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Pierre Auger Observatory: Science Objectives

* understand the nature, origin and propagation of UHECR
— point sources?
— An-/Isotropy of arrival directions?
— GZK cut-off or continuing spectrum or other structures?
— primary particle mass, type?
— acceleration or decay of exotics?

 measure cosmic rays with high statistics and quality
— aperture > 7 000 km2sr @10'%eV in each hemisphere
— ~ degree angular resolution, zenith angle 6°... 90°
— primary particle discrimination (light, heavy, v, v)
— calorimetric energy calibration
= hybrid design: surface detectors and fluorescence
telescopes
— measurement of direction, energy and composition of primaries
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The Pierre Auger Project

High statistics
Hybrid detection
Full sky coverage

1992 Paris workshop
1996 Design report

1999 Ground breaking
2001 Engineering array
2003 Construction phase
2008 Completion

‘o5

g Buitres *
o ';;,,-,55 _.9 Pampa 19 7

Ef Sosneado” - e --:_,,, ‘\‘.‘“7_r_[tr_n]r
) Loscosta e e
...-..-. .... “ ............ v? V&fﬂ
1:_. Tl LA e s e SGHANIERIOS o8 bo o .-...!“.""ul'_‘-"ED:'S-’.‘E.S(

Colhueco Mk s oo eeseseseselosees ::: —50

e Cofhuacc: ----- % ]
4 N{-)\éte. e ol A
. 70_ -:-.- ‘:;‘
..:':.;: ¢ N
Northern Observatory I\ , .
- + | Morados | |<5 n

4000 detectors 20,000 km?2 ;oo ¥ Ao

o g 9L | c’
: Malargﬂe = --'.; : s i-;- "'CMIR.G!W(J Orti rif‘ _ID. u

- m & hjﬁ%‘q;. e e & '.'.'.':':':..'. 5 7’.‘ mEr’ Salitral-Pral o
Southern Observatory .5: s T e : ':.. ..::..:.' % Froa = ';:m lmv rgen del Cafmen
2 . el B b 2 i : Cor riilired)|v. EI Salitral- %0
1600 detectors 3,000 km g2\ Eoles Qe ) Co.delas Cabras

LHAASO workshop, China, April 09

Andreas Haungs — Pierre Auger Observatory

4

ﬂ(IT



Southern Pierre Auger Observatory completed July 2008
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Water Cherenkov Detector

Communications
antenna

enclosure Solar panels

Battery box o, s

3 photomultiplier y Plastic tank
tubes looking into the — with 12 tons of
water collect light very pure water
left by the particles
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Fluorescence Telescopes
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One of 24 fluorescence telescopes

PMT camera with 440 pixels,
1.5° FoV per pixel, 10 MHz

LTV ransmitting
filter, corrector
'lens, safety curtain

3.4 m segmented mirror _'
(aluminum alloy, glass
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Surface detector events

More than 650,000 events
(TS trigger, used in analysis)

Example: E > 1020 eV, 0 = 45°

10° 42/ NDoF:; 44.712/ 18
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Golden hybrid events

Lateral distribution ., 0. s0605

Signal [VEM]
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Hybrid events ~120,000
Golden hybrid events ~ 15,000
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Other types of Auger events

Event 200718905882 (9.7.2007)
Event 200716104390 (11.6.2007)
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Other types of Auger events
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Event 3618809 (25 June 2007): 59 stations,

Event 200717001509 (19.6.2007)
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Golden hybrid events: many cross checks possible

Independent profile
reconstuctions
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Energy calibration of surface detector by Hybrid events
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o  Shsl
Q 225 410" eV
Il > I
D H"‘ﬁ L
T 2 |
c =T
® = -
& 21"
O -
O :
o Lt
<~ -
= :
e} 1.5
N .
n .
o i
= | , 387 events
@) :
N | | i R [ TP T PP P P P
= s 2 182 184 186 188 19 192 194196 198
t Ig(E/eV)
2 2 ':_:.._;_‘
E:: “\\ Fluorescence detector
g st . A TN energy
A < S T dE_icm
a0 600 ’In:ﬂuomlm Eprim = feorr X dX
LHAASO workshop, China, April 09 Andreas Haungs - Pierre Auger Observatory 16 ﬂ(IT



Energy spectrum
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Energy spectrum: Other methods
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Comparison with GZK suppression models

? Observed flux suppression is due entirely to GZK effect
? Observed flux suppression is signature of maximum acceleration energy
? Observed flux suppression is due to both source cutoff and GZK effect

Pure proton model Mixed composition model
(Berezinsky et al.) (Allard et al., Hillas)
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Composition: measurement of longitudinal profile

Field of view bias needs to

(1)
be accounted for

Shower size
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Composition: mean depth of shower maximum

Sys. uncertainty: £15 g/cm?

—— Auger ICRCO7
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(Note: not consistent with muon data and current interaction models)
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Photon limit: using surface detector data
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Limit on fraction of photons in UHECR flux
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Neutrino limit: horizontal air showers

nearly horizontal air showers from extremely

high energy v, or v, neutrinos

OW
3
B atm
36 *

atm

after 1 atm,

air showers from skimming v_ neutrinos

'mc'\dent VT ,
— Earth

c.c. interaction in Earth
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Flux limits for neutrinos

Use horizontal showers of SD
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Arrival directions: Galactic center point source search

Significance plots

Dark red: more events than expected
Light red: fewer events than expected

AGASA: would have 160
SUGAR: would have 300 in Auger

No confirmation of previous
indications for excess from
GC region

Astropart. Phys. 27 (2007) 244
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Anisotropy of ultra-high energy cosmic rays

Supergalactic plane

Centaurus A

‘Auger: 27 events above 5.7 10 eV,
20 correlated within 3.1°,
5.7 expected

Veron-Cetty: 472 AGN (z< 0.018, ~75 Mpc)
318 in field of view of Auger
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Possible correlation with nearby AGNs ?

* 12t Veron-Cetty & Veron catalogue of AGN
* Data set: Jan1st, 2004 to May 27", 2006, well-contained events
* Scan over angular distance, maximum redshift, energy threshold

Angular Scan
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Redshift Scan

Energy Scan
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Minimum: 12 out of 15 correlated with nearby AGNs (3.2 expected)
Aa = 3.10, Emin = 5.6 x 101° eV, Zmax = 0.018 (75 MpC)

Uncorrected chance probability: P~ 2 x 10-¢ Science 318 (2007) 939

Astropart. Phys. 29 (2008) 188
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Anisotropy of ultra-high energy cosmic rays

Hammer-Aitoff projection, . Galactic plane
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Arrival direction distribution is anisotropic

160

140 - Independent measure: T

autocorrelation function lmn
120 |-

100 | HAT] [ EE
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:: : Eﬁﬂﬁmﬁ 90% CL isotropic -
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Could it be that AGNs are indeed the sources?

Assumption: all AGNs of the VC catalogue have same injection power

Expectation: ~6 events from Virgo cluster, none observed
(excluded at 99% level for complete distribution)
(Gorbunov et al., arXiv:0711.4060 [astro-ph])

Possible interpretations:

*AGNs have different injection power (predicted by Biermann, Falcke et al.)
*Sub-class of AGNs are sources

*AGNs are not sources, sources are distributed similar to AGNs

----- Astropart. Phys. 29 (2008) 188

Note:

*AGNSs are standard Seyfert galaxies (not very powerful)
*Anisotropy of distribution independent of source catalogue
*Correlation with supergalactic plane

. (Stanev., arXiv:0805.1746 [astro-ph])
*HiRes stereo data
