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“z tudying the univorse s lighest energy particle: m
= We now know in great detail about
cosmic rays above ~1 EeV (108 eV).

— power laws + smooth function

jeew BUT we don't know exactly where

they come from — they are charged

and so get deflected in intergalactic
magnetic fields.
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Pierre Auger Observatory

studying the universe’s highest energy particles

The cosmich -energy spectrum shows a cut-off as
predicted: G [cut-off. We assume that this is correct.

The GZK cut- off SDY 8, |f|caIIy refers to photo- plon

production from cosniig Jay protons and astropt
(blue shlfted to gamma ‘u ckgr
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IR /optical (Franceschini et al.’08) ===

max. radio (Protheroe & Biermann'96)
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radio |54] range at z=0. The thin dashed line shows our extrapolation to UV
energies. g




proton dip
Gal. mix
pure iron

low Epmax Auger is sensitive
Z here.
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Figure 7. Effects of various compositions on neutrino fluxes for all flavors. We present
the cases of (1) a pure proton injection assuming a dip transition model (black solid),
(i1) a proton dominated Galactic type mixed composition (pink dotted), (ii1) pure iron
composition (blue dashed) and (iv the iron rich low FE, ... nlodel red dash-dotted).




Neutral Current

' A\, high energy

'\_electron ‘ ‘ ; '
hadrgmc : S ‘ hadronic hadronia




| LE

la] S (:
[ S PARBGUAY | "} L Presid
| M Padro Jua o
1 \LJ « h\\\ Caball v iy a
\\__ ! n Salvador, 4w ) | |I Manng}x{ z
Sana\A] 9 Ly Dy : Observat
sana\i{ % ol pepen._ 5 | Pierre Auger ory
| i -""“‘--.H ) f'f‘ o pfozde— untlbg_r T :
| san gl 4 e Foringsay \ & ?Iguacu E*H“ the universe’s highest energy particles
| ¥ an Migue | B o 8 & o . P W
—=+ Santiago Mk W& - il
ap‘ﬁ—r{n & Tucuma del Estan:n Ftesrs,tgnuﬁ“' ..\“" il L_\__ ."H .‘nll
il Y B G rlantas = Ih:' adas | fjf J Franeon
I. ' ." Catallmarcai | '-,I b 5 S def Sl
| .'l LalRikia > 4 N "“\:"i- T FC'-"'-EU nio Tome 1-_ ot B [
1I.-' iBj % e I:.‘-uatla |
! i | aiana » 320 :a‘ ,-’-’f f
LilEE‘TH'I Illb- . S b <I«_.'|t.||!£_ & ar "I ! e Marta |
iy \ Ststiuitl® )| Y ‘HE@E f
I, | San Juan. _‘_.-- C_.ﬂ'uba* _S.ELI.'LIH .dl-r/ .:ualtu _.§' |
II ‘g’ il 3 | ' Far.:v'..g | Iuta sk |
et} D \E _ ‘
H = == "u’aiparaisiﬂ{M ;2"32'31 SH“ LL'Ih 'ﬂm f"uartr.:r W:ﬂéa%rm '. MUEHME 1
'II" Ba.ﬂ!ﬁgﬁ'* :" I'v.ﬂiﬂ'qc des "L.-.._ Venagpe_. ; I'
| g A s
|- Rata et |
| Amhipialagn § i "-w; ﬁi;t;—hc - 15 - = |
Wuan Famandez ; b 5 f
I [Chila] |
II ! )
I'. Cannapnim-rl)} f
III II
|\ Seuth |
| Pacific [
| Deean |
\ - —r |
___:I_ e ——
40 I = |I
\ S A AR [ South |
| bty S , Atlantic |
| | Cecean [
| [
\ | f
| I [
|I I .I
I|I 1 II
-, ! Argentina
| e —
| HEEE}.IM ey International Boundary
- "IT_ s | Province Boundary
a3 '.I o | | ——— FRoad
I', qor 2 JiSanta Cruz ! — Riiver
| I | [ * Mational Capital
' '-ml Gall & |
1 o 3‘ "?EI"':"'Ei | ﬁ"’* @ Province Capital
| Etanliy e
\ | Falkignd isfands | . City or Town
| | (Islas Marl.rmas,l . o
| administrad by UK I L, I".J""I i e .
| claimed by .&.rganurl'& 0 0o 200 300 Miles
- 1 ". I
1
\ l_' s
80} e I Y
" L°




