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Features of CR spectrum
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Features of CR spectrum
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Features of CR spectrum
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Features of CR spectrum

Equivalent c.m. energy \'s,, (GeV)
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e The End of the Energy Spectrum:
GZK-effect or Exhaustion of Sources?

e Mass Composition: getting heavier?!

e Arrival Directions: surprisingly isotropic
e EeV neutrinos and photons: smoking gun
 Further Searches:

e Future: Upgrades of Auger and TA
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Hybrid Observation of EAS

(Fully operational since 0&6/2008

Fluorescence light Particle-density and
Also: -composition at ground

Detection of Radio- & Microwave-Signals
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Pierre Auger Observatory
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Auger Hybrid Observatory

3000 km? area, Argentina

27 fluorescence telescopes plus
...1660 Water Cherenkov tanks
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14 telescopes

TA detector in Utah

39.3°N, 112.9°W
~1400 m a.s.l.

Refurbished HiRes

Middle Drum
(MD)

<
L)

t’

Long
Ridge
(LR)

12 telescopes
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3 com. towers

CLF

Surface Detector (SD)

507 plastic scintillator SDs
1.2 km spacing
~700 km?

ELS

H. Sagawa @ VHEPA2014

10

Fluorescence Detector(FD)

3 stations
38 telescopes

Black Rock Mesa (BR)

FD and SD: fully operational 4
since 2008/May
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Auger and TA

4 )
Telescope Array (TA) Augel" and TA can
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Pierre Auger Observatory Auger exposure
Province Mendoza, Argentina .
1660 detector stations, 3000 km? N ~8 times th at Of TA )

27 fluorescence telescopes
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Event Example in Auger Observatory

PIERRE
AUGER

OBSERVATORY
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Event Example in Auger Observatory

Cross Correlation

Energy calibration based on experimental data

(including invisible energy correction)

PIERRE
AUGER
OBSERVATORY
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All Particle Energy Spectrum

Kampert & Tiniakov, CR Physique, 15 (2014) 318 E [EV]
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Good agreement between experiments

- some differences at the highest energies -
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E3J(E) eV2km~2sr=lyr~!
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Auger 2013 preliminary GZK-fit to TA data
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All Particle Energy Spectrum

Kampert & Tiniakov, CR Physique, 15 (2014) 318 E [EV]
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All Particle Energy Spectrum

Kampert & Tiniakov, CR Physique, 15 (2014) 318 E [ev]
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Need

Ma ss COMPOSEEQOM
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Longitudinal Shower Development = Primary Mass

KHK, Unger, APP 35 (2012)
EPOS 1.99 Simulations no Of particles

Example of a 3- 10'? eV EAS event in FD

OBSERVATORY
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Fits to Xmax Distributions

Auger collaboration, Phys. Rev. D 90, 122006 (2014)

Here shown for EPOS-LHC

logE=17.8-17.9 19.0-19.1 >[19.5 ( Fe
o _EPOS-LHC .................. -. ; _EPOSLHC .................. -. 20 | EPOSLHC ..... HI:
| LT [ | : . p E—
00 ¢ + 1 af | 1sp \Auger ——
a00 | f 1 log(Elev) = 17.8-17.9] | '09EEV) = ] | | log(E/eV)>19.5
[ 30 F 19.0-19.1 L
= - . 1 10k
300 [ | l | [ 1
200 L 20 - 1 pP= 0.70 - lTl’ p= 0.53
100 | 10 [ I °T *
o N ST RN S e

500 600 700 800 900 1000 500 600 700 800 900 1000 500 600 700 800 900 1000
2 2 2
Xmax [9/cm?] Xmax [9/cm] Xmax [9/cm?]

above 10'? eV p,He components
diminish for N, e to take over

|

Karl-Heinz Kampert - Univ. Wuppertal 21 14th Marcel Grossmann Meeting, Rome, July 12-18, 2015




Decomposition of Xmax-Distributions

S 08 F QGSIETIM  —a—

Auger collaboration, Phys. Rev. D 90, 122006 (2014)
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Comparison of <Xmax>: Auger vs TA

Telescope Array Collaboration, APP 64 (2015) 49
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Auger - TA Comparison

Auger; Phys. Rev. D 90, 122005 (2014)

Telescope Array Collaboration, APP 64 (2015) 49
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Some

Inter Fabkiowns...
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Implications of a heavy composition
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Comparison to Astrophys. Scenarios
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Comparison to Astrophys. Scenarios
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Negative Cosmological Evolution?

