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Outlook$

•$Mo=va=on$for$the$Auger$Upgrade$
•$Auger$Upgrade$program$
$$$$–$Scin=llator$Surface$Detector$
$$$$–$Surface$Detector$Upgrade$
$$$$–$Underground$Muon$Detector$$
$$$$–$Fluorescence$Detector$DAQ$extension$=me$$
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Auger$Principal$Results$
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Contribu=on$to$this$conference:$
$
Corinne$Berat:$“AUGER$status$and$result“$
$
Armando$Di$MaWeo:”$Astrophysical$interpreta=on$of$
Pierre$Auger$Observatory$measurements$of$the$
UHECR$energy$spectrum$and$mass$composi=on”$



Mo=va=on$for$the$upgrade$
To$provide$addi=onal$measurements$to$allow$us$to$address$the$following$ques=ons:$
$
1.$The$origin$of$the$flux$suppression$at$the$highest$energies$
Measurement$of$the$mass$composi=on$beyond$the$reach$of$the$FD.$
$
2.$Search$for$Proton$contribu=on$in$the$flux$suppression$region$(E$>$5$x$1019$eV)$
Search$of$point$sources$and$es=mate$the$physics$poten=al$of$exis=ng$and$future$
cosmic$ray,$neutrino,$and$gammaEray$detectors.$
$
3.$Fundamental$par=cle$physics$at$energies$beyond$manEmade$accelerators$$
Study$extensive$air$showers$and$hadronic$mul=par=cle$produc=on.$
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Mass$composi=on$measurement$above$5$x$1019$eV$
with$a$sensi=vity$to$the$proton$flux$as$small$as$10%.$



Auger$Upgrade$
•  A$complementary$measurement$of$the$shower$par=cles$will$be$provided$by$a$

plas=c$scin=llator$plane$(SSD)$above$the$exis=ng$WaterECherenkov$Detectors$
(WCD).$$
–  This$allows$the$sampling$of$the$shower$par=cles$with$two$detectors$having$different$

responses$to$muons$and$electromagne=c$par=cles.$$
•  The$surface$detector$sta=ons$will$be$upgraded$with$new$electronics$that$will$

process$both$WCD$and$SSD$signals.$$
–  Use$of$the$new$electronics$also$aims$to$increase$the$data$quality$(with$faster$sampling$of$ADC$

traces,$beWer$=ming$accuracy,$increased$dynamic$range),$to$enhance$the$local$trigger$and$
processing$capabili=es$(with$a$more$powerful$local$sta=on$processor$and$FPGA)$and$to$
improve$calibra=on$and$monitoring$capabili=es$of$the$surface$detector$sta=ons.$$

•  An$Underground$Muon$Detector$(UMD)$is$required$in$the$exis=ng$SD$infill$area$of$
23.5$km2.$$
–  The$UMD$will$provide$important$direct$measurements$of$the$shower$muon$content$and$its$

=me$structure,$while$serving$as$verifica=on$and$fineEtuning$of$the$methods$used$to$extract$
muon$informa=on$with$the$SSD$and$WCD$measurements.$$

•  In$parallel$with$the$Surface$Detector$upgrade,$the$opera=on$mode$of$the$
Fluorescence$Detector$(FD)$will$be$changed$to$extend$measurements$into$periods$
with$higher$night$sky$background.$$
–  This$will$allow$an$increase$of$about$50%$in$the$current$duty$cycle$of$the$FD.$
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Surface$Scin=llator$Detector$(SSD)$

Ricap$‘16$$Villa$Tuscolana$$21E24$June$2016$ 6$



WCD+SSD$measurements$
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Complementarity$of$par=cle$
response$used$to$discriminate$
electromagne=c$and$muonic$
components$of$air$showers.$
$
Matrix$E$Method$



Ricap$‘16$$Villa$Tuscolana$$21E24$June$2016$ 8$

SSD:$Universality$
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New$Surface$Detector$Electronics$
(SDE)$

•$The$surface$detector$sta=ons$will$be$upgraded$
with$new$electronics$that$will$process$both$WCD$
and$SSD$signals.$
$
•$Increase$the$data$quality$with$faster$sampling$of$
ADC$traces$(120MHz)$,$beWer$=ming$accuracy.$
$
•$Increased$dynamic$range(12$bits),$to$enhance$the$$
Local$trigger$and$processing$capabili=es$(with$a$more$
powerful$local$sta=on$processor$and$FPGA)$
$
•$To$improve$calibra=on$and$monitoring$
capabili=es$of$the$surface$detector$sta=ons.$
$
•$The$surface$detector$electronics$upgrade$(SDEU)$
can$be$easily$deployed,$and$will$have$only$
minimal$impact$on$the$con=nuous$data$taking$of$
the$Surface$Detector.$



