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Why looking for UHE photons?

Neutral particles unique probes:
e Direct information on their sources
e Smoking guns for fundamental physics
e Improving understanding of the extreme Universe

radio/microwave infrared/optical gamma-rays neutrinos cosmic-rays

UHE-photons highly relevant for:
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Key signatures

The steeply falling spectra require large ground detector areas
Gamma rays reaching the atmosphere interact producing extensive air showers (EAS) of secondary

particles. They are distinguished from hadronic EAS through some features:
e Low muonic content
e DeeperX_ .

X
cosmic ray (p, o, Fe ...)
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The Pierre Auger Observatory

Hybrid ground-based detector:
Surface Detector (SD):
e SD1500: 1600 stations - 1.5 km grid
e SD750: 61 stations - 750 m grid
e SD433: 19 stations - 433 m grid
Sampling the secondary particles reaching the ground

Fluorescence Detector (FD): measures the fluorescence light produced by

de-excitation of air nitrogen molecules

Additional detector systems complement the main SD:

Radio antennas (RD) *\

Scintillator planes (SSD)
Underground muon detectors (U
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The observables

To observe photons we need to measure X__
and the number of muons

X ., directly measured by FD
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http://www.carincain.com/home/

The observables: universality model

Air shower universality:

The muon content is inferred

from SD

N

.

Shower as a thermodynamic system

It describes the n. of particles and their distributions at different development

stages through a few parameters

Total signal universality model:
Exploits this property to predict the total signal in the tanks

as the superposition of 4 components
Their contribution depends on the primary particle mass through Fp
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Standard analysis vs new method

Standard research

Selection of suitable observables
MVA algorithms to combine them
Cut to look for candidates
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Standard analysis vs new method

Standard research
Selection of suitable observables
MVA algorithms to combine them

Cut to look for candidates

Entries

i
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Alternative approach

Search for UHE photons as excesses of the expected background

signal pop out

1. Optimisation of selection cuts
We want to apply cuts to reduce the tails of the background and make the
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Standard analysis vs new method

Alternative approach
Standard research Search for UHE photons as excesses of the expected background

Selection of suitable observables 1. Optimisation of selection cuts

MVA algorithms to combine them We want to apply cuts to reduce the tails of the background and make the
Cut to look for candidates signal pop out
2. Likelihood-ratio test
T It is a powerful tool to search for photon excesses
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The dataset

Air-shower simulations

CORSIKA: FLUKA (low energy) | EPOS-LHC (high energy)
y: Signal p: Background

log(E / eV) € [17.5, 19.5] 6 € [0-65°]

Realistic detector simulation for hybrid events

e Surface detector: Water-Cherenkov tanks
e Fluorescence detector

10



The dataset

Old and newer version of EPOS-LHC tested:
different features between the two affect the result
of our analysis

11




The dataset

Old and newer version of EPOS-LHC tested:
different features between the two affect the result
of our analysis

5% burnt sample used in previous Auger analysis exploited:
e No assumption on background mass composition
e Lower model dependency

12




Step 1: F“-based cut optimisation

Fp is nearly energy-independent

Optimal cut: chut value giving maximum signal-to-noise ratio, {

. » N,(F, < F5™)
We scan over different Fp values and compute § ¢ = p
vNs(F, <Fi*) + Ng(F, < Fg*)
x107'2 " .
@ 16" 1 13 8 B
& “k 1 £ 3 —— yEPOS LHC
Ry - 4 5 e
e 1 2 = p EPOS LHC
12 - § B 4
i R = | Previous hadronic model:
C ] c ] ¢ _ ‘ -
o E F 1 F”Cu = 0.2 with signal
oF 1 “F 3 | efficiency ~78% and
i 3 - 1 | background contamination
[ 1 1024 =
o A 1 | ~0.2%
ot e gall
Fﬁut F_

Optimal cut: F“cut =0.12

Signal efficiency is ~58% and background contamination ~0.3%
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Step 1: Fp-based cut optimisation on BS

We here use the 5% BS in place of proton simulations

The new optimal cut is: F;“t =0.15

cut
Signal efficiency is ~72% and background contamination ~0.4%  |¢ No(F, < Fi™)

~ /Ns(F, <Fg*) + Np(F, < Fgt)

5] = - 81OZE||||\||\||\||||||\||\|
(‘/'S 0.4:— _: % E —— vy EPOS LHC
%) o - % N
0355 4 & BS
0sE 4 £ “F e With simulations:
& ] - o t_
0.25[— = B Fucu = 012,
02f = e E signal efficiency ~58%,
0.15F = B i background
01F- 3 wE E contamination ~0.3%
0.05F- = - E
obi 1 | | | 3] L ; 1\5 ‘él ..2!5 :IS -
ut

B Iy
=3
‘:‘Tl.

