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The AugerPrime science case

the quest for the sources

* photon limits exclude non astrophysical sources

* neutrino limits exclude many models of source evolution
and injected composition

* large scale dipolar anisotropy shows that UHECRs above
8 EeV are extragalactic

* intermediate scale searches give hints for possible
correlation to SBGs

the origin of the flux suppression
e combined information from spectrum+Xmax points to a

source effect (Emax)
* propagation effects (GZK) may be present too

hadronic interaction properties /new physics

* extrapolations from lower energy do not allow for a
coherent description of the shower components

* standard Op.air

* |imits on relativistic monopoles, LIV, etc.

AugerPrime Design Report, arXiv:1604.03637

Primary mass composition
information at UHE

@to study the origin of the
suppression

@to select light primaries for
charged particle astronom

@to provide better estimates
of the neutrino and y flux, as
such establishing the
potential of future CR
experiments

@to better measure the
shower components and so
study the hadronic
interactions at UHE and look

for non standard physics




Elements of AugerPrime
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@Surface Scintillator Detector (SSD) to
measure the mass composition in
combination with the Water Cherenkov

Detectors (WCD).

@Upgraded Surface Detector Electronics
to improve the performance of the WCD

@small PMT to increase the dynamic range of
the WCD.

@radio antenna to measure the radio
emission of showers in atmosphere (30-80
MHZz)

® Underground Muon Detector (AMIGA) to
have a direct muon measurement and cross-
check the SSD-WCD combined analysis (infill
area, 61positions)

[Auger Preliminary Design Report, arXiv:1604.03637]
[EPJ Web of Conf.210 (2019) 06002]




Composition sensitivity

—— He QGSjetll 04 ,u g €
O N QGS_]CI”O4 \ ZZ‘ \ Scintillator
[ ‘\ l'I ‘\ J
—— Fe QGSijetll.04 H \
:..ZE /\
:02 Water Cherenkov Tank
L= \
- 10%
84 : — WCD
C —— Top Scin
600 700 800 900 1000

Xinax [2/cm’]

100% duty cycle of the SD
15% duty cycle of the FD

Emp,e/ (Muon+Em +Em, )
o

—

exploit the complementarity of response to particles
to discriminate the muonic and electromagnetic
components of extensive air showers

6= 45 [deg] log(E)=20.00 [eV]

1 0.1 L L L L l L L L L l L L L L l L L L L
500 1000 1500 2000

r[m]



lron of ~1020 gV
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Discrimination ot astrophysical scenarios

Simplified benchmark scenarios :

Scenario 1: maximum rigidity model
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Scenario 2: photo-disintegration model
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Sensitivity to proton fraction
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Composition-driven anisotropy search

Source correlation study (no specific assumptions)
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Specific source (AGN from Swift-BAT <100 Mpc) correlation study
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Information on neutrinos and photons

Single flavour, 90% C.L. Cosmogenic v models
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Expected improvements
® increase in exposure
* largely improved discrimination power:
* new triggers lowering the trigger thresholds
* new electronics
* better muon component evaluation, as such better photon/hadron and neutrino/hadron discrimination



Particle physics

_Kinematic regions not reachable by accelerators

_Tests of fundamental interactions in extreme energy regimes

_Tests of hadronic inte

raction models
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More hybrid data for horizontal showers: radio detection

electromagnetic
component

radio emission

\

* Radio detection established as standard tool for cosmic ray physics

* Direction, energy and particle type resolutions as for other techniques

E .d from radio, muons from WCD
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Pre-production array data

CISSD Calibration
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Example: UHE event in AugerPrime
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Conclusion

Main aims of the upgrade

Origin of flux suppression and composition in the extreme energy region.

Evaluation of the proton contribution above ~6 1077 eV for charged particle astronomy
Test of hadronic interactions and search for non standard particle physics at EHE

AugerPrime can address these open questions

® November 2015: MoU signed for the extension of the Observatory data taking to 2025
® April 2016: upgrade approved by funding Agencies
® Autumn 2016: Engineering Array taking data

® Autumn 2017: definition of final detectors and start of construction “ S *A“;‘E}:‘AK“
® currently: see right picture and next talk (progressing well!) “‘* X *}“-'- o “x‘-:f:i&*;‘*:“}é:‘
® full deployment to be completed by the end of 2022 P s “l““x

® 2023-2030 : Data taking (Phase 2 - upgraded Observatory) kw \“
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Thank you very much for your attention!
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AugerPrime

log,,(E/eV) dN/dt|;,gy dN/dt[gp Nlinfin Nlsp
[yr 1] [yr=!] [2018-2024] [2018-2024]

17.5 11500 - 80700 -

18.0 900 - 6400 -

18.5 80 12000 530 83200

19.0 8 1500 50 10200

19.5 ~1 100 7 700

19.8 - 9 - 60

200 - ~ ]_ - N9

Auger Finance Board Meeting, November 17, 2019 A.Castellina



Unsaturated stations
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Measuring the muon content - 1
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Measuring the muon content - 2

Universality Method
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The Radio Petector in AugerPrime ~ ™\ @ |
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v precision measurement of EM component

v duty cycle 295% (in fair weather conditions)

v complementarity with the SSD+WCD (optimized for <600 showers)

v increase in statistics for the study of the lower energy region
(complementarity with AMIGA)

v yearly exposure of FD reachable equipping ~300 km? area 20



