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PIERRE AUGER OBSERVATORY 2
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WHAT IS ACME? 3

THE ASTROPHYSICS CENTRE FOR MULTI-MESSENGER STUDIES IN EUROPE A CME
" Initiative to offer better access to the best research infrastructures

"Funded under the EU Horizon Europe Research and Innovation Programme till 2028

" ~41 institutes (BUW + USC/IGFAE), 12 infrastructures (Auger) https://www.acme-astro.eu/

‘ Representative Institutes ‘
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https://www.acme-astro.eu/

DETECTING NEUTRINO AND UPWARD GOING SHOWERS AT AUGER 4

" Neutrinos can be detected at the Pierre Auger Observatory indirectly via Extensive Air Showers (EASs)

* UHECR main background, higher separation > 60° zenith angle (6) .
/’ Down Going Low ~ 60°-75°

" Down Going High ~ 75°-90°
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ONGOING WORK ON THE FAST FOLLOW UP SYSTEM

* A basic real-time neutrino search follow-up system active, being upgraded to be more robust
*High energy gamma, neutrino and Gravitational Wave follow-ups have been implemented

* Sub-threshold checks and alert publishing is being explored
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UPDATED FAST FOLLOWUP PIPELINE

*Two parallel cron jobs running at the Observatory

*One implements neutrino analysis on data every 15 minutes

* Other listens to all GCN alerts and then checks if any neutrino was found in the most current
analysis result file, allows follows up depending on alerts
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ALERT HANDLERS

Ll Loading credentials:
Kafka listener started...
First 100 chars: b'{"alert_type":
“PRELIMINARY",
"time created": “2026-05-08T11:01:01Z2",
“superevent_id":"MS260508g", °

MS260508g passes FAR cut threshold: FAR=1/348050.03 years
ul Classification - P(BNS): 1.0 | P(NSBH): 0.0 |

P(BBH): 0.0 | P(Terr): 0.0

ul Properties - P(HasNS): 1.0 | P(HasRemnant):

1.0 | P(HasMassGap): 0.0
1 Unpacking embedded sky map

= Successfully extracted map directly to: fitsFiles/
MS260508g.fits.gz
v Follower spawned: call(['python3’, ’
follower.py', 'GW', ‘fitsFiles/
MS260508g.fits.gz'])

v Email sent

gcn.classic.text. FERMI_GBM_ALERT
FERMI_GBM
Kafka listener started...

Alert received: 1

~+ Received message #1 on topic: gcn.classic.text. FERMI_GBM_ALERT

» GCN TEXT ALERT PARSED | Topic: gcn.classic.text. FERMI_GBM_ALERT

ID: 800351945 | Start: Wed 13 May 26 07:59:05 UT | End: Wed 13 May 26
07:59:05 UT + 7200s (Fallback)

% SUCCESS: Launching follower for 800351945

v Follower spawned: call(['python3’, 'follower.py’, 'TIME', 'Wed 13
May 26 07:59:05 UT', 'Wed 13 May 26

v Email sent




GW LIMIT CALCULATOR

Step 1: Calculate 20% CL contour

Ms260508g

 Obtain the localization probability from FITS file

*Choose highest pixels and define lobes across the contour after HEALPIX ring indexing

*Split lobes
*Update: Works Multi order FITS

[Y. Lema-Capenas et al., Pierre Auger Collaboration]



GW LIMIT CALCULATOR 9

Step 2: Compute Field of View Step 3: Calculate Coverage
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*Scan FITS file every 4 min during 24h
* Obtain FoV for neutrino channels > Calculate start and end times of max probability

* Calculate probability to be in FoV

[Y. Lema-Capenas et al., Pierre Auger Collaboration]



GW LIMIT CALCULATOR: FINAL LIMIT

Get
Limit

~ One-day fluence limit for a point source
" Assumptions:
" Normal operating status of SD-1500

» U flux o E-2

" Currently,
2.39
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*Update: Implemented a new method to
correct for partially contained sources
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Step 5: Calculate Fluence limit

— ES (95° > 6 > 90°9)
— DGH (90° > 6 > 759)
103 — DGL (75° > 6 > 60°9)
- DGL+DGH+ES
— PO, =11.6 GeV-cm™2
| @ _90,av ~2
S Few™ =16.4 GeV-cm
; 102 \ \j 90% CL region
N —
O
e \Nd
!
c
Q
-
o 10! (
|
[
|
|
l
10° .

GW190517 0551

relative
probability

0- 1 1 ! I | 1 | J J | 1
-90 -75 -60 -45 -30 -15 O 15 30 45 60 75 90
6 [°]

[Y. Lema-Capenas et al., Pierre Auger Collaboration]
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THE ASTROPHYSICS CENTRE FOR MULTI-MESSENGER STUDIES IN EUROPE A CME
" Initiative to offer better access to the best research infrastructures

"Funded under the EU Horizon Europe Research and Innovation Programme till 2028

" ~41 institutes (BUW + USC/IGFAE), 12 infrastructures (Auger) https://www.acme-astro.eu/
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‘ Data archive releases



https://www.acme-astro.eu/

THE OPEN DATA PORTAL

12

" Have been releasing data since 2007

" The Pierre Auger Observatory Public
Event Browser

* 1% of data released for educational
purposes

" The Open Data Portal set up in 2021
* Based on the FAIR principles

* Consists of :

* Detailed explanation of detectors and
the sample
Close-to-raw data (JSON) and event
level info (CSV)

Online 2-D and 3-D visualization tools

v

v

v

Analysis examples (Python)

v

100 highest-energy events as a
catalog
Engaging outreach section

v

* Regular releases with latency

Pierre Auger O'bse\;vatory Open Data

Following the Auger Collaboration Open Data Policy, the Pierre Auger Open Data is the public release of 10% of the Pierre Auger Observatory

cosmic-ray data published in recent scientific papers and at International conferences. The release also includes 100% of weather and

space-weather data collected until 31 December 2020. This website hosts the datasets for download. Brief overviews of the Pierre Auger

Observatory and of the Auger Open Data are set out below. An online event display to explore the released cosmic-ray events and example
analysis codes are provided. An outreach section dedicated to the general public is also available.

All Auger Open Data have a DOI that you are required to cite in any applications or publications. These files are part of the main dataset
whose DOl is 10.5281/zenod0.4487612 and always points to the current version.

& O [1]

Datasets Visualize QOutreach

> https://opendata.auger.org/



https://opendata.auger.org/

TOWARDS THE NEXT RELEASE

Spectrum with event counts
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CONCLUSION AND OUTLOOK 14

* ACME offers a unique opportunity to provide better access to multi-messenger observatories

*The real-time alert system is being improved and extended

*The open archive is being regularly increased with the next release offering 30% of all
recorded cosmic ray data

*The Pierre Auger Observatory plans to have yearly proposal calls to provide access

*Visits to institutions are also provided for skill development

Gamma rays -

They point to their sources, but they
can be absorbed and are created by
multiple emission mec hanisms,

ACME "

AAAAA physics Centre for.

Multimessenger studiés-in Europe

y particles that point totheir ,, . "7
sources and carry informatiorl/
P I ERRE from deep within their origins.
AUGER :
They are charged particles and =

OBSERVATORY are deflected by magnetic fields,
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