ Hosting the Italian TIER-1 computing center for LHC experiments

Storage:
The /sps/pauger will be increased from 150 T = 300 T

www.chaf.infn.it

Computing:

Synchronization between Malargue and CNAF:
Testing new software tools : very advanced [Lorenzo Perrone,
Juan Pablo Behler]

A new software tool - Mirage - based on rclone has been created
for this task

about 3000 HS06 (similar computing power as in Lyon)
has also be given as requested. The access to the
pauger users will be provided through a HTCondor
batch system

TAPE: the tape is also available at this endpoint : xfer-
archive.cr.cnaf.intn.it:8443/pauger-tape/

Key points:

— optimize the usage of bandwidth and CPU through continuous
and parallel processes replacing the current rsync-based
procedure executed twice a day.

— Filtering options (you can activate/deactivate specific targets)
— More efficient diagnostic

https://www.auger.unam.mx/AugerWiki/CNAF
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The Pierre Auger Observatory

Phase | [2004-2022]: a radical change
in our view of UHECRs

Phase |l [2025-2035]: more statistics

and more insight on the UHECR
nuclear mass composition

=human-power: need to increase number of contracts

for post-Docs and number of PhD students
=our responsibilities in the maintenance and services
should be supported

40



BACKUP
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SD-PMT maintenance

1

In the field

to repair or change PMTs with failures

* PMT weeks: special SDE shifts dedicated to
the PMT maintenance in the field

twice/year for 2 weeks
2-3 teams in the field at the same time

40 to 60 PMTs fixed

INFN-Torino in charge of SD-PMTs

IM.Aglietta, A.Gorgi, A.Zampieri]

In the LAB

to repair PMTs, bases and HVPS returned
from the field

e reconditioning of PMTs in SdeCO

* PMT cleaning

e removal of PVC support

* new flying leads welding

* new base installation

* PMT full test

* potting (need many PMTs ready)
* packing

® reconditioning of the bases in SdeCO
base cleaning

L J

e fast HV module test (~88% ok)

e [TT 1 week (~80% ok)

e HV capacitors replacement

® other actions (e.qg. cure for raining, short pins...)
e full functional test (automatic system)

® HVPS repaired in INFN-Torino

7’*_-

A.Castellina

Napoli, 4 Luglio 2025
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Surrey
TW20 9AB
United Kingdom

QUOTATION 18 The Auecnse ( )
Egham - -

SENS - TECH

Telephone: 01784 624410
E Mail: info@sens-tech.com

Customer Quotation

Karlsruher Institut fur Technology (KIT) Quote Number: 100691
Finanzmanagement Date: 24/06/2025
Hermann-von-Helmholtz-Platz Sens-Tech Contact: Paul Hurtado
Eggenstein-Leopoldshafen Valid To: 08/07/2025

Germany Customer Reference:

Contact Name: Payment Terms: 30 Days from Date of Invoice
Contact Email: Currency: Euros

Line No. Sens-Tech Part No. Product Description Quantity Unit Price Lead Time
1 PS2010/12 POWER SUPPLY 25 €293.39 €7,334.75
2 PS2010/12 POWER SUPPLY 50 €281.14 €14,057.00
3 PS2010/12 POWER SUPPLY 100 €268.89 €26,889.00
4 PS2010/12 POWER SUPPLY 250 €256.64 €64,160.00
5 EM33 EM33 ISSUE 3 25 €233.61 €5,840.25
6 EM33 EM33 ISSUE 3 50 €202.93 €10,146.50
7 EM33 EM33 ISSUE 3 100 €192.78 €19,278.00
8 EM33 EM33 ISSUE 3 250 €173.50 €43,375.00
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More infO SUMMARY:  |n 2025

REQUEST: 1,716 KUSD (Operating) + 85 KUSD (Reserve) + C-O until 2023 = 1,801 KUSD + C-O
OCL PER PERSON: 9,529.10 USD

10,800 USD for 2026. VERY CONSERVATIVE

Includes Mexico paying their full share for 9 people and does not include funds for the reserve

KIT PROYECCION DICIEMBRE 2024
FUNDACION AHUEKNA Bs.As 1,59%
,“,')()"v
SERVICES
OUTREACH 11,14%
0,38%
PURCHASES
41%
0,41% MAINTENANCE
v kL 14.14%
CANONS FOR LAND ACCESS
1.77%
ADMINIST. COSTS
0,88%
VEHICLES
2,76%
GENERAL EXPENSES
2.49%
INSURANCE
TRAINING 1,11%
0,20%
RENTAL
0,499
PERSONNEI
58,70%
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Calibration - WCD+SSD

= \ertical Equivalent Muon (VEM) for WCD
= Minimum lonizing Particle (MIP) for SSD
= |In >99% of cases muon hump well determined

