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CosSnaLe R@as

charged particles from astrophysical sources
... the highest energy particles wn the universe !

Cosmle rRays: p, He, ... Fe fu.LLH Lontsed nuclel

electrons Ldentified at Low energies

Energles: Mev ... =10%2°eV (UHE: > 1012 eV)

1962 Volcano Ranch

1995 FLg’s Eye
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Flux of Cosmic Rays

12 orders of magwnitude in energy,
33 “ i flux |

1OX UP L energ Y, =500x dowwn tn flux

Highest energy events:
~ 3 X 10%° ¢V

103° eV particles do exist !



The PLerre Auger
Observatory

"what is the origiw of the
ultra High Bnergy Coswmic Rays "
(UHEBCRS: > 10%% V)

Measwre thew with wwprecedented
statistics and quality.



where do UHECRS comue from?

what are thca?
How are thca accelevated?

Does thelr spectruim ena?
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/ _angle of
incidence

Extensive Alr Shower:

Lndirect measurement,
shape and particle content of showers

Auger: Hybrid Detector

measure extensive atr shower with:

24 Fluworescence teLesoopes — | |
30° X B0° FoV, 10% dwcg cche, k L

, fluorescence detector

9000[ 6V\18V9ﬁ VﬂSDLMﬁtLDV\/ with fired photo tubes

array of 1600 water Cherenkov detectors
— -

[ 1 [ /L [

L l\g"\‘:

\/

on 2000 kw2, 100% duty cycle, renkov \
N P
SD impact point

well-knowwn aperture




unknown at high energies :

W CR composition (p, He, O, ... Fe, Y,V)

W Energy spectrum

get composition from magwnetic deflections, features i spectrum,
well-understood acceleration and environments
to constrain hadrontle tnteractlons.

m details of nuclear and hadronic tnteractions

Cownstruct an GLY shower model based on

parthLe phgsias data (LHe ..) and reliable theortes.
Extrapolate to the UHECR regime (>10%€ev, very forward)

to Lwterprct CR aomposi’ciow.

¥

Flnd consistent description of pOLEWA i

s 4 s * CRLoWLE P{M
Astrophysies anad Hadvowie physies A VTV | |

stimulta weoung. /—,-.




The CORSIK.A PrOQraMe  ittp//vww-ik.frie.de/corsik

Fully 4-dim MC stmulation
Hadronie (p-N, T-N, ... A-N) and electromagwnetic interactions.
cross-sections, particle production (at = 0°), soft int., deca Ys, ...

Models based own collider data (< Tev) and a theory (grT)
with some predictive power for extrapolation to 102° ev

Energles: 10¢ ... 103° eV

reasonable agreement:  (~ 20% level for <10* ev)
e.9. HESS, VERITAS, Magic Y ray astrow.; 10%-10** eV

KASCADE-grande CR showers; 10%*-10% ev
Haverah Park 10Y7-10% eV
Aunger 10*%-10°° eV

UHE Hadvonie wodels are the wajor souree of uweertainty.


http://www-ik.fzk.de/corsika
http://www-ik.fzk.de/corsika
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S M.Y‘fa ce arra 5 >1600 tanks deployed over 3000 Rim?

triangular grid, 1.5 R distance,

(Water Cherenwkov dCtCOtOVS) 2 PMTs, read out at 40 MH=z
solar powered, = 10 W

COMMUILNLCAELONS GPS

.

4 tanks

L a line :
electrontes

. %

\\A\ ‘ AVCCEVOV A -< ancenna
! /\ soLarpaweL

three 3 ZeMiTS
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CR arrival direction = air shower direction
from arrival times at each tank

<1° for € > 10Y eV




S (VEM)

10°

llllll|

S(1000)

10
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! 600 800 1000 1200 1400 1600 1800

core distance (m)
S(1000) is a good SD-only parameter to estimate the energy.
E as function of S(1000): either from MC
or from cross-calibration with 7.



some of the highest-energy S events:
near vertical tnclined

E=167x10°eV 0 =14° E=037x10°eV 0 =74°




aperture wtth shutter,
filter and Schmidt
corrector lenses
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hybrid

SD only FD only

angular resolution 0.2°

independent of

aperture
P E, mass, models

independent of
mass, models

energy
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//////// ;
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Impacf Point

independent of
E, mass, models

|-2° 3-5°

dependent of
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Shower seen ba the

array and all 4 Fbs
E=F#x10Y eV

a “Platlinum HY byrid”




GZ‘ % C'At"OFf qreisew Zatsep'w\, KUZ LA

P 3K photon in lab
._, N
10%° eV J\N\({;}mev SyStem
® <YWW In p rest
0eV 300 MeV  system

~
P+ Y3k A+_'p+“3_ !