The$upgrade$of$the$WaterECherenkov$
Detectors$(WCD):$SPMT$

Add$a$4th$PMT$of$1/9$diameter$wrt$the$PMTs$of$the$WCD$
1.$dynamic$range$from$frac=ons$of$VEM$to$>20000$VEM$
2.$less$than$2%$saturated$events$at$the$higher$energies$
3.$unambiguous$determina=on$of$the$par=cle$density$$
$$$down$to$<$300$m$from$the$core$
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The$upgrade$of$the$WaterECherenkov$
Detectors$(WCD)$
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•  New$full$dynamic$of$the$WCD$

Small(Signals(

Medium(Signals(

High(Signals(



Underground$Muon$Detector:$
performance$considera=ons$

•$An$Underground$Muon$Detector$(UMD)$is$required$in$the$exis=ng$SD$
infill$area$of$23.5$km2.$
$
•$The$UMD$will$provide$important$direct$measurements$of$the$shower$
muon$content$and$its$=me$structure.$
$
•$UMD$serving$as$verifica=on$and$fineEtuning$of$the$methods$used$to$
extract$muon$informa=on$with$the$SSD$and$WCD$measurements.$
$
•$The$performance$and$characteris=cs$of$the$AMIGA$match$these$
requirements,$and$thus$the$completed$AMIGA$array$will$serve$as$the$
UMD.$
$
•$Muon$detectors$shielded$by$1.3$m$of$soil$
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Underground$Muon$Detector$
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The$Underground$Muon$Detector$
61$AMIGA$muon$detectors$(30$m2)$are$planned$
Will$be$deployed$on$a$750m$grid$(a$total$area$of$23.5$km2)$



Expected$Phyisics:$mass$sensi=vity$&$
discrimina=on$of$scenarios$
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WCD$and$SSD$only$



Expected$Phyisics:$composi=onE
enhanced$anisotropy$

Ricap$‘16$$Villa$Tuscolana$$21E24$June$2016$ 15$



Fluorescence$Detector$
FD$provides$excep=onal$informa=on$(e.g.$modelEindependent$
energy$reconstruc=on$&$mass$composi=on$measurement).$
$
The$main$limita=on$of$the$FD$is$its$duty$cycle$(15%$nowadays).$
$
$
The$current$criteria$for$FD$measurement:$
1.$The$sun$more$than$18o$below$the$horizon$
2.$The$moon$remains$below$horizon$for$longer$than$3$hours$
3.$The$illuminated$frac=on$of$the$moon$must$be$below$70%$
$
$
$
Measurement$periods$(~17$nights$long),$
limit$on$the$PMT$illumina=on$(i.e.$no$rapid$aging),$
and$the$PMT$response$stays$linear.$
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Pierre$Auger$Coll.,$NIMA$798$(2015)$



Extended$FD$opera=on$

Ricap$‘16$$Villa$Tuscolana$$21E24$June$2016$ 17$



Expected$Phyisics:$photon$and$
neutrino$flux$limits$
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Summary$
Auger$Prime$will$allow$a$study$of$mass$composi=on$above$5$x$1019$eV$and$address:$

$1.$Origin$of$the$flux$suppression$(GZK$energy$loss$vs.$maximum$energy$of$sources)$
$2.$Proton$contribu=on$of$more$than$10%$above$5$x$1019$eV?$(par=cle$astronomy,$
$$$$$GZK$γ$and$ν$fluxes$→$future$experiments)$
$3.$New$par=cle$physics$beyond$the$reach$of$LHC?$

$
$
$
Timeline$for$new$SDE$and$SSD:$

$Nov$2016:$Engineering$Array$(12$sta=ons)$
$February$2017:$Evalua=on$of$detectors$
$2017E2018:$Deployment$
$Till$2025:$Data$taking$(up$to$40,000$km2$sr$yr)$

Similar$event$sta=s=cs$as$collected$so$far$will$be$reached$with$upgraded$detectors.$
$
Total$cost:$about$$12M$
The$FD$duty$cycle$extension$will$be$evaluated$ayer$addi=onal$tests.$
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Mass$composi=on$info$on$eventEbyEevent$basis$



•  Backup$Slides$
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Underground$Muon$Detector$
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$Rela=ve$punchEthrough$(PT)$for$ver=cal$showers$of$1019$$eV$and$number$of$muons$for$
detectors$at$different$depths$in$the$Pampa$soil$($2.4$g/cm3$$average$density).$



Expected$rate$
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The$expected$number$of$events$per$year,$as$well$as$the$cumula=ve$number$for$a$data$taking$
period$from$2018E2024,$are$shown$in$Table$for$both$the$750m$array$and$the$1500m$array$
for$zenith$angles$less$than$60.$
$
Horizontal$air$showers$(60o$<$θ$<$80o)$will$add$about$30%$to$the$exposure$and$thus$to$
the$number$of$expected$events.$
$
Accoun=ng$for$a$detector$resolu=on$of$15%$or$beWer$in$determining$the$number$of$muons,$$
this$would$allow$$for$a$separa=on$of$a$frac=on$as$small$as$10%$of$protons$from$$
intermediate$and$heavy$primaries.$



SSD:$Universality$
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SSD:$Universality$