= Day/night fluctuations: ~3% for VEM and 15% for MIP
= Uniformity across the array ~13% (VEM) and 6% (MIP)

WCD+SSD coincidence

allows calibration of
aged WCD :
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smallPMT cross-calibration

8 [
5
104:—
Calibration not feasible with single muons: -
only ~1 photoelectron per muon in the sPMT .
(vs ~90 in the Large PMTs). 10°
Cross-calibration with Large PMTs signals expressed in VEM to find factor B such as -
10% =
Sspmr/ VEM = B Ogpyir / (ADC counts) -
» Dataset: signals from low-energy showers, selected locally at each station I
. . . o ) o o o 3 | | | | | | | | I | | ] | ] ] ] ] | ] | | | ] ] ] ]
» Method: minimization of the differences between the signal distribution of Large 25 3 3.5 5 25 5
log, (S/VEM)
WCD PMTs vs sPMT — — 30 o
v Precision ~2.2% X[ —— LPMTs average
v Performed in an 8-hour sliding window s —— SPMT

o
to follow daily evolution of the SPMT °©

~~ — ; ; ; .. . . : =V O 2
() 105t S gain induced by temperature variations |:-..=4° -
- S f B : : S S B :
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Cross-calibration factor 3 for a typical SPMT, calculated hourly using 8h of data |Qg1 o(S /VEM)
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Aperture view Camera view (XY 5500t / XY2.023oct> 0.95(5)
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FD calibration: the XY scanner

® Scan complete telescope aperture (~1700 positions ) with uniformly emitting,

absolutely calibrated light source on rail system
® Permanent infrastructure installed at all telescopes
® 2|l telescopes measured at least once

® Systematic uncertainty in absolute calibration of the fluorescence detectors of 6%
(as compared to 9% with former large-diameter source)

® Comparison with CalA past calibration under study (Roma/KIT)

T T T T T T

0.75 1.00 1.25
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' ' Simulated dataset + fitted noi Measured power dataset:
Calibration - RD mulated detaset + ftied nolss easured p

= Measure of the response of hardware = 70 20 = 70
. - - T
components (in laboratory) - . 152 2 o
= Relative calibration: drone measurements - 5 O
: @ 50 0s o
= Absolute scale: measure of the Galactic % S 3 %
. . : L
modulation in the 30-80 MHz frequency band & a0 5 & 4
= Uncertainty in energy scale : Goal: <10% eee———— W
[WIthAERA14%] 0 2 4 6 8 1012 14 16 18 20 22 24 300 2 4 6 8 10 12 14 16 18 20 22
LST LST
C I . b ° M D 64 SiPMs signals S -
alioration - U ; | ; 2 of
Binary channel ADC channel - -
1 1 c :
\ ¥ o -
Pre amplifier Adders » 4
: :
Fast shaper » ASIC Amplification e the
| —— 0}
Discriminator HG LG
\ . Y Y
FPGA ADC ADC
64x 2048 bit @ 3.125ns 2x 1024 samples @ €.25n¢s 6 o
210 —
. ) ) % § [ PE =(38.3 +0.1) / DAC counts
= Measure of the rate of SiPM signals as a function of ®10° 2 600}
threshold for different bias voltages gw £ 400)
= Threshold for the binary mode set at 2.5 £ §2°°:
o o 4 TSeeeo o By
photoelectrons. .
. . o 102 Threshold / DAC counts
= The gain stability has been measured to be within 1% 1
50 100 150 200 250
(3 years of data) Threshold / DAC Counts
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Geomagnetic emission

'."‘Showor Axis ’
=

® acceleration of et by the geomagnetic field

® they continuously interact with air molecules

® linear polarisation of the radiation (E aligned along
the Lorentz force)

® propagation along the shower axis

Radio emission in EAS

e ionisation of ambient medium by EAS particles: excess
of ionisation e- following a longitudinal development

e linear polarisation of the radiation (E radially oriented
wrt EAS axis

® sub-dominant in EAS, unless EAS arrive parallel to MF

Emission mechanism

Superposition of the two effects :

® asymmetric footprint: it depends on relative weight of the 2 effects (i.e. on the geomagnetic and
EAS angles)

e total polarisation is elliptical

e radiation strongly forward-beamed into a cone of few cegrees

® An(z) influences the radiation by compressing or stretching it

e if the E adc up coherently
Amp“tUde(E) o< Nparticles o< Eprimary

received power < (Egrimary)?

