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The Surface Detector
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SD tnelined event
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The cosmic ray spectrum
WWMM,MM o W LR e Ytk e o TR WMWW

Auger Ls sensitive to energies > 1 EeV (10*f eV)

qreisen-Zatsepin-Kuzmin (GZK) prediction
(supression of Flux above ~ 40 EeV odue to
A(12=26) ressonance in interaction between proton
anod CMB)

Energy and exposure determination

Goool wmeasurement of the spectrum Ls essential to

discriminate between different models for the
transition



GZK limit
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The spectrium (a note on Bnergy aaLmetwm,)

WWM“‘“" L i) 101 TR Uit P 0ot o Mvag RO I I RPIAIE YR N
E : v2INdf: 15.7/14
’ ’ > —— didat
1 SDb Energy callbration =10 B
o lent
" Energy extracted from lateral 3 sien

distribution function [S(1000)]
= global fitting

$(1000)

10
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2 ¥ Energy calibration om0

= Bnergy deposited proportional to fluorescence light
emitted. Light converted tnto energy deposited using

absolute fluorescence gieLd n 2271 band (5.05+0.71)
photons/Mev.

= Corrected for environmental factors

SILAFAE: Auger recent results 13



The spectrum (a note on Energl caltbration)
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The Spectrum
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Y1(E < Eankle) 3.27+0.02 3.27 +0.01
lg(Eankie/eV) 18.61 + 0.01 18.62 4+ 0.01
Y2(E > Eankle) 2.68 +£0.01 2.63 + 0.02
lg(Ebreak/eV) 19.41 £ 0.02
¥3(E > Ebreak) 42+0.1
Ig(E, /eV) 19.63 £ 0.02
lg(We/eV) 0.15 + 0.02
x? /ndof 37.8/16 = 2.7 33.7/16 = 2.3
Settimo, EP), 2012
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The cosmic rays spectrum
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The cosmic rays spectrum: aomparlson
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The cosmic rays spectrum
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Exaustion of sources?

— — — 7n=0.3, lIc=10 pc, H,, =2
177 0.13, IcI 20 E)C, H'TPC 2I : | = 0 kpe |
- . A Kascade—all 23% F
Y e IR L - S

E /. He+C+Si 40% He i F A He+C+Si 40% He
. F OFe 35% P . — - re 5% .
n L @ Auger All ] ik - uger
'_> 17 +TA > 1017 | +TA |
(0] 10 5 '_0) § %ﬁ B §
T E I : N A. olinto, uherc2012
Z 1 =2 i #yE ]
O i ‘0 16 e
Tm 10'8 - o 10 3 & E
£ . £ :
0 T i I
W 10%L - W 10" 3 E
3 oy
~ ] N L
- 14 5 14

10"[ | o | 10"[ -
E [ev] E [eV]

14/12/2012 SILAFAE: Auger recent results 19



mwmﬁ“ é-nmu{t!uu-a"ﬁ'-n,_,,v-ao- mh“;,' G mw

Mass composl’ciow

14/12/2012 SILAFAE: Auger recent results

20



Mass composition

AN A 4 S g A ot oot 115 = Y L S s Sl MR o P YN
UHECR.: observatories detect tnduced showers L the
atmosphere

Nature of primary: Look for differences tn the shower
development

Showers from heavier nicclel develop earlier tn the
atw with smaller fluctuations

They reach their maximum development higher tn the
atmosphere (lLower cumulated grammage, X

X,.ax LS tnereasing with energy (wmore energetic
showers cawn develop Longer before being gquenched by
atmospheric Losses)

max )



MAss composition
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PP Cross Sectlon
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Pp Cross section (Phys. Rev. Lett 109, 062002 (2012))
W\WMW“Q'M%" W boredar v e Vel t B d g N"a‘“",“’“wmww

* First analysis of p-air cross section

* Restrict energy to reglon 10 to 1052 eV

* Average cms. energy 57 Tev

* This region substantial fraction of the osmic rays
behave as protons

. Deﬁwe observable A\, (exponential shape of the tail of the
X ax Alstribution:

dN | dX,,, =exp(-X,, /A,)



PP Cross section (Phys. Rev. Lett. 109, 062002 (2012))

y L TR TSR WY PRSP PRl T L L L TR O : -#-..Ww
X, ..-tail method:
02l Cross-section: 50 % at 10°eV
- dN exp (me
107 -
= dX .. .
% - /
s N
X
g 10 -
© = the tail of the X, ,, distribution
B is sensitive to the proton-air
10° cross section
10°
500 800 900 1000 1100 1200 1300 1400 1500

Xmax [8/ Cm2]

D. Garcla-Gamez
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PP Cross section unbiased X, distribution
TS A o S o A1 = LI5S0 MN 1 PN ST