—> N+t
S6Fe + Ya — 55Fe +n |V photo dissoctation

photo - piow proolvw’ciow

universe becomes opague for € > few x 109 ev.
beyond this: Sewrees must be close !

If sources are universal: eut-off tn CR spectrumne.
Test of Lorentz Invaritance for Y =101t |



—. ]
t-A Q

stratght forward from FD

(but FB only active for 10% of time)

moolel dependent from SD

(SP active for 100% of time)

get energy calibration from FD

for high statistics from SD

ollrectl,g from size of SD

(above zx10€ eVv)



EMVQ 5 S‘Pcotrum 32000 R sy yr

E eV —
1018 1%19 ] 1020 5 Auger yrs
l l Auger 2013 plreliminary
T 38
;S\ 10
l;-4
n
CTIE S > 102° eV
—4
N >107° eV:
> 1037
o) ~1 ev/ Yyr
G LA Aunger
= ~1 evt/min
it ow surface
of Earth !
1036 AT R T RS T R T RIS S B
17.5 18.0 18.5 19.0 19.5 20.0 20.5

logyo(E/eV)

Auger finds "ankle and a clear (-20 o) spectral steepening at € =3 x 109 ev.



Does Auger see the GZ K cut-off ?

GZK cut-off: Lf  CRs areprotons
power-law spectrume at source > 10%° eV
sources are universally distributed
then  depression of flux at = few x 10% ev

But also nuclear primaries would be absorbed,
and could produce a stmilar cut-off.

Alternatives:
maximum energy of accelerator ?
effect of a Local source ?

Is ankle the transition point between galactic and
extragalactic CRs ?

... need more iwfo OWn OOVWPDSLtLOV\z



Interpretation?

E |eV]
1018 1019 1020
] ' T T T T ] '
S Proton dominated: /
| 1038 B quapressiow: A resonance AE/E =14%
; Tt~ o Awnkle: ete pair production
0 -
— ® oy
| ®
—
)
N
£
C\'T\d 37 P Suppression: giant dipole resonance -,
> 10°7 1 -~ Ankle: transition to galactic sources -
v . v
QJ = y" .__
| I i @
G " - .- Proton, Ecyt = 1090 eV ‘f
= - — Proton, E.yt = 10292 eV I
“.
CBJ | = o= II'OII, Ecut — 1020 eV ""
—TIron, E.yt = 10299 eV B
1036 A RS R S S A N SR S N L R B
17.5 18.0 18.5 19.0 19.5 20.0

logyo(E/eV)

20.5



Awnisotropy - Sowreces (?)

Highest Bnergy Particles are not deflected much !
L.e. CR should start pointing back at sources.

10**19eV 10**20eV
. i 1 . e
il 0 - L
_— I!-- _— _— O
£ : g
- | b | b
—1II--— II--— — ]
| | Pow 4 pop | i |
1D 1] 10 -10 () h[5] 10 o g [5]
¥[kpc) E[kpc] K[kpc

deflection < 1°

Astronomy with charged particles ?



uY@C"SOﬂLB AWLSOtV&Pﬁ - Fourier analysis of arrival times
- Generalised Rayletgh Method

- East-west method

_l Lol Lol Ll Lol Ll Lol L]
5 E
O Z diffusion tn
Q . turbulent gal.
O -1
_ 1 0 = ﬁCLdS
© : V=T
B _ - .O'Tn - ! -
..g 10_2 _— -V|_ Auger —_
O - -
L - Compton-Getting effect
: (C,aLaxg VS CMBR ollpol,e)
107 - 3
1 regular gal. magwetic fields -
10

Energy [eV]

Limits close to / Lower thaw some predicted antsotroples.
Morve data will give an anisotropy signal or model constraints.