4000

3000

2000 |~
® 3s it is not absorbed in atmosphere, the radio

emission depends on the source distance and not 1090
on the amount of traversed matter

north [m)

inclined air showers can be detected
by a sparse antenna grid 2000 |-
» lower ?amplitude
» larger footprint
» less steep LDF

electric field strength [UV/m/MHzZ)

3000 =

-4000
-4000 -3000 -20C0 -10CO0 O 1000 2000

east [m)|
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NEW

Astrophysical interpretation - the magnetic horizon effect JCAP O (2024) 094

EG magnetic tields between Earth and the closest sources can affect the observed spectrum, reducing the low-rigidity particle flux

primaries (solid), sec H (dashed), sec nuclei (dotted)

A=2, Sibyll2.3d, NE-NE

| J(E) ].OU-:' . . .,‘-.0:‘ = ol ,
Suppression factor G(E) = . & y=1, NE
J(E)ds _>O ‘6 /::0. ’/:o. ,l:.
t; //. ,Io I,'
© ’® / ! o
“— /e ;7 * /
: — ':. /I' I’
Normalized d 25 kpc 21077 o fo |
Bt n /" / /
: : S — @ /e I e !
intersource distance 10 Mpc L. 2 i A
Q. Ilo
o A ’/, ':" —— Xs=125 i
I ! [ — X5=2.50 |
| fe J° — Xs=375
— d. =20 Mpc 10-2 | ! o = . , . : 0
d. = 50 Mpc 107 107 10° 10’ 05 1 15 2 25 3 35 4
X 2 Xs
X. =2
_ X;=4
O :
c = The spectrum is softer for larger Reit (Ecrit= Z Rerit)
= = The magnetic horizon plays a role if
m -~
“~-e : :
Implying strong EGMF O(10-200) nG in the Local Supercluster
101 107 108
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Astrophysical interpretation
(energy spectrum+mass composition+arrival directions)

Cen AAm = 34 SBG, m = 3.4
100 100
. n - ¥ e 1 - A
Universe model setup: Simulated observables: ~ w“"‘"—f S e N

sr

........

S Q \\
10 . SN
# \ ~
energy spectr : 4 RN
P VN ~
- e ’ O |
B L S
& . P \ ’ er= S LW B
X 37 7/ o I 3 \ S
10 / o R LN \
4 » N .
4 e W,
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—_— - N 1“;' I’,
4

injected spectrum:
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cur / ~ \ — /S o L 0‘-.__\ . — N\
1 ) oor y \ > ’ ' A > { Y
1 \lger 2019 \ 1\ R J // ~“ \ . __\__ y | \
(: { borchmark sim . ! e * -/ 7 4 ) VoA — ' |\\
- A1 s S Y T t  Auger, 20° around Cen A A T \ t  Auger, 20° around NGC 4945
/ L\ = k‘ AN \ ' \
- (A \ \ Y
sl A 1
. v \ \
d . AV . ‘

) / (km™* w1

,:__'/ /’
>
) / (km ™= v

(}
(F

w2 / 1 '\ L 10%{) ==== model, 20° around Cen A 2 10% \ m=== model, 20° around NGC 1945

-~
93w
’

-
-1
DR |
4

(

\
xmax -i.- (E/Y) \ L 4 “y —  model, total Hux €3 model, total flux |
T | “ ‘\ L X 7 L 4 — s p—th ‘.; A 4 - z e - — [ | A%
| \ ‘l "\ { 19.0 19.2 19.4 19.6 19.8 20.0 20.2 19.0 19.2 19.4 19.6 19.8 20.0 20.2
| % i .'.'."\ e logo( Ege [ €V) logy( Ege / €V)
- .. - Q

3d setup: 1" S RN B | _ _ _ _
signal fraction f,, R N AR N Cen A,m =0.0 | Cen A, m = 3.4 | SBG, m = 3.4 | yYAGN, m = 5.0

magnetic field blurring 6, | arrival directions: + syst + syst + syst + syst

S0

: PN TN 7 TSu | 22.8 17.3 92.2 19.1 27.6 256 | 239°% 98¢
G@' ; od A ' : tot

o & TSy |-01  -14 | -04  -11 |-52 —45 | 268 3.9
o

309>

o TSx 1.9 0.2 1.8 1.0 6.2 2.0 —0.8 6.4

T . . .~ .
< - L » ] . . -~
GU° =gty max

. TSaps | 20.9 18.7 208 190 | | 266 |271 || —21  —3.0

e Data well described by a model with t ~ 20% from SBGs and ~200 at 40 EeV, N-dominated hard injection spectrum
e Significance of SBG model ~4.50, contribution of Centaurus A dominant (~80%)