14



Step 2: likelihood-ratio test

Aim: compare the new method with the latest method: [PRD 110, 062005 (2024)]

H,: Data described solely by background B (n = 0)
H,: Data described by background B + signal S

~ - L(ng = 0)
Where: | L = Ws S(E) + (1 — Ws) B(E)| —— TS = —ZIn( L(A.) )

. e l —(z+e™?) N
S(E) and B(E) described by Gumbel distributions: 3 € , Where: 2z — 3

The energy dependence lies in the scale and location parameters of the distribution:

p=pz) =mz+q |f=p(z)=const| —— z=log(E)

15



Energy-dependent Gumbel

Fit Gumbel functions to the X __ distributions in different energy bins to infer parameter trend
e Alog(E/eV)=0.1bin width for background simulations
e Optimal bin width for BS case

Energy depend(—lznce of Gumpel parameter u
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X _as analysis variable
max

As expected the selection yields: Amax Bisiloution~EFGs LHE

N . . ETT T I [T T T[T T[T T T[T T T T[T T T T T T LTI T z
e High signal efficiency @ T ¥ before cut
£ - p before cut
e Low background contamination 5 163 —— v after cut
o = p after cut
S = log, (E) = 18.0-19.0
. B u Ry 10—22 = —
Now X _ is optimised and can be used 2 = S E
max I -~ &
in the analysis ol P ]
10 = =3 —
: I% =
B - //// ’
Additional validation: X is directly 102 0 -
e E 7% z
measured and its distribution is well known B S 1% a
1025 : 1% -
= 1974 g 3
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X _as analysis variable
max

As expected the selection yields: Amex Distibution - EPOS Lk
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Sensitivity estimation

TS (ns=0)
E >10"eV TS (ns=10)

=== Median (ns=0)
—== 10th percentile (ns=10)

To determine the sensitivity:
e Compute median of the bkg TS distribution (H,)
e Compute 10-percentile of each sig+bkg TS distribution (H,)

H
9
L

3.0 1

H
S
i

-@- 10-percentile of the Bkg+Sgn TS distribution
===~ Median of the Bkg TS distribution

Normalized distribution

2.5

E > 10'8%eV

Preliminary

1073 1

0 5 10 15 20 25 30
TS

Analysis sensitivity: the N whose 10-percentile matches the median

Used to estimate the 90% confidence level (CL) upper limits (UL)
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Sensitivity estimation

0 TS (ns=0)
TS (ns=10)
=== Median (ns=0)
—==- 10th percentile (ns=10)

We performed different tests to select the best performance

3.0
-@- 10-percentile of t

=== Median of the Bki

2s ] Using the background BS, it is obtained through:

................ e Smearing of bkg generation parameters

2.0

TS

15| ®  Hug fixed under both hypotheses

1.09

,/o/‘/‘
1 2 3 4 5 6 71 8 9 10
Ninj
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Exposure calculation

We have not applied the analysis to the data yet, but we can evaluate the & =/dt/dﬂcos@/dSey(Ewtﬂcb’xw)
improvements on the ULs e [ E76,(E))d
To extrapolate them we need the exposure A = Bl I E/"dE,

It is obtained through different steps:

e v air shower simulations: shower library b

e Detector simulation: generated events

—_

000
o Actual detector status

o Detector time evolution

(o]
o
(=]

Weighted Exposure

o  Atmospheric conditions Result with F optimised

on BS and proton
simulations

. 600
e Analysis cuts: selected events

o Quality selection cuts -

11 1 | - — 11 | I 11 | l 11 | I 11 | I 11 1 I 11 1 I 11 1 I 1
176 17.8 18 182 184 186 188 19 19.2 194

log,,(E/eV)

o Fp selection cut
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ULs extrapolation

e Old approach (data up to 2017)
e New approach with simulations
e New approach with BS = better performance

Improvement:
from factor ~2 at higher energies up to ~4 at lower
energy with BS

The new method, jointly with the optimisation,
allows for higher-sensitivity

Integral Photon Flux for E > Eg [km~=2 s~ yr-1]

