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Fluorescence Detector

High elevation Auger telescopes elevation 30° — 58°

3 telescopes at Coihueco site

range of Xmax analysis: 10172 eV < E < 10181 eV ]

data: same to ICRC (2017) [J. Bellido, PoS(ICRC2017)506]

Standard telescopes elevation 1.5° — 30°

segmented
mirrors

24 telescopes at 4 sites

l/uv filter

camera

range of Xmax analysis: E > 10178 eV

compared to ICRC (2017): update with 2016 — 2017 (420% of statistics)

shutter




Measurements of the depth of shower maximum Xi,ax

event 102266222400

47863 high-quality events
1020 events with E > 10 EeV

the highest energy 104 + 9.5 EeV

systematics < 10 gcm 2

resolution

40 gem~2 at 1072 eV

25 gem ™2 at 10178 eV

15 gem ™2 for E > 10190 eV
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Rate of change of Xmax with energy

One of the most reliable observables for mass composition analysis

simulations: ~ 60 [gcm~2/decade] for constant compositions
Lot E[eV]
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Composition is getting lighter below Eq~ 2 EeV and heavier afterwards



Xmax moments: data vs simulations

Above Eg~ 2 EeV both X,ax moments are becoming compatible to MC predictions for heavier nuclei
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(In A) and ?(In A) from first two moments of Xmax distributions
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Model-independent decrease of o'(In A) until ~ 10187 eV

Less model-dependent constraints on o(In A) near the ankle?



Correlation between Xiax and signal in the surface detector

heavier nuclei produce shallower showers with larger signal (more muons)
general characteristics of air showers / minor model dependence

Ig(E/eV)=18.5-19.0 EPOS-LHC
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Correlation between Xiax and signal in the surface detector

heavier nuclei produce shallower showers with larger signal (more muons)
general characteristics of air showers / minor model dependence

Ig(E/eV)=18.5-19.0 EPOS-LHC
o proton, rg =0.04
i . v_iron, rs=0.12 Correlation for EPOS-LHC
10001~ .
A,E' - pure beams c(In A) =0
E L -+0.04 for proton
*xé 800 +0.12 for iron

Si [VEM]

rG — ranking correlation coefficient [R. Gideon, R. Hollister, JASA 82 (1987) 656]



Correlation between Xiax and signal in the surface detector

heavier nuclei produce shallower showers with larger signal (more muons)
general characteristics of air showers / minor model dependence

Ig(E/eV)=185-19.0 EPOS-LHC
v plFe=11
i Correlation for EPOS-LHC
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- maximal mixing o(In A) ~ 2
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rG — ranking correlation coefficient [R. Gideon, R. Hollister, JASA 82 (1987) 656]



Correlation between Xiax and signal in the surface detector

heavier nuclei produce shallower showers with larger signal (more muons)
general characteristics of air showers / minor model dependence

Ig(E/eV)=185-19.0 EPOS-LHC
v plFe=1/1
i Correlation for EPOS-LHC
1000
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E L -+0.04 for proton
*xé 800~ +0.12 for iron
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More negative correlation = more mixed composition



Correlation in data compared to pure beams

| Auger rs =—0.069 £ 0.017
Ig(E/eV)=185-19.0 2652 events
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correlation for protons
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difference to data
~ 6.00 ~ 11.00 ~ 6.00

difference is larger for other pure beams

difference is > 50 for all p — He mixes

primary composition near the ankle is mixed
nuclei with A > 4 needed to explain data

systematics plays only a minor role oy (rc) < T902



Dependence of correlation on o(In A)

On AO
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Constraints on o(In A) from observed rg (X} Sig)

Data are compatible to 0.85 < o(In A) < 1.60
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Constraints on o(In A) from observed rg (X} Sig)

Data are compatible to 0.85 < o(In A) < 1.60
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Constraints on o(In A) from observed rg (X} Sig)

Data are compatible to 0.85 < o(In A) < 1.60
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Energy dependence
new data are compatible to [Auger PLB 762 (2016)] X*/ndf = 5.4/4 (p-value = 0. 25)
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Energy dependence
lg(E/eV) = 18.5—187 (1616 events) rg = —0.141 £ 0.022, at 6.40 from zero
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Energy dependence

above the ankle 1g(E/eV) > 18.7 data are compatible to decrease of o(In A)
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Energy dependence
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Energy dependence
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Results (independent of the hadronic models)
Xmax analysis
(In A): decreasing up to 2 EeV and increasing afterwards
o(In A): decreasing up to the ankle, more constant at higher energies

VG(X*

max’/

Sig) analysis for 1g(E/eV) = 18.5 — 19.0

below the ankle the correlation in data is significantly, at 6.40 from zero, negative

pure compositions and proton-helium mixes (all having rg > 0) are excluded

data are compatible to mixed compositions with o(In A) = 0.85 — 1.60

above the ankle there are indications on decrease of o(In A) (more statistics is needed)
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backups
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The Pierre Auger Observatory
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Fluorescence Detector

FD telescopes at Los Morados

elevation 1.5° — 30°
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Fluorescence Detector

FD telescopes at Los Morados

dE/dX [PeV/(g/cm?)]

Xmax, calorimetric energy
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High Elevation Auger Telescopes (HEAT)

elevation 30° — 58°
Detection of showers with E < 108 eV

S T
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High Elevation Auger Telescopes (HEAT)

FOV combined with Coihueco FD site

Detection of showers with E < 1018 eV
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Surface detector

Water-Cherenkov station
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Surface detector

Water-Cherenkov station signal at 1000 m from the core

X?/Ndf: 5.9/8

Signal [VEM]
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mass composition sensitivity: muons contribute from 40 to 90% to S(1000) depending on zenith angle
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