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Muon Array with RPC for
Tagging Air showers
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MARTA: a high-energy cosmic-ray detector concept for
high-accuracy muon measurement




The importance of
measuring muons

*Simple model for
development of extensive
air showers

eMuons carry information on
the primary composition
(also on properties of first
hadronic interactions, F.
Riehn talk)

*Photon showers are poor in
muons

Astroparticle Physics 22 (2005) 387-397

proton vs atomic mass A




Concept

*QOriginal proposal for
the Auger upgrade

*WCD shields the
electromagnetic
component; accurate

muon measurement
in RPC below




The RPC modules

PoS(ICRC2017)379

*Resistive Plate & ] Glss
Chambers /

eGaseous detector

with very good time /

AN
. Gas gap
resolution ﬁ}
*Extensive R&D on

gutonomqus stations sensitive volume
in LIP-Coimbra (L. in acrylic box
Lopes talk)
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The RPC modules

eReadout plane
segmented in pads for
position sensitivity

eEnclosure in aluminum
box

eAssembled in Sdo Paulo

\,18 cm
14 cm




The RPC modules

*MAROC based DAQ
developed in LIP-Lisbon

eAnnex for electronics
and high voltage with
reduced number of
feedthroughs

eConnected and tested
in Sao Carlos

Monitoring
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Field experience

eConcrete precast to
hold the WCD
produced in Malargue

e[ ess than one day to
assemble one MARTA
station




Field experience boS(ICRC2017)379
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MARTA - EA

eApproved for installation on
Auger hexagon:
MARTA-Engineering Array

o7 stations = 28 RPC

Maximize statistics with
low energy showers — Infill
region (750m station
spacing)




MARTA - EA: location

ePower, communications
and synchronization
provided by AMIGA

*Also at the site of the
SSD-EA and AERALET

eUnder the field of view
of HEAT
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MARTA - EA: status

*Sensitive RPC volumes: v
*DAQs + power supplies: v
eConcrete precasts: v

eAssembled and arrived at
Malargue: 22 RPC units

e|nstallation in the field:
expected in September

eUnder development:
central unit, data analysis
software framework

’ Tank triggers, clock, communication ‘




MARTA - EA: events

N, E>E [month
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eTrigger provided by SD

Nevts [month ]

eData per pad will consist

(A, AT AR Lo a4
8 185

of: hit/no-hit per 12.5 ns T

With triggered MARTA stations

*About 1000 events per _‘ inside MARTA hexagon
month at 10" eV

log[E/eV]




Monitoring with
atmospheric muons

eCalibration of the efficiency
of the pads with the
atmospheric muon flux

eStatistical precision of 1%
every half an hour

Eur. Phys. J. C (2018) 78:333




Detectors cross
calibrations

*Possibility for systematics
studies and cross
calibrations with remaining
detectors




Measurement of the
number of muons

eAnalyses validated with
simulations at 10"° eV:
fiducial area definition,
LDF and N, evaluation

*1077 eV shower:

equivalent proton first
interaction center-of-
mass energy ~14 TeV

shower

dlrectlon/

RPC Hits Density for one event

Eur. Phys. J. C (2018) 78:333
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‘ RPC hodoscopes

eSetup to study a test WCD

eSetup in Malargue for SSD response to atmospheric

quality control
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