10! A

1009 A

10714

10-2 4

1073 4

104 4

Model Predictions
GZK proton Il (Gelmini et al. 2022)
GZK proton | (Kampert et al. 2011)
GZK mixed (Bobrikova et al. 2021)
CRs in Milky Way (Berat et al. 2022)
SHDM la (Kalashev & Kuznetsov 2016)
SHDM Ib (Kalashev & Kuznetsov 2016)
SHDM Il (Kachelriess et al. 2018)

@ PRD Hybrid 2024 (Data up to 2017)

@ Extrapolated New Method 90% C.L. New Sim + New Expo + Smeared Bkg (up to 2022)

@ Extrapolated New Method 90% C.L. BS + New Expo + Smeared Bkg (up to 2022)

®
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o § °
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Photon Energy Threshold Eqg [eV]
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Conclusions

The change of paradigm in photon searches proposed can lead to better results

It involves: _
better performance than previous

methods such as that of [PRD 110,
062005 (2024)]

e Optimizing the signal-to-noise ratio on the observables
e Applying a likelihood-ratio hypothesis test

Ongoing work

The use of a data-driven approach increases the exposure (less stringent Fp"“‘), next step is:
e Test the method on bigger control sample
e Systematic uncertainties estimation

Future perspectives... a N 88 INEN

e Move to targeted search: background reduction :

°°°°°° Universitaria Superiore Istituto Nazionale di Fisica Nucleare OBSERVATORY

e Analysis of the results/implications of previous steps

Costanza Marinelli costanza.marinelli@gssi.it - XL cycle, Passage of the year 23
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Conferences and collaboration meetings Scientific publications
« CRIS-MAC, Sorrento, Italy, 13-17 July 2026. Talk: Searching for UHE photons in As member of the Pierre Auger Collaboration, since February 2026 I am a co-author of

background-dominated data. publications:

e The Pierre Auger Collaboration, Long-term monitoring of the optical performance of the
primary mirrors at the Cothueco and Loma Amarilla sites of the Pierre Auger Observatory,
JINST 21 (2026) no.06, P06040. doi: 10.1088/1748-0221/21/06/P06040.

« ECRS, Santiago de Compostela, Spain, 29 June-3 July 2026. Talk on behalf of The Pierre
Auger Collaboration: Photon searches at the Pierre Auger Observatory.

e Pierre Auger Collaborati ting, Malargiie, Argentina, 16-21 November 2025. Talk:
Ul(;;:in ll,lgoll;ﬂ do ;o)t(:)l;? ;:;;ln;c.; ullllltg}; th:;g}IZd mrgon e overber 4 e The Pierre Auger Collaboration, Bounds on Lorentz Invariance Violation from Muon
P g Y P Y ' Fluctuations at the Pierre Auger Observatory, Phys. Rev. Lett. 137 (2026) no.11, 111001.

o Pierre Auger Collaboration meeting, Malargiie, Argentina, 22-27 March 2026. Online doi: 10.1103/t5k4-2m32.

participation. o The Pierre Auger Collaboration, Depth of mazimum of air-shower profiles above 1077 eV
measured with the fluorescence detector of the Pierre Auger Observatory, Phys. Rev. D

o Presentations at the regular monthly calls within the Pierre Auger Collaboration ;
114 (2026) no.4, 043016. doi: 10.1103/n616-15v5.

Attegl dedﬁsghmls ication in A School, Bertinoro, Italy, 12—17 October 2025 Conference proceedings
¥ PUeHiNG UemManeaign.fu.Agironoty SEAe0e!, Herbinory; faly, 12— ctober 2025. « C. Marinelli for The Pierre Auger Collaboration, Photon searches at the Pierre Auger

o NBIA Summer School on Neutrinos: Here, There and Everywhere, Copenhagen, Denmark, Observatory, proceedings of CRIS-MAC 2026. Submitted.

7—11 July 2025. o C. Marinelli, C. Evoli, P. Savina, Searching for UHE photons in background-dominated
data, proceedings of ECRS 2026. Submitted.