A strong negative cosmological evolution has been found in low-luminosity, high-

synchrotron—peaked (HSP) BL Lac objects based on Fermi data
M. Ajello et al., Ap], 773 2014

g

IogLy=43.8 --45.8

) L<10% erg/s

IogLY=45.8 --46.9

logL =46.9 -- 48.2

48 -3 _
,Z) [Mpc™] 7=
—h
o
N

(L /10
S_-. 3

—h -
< °
N =

0.2 04 06 0.8 1 1.2 14 16 18 2 2.2

o

Ve may see mostly nearby low-power sources !

Same conclusion independently: I. Dutan & L. Caramete; Astroparticle Physics 62 (2015) 206-216

Karl-Heinz Kampert - Univ. Wuppertal 29 14th Marcel Grossmann Meeting, Rome, July 12-18, 2015



AniLsobkropies

may tell us wore
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UHECR Sky surprisingly isotropic

Auger 2013 preliminary

10358

O - 3 t — O
MmN oA 9 S — ©
o N o oo ) I — IS~
N N =S — O N < D — — O
NS QTN =P e N <
~N N < o O} %)
O% — ~ O —
N
N — @ o

i g . E —loo.~E —1 | ®
J(E;E > Eg)<E™" [1 - exp ( o1 og ;10 1/2)]
j ! 10 e

75 180 185 19.0 19.5 20.0 20.5
log,kE/eV )

Esa&ropic distribution |
E=4-8 EeV

equatorial coordinates 1.39 '

1.34 §

1.28 &

Auger Collaboration Ap] 802:111 (2015)

Karl-Heinz Kampert - Univ. Wuppertal 31 14th Marcel Grossmann Meeting, Rome, July 12-18, 2015



UHECR Slw surprlsmgly Isotropic

Auger 201 3 prellmlnary

1037} ¢ i - I I
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equatorial coordinates 0.57

M82

TA (50 pre-trial)
(3.40 post-trial)

0.52

Auger (30 pre-trial
ger (30 p ) Con A

0.47

Auger Collaboration Ap) 802:111 (2015) coe also:
Amplitude: (4.4%1.0)%; p=6.4- 10 Auger:APP 34(2010) 314 b Fargion; anxiv:1412.1573

Karl-Heinz Kampert - Univ. Wuppertal 32 14th Marcel Grossmann Meeting, Rome, July 12-18, 2015



Large Scale anaIYSiS: Data up to December 2010

. . Prescription set
First harmonic

Amplitude and phase
of first harmonic .

in right ascension: dipole ) no a Priorf[;earchl |
NO conriaence ieve

g "
g i
D _
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S 1073
3 T *
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: — Auger - 750m
— Auger - 1500m
oSl — KASCADEGrande
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if prescription is confirmed,

clear signal of transition from
courtesy by Markus Roth (KIT) . s
33 galactic to extra-galactic CRs




Point Source Searches

Cross-correlation with Swift AGN Cross-correlation Swift log(L[erg/s])>44, D=130 Mpc
1 80 7 I I I 1
1 . Example:
g s .o Correlation to bright SWIFT AGN
f 43 0.001 ] best for:

42.5

0.0001 D <130 MPC
ws L > 10* erg/s
VY <I8°

42

0 20 40 60 80 100120140160180

m 62 pairs correlate with the 10 AGN,

for 32.8 expected
p=1.3%

il Aol Auger Collaboration
— - ApJ 804:15 (2015)
4 Summary of searches N\
Objects Eu, U D Lin Jmin P
[EeV]  [?]  [Mpc] [erg/s]
2MRS Galaxies 52 9 90 - 1.5x1073  24%
Swift AGNs 58 1 80 - 6x107° 6%
Radio galaxies 72  4.75 90 - 2x107* 8% No significant excesses were found
Swift AGNs 58 18 130  10*  2x107% 1.3% around the Galactic Center, the
Radio galaxies 58 12 90 103933 5.6x107° 11% Galactic Plane, or the Super-
\ Centaurus A 58 15 - = 2% 104 1.4%/ Galactic Plane.
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Conclusions from CR Anisotropy Studies

1) Observed change of phase in RA-analysis and
absence of significant correlations to Galactic Center and Galactic Plane

= 10 EeV sources are unlikely of Galactic origin

2) Only small deviations from overall isotropic sky

> either large deflections by B-fields, e.g. due to heavy primaries
(supported by Auger composition studies)

> or number of sources is very large (and luminosity low)
(bounds by Auger from lack of autocorrelations: p = 104 Mpc3)
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A look to the PeV Neutrino Sky

lceCube Collaboration:
R Phys. Rev. Lett. 113 (2014) 101101

+: Shower like events
x: Track like events

0 TS=2log(L/LO) 11.3

No significant clustering seen (p=847%

cross correlations to catalogs = no signal yet
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Constraints from Neutrino-Isotropy

