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J LocalUniverse is not strongly magnetlzed
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I Galactic and Extragalactic Magnetic Fields
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High energy proton deflection
angle: few degrees

Iron deflection at 109 eV: 50-70°

Finding iron sources needs a
better knowledge of GMF
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I Anisotropies in the Sky Distribution

Auger (2007): VCV Catalogue (AGNs< 100Mpc)

SD data, 6<60°

E ,
th o
VCV Catalog TR Angular resolution 0.9

Redshift, Direction max Energy, Direction

wmax P Z[ ] plso piso )N_j

= E,=55EeV, D _=75Mpc(z,.=0.016)

= Y =3.1°, 9/14 correlated.

= Independent sample—> 99% significance level for
rejecting the hypothesis that the distribution of
arrival directions is isotropic given the VCV AGN
coverage of the sky.




I Augerupdate with VCV catalog (2011)

First results reported in Science 318 (2007) 938
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I HiRes (2008)

= 2 out of 13 correlate

Siiue. - expect 3.2 if isotropic

180°

= 8 out of 20 correlate d
= expect 4.8 if isotropid 1

3600




Centaurus A appears interestir B
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Closest radio-galaxy (3.8 Mpc) in the
southern hemisphere.
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I Possible astrophysical interpretation

Emax for light nuclei of
Galactic acceleratorsandjor ~ knee ankle
maximum containment energy

Galactic G-EG __ Extragalactic
(e.g. SNR) ‘ depending on modely e.g AGN?
| | | | | | | | | | | | | | |
1 1 1 1 1 1 1 1 1 1 1 I 1 1 I
13 14 15 16 17 18 19 20
log E(eV) PeV EeV
\\GZKII
Iron knee If p: Photopion production
Steepening of heavy If heavy:
galactic component Photodesintegration

And/or source Emax

= Simple astrophysics models describe the observed spectrum
= Constraining models needs composition measurement

= Composition interpretation needs hadronic interactions models
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s of the EAS

Engel, Pierog, Heck, J»
ARNPS(2011) ]
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I Heitler model

= After n generations
n = X/XEM
N ~ 2"

= At the shower maximum

Nmax — EO/EO

In(Ep/eg)  The Elongation Rate
D. —
¢ ShnE

Xmax ~ X
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Il Baryon induced
showers

)\p—a,ir = XO

(n(E))— E/(n(E))

Ecm. =85 MeVfor y/e Em,f =20 GeV forp
showers ) showers

Xmax(E) = Xo+ X, In[E/(n(E))]
(n(E)) ~ noEA

B dIn(n(E)) =~ Xo 6In(Xo)|
De = Xen [1_ SInE " X, 6lnE = Xew (1= B)
X In X
B=A- 2 §1n Xo

X, 0lnE
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I Estimating the number of muons

Ny = (2Nz)" _,C
ne = In(FEo/E7)/In(3Nx)

Nu - (Eo/fg)ﬂ

B =1In(2N,)/In(3N;)

N, =5, 3 =085

From simulations f = 0.88-0.92 \ £e =20G

Nu depends on the primary E, the air density and the charged
and total multiplicity of the hadronic interactions.
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I Superposition model

~induced shower proton-induced

of energy

showers of energy

Xmax X In(Ep/A)

2n )]

D, = —
X, (1— B) [1 ST

N o A(B, /4)"

Nucleus-induced EAS
v reach their maxima earlier
v have more muons.




I Primary species and shower de
lphotons |protons liron
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I Longitudinal profile

Energy deposit [PeV/g/cm?]
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I Xmax distributions
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I Field of view bias

Field of view of FD telescopes does not cover full Xmax

range for all shower geometries.

shallow
shower

/

dee]
%

= Select only shower geometries that
cover full Xmax range

» Compare measurement directly with
generator-level prediction
Results are detector independent
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I Auger elongation rate

EPOSv1.99
QGSJETO1
» SIBYLL2.1
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~
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E [eV]
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I Auger elongation rate
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HiRes: proton in 2 decades

= Xmax acceptance
bias in data and MC
for HiRes and TA.