Outreach
o Sharper, European Research Night & Street Science, 25th September 2026, L’ Aquila. Internal collaboration notes
o C. Marinelli, P. Savina and C. Evoli, Updates on hybrid photon search above 1 EeV: a
+ Visitor Centre GSSI, tour guide, September 2026, L’Aquila. signal-to-background driven optimization for a likelihood-based analysis, (to be published

e Street Science, 26th September 2025, L’Aquila. Qbalber 22t

o C. Marinelli, P. Savina and C. Evoli, Hybrid photon search above 1 EeV: a signal-to-
background driven optimization for a likelihood-based analysis, April 2026.
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Needle in a haystack

Reality: the background is dominant Powerful discrimination but low
expected number of photon events
100 o Model Predictions
GZK proton | (Kampert et al. 2011)
GZK mixed (Bobrikova et al. 2021)
GZK iron (Kampert et al. 2011) ' : H
.-I'T‘ = Cosmic Rays Spectrum Xmax dlStnbUtlon
; -1 4 FrTTT L LI I I I B B B e
v w07 & — g
N g 10 P
£ = F 10 relative weight
2 w I log(E/eV)=18.0-18.1
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A = = =
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Simulation weights

The simulated events are weighted to mimic realistic fluxes
Protons are weighted using the all-particle differential flux from (nitps:ink springer.comarticle/10.1140/epjc/s10052-021-09700-w]

s wL Vi—vj)wij
E\ W [Tico [1 + (E_,,) ”]
J(E,s) = Jy (—) T —
EO 3 . B % Vi—vj)wij
i=0 +<E,-,-)
Where E, = 10'%%eV
Phot ighted with g\’
otons are weighted with: L
J Jph = ¢o(E(") ook
0

do(EP") =107 - J(E") = 1073 - J(10'7%eV)

Parameter Value %oy = Ogyst
Jo/(km? yrsreV) (1.309 4 0.003 + 0.400) x 1018
wo1 0.43 +£0.04 £0.34

71 3.298 =+ 0.005 & 0.10
Ea/eV (4.9+0.1£0.8) x10'8
¥ 2.5240.03 £ 0.05
Ex/eV (1.440.1£0.2) x10Y
3 3.08+£0.05+0.10
Ez4/eV 4.74+03£0.6) x10"
V4 5240240.1

Y0 2.64 — fixed

Eo1/eV 1.24%10'7 — fixed

w12 0.05 - fixed

3 0.05 — fixed

w34 0.05 — fixed
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Entries

FIJ distributions: model comparison

Initial old EPOS-LHC simulation model vs new EPOS-LHC version
The two show differences:
New proton distribution shifted to the left —  Higher background contamination
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X _as analysis variable
max

Xmax Distribution - EPOS LHC

_IIIIIIIIIIIIIIIIIIlIIIII |||||||||||||||||| ]

As expected the result is:

p before cut
— 7y after cut
p after cut
log, (E) = 18.3-18.4

e High signal efficiency
e Low background contamination

Weighted Entries
T

|0~22 — =
Now X _ is optimised and can be used - :
in the analysis i i
Additional validation: X__ is directly

102

measured and its distribution is well known

T IIIIIII
IIIIIII|

Here the resulting distribution for :
log(E / eV) € [18.3,18.4] i

r
Illlllllllll'l ll.illllllllllllllllllll

500 600 700 800 900 10000 11000 12000 1300 1400
Xmax [9/cm]
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Energy-dependent Gumbel: protons

We fit Gumbel functions to the X distributions in different energy bins
Alog(E / eV) = 0.1 bin width considered to infer the trends of the gumbel parameters

Linear and quadratic fit are compared for p  Linear and constant fit are compared for 8

T = | T T T | T T T l T T T ] T T T | T T T | = a0 60 i | T T T | T T T l T T T ] T T T | T T T I e
E o0 ] § I :
\g 770 |— Linear fit - \Q L — Linear fit 2
= — Quadratic fit : @ 55 __ — Constant fit __
760 -] B ]
i ] 50— | —
_ ) - | -
750 . E el :
] A= L1 ; I &
] B l l .\J\;\ -
- - I -
740~ — - I 1
L = 40 — l —
7301 - a5 B
! lw = —179 4+ 50.1log10(E/eV)| - |8 =43.7 -
720 —_I 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 I__ 30 i | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 I ]
18 18.2 18.4 18.6 18.8 19 18 18.2 18.4 18.6 18.8 19
log (E/eV) log, (E/eV)
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Energy-dependent Gumbel: photons

We fit Gumbel functions to the X distributions in different energy bins
Alog(E / eV) = 0.1 bin width considered to infer the trends of the gumbel parameters

Linear and quadratic fit are compared for p  Linear and constant fit are compared for B