High level of Isotropy => source density must be fairly high

Int. Flux

10°°

Luminosity L [ergs/yr]

10°° }
10°% |

1052 B
1051 B
1050 B
1049 N
1048 N
1047 B
1046 B

10  10° 10

F=p-L is known => Mean Luminosity per source must be low

. PP < plimit Kowalski; 1411.4385 _ Assumptiqn:
N v | steady point sources

region from UHECR

allowed

w region from v’s
Insufficient power dens

107 10° 10°
Source Density p [Mpc 3]

Density & Luminosity
compare very well to UHECRs ! 9151 @ N1y« RSP

Same sources for
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UHECR-Neutrino correlations?

A TA>57EeV ; O Auger >52EeV; x IceCube cascades ; + IceCube tracks

e cross correlation analysis
e stacking analysis done
e 3°, 6°, 9° UHECR angular smearing at 100 EeV around neutrino direction

This analysis: no significant correlations (p-values = 2-4 %)

with 4-year IC data to be presented @ ICRC = interesting to pursue
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Cosmoqgenic
u& T EV\C} S

Recall:
o If flux suppression above §.10* eV

s due bto GZK-effect:
expect cosmogenic neukrinos . photons

¢ If due to source exhaustion:
neukbrinos & photons strongly suppressed
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EAS are sensitive to all v flavors and channels

Charged Current Neutral Current

V, v v v

vl T X
\ high energy \ \ oh \
N igh energy ~

electron h
hadronig‘ hadroni& ~~~~~~~~ 9 hadrorﬁ tau hadroni& ~~~~~~~~ v,
Jet & Jet 1 ~~~~~~ N Jet %’ Jet \ ~~~~~~ .

2) i ] E-M component of the shower

initiated by v S
\ first interaction
3) up-going shower "
iniiated by v_
T decay

Three selection criteria

Down-going low angle (2 and 4) —— DGL (602 - 759)
Down-going high angle (2, 4 and 5)— DGH (752 - 909)
Earth-skimming (3) ——> ES (909 - 959)
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EeV Neutrino Limits

Single flavour, 90% C.L. Auger Collaboration, PRD 91, 092008 (2015)
10-5: T T T T TTT1 T T T T T TTT1 1T T T T11H
— mmm mmm IceCube 2013 (x 1/3) [30] Cosmogenic v models =
_ A (2015) p, Fermi-LAT best-fit (Ahlers '10) [33] —
| = Auger N

— 5 J p, Fermi-LAT 99% CL band (Ahlers '10) [33]
T?: 10° E wimnm ANITAI 2010 (x 1/3) [29] o, FRII & SFR (Kampert '12) [31] =
(}IU) B m—— ws \Naxman-Bahcall '01 [13] |
CED 107 =
% E IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIEI
O o e —— — — — —— — _
= — -
5 — _
% B _
B | | IIIIII| | IIIIII| | | IIIIII| IIIIII| | | IIIIII_
10" 10'® 10" 10%° 107

E, [eV]

Would have expected to see 1-7 GZK neutrinos (for different models), have seen none

Neutrino upper limits start to constrain

cosmogenic neutrino fluxes of p-sources
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Exhausted UHECR Sources

Taylor, Ahlers, Hooper; arXiv:1505.06090 present upper
Limits by Auger
1ot — n=0/proton only . i
- — n=3/mixed " ARA (3yrs) ?
I = n:O/mlxed III"I|||||II“\“\
_ O- - - n=-—3/mixed
T 10°F = 6/ mixed 3
23 [
T
9]
(@\]
|E 10—1 B - 4
2 Al maximum energy scenarios
©, R that describe UHECR
~ 7/ ‘ og 0
W 102} R \\ spectra :and composition
.- T \
ACEE \
3 7. \
—J 7 ' ]
10 % 3

Cosmogenic neutrino fluxes may be down by
~2-3 orders of magnitudes for exhausted sources !!
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Enormous progress in last 8 years

8 years ago...