Pierre Auger ﬂhservatnry
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E e Pierre Auger Observatory |
2 " e studying the universe s highest energy particle: %

“Possible event types: ‘down going' and
'Earth-skimming'.

Muonic component of the shower

577

Regular proton shower

DG v, interacting

: : Deep DG v shower
in the mountains

E-M component of the shower

--Upgoing ES v, shower

FIG. 1. Pictorial representation of the different types of showers induced by protons, heavy nuclei and “down-going” (DG) 2
well as “Earth-skimming” (ES) neutrinos. The search for down-going showers initiated deep in the atmosphere is the subjec
of this work.




Pierre Auger Observatory

1 1Ne Univorse nighest eneragy particlo:

—~' Electrons & Photons et A

Electrons & Photons

Interaction polnt/' o

FIG. 5. Upper panel: sketch of an inclined shower induced
by a hadron interacting high in the atmosphere. The EM
component is absorbed and only the muons reach the detector.
Lower panel: deep inclined shower. Its early region has a
significant EM component at the detector level.
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2

the showers = :-”f_, timing, footprint -
shape etc. To; be

satisfied by neutrino's




Pierre Auger Observatory

studying the universe s highest energy particles

A 'normal' event.
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Pierre Auger Observatory

studying the univorse &

highest energy particles

Close to the shower core
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Fisher distribution - low mult. (4" N" 6)

Sludying

Developing Neutrino Search
Criteria
2 4

Fisher discriminant value

Table 1: Cnteria to select Earth-skimming v and down-
going v. See text for details.
Earth-skimming Down-going
N of Stations = 3 N® of Stations = 4
LW =5 LiW =3
Aiend | goaM - 17 - g m r ey gy M
Inclined | 0.205% <V < 03155 HL; {:I:,il,fm
Showers RMS(V)< (L0853 <
Ei‘ 1 :-'-" ?5J
ToT fraction’>0.6 Fisher discriminator
Showers based on AoP
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Pierre Auger Observatory m

Single flavour neutrino limits (90% CL)
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Auger Earth-skimming this work
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....... Auger downward-going h

Pierre Auger Observatory m

— Auger Earth-skimming

EA Rather strange directional
s T exposure

Fraction of a sidereal day [%]
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«». Auger downward-going
\ . Auger Earth-skimming

The resulting upper limit
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Pierre Auger Observatory m

Studying (e univorse NIgQNest

Centaurus A (NGC 5128) is a
'nearby’ likely source. The limits
are tightening for its models also.

Table 2: Expected number of events for two diffuse neu- Centaurus A - Single flavour neutrino limits (90% CL)
trino flux models and two CenA neutnno flux models.

LUNASKA 2008

Diffuse flux model || Earth-skimming | Down-going
Cosmogenic '
Exotic
CenA flux model

Cuoco ef al.

Auger Downward-going NI I I T
AR RN E RN ERERERRNN

Auger Earth-skimming
|

[GeV cm?s|

lceCube 2011b

-
__,.-"
— Cuoco 2008
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Kachelriess et al.
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\ s Pierre Auger Observatory
S u N ary d studying the universe's ::I"m;t energy particles
The Pierr§Auger Observatory:

Has measured Ty damental astrophysical quantities
(directions, compd§ytion, spectrum) at energies above ~10*

eV (to > 10 eV). N\

We still have not identifieddgpecific so
studies seem to offer a Way of doing di
for that. - 3

The energy spectru
neutrino s
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