1. )an 2004 - Qé.Maa 006G

r'd
scan: 15 evts, 12 correlate with AN (2.2 e)qn.) for _R<=2.1° z < 0.018, € > 56 EeV

no scan: 13 evts, g corvelate with AGN (2.7 exp.)  wndependent sample
AN

-3
RF.May 2006 - 31.AuUg 2007 P < 1‘? X 10 total data: 1.2 Auger-years

UHECR 'Lsotropg rejeated with > 99% confidence level,
are of extragalactic origin.



g4 Highest Bnergy Bvents >55 Eev  (2011)

(22 correlating)
nearby AGNs

CosmLe RAayYys

update of the corvelation of the highest energy cosmic rays
with nearby galaxies (V-C catalog).


http://www.phys.lsu.edu/~matthews/publications/papers/harari_updatedcorr.pdf
http://www.phys.lsu.edu/~matthews/publications/papers/harari_updatedcorr.pdf
http://www.phys.lsu.edu/~matthews/publications/papers/harari_updatedcorr.pdf
http://www.phys.lsu.edu/~matthews/publications/papers/harari_updatedcorr.pdf

=&— Data

[6s8% cL
[Jos% cL

[]99.7% cL

correlating fraction
S
n

02 el mi =l =i =i =i =

LS otropy

10 20 30 40 50
Total number of events (excluding exploratory scan)

parameters fixed a priori: B > 55 €eV, P < 3.1°% dua = F5 Mpe

chawnce proba biLLtg

current signal:  p = 0.33 w005 for isotropic distribution
to give this result: 0.006



SWLt-BAT

58-mownths catalog,

(uniform, haro X-ra Ys
261 Seyfert galaxies)

d < 200 Mpe

wetghted with X-ra Y flux,
rel. exposure, GZ K effect
5° smoothing

UHE CosmiLe ra Ys are
— not Lsotropio
— of extra-galactic origin.

UHECRSs come from
“nearby extragalactic watter”

~320° chLstcviwg (PMDM ?)

Frequency

80000

70000

60000

50000

40000

30000

20000

10000

. Swift-BAT -

2.2 -2 -1.8
Mean log-likelihood per event

-1.6

data
Lsotrop Y
model



This result Ls suggestive of
primary protons and a GZK cut-off:

deflection i gal. mag. fields @ 60 Eev: small for protons
big) for tron
corvelation only with nearby AGNs



compositiow

OPtiOWS: (stable pa rticles)

plnotows ?

shower shape is different from expectation for photons
(electromagnetic tnteraction is well Rnown; RQED)

neutrinos ?
showers do start near top of atmosphere

neutrons ?
from wnearby galactic neighbourhood



Photons

FD: measure Xma)(

photons MLAXLMLSE deeper than nucelel
protons MLAXLMLSE deeper than LYOn

o 1200
= - = Fly's Eye
B0 - v HiRes 2004 -
~— - * Yakutsk 2001 f :
A 1000 F # Yakutsk 2005 P gamma .
E - o CASA-BLANCA P with preshower
# 900 | 4 HEGRA-AIROBICC G
v/ - ¢ SPASE-VULCAN ;
L o DICE photons, .-~“protons_ _z=—"F -~
800  *x TUNKA - 1 ffiam®” - e
_ gl ST ﬁ, 3 D e
C wm" -k 'T-iHO
o = - - _,_-""-i +f£‘r‘ i ____..r-"
700 | o T O
- e .o
- e T e ) § et
600 :_ ,:,:ffi'" . A " iron —— DPMJET 2.55
500 %+ oS geaert T e QGSJET 01c
S " o —— QGSJETII
- D N TR TP SIBYLL 2.1
400 C | | | | K ne:‘i{usE |
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FD events (habV‘Ld), E>10@ (A4 (only 10% of data)

E “.[."]8 : I | | | | I | | 1 | I | | | | I | | | | I | | | | I | | | | :
< 0007 - Event 1687849: -
> F .6 EeV :
Z - O k€ X
= 0.006 | -
£ ' - ]
= 0.005 |- L _ _ -

- data photon simulation

0.004 | ® reliable, 3

- based on RED 1

0.003 | -

0.002 | -

0.001 | -

ﬂ : I | | | | I | | | | I | | | | I | | | | I | | | I | | | :
700 800 900 1000 1100 1200 1300

Xlllﬂ.‘.ii (g cm -)

compare each event with photon simulations,
combine probabilities for all events



Deviation of R

LI LB

L+ | + MC Photons |

[N N
BRI,

N
[T

|
N
L g LS LR [ ELAL

|
-]
EL LR A

_10111[1 Ill |ll[l[lll[lllllllllllll

-10 -8 -6 -4 -2 0 2 4 6 8 10

Deviation of t_ , (1000)

SP only variables:
- stgnal rise time
- curvature of
shower front

SD: much larger statistics, but
reconstructlon not mass
iwde‘Pewdew‘c

1/n dn/dt (per ns)

1/n dn/dc (per km™)