{E 940 —| T T T | T T T | T T T I T T T | T T T |— ‘\E 60 K | T T T ] T T T | T T T | T T T | T T T | ]
Qg - —— Linear fit - (\é : — Linear fit :
2 920 __ — Quadratic fit __ = 55 __ — Constant fit __
900~ - S0~ {' } 7
880 _ AL L"*’/—)r/’//} &

: | o S ]
860 _ : .
&l lw = —992 + 101.2log1o(E/eV)|] Brlp =442 7]

C I 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 I ] 30 C l 1 1 1 ] 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 | i

18 18.2 18.4 18.6 18.8 18 18.2 18.4 18.6 18.8

3 19 : 19
Iogm(E/eV) Iogm(E/eV)
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Energy-dependent Gumbel: photons

At higher energies photons

are affected by LPM and pre-showering effects:

Different tests excluding highest energy points to choose most conservative option

850
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700

Linear trends of p for photons with 10, 9, 8 points and for protons

||I|II|IIII|IIII|IIII|IIII||III[IIII|IIII|I
— 10 points
— 9 points
— 8 points
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Nermalised Entries

Gumbel parameters: trend validation

Bin-by-bin comparison between:

102

10°°

104

10°°

10

Original Gumbel distribution, Alog(E / eV) = 0.1 bin width (best)
Derived Gumbel distribution, parameters inferred from the trends (from fit)

—— Gumbel 7y from fit

Gumbel vy best
log(E/eV) = 18.55

—— Gumbel p from fit
Gumbel p best
log(E/eV) = 18.55
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Gumbel parameters: trend validation

Trends of the gumbel parameters: Alog(E / eV) = 0.2 bin width
Linear and quadratic fit are compared for g Linear and constant fit are compared for 8

Energy dependence of Gumbel parameters for protons Energy dependence of Gumbel parameters for protons

{g :I TT I TTTT I TTTT | TTTT | el I I Bl | I EL I TTTT I TTTT | TTTH ‘\g 60 —I TT | TTTT | TTTT I TTTT I T T | TTTT I Fakel T | Tl T | ol T I TT l_
\Q 770 __ — Linear fit ! __ \Q L |— Linear fit ]
e I |— Quadratic fit — = 55 __ — Constant fit ]
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- i 50— —
I . ! 1
7501 — S .
- ] 450 \ 1
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i i : \1\: :
o 2 i 1 ]
740 N 7 40— —
730 — 351 ]
I ] r ]
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More statistics needed to improve the fit
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Gumbel parameters: trend validation

Trends of the gumbel parameters: Alog(E / eV) = 0.2 bin width

Linear and quadratic fit are compared for g Linear and constant fit are compared for 8
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Energy-dependent Gumbel: BS

We fit Gumbel functions to the X distributions in different energy bins

4 optimal bins to get about the same number of events

Linear and quadratic fit are compared for p
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Energy-dependent Gumbel: photons

We fit Gumbel functions to the X distributions in different energy bins
4 optimal bins to get about the same number of events

Linear and quadratic fit are compared for p  Linear and constant fit are compared for 8
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Energy-dependent Gumbel: BS 30%

To improve the uncertainty on the trend coefficients we perform the fit on an extrapolated 30% BS
4 optimal bins to get about the same number of events

Linear and quadratic fit are compared for p  Linear and constant fit are compared for 8
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Sensitivity estimation: TS distribution

Background TS distribution:

e 100k pseudo-experiment simulations under H, (n.=0) 1004

alternative hypotheses
e TS distribution built

E > 10%%eV background

Background and signal parameterised as Gumbel
Number of simulated events matching the expected number _
of background events £

2 1071 L(ns = 0)

2 TS = -2In| ————

e Each pseudo-experiment is fitted with null and g L(1s)
E

10-2 A

Signal TS distribution:

T T T T T T T T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
TS

e [Multiple 100k pseudo-experiments under H, (n_ # 0)
Each with a different n_injected (n, )

e TS distribution built
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Sensitivity estimation: tests

The same procedure is repeated under different conditions to define the (nominal) best configuration

Parameters available: 8 n_, N

sig’ Bbkg’ l‘lsig’ l‘lbkg’
Basis: n_ always fixed under H,, N always fixed

Fitting tests:

Nothing fixed

Sig & Bkg fixed under H + Bkg fixed under H,
Same as before with 8 and p trend from validation tests (also in generation)
Sig fixed under H_+ Bkg fixed under H,

