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Mass composition observables

FD/SD observables study different

o components of the shower
EM Longitudinal

profile
Particle density at ground
Hybrid SD
Xmax= Depth at which the energy Xtmax = Depth at which the

deposit reaches its maximum production of muons Is maximum



E=71+0.2101 eV
Xmax =/52+7 g/cm2

Longitudinal profile
X max

Calorimetric
measur ement

Ew:jdxg—i

Gaisser-Hillas



Xmax: |Ssensitive to mass composition?

All mass composition observables ..
g =3 Superposition model

based on the same idea
Showers from heavy nucla will develop higher, faster and

with less shower to shower fluctuationsthan lighter showers.
(Xnax(Eo)) = (X (B / A)) = ( Xbae) = X INA

Maximum distribution

Fluctuations shower to shower [

Fraction of primary particle of typei



Event salection PRD 90 1220005 2014
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Xmax dl Stri buti ons PRD 90 1220005 2014
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Xmax moments PRD 90 1220005 2014

Resolution better than 20 g/cm? Syst.uncertainty below 15 g/cm?
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Data better described with a L ow energy
D,, =86.4+5.0(stat.)">>(sys.)g/ cm® / decade

Energy break High +e7rgergy ,
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break line than with alinear fit.




Auger/Telescope Array data

Report of Joint AnalysisWorking Group
ar Xiv 1503.07540

Auger 19759 events Telescope array 822 events

Surface~3000km? Surface~762km?

Direct comparison is not possible because different approachesto analysis.



Auger/Telescope Array data

Measured distributions by Auger described in terms of p,N,He and Fe
fractions.

These fractions fully smulated and analyzed by TA using the same
procedure applied to their data.

AX__ =29+ 27(datigtical) +18(syst)g/ cny’




Xmax INterpretation

Hadronic interaction models at
those energies are extrapolations
of measurementsat LHC

energies.

Model predictions have
to be carefully treated

1

Energy in C.M.
AxLHC (Vs = 8TeV)

Energy in C.M.
40xLHC




X max | nter preta’[i on PRD 90 1220005 2014
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Xmax INter pretati on PRD 90 1222006 2014

Different mixes of composition and identical moments

The Xmax distribution is compared to MC predictions formed
varying nuclear fractions.

A binned maximum-likelthood discriminator 1s used to choose
the best fit fractions.




Pr +He+ N + Fe PRD 90 1222006 2014

Reasonabl e agreement with data.

EPOS-LHC describes better the data
Composition with Pr:Fe and Pr:Fe:N does not reproduce data




Pr +He+ N + Fe PRD 90 1222006 2014



Muon counti ng PRD 91 032003 2015
Inclined hybrid events (62° < 0 < 80° and 4 < E[EeV] < 50)

EM component very suppressed at these angles.
SD signals mainly due to muons.

Ru isthe average number of muons.



M uon counti ng PRD 91 032003 2015

More muons in data than Strong interaction test at

In simulations. energy scales larger than LHC.



MPD distributions  Pro 90012012 2014

Muons at ground carry information about their production point

2 assumptions about muons:

Produced in the shower axis + Trave following straight linesat c
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muon production point
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,/ muon traveled distance to ground

ct, =1 —(z—A)

R -> = gl .. [g/c]
the WCDs

kinematics Tg= T - Tkin Atmosphere



MPD buildi ng PRD 90 012012 2014
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MPD buildi ng PRD 90 012012 2014

Fixed zenith

angle
[55°,65°]

T~

Gaisser-Hillas Fit




MPD buildi ng PRD 90 012012 2014
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MPD distributions  Pro 90012012 2014

Resolution between 100-50 g/cm? due to low number of muons

contributing to each MPD distribution.
Systematic uncertainty 17 g/cm?.




MPD distributions  Pro 90012012 2014

It can be used to constrain hadronic interaction models.



<Xmax> €longation rate shows a change in the
slope. If we trust hadronic interaction models it
suggests atransition from light to heavy
composition.

Xmax Measured by TA Is consistent with that found
using Auger mass distributions.

Muon measurements (number of muons and depth
production at maximum) are inconsistent with
hadronic interaction model predictions.