* Y-AGN sources disfavoured (not possible when considering only energy and mass composition) NEW
JCAP 01 (2024) 022
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N | I l |
- ' ) Auger 6<60° - - - -
_ Q| N . uger .
Auger and TA WG - full sky search for anisotropies E2OF N araer s 600
N
average spectrum in —11° < § < +43° % 15 — ST . o \ Auger tOtal S
logo(Era/eV) —— e E TA — -—
(R . ]9]'5 & , o S 10k N total —
' a0l 180 & Energy scale systematic uncertainties %3 TN
— 1707 IR
' 60 5, +14% tor Auger +21% tor TA QgL . )
s {607 > ‘ -
E:gizﬂ*’%ﬁ\ —50_5 :': //‘)\-
X - -40g ) : : : * vt | | z | ] I
% 0] yz(;)_ %2];;4 &L o Cross-calibration of the datasets in the common o _0900 T60° —30° 0° 430° +60° +90°
<20 Auger o N | Jyp=  declination band L
o TA T o declination o
O s g 0 W

logo(Eauger /€V)

90°

® scatter plots of arrival directions immediately

Galactic

interpretable
~ 40.2 EeV

L . EIA . =
® cqual sensitivity anywhere in the sky T S,

® upper limits uniform over the sky
—180°

TA 19.4 EeV
Epuger < 16 Eev

180°

19.4 EeV ETA < 40.2 EeV,
16 EeV = Auger ~ 32 EeV

Contirm the presence ot a dipole pointing away from the GC

—-90°
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Testing the predictions of hadronic models

NEW
Global fit of the observed [X__ ,S1000] distributions with templates ad-hoc adjustments PR 109 [Z1824) 102001
of free mass composition and different hadronic interaction models X X +AX

500 9 < (07 60°) SHud(e ) > SHu (e)’RHad (9)

S EPOS-LLHC ——
o £ QGSJet 11-04
g 4 Sibyll 2.3d 1 35 (0°,337)(33°,397) (39°,457) (45°.51°) (517.607)
§°300— 0%) = 3.8¢-01 - E """ Rhad(0) + AXmax Y EPOS-LHC
e =232 Combined fit of the [X__ ,S1000] 130 = —— Rua(0) A QGSJet [104
O i e . N
= i W) = 2.0e-03 . . . . . B — "~ AXmax
5 100, s, "X distributions without any adjustments | 75 Sibyll 234
E ) ‘Q. : 1 -’-M ‘ ‘ o bt : A |
600 800 1000 - a- 4
Xmax  [g/om’] 1.20 |
o 0 € (0°, 60°) 2 - . N e
_ 4 EPOS-LHC Combined fit of the [X__ ,S1000] = 115 E - v e

400 |- - e
E | Lt distributions with angular dependent {10 b e
8 | ,  P=90em muon rescaling Rpad(9) -

o 200 | A - — —. e
& | 7 ] 1.05 _ a
© Joof Y largest improvement - > 2 = = ==
: .’..ll‘.O‘Q..._,l;.J— 1'0()_lllltl‘-il111[111111111[1111]1[11]
600 800 1000 -
- e 0.65 070 075 080 085 090 0.95
500 6 (0% 60°) fhad
| by srdetre Combined fit of the [X__ ,S1000]

400 . . o o fo .
o b distributions with angular dependent Best description of data if models modified such that :
Ay 300—
= ' W(x?) = 6.6e-01 : :

i NS g muon rescaling Rhad(3) and shift of Xiax Xmax deeper by 20-50 g cm2
| + : . .
s K further improvement -> heavier Shad increased by 15-25%
60 * 800 R 7 ComPOSItlon
X2 [gfem?)
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K M 3 N eT S Cosmogenic (proton - best-fit to Auger spectrum) ~ sssseeeee Low-lumin. BL Lac (Rodrigues 2021)

e Cosmogenic (mixed - best-fit to Auger spectr. & compos.) - = =« Starburst Galaxies (Condorelli 2022)
eve nt = AGN (Murase 2014) — w—— Magnetars from BNS (Fang 2017)
Lo ! A 1 Lo gl ! [ R A
| Pierre Auger B
-7 :
10774 (2022) KM3NeT (2025) ANITA 11V (2019) [
Assuming the estimated — ‘ 10 S
. L lceCube (2025 -
neutrino flux central value 7 ube ( ) "
— —8 -—-_——:=—-—-—- --------------- — i
~ 29 events should have o T Waxman-Bahcall (2015) L
been detected with Auger c Pierre Auger -1
v integral (2022) C kv,
SD1500... % 10-9 %
2 L
L L
(~ 1.5 events assuming S 0.1 S
: : © i =
central value minus 2 sigma) ~ 10-10 N
. L 10 PRELIMINARY i
Single flavor E_O'Ol
10-11 0.5 decade logigE [
I I | | | I]I-Ioll7 1018 1019 1 I]I-BZO | | 1 I 1 l]l-l021
Energy (eV)
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