[;{ =5.2159/6 d.o.f. ]
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» Constant composition

> No evidence for
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extragalactic
transition at ankle
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I TA: Pure proton? - i
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I RMS (X,.,J vs Energy
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MTD et al, Astropart.Phys. 31 (2009), 312
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I Asymmetry and shower evolution
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[ Asymmetry and shower evolution

log(E/eV) = 18.85 — 19

ok
In(sec(0))

SD Mass Sensitive
Observable of the

Auger Observatory.
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HII Muon Production Depth

Distribution of muon
production heights

PIERRE
R .
© )
~a production
s -
% point
2,
-~ /:0
2%,
NS
AN /,'b
S %
. “. - SD station
T~ a
- o
cty) + A %

XM= /Zoo p(z’)d,f;)

= MaximumatX¥__.

SD Mass Sensitive
et Observable of the Auger

Cazon et al. Astropart. Phys 21, 71 (2004) | Observato ry.
Rstropart. Phys 23, 392 (2005) 32

Wil
| AP A A Y
\\\
L ]




I Auger
Composition
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I Simple exercise with QGSJETIl and
Auger published results

fn
- : K> o
L ° ®m€x o Only statistical
5[ o <Xpax™> uncertainities
[ —iron I o Similar results
with other
CNO 3 % % hadronic
2 ; models
5 AR
1-° #
r e % §<}§ '%
0: proton MTD, D. Garcia Pinto,
b N ‘ ‘ M. Unger, H. Walhberg
'1‘018 10" 10%°
E [eV]
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Probability

Proton Fraction

Fluctuations in Xmax distribution

10" = ===« Proton (40%)
E Helium (25%)
F =+CNO (25%) R
e e o (10% The tail of the
ol X ax distribution
: populated by
wE proton.
1=
0:45—
T I

Xmax  [glcm? ]

The tail is sensitive to p-air cross section
Ellworth et al. PRD 1982, Baltrusaitis et al. PRL 1984, etc..
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I p-air cross section measurement

fﬁ:ﬁ%ﬁ dN/ (Hmax X €XP (_Xmax/ "l\d

Key parameter:
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’ deeply penetrating
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I p-aircross section at 57 TeV

Equivalent c.m. energy\'s,, [TeVl
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I p-aircross section at 57 TeV
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Neutral messengers

At the UHECR sources

Production _
Cosmogenics

/PHOTONS A /NEUTRINOS \

= Interactions in the = No interactions in
sources. sources

= Absorbed on = Propagate unabsorbed
extragalactic and without deflection.
backgrounds. = Difficult to detect.

\§ AN
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neutrinos and photons at the source

Depend on:
e v'accelerated spectrum @the source
- L S v'cosmic evolution of sources

i & v'conditions in/near the sources

Astrophysical
beam dump



Cosmogenics neutrinos and photons
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Hll Photon EAS N Geomagnetic cooling
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I Upper limits on Photon Flux
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I Upper limits on Photon Flux
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I The Auger UHE neutrino observatory

4) Down-going v,
interacting in the
mountains

“young" showers
at very great
atmospheric slant
depth.

1) Regular proton shower Muonic component of the shower
o -

~ 2) Deep Down-going v shower Electromagnetic

component of the shower

3) Up-going Earth-skiming v, shower

Basis of identification criteria:

broad signals in the early region of
inclined shower

Injection point

Electrons & photons

Early region

Late region

broad signals narrow signals




Il Neutrino flux upper limits
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I Hadronicinteractions in EAS

Cosmic Particle
rays Physics

X~ A In((1—-k). E)J(2.N,,. A)]+A,,

Model dependent

parameters

Matthews, APP. 22 (200

k = elasticity

Ntot = total multiplicity

Aine = hadronic mean free path (cross section)




I Impact of model uncertainties on EAS
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I Forward Energy Distribution
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I EPOS1.99LHC (an example)
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I Xmax before LHC
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I Xmax after LHC
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Il Final remarks...

= Energy spectrum: There is a suppression (GZK?).
Precise measurement of shape and energy scale of
the ankle to discriminate models!

= Arrival directions: (an)isotropy above 55 EeV.
Is Cen A the first UHECR observed source?

= Composition: some indications that CRs become
heavier at higher energies.

= Limits on the flux of UHE photons and neutrinos
disfavor exotic production scenarios (GZK?)

The end

M.T. Dova - CLASHEP, Arequipa, March 2013
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I Xmax distributions: pand p and p %i SR
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I Cross checks with Multi Eye events

event 10071896, 08/15/10
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