=
f
ot

0.008

0.006

0.004

0.002

16

14
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10

S B B B A N
Event 1034377:
data photon simulation
- . =
AT e PR E S e o PO s B
0 100 200 300 400 500 60(
rise time t (ns)
i B8 Teed 5¢ Teng %@ 1 | | ]
[ Event 1034377: ]
- data photon simulation
: ® f
[ I T R T S S ST TR SN T NN SR TR SR N AN SR TR T T A S T H
0 0.05 0.1 0.15 0.2 0.25 0.3

curvature ¢ (km'l)



Photow. LLmeits

'.r‘ —I | | | I | | | | I | I | L I —
.7>‘ upper limits 95% C.L. - === SHDM n
G 4 == SHDM' _
~ —
e E TTeee D =
X SR Z-burst -
u® GZK |
A —
L
5107 .
L -
® ]
o |
~ T _
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102 R 1:.--:“*\ =
. v T o
107 - —
- | ! ! NAVENVRVEVINNY 1 1 R N A -
1 018 1 019 1 020
Energy[eV]

Lmproved Limits at Lower energies,
approaching the region where GZ K vy are expected.




Composition
Optiows: (stable pa rtieles)

nuelel :

Showers Look Like showers from. p and nuclei
at lower energies, ... just much Larger.

w,p...He...O ... Fe 3

~=  the only nuclel to survive

-
Long travel to earth \}.\’ 0&\,
\,O 0
% \I*‘C(

WV o™
0 N
0‘. e\f\ \(QJ’CO‘



Galactie Newtrons

from CR accelerators (expect more w than hadronic y),
travel Ln straight Lines,
... but decay (can reach ws only from our gaLaxa)

polnt sources ? E > 1EeV
upper Limits (95% cl) Y > 109

0.06

0.05

0.04

0.03

0.02

—10.01

(/ k2 yr) no excess, nothing from gal. disc or gal. plane



Name 1IFGL [ [deg] b [deg] distance [kpc] Name HESS [ [deg| b [deg] distance [kpc]
J0835.3-4510  263.55 -2.79 0.29 £+ 0.02 J0852-463 266.28 -1.24 0.2
J1709.7-4429  343.10 -2.69 14— 3.6 JO835-455 263.85 -3.09 0.29
J1856.1+0122 34.70 -0.42 J1713-397 347.28 -0.38 1
J1809.8-2332 7.39 -1.99 1.7+ 1.0 J1616-508 332.39 -0.14 6.5
J1801.3-2322¢ 6.57 -0.21 J1825-137 17.82 -0.74 3.9
J1420.1-6048  313.54 0.23 5.6 1.7 J1708-443 343.04 -2.38 2.3
J1018.6-5856  284.32 -1.70 J1514-591 320.33 -1.19 5.2
J1028.4-5819  285.06 -0.49 2.3 +0.7 J1809-193 10.92 0.08 3.7
J1057.9-5226  285.98 6.65 0.7+0.2 J1442-624 315.41 -2.30 2.5
J1418.7-6057  313.33 0.14 J1640-465 338.32 -0.02 8.6
Fermi LAT H.E.S.S.
’
right y .
Set of sources Energy bin [EeV]  Sgtacked
SoOurees,
d<‘3 Q‘PG Ferm% LAT 1 —2] 2.07
Fermi LAT 2 — 3] 0.51
("‘lm‘ @€eV) Fermi LAT > 1 2.35
H.E.S.S. 1 —2] -0.75
H.E.S.S. 2 — 3] -0.40
H.E.S.S. > 1 -0.89

no excess found



Nuelear Compostition

Xouax: Netght of shower maximum
Xppax A0 RMS (Xuax) Are MLASS Sensitive
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whatever we do to models
(within Limits),

data do wot fit to
primarg proton sims.

TE [eV]
E<4x10Y ev

If one trusts the models,

thew composition turns heavier
(but the two plots are not consistent)

mixeal/hea% ?

(109 ev < E < 4x10%9 eV)



Cowcposition data: transition to heavier primaries

(Xmax) = (Xfax) = Dp (IN A)
-~ 4r ~ 4r ~ 4r Fe
< t SIBYLL2.1 < t EPOS-LHC < [ QGSJet I1-04
S3sF E3sF S5t
. 250 25F + 25F
{In A): Transition from ; ¢ I ++++ I !
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(Auger, JCAP 02 (2013) 026)



Conaposition wis-mateh ?

Spectrum: GZK cut-off ?
Awisotropg: correlation with wearbg matter

Co WL‘POSLtLO Ww: Xwmax, SP VA riables

)

9

log ( E*J/(m? s'srleV?)