F68 g/em”
i iy l A, =55.8+23 glem?
i#ﬂ + 1.6 (sys)
10 =
p— = } Energy 57 £ 0.3 TeV
R B
£ L ft
s | i
x { 004 g/em>
£
s T
2 - 1
2
— — r 9
99 L ] [ ] L ]
107 a | | | i L
500 600 700 800 900 1000 1100 1200
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Pp Cross section
W\WW'M'Ho'-"’\vm.:xﬂ!o».-«vihlfwv-.c(!-M‘Qa*“;",“ R v RO S

To convert A, into a cross section have to rely on simulation
Corvect cross sections by an energy dependent factor:

Ig(E/10%eV)
g(10”eV /107 eV

F(E.fig) =1+(fis=1)

For each hadrontie interaction model, 19 is obtained that reproduces the
measured value of A,

Use hadronte tnteractions models:

RGS)etol (5237 mb),
RGS)etll.z (502.9 mb),
SeYLL 2.1 (496.7 mb),

EPOS 1.99 (4977 mb)

SILAFAE: Auger recent results 2%



Pp Cross section

AR A Tt g ot ot 4 = TSR s Sl oty AP R
Equivalent c.m. energy (s, [TeV]
10° 1 10 102
I llllllll I IIIIIII I T III‘I IIIIIIII I T T
700 — 09TeV 236TeV  7TeV 14TeV y
a B O Nametal. 1975 [30] LHC /
£ | A Siohanetal 1978 [31] : e
— 600 v Baltrusaitis et al. 1984 [2] Fly's Eye _ d “,;;1
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— \J/ ' . -
"5 500! — A Honda et al. 1999 [20] AKENO 1 > \‘f,* .’
- , e
= — & Belovetal 2007 [18] Hires A0 e - -
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Pl I
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PP Cross section
AR A Tt g et oroto 499 = LTI SV e MRt 0 s I Y
TABLE I: Summary of the systematic uncertainties.

Description Impact on Jgfzidr
A, systematics +15mb
Hadronic interaction models % mb
Energy scale +7mb
Conversion of A, to agfzidr +7mb
Photons, <0.5% < +10mb
Helium, 10 % —12mb
Helium, 25 % —30mb
Helium, 50 % —80 mb
Total (25 % helium) —36 mb, +28 mb

FProd _ [505 + 22(stat) f?,?;(SYS)] mb

p-air

14/12/2012 SILAFAE: Auger recent results 29



’ PRL 109, 062002 (0122
pp Cross section 2 (R012)

:I [ T T T TT] [ I I IIIIII [ [ I/III’J‘l /
; aoeritisss 110 o
ATTN At 4 WA i oot 144 - - ATLAS 2011 /)
- =@=CMS 2011 s
31003— =%~ ALICE 2011 /0t
E gf. A TOTEM 2011 // S
_F ==Um PaCy
c — \"‘\ o’ ¢"’
6 80 =« CDF/ET710 20 S
Use glauber model § ™+ e
’ ’ o n R AN T
to extract Lnelastic ¢ ¢
(o] -
s 60__ mmEme QGSJetO1
and total cross = < QGSJetll 3
, 3 enF — = Sibyll2.1
2 50—
section ¢ O F G L Epos1.99
2 — . Pythia6.115
------ Phojet
30 | I I I | | | | | I | | | | | I | |
10° 10* 10°

(s [GeV]

a;j;)el 92 + 7(stat) 7, (sys) + 7(Glauber)] mb,

Op = 1133 & 13(stat) T5{(sys) & 16(Glauber)| mb.
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Neuwtrinos and Photons
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Neutrinos

AR A ot g S o oI = P s SVl e R AR

DG v, interacting
in the mountains

[—

Regular proton shower

Types of atmospherio showers tnduced bg neutrinos

Deep DG v shower

Muonic component of the shower

==

E-M component of the shower

2

Upgoing ES v shower

Auger, PRDE4, 122005 (2011)
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- Auwger, PRDE4, 122005 (2011)
Neutrinops 9
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Neutrinos
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Neutrinos
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upper Limit on single flavour €2, from AGN Centaurus A

Centaurus A - Single flavour neutrino limits (90% CL)
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Awnysotropy (Asthart Ph(zjslas 34 314 (2010) )
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Anlsotropy: Astrop. Phys 34, 314 (Ro10)
s TR

P vabalible .. e tasenaidi l“i’ L7 aa L 1), 1 TP A e ¥ L Vo PR TP, 8P ST ST I SN
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lsotropy of UHECR rejected at 99% cL Posterior probability
corvelation reduced from ~57#0% to ~40% distribution forp ( strength)

Sta biLiziwg arouwndl ~40%
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Centaurus A (NGC 5128)
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centaurus A
e T Ry R U L aet T R R R PRI w
= Centaurus A: closest AGN (3.2 Mpce)