NOWI HN

e did not know whether flux

suppression exists

beyond any doubt

e thought composition is
purely protons

appears to become heavier

(unless new physics at Ecm ~ 50 TeV)

e NnO sighatures of anisotropies

(on any angular scale)

LS anisotropies seen,
but no point sources yet

e no relevant bounds on
cosmogenic v's and v’'s

cosmogenic v's and vy's
being constrained

Karl-Heinz Kampert - Univ. Wuppertal

particle physics: o(pp)
smoothness of space-time

unexpected geophysical
effects (elves, ...)
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Next logical Step

Now... Next...

e beyond any doubt e understand origin of
flux suppression

e appears to become heavier ¢ measure composition into

(unless new physics at Ecn ~ 50 TeV) flux su ppI‘ESSiOI’] region
e LS anisotropies seen, e composition enhanced
but no point sources yet anisotropies, p-astronomy
e cosmogenic v's and v's e improve limits by better
being constrained triggers
o particle physics: o(pp) o particle physics at 100 TeV

e smoothness of space-time o ...

e unexpected geophysical
effects (elves, ...)
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ungrades of
TA and Auger Ohservatory
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TAx4 SD Upgrade

500 more SDs

e SD: 700 = 2800 km?2

e Hybrid: x3 acceptance

e Optimized for UHECR above cutoff
(fully efficient above ~60 EeV)

collect statistics more rapidly

funding of array
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Auger Upgrade

T
Auger 2013 prelimminary

1038 ¢

1057 measure composition event-by-event
: into flux suppression region .\

Bl {ev%-%r-lyr—l‘

1036 . . . . ] . . . . ] . . . . ] . . . . ] . . . . ] . . . .
17.5 18.0 18.5 19.0 19.5 20.0 20.5

log,o0(E/ eV)

% gé QEGP%?L:E E Fe Pierre Auger.C(.)IIaboration
‘“é . +4 NS
CND

§ 8:%;¥l?:¥l¢=$f ot ALT:J * * %j th H x

e TR RS R ‘
E%ﬂﬁmig%MWWﬂww“W*h=w

5 821 b, 4 A b .

] 312;;3%“* % +P+ +‘f TT +++ &? % h & 1 lh . ih’ y ﬂ‘f ? 20
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Auger Upgrade

4 m? to reduce poisson statistics at d>800 m

Scintillators on top of each Water Cherenkov Tank
(non invasive, fast to install, robust technology, relatively inexpensive)
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Reconstructed Xmax) and O'(Xmax)

legn i — 90¢
& 840 ~p,EPOS-LHC = [ ~p,EPOS-LHC
2 i S enl
=, [ -Fe,BPOS-LHC 5 SUF - Fe, EPOS-LHC
— 820 — [
/\>< o + T 7O
< - . 6\3 g - T
ME 300 IR \\O&'O; y >< 60 - ++ ..............
= T e T W | g W g
vV i % " %/ - e +++ PhOtO-d,S ______________
780:_ . o E 50~ —— ’
760+ " * o ° idity S +Max/'m
— : rig\ - T u .,
e 5 ° Maximum MET 405 e o gum ng,z,.ty
740~ T o T D
720 ~®- Scenario 1 20 - -e- Scenario 1

- Scenario 2 - Scenario 2

I|III|III|III|III|III| TI|||||||||I|III|III|III|III
700 19 192 194 196 198 20 1?8.8 19 192 194 196 198 20

1g(E/eV) 1g(E/eV)

Shower fluctuations and detector resolutions included

scenarios can be distinguished with high significance
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p-Astronomy

use arrival directions of 14| measured events with © < 60° and E> 5.5- 10'° eV

and randomly assign Xmax according to maximum rigidity model with 10% p-like at high E
and let 50% of p-like events correlate with Swift-BAT sources

this reproduces well
the present situation

~ 30 effect

p-like events are removed

only p-like events included
~ 50 effect
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Auger Upgrade: Status

The Pierre Auger Observatory Upgrade

Preliminary Design Report

April 17,2015

Organization: Pierre Auger Collaboration
Observatorio Pierre Auger,
Av. San Martin Norte 304,
5613 Malargiie, Argentina

PIERRE
AUGER
OBSERVATORY
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positively evaluated by
International Advisory Committee

endorsed by
International Finance Board

R&D well advanced, prototypes running
engineering array 03/2016

construction 11/2016 - 2018

data taking into 2024

costs: 12.5 M€

funding: some positive signs, but
not yet approved
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Pierre Auger Collaboration

 ~500 Collaborators; 88 Institutions, 17 Countries:

Argentina
Australia

Brazil

Czech Republic |

France .
Milano
German Napol
Rome
Italy Catania
Torino
Mexico Lecce
L'’Aquila

NetherlandsGran Sassq

\
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Poland UK
Portugal USA
] PIERRE
Romania Colombig - AUGER
SSOcClate
Slovenia
_ Peru Eol
Spain Bolivia
New memberg are welcome!
N
] Full membefs #
[ ] Associate members
_ I EEEEEEEEEE————