2

E[eV]
6XIIOII7'];OIls 2x};018 1 I I i IllO‘ll9 2XII.0]9 | I 1 | Illolw 2x}l.020 |
45—
: b
- e, NPT *
24 |- *dgusn’ [ T
24 i = + +
: I
35 - —e— Auger SD I I
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°
23 B —e— Auger Combined
2 5 B 1 l L | | 1 l L 1 1 1 l L L | 1 l A L | 1 l L 1 1 1
' 18 18.5 19 19.5 20 20.5
loglo(E/eV)

P dominated ?
(E > ex10Y ev)

mixed/ heavy ?

(E < 4x10Y eV)

7

strongly
moolel dependent

Need hadronic interaction models to be modified ?
we start to do partich ph 55&03 at > 10 ev.



What if CR are protons and physics changes?
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Proton-ALr Cross-Sectlon

Equivalent c.m. energy\l_ [TeV]
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dE/dX [PeV/g/cm?]

Are the EAS wodels right ?

30 Proton Sim ———
Iron Sim ———

20

10 +

200 400 600 800 1000 1200
Depth [g/cm?]

mateh the long. shower profile (as seen in Fp)
of a measured event with
P and Fe simulations

models wnderestimate
ground signal bg 1.5 - 2X

same stimulated events
have less signal in Sp

thawn the wmeasured ones.

Proton Sim =
Iron Sim
Data e

S(1000)pats / S(1000)gim
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M.W';\/efsa L.‘tzz emt and muonie signal depend only
ow € and shower development (PG)

arb units

data

Em

Mmeasure Sioo0(0), compare with stimulations

Result: muon deficlt (= 53%) in simulations

L.e. 26% higher energy estimate than FD



Other wethods:

Jump method: count muon pears Ln time traces
simoothing method: separate e,7 and u signal

golden hybrid analysis:  compare SP with Fb reconstruction

- Total signal €.y = Mev
i [Lg]l ; €, = qev
e L onr : ~ 240 MeV energy deposit

VEM
— - Je LS,

(62
ryrY ey

Muonic signal 3

VEM
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e
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Electromagnetic signal

smooth

VEM
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(1000 m) at 10 EeV

1.5

[a] universality method
[b] jump method
[c¢] smoothing method

3 [d] golden hybrid analysis

B (D] log.o(E/ev) = 19.0 £ 0.02 0 =50°
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Energy scale rel. to FD



1000 m) at 10 EeV

N
o

1.5

1
0

[a] universality method
[b] jump method

[c¢] smoothing method

[d] golden hybrid analysis

 QGSJET 11-3/iron

- QGSJET 11-3/proton
000 (O 8 O A 0 e

4 0.8 0.9 1 1.1 12 1.3 1.4

Energy scale rel. to FD

X % [b] logso(E/eV) =19.0 + 0.02 0 = 50°.



Consistent fuindings:
Alr shower models require modifications:

MUONS neeol = 1.2 - 2xX more,

, @ 1079 eV
ground stgnal  wneed = 1.5 - 2x more

for the same Longitudinal profile.
hadrowntie model ?

fluorescence 51&0[ ?

LHC results on cross-sectlons and 1Y rtiele prodl uetlon
(Ln Very forwarol ra nge) will proviole lfleLpvaL constratnts.

CPOS: g wew model, with enhanced loargjow product’ww

makes about 50% MWLOYE VAUOWNS.....



LHCf: T° production at 0°
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Nu(data)/Ny(models)

Systematic Uncert. |
' QIl-04 p
QIl-04 Mixed

. EPOS-LHC p
EPOS-LHC Mixed

B O

0.8 0.9 1 1.1 1.2 1.3
Eground(data)/Eground(mOdGIS)

e all models meuon mumber Ls 20-60% too small



- Much wmore data from LHC / RHIC expected.
— Modlel to be revised for a better extrapolation to UHE

— further analysts of Auger data

- extension of Auger for wore info per event

... for a better overall description of
CR composi’ciow and hadronle Lnteractlons.



why wpgrade ?

Extend composition measurements towaros higher energies:

—> search for rigidity-dependent suppression of flux
—> verify existence of ~10% p-component at €>55 Eev

—> do proton astronomy § Ldentify sources

mprove sewsitivitgj to EeV photons:

photons from qZ K-effect (“smoking gun”)
= prove/disprove p-dominated composition at highest €
that may possibly be masked by rapid change of had-tnteractions

Study features of hadronic tnteractions above €. = 70 TeV



Xmax [9/cm?)