Bbkg fixed under both hypotheses

Mokg fixed under both hypotheses >

Generation test: /
e Smearing of generation parameters

Best (nominal) configuration
Using extrapolated 30% BS

40




Exposure calculation

To determine the new upper limits (UL) we need the exposure

Step 1: Step 2:
e We verified that the old Exposure e Compute the exposure accounting for BS change
could be reproduced: and temporal change
e ®
E° |Top e —— et 2 oy — New Ran Exp o Ci
ué.j- ...... RaW EXpO """"" Paper RaW EXpO L% [ [ eeeee- Paper R::DE-xp:w e O:inawwEx:? New BuS+ Data
Gl I ==

&, :/dt/dQCOSQ/dSe,(E,,t,Q, . x.y

10°

Fisher cut
Without any cut (neither

B = ! i
weighted on &,(Ey)dE, Fisher cut nor F °)
L v g}, (E], > Eg) foo E‘rdE u
B r 20w |[ | & g Latest paper exposure
IJLIJ;.".IIIIIII|III|IIIIIII|III|III||II|I| _|||||i|1LJ:':11[111|11||111]111||11|11|||
176 17.8 18 182 184 186 18.8 19 19](2)9 (1Eg/:V) 176 17.8 18‘r 182 184 186 1838 19 19](239 (13/(;1-\/)
10 10
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Exposure calculation: new result

Finally the NEW exposure is derived

(O]
. . . S New W Expo - F;m =012 Paper W Expo
® Entire new Real MC simulation done 4 — New W Expo - F-" = 0.12 4+ 5% BS =====~ New Raw Expo - F*" = 0.12

Q‘ ------- Paper RawExpo @ =meseee New Raw Expo - Fi"’ =0.12 + 5% BS
1]

New events included

. 3
Fu°“‘on the best cut value considered 10

30% BS up to 2017 + 5% BS (2018 - 2022)
5% BS up to 2022

Why the decrease at higher energies?

Why the change of shape at higher energies?

Temporal component?

M) l 1 i I"‘ 1
BS component? 176 178 18 182
No Fisher cut nor FuCut ?



Exposure calculation: shape

Why the different shape at higher energies?

We only consider the change in the temporal component: same calculation, without any cuts, different simulation sets:
We use old simulations (up to 2017), accounting for 5% BS

We use new simulations (up to 2022), accounting for 30% BS up to 2017 + 5% BS from 2017 to 2022

o
5 New W Expo - No Cuts Paper W Expo = — 1
8 ——— Old W Expo - No Cuts ~ =+----- New Raw Expo - No Cuts - - - - 5 19.4—
B[ e e New simulations Old simulations i™%
g 19.2F
F 08
% 104 o
3 E 0.7
g 192 18.8— |
; RATIO
18.8] E 05
13,52— E 04
18.4 *
L E; 0.3
18.2F E
15; 0.2
17.8; 0.1
Bl s 9 g e SR NN S A 6 o] ng ; Iy A I
176 178 18 182 184 186 188 19 192 194 : ’ ’ ’ ’ ’ ’ : ’ ’ ’ ’ ’ : : ! : : : : :
iog_ (E/eV) cos(®) cos(e) cos(6)

We compare the efficiency plots (ratio of selected vs total number of events)
— No evident change in the trend: as far as the calculation is equal there are no changes in the exposure
—» The flattening at higher energies of the old exposure is due to the Fisher median cut
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Exposure calculation: decreasing trend

Why the decrease at higher energies?
The
New simulations: greater contamination bkg-signal harder cut than the one before
e Our evaluation is affected by the use of proton simulations and not of a data-driven approach

e Provides us a lower contamination (and consequently a higher exposure)
e Affect the n_ calculation— TS distributions are currently generated considering proton simulations

Therefore we expect an even
And the reduction of systematics related to the hadronic model
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AugerPrime: Observatory upgrade

Hybrid ground-based detector update:

Additional detector systems have recently been installed to complement the main SD:
Radio antennas (RD) ,
Scintillator planes (SSD) = —_—

Underground muon detectors (UMD)

Multi-hybrid events are collected with 100% duty cycle

Different shower components can be separated in different ways:
e WCD/SSD/RD — events up to~ 60°
e WCD/RD — inclined events (> 60°)
e WCD/SSD/UMD — mass sensitivity extended to lower energies
+ improved photon/hadron separation
New electronics — enables sensitivity enhancement of triggers to

electromagnetic signals: photons and neutrinos
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