- Central nuclous of this AGN Ls seen by HESS and FERMI-LAT
. Extensive radio galaxy ~ 5°X9°
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- However, no evidence at Low energies
I 0; Auger, JCAP 06, 022 (2011)
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Neutrons poim,t SOUIVCES
MWMMM“ Al L (LTI ey o L TR MWM
* Neutrons are undeflected by galactic magwnetic fields

* Flux of neutrons from discrete source woulo cause an excess
of cr events tw the direction of the source

* BeV neutron emitted by Galactic center could be seen
° 2 BeV neutrons from anywhere tn the Galaxy caw be seen

* Flux of gammas rays from some sources tw the galaxy,
could be associated to neutron fluxes detectable by Auger

e Select SD events with 8=60°, good event reconstruction

* Bxposure of 24,880 RM= sr Yr, with 429,138 events with
energy = 1 EeVv

°* Bnergy s the same as for the spectrum



Neutrons point SOUVCES

1 < E/EeV < 2 2 < E/EeV < 3

Galactic
EE 2 s
0.00072 l/(k,mz yr) 0.017

E > 3 EeV

Galactic

| EEE— |
0.00071 l/(l\'7772 y'r) 0.011
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Neutrons point sources (Upper Limits)
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- Mean Flux Upper Limit
x 107 PP
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16 |l —— 2<E/Eev<3 3° bands of declination
P — E>3EeV ' ‘ ' i
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Declination [°]
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Muon Shower content
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Muon shower content
WWWWYM bt dagita 0TI T R T ke’ TP

Measure Muow shower content by fowr
methods

* Swmoothing

-  Swoothing filter over traces

= 'S,u=stot—'s

em

Multivariate muon counter
- Neural Network prediction of N, at each tank

inclined showers

Shower stze N, X N,

19
Ny Ng*  A(E,/10EeV)”
NYC NS Aye(Epy/10EeV)™e

e Shower Mwiversatitg

- sir=s,, /[1 +cos“ 6/ ((Xl‘l'lax /A" - a)]

14/12/2012

035

03

025

0.2

0.15

0.1

0.05F

EM original
smoothed

150C
19,17\ B 1
101 — Njg = A(E/10"eV) ,/0/,0)
events 20
"C%\C\
2
Z.
10(]
E/eV
universality for QGSJET 1l
[ 18.80-19.00, 45°-65° |
o~ 700F
E asol o Proton
~7F +_iron
“‘_’soo:_
 Bosol
>

SILAFAE: Auger recent resu[t; i

2.'5
S,./Sem cos2(0)



Muons
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Auger Upgrades focused on better resulution of muon contents of the showers
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weather station
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Atmospheric monitoring and calibration
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Weather station
T e, WWMWM‘“ bt dagita 0TI T R T """‘Um:v, G mw

Except for brightest stars and the Milky way the larges source of UV Light
Ls an afterglow which originates at about 0 km height.

ELVES (Bwmission of Light and Very low frequency pertubations due to
Eletromagnetic pulse Sources) are transient events that Lnterest
geophysicists. Confined to 80-95 ki altitudes and extend up to 600 km,
with flashes with last up to 1 wms.

Auger is sensitive to Elves, which oceur very far away
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Fig. 1. Thelfirst event, observed at GPS time 800414142, Left: triggered pixels in LM-6 (pixel colors indicate the pulse timing:
green pixels come earliest, red pixels are the last to fire; grey pixels are discarded in further analyses). Right: the FADC traces
for the 3 pixels indicated by black dots in the left plot. Each trace is 1000 bins long, equivalent to 100 us. Signals are in ADC

counts.
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Figure 13: FD camera image for 4 consecutive time windows as

D gte GtI: n g 5[»\/8 1 indicated. It shows the time evolution of an elve located at about

80 km altitude at a distance of 580 km from the observatory [29,
mw_'tl Pd abahdle . p wtesens. dil 'Sl ".”m:n.'.ﬁhhu-&“."-! / ..
. A. Tonachini].
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Detecting Elves
ATN Mt T g S ot orpta a9 = P LT e "’"M“‘“'““u..m..mw

e a——— Judres -

. Lm
B 'Jc e omo ° 5 o .
Vﬁa Y “:“ Pevpsmﬂo
b Mo ceden o
Sapfeatas m
o grge
Argentina é
o (o]
g
o

2" Lightnings 3

-66 -60
Longitude(degrees)

14/12/2012 SILAFAE: Auger recent results 55



Conclustons
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Auger Ls a mature experiment at miodole Life
Measurement of the spectruum with strong
evidence of the GZ K effect

Awnisotropy ow arrival dirvections at highest
energies

Evidence for transition of mass composition at
higher energles or signal of changing physics
The muown problem: inconsistency with
extrapolation from stmulation models set at

LHC energies



=222 international Cosmie Ray
Cownference 2013

The Astroparticle Conference

2 - 9 July, 2012 - Rio de janeiro
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