Composition measurement at energies
where the cutoff Ls observed

1200

1100

1000

900

800

700

600

IIII|IIII|IIII|IIII|IIII[II_|___

— EPOS1.99
----------- Sibyll2.1

"""" QGSJetll-03

proton

Iron

O

o

10

20

30 40 50
number of muons

x10°

MEASUYE L COMALP.

with Sp
(100% du’cg Y cle)



VAarLous op’ciows
.. to merove O EVA/ VAL sepamtiow Ln EAS

segmented tank
(LSD)

+improved tank
read-out



VAarLous op’ciows
.. to merove O EVA/ VAL sepamtiow Ln EAS

Scintillator on top
(ASCII)

segmented tank
(LSD)

+improved tank
read-out



VAarLous op’ciows
.. to merove O EVA/ VAL sepamtiow Ln EAS

Scintillator on top
(ASCII)

segmented tank
(LSD)

RPCs below
(Marta)

+improved tank
read-out



Vartous op’ciows

.. to merove O e/ WL sepamtiow Ln EAS

Scintillators in S———
ground (AMIGA-Grande, TOSCA)

Scintillator on top
(ASCII)

segmented tank
(LSD)

RPCs below
(Marta)

+improved tank
read-out



Segmented tanks

| «— EM signals

<—— muonic signals
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Scintillators on top of tank

combined LDF fit of
WCD and ASCII

10 EeV, combined fit s
50 EeV, combined fit —
1.2 10 EeV, independent fits
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RPCs below tanks

resolution of y-numbers for
different detector spacings
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integrated muon LDF at 101° eV
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Scintillators underground 1
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Scintillators uwd&r@rouwd 2
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AMIGA like scintillator bar
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Planwned Cost Target: USH 10-12M (=€ -10M)
(=20 % of initial tnvestiment)
Time Line:

2013 2014 2015 2016 2017 2018

Science Proposal subm °

Review of Science Proposal

X |®
X

Prototyping in field XX

Selection of Prototype

Submission of TDR

Final Evaluation

L)

Seeking funds / construction

take data XIXIXIXIXIXIX]IX]IX]IX]|X]X

upgrade finished

data taking tnto 2023 will dowble the statistics
of all data up to 2015



ExotiLes:

Auger Scaler Rates: reao out for monitoring
/

15 May 2005 Forbush decrease
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ExotLes:

Auger Scaler Rates: reao out for monitoring

p
Chile Feb. 2010 earthquake

— 10 s average

194.5 \
194.0 4
0
propggation of seismic S+waves d rop
193.5F 4

Decrease in the scaler rate
27 Feb 2010i06:35:44 zUTC

193.0} A
Chile 2010 Earthquake W\[MN

27 Feb 2010 06 34:14 UTC
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Time since 27 Feb 2010 06:00 UTC [minutes]
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Suw.nm.a ra:

Auger is taking high-quality data at > 1077 ev.

Spectrum: ankle and steepening seen at =5 x 10 and = 4 x 109 ev
with model-independent measurement and analysis
lnterpretation requires knowledge of composttion.
Avrival directions:
CR are extragalactic
sowe correlation with nearby wmatter for € > 55 €ev,
Mass composition:
wpper Linmeits on photons, neutrinos, and neutrons
reduced fluctuations at =2 x 109 eV mixed / heavy composition?
with current models, but ...

Particle Ph gsics (at >10%% eV):
P-air, p-p cross sectlon @ 2x10*€ eV
Hadrownic interaction models in CORSIKA need adaption ...
More muons § ground stgnal needed for same fluorescence Light
Auger results and wew collider data constrain shower models



what next?

— Augger (as ts) will provide a few wore years of reliable experimental data
§ a solid basts for future work.
Operation at least until 2015  (thew total exposure: F Auger yrs)

— Gooodl test environment for alternative technigues
(MHz, gHz Raduo detection of BAS, atmospherie physics, ...)

— Prolongation and upgrade (?) for better composition measurements
2015 - 2025

— 3000 k2 turns out to be still too small for the energies ~102° ev
“Auger next”? > 30000 km> 222 new, cheaper technigues needed.
ldeas? Radio detection of air showers not quite ready yet.

— CRs, V from space: >3 x10° km2sr, launch tn 201472
Jem-EUSO on 1SS, 400 Rwm alt., >10° Rm=
CROS satellite, 400-200 Rm alt. ~10% Rm?=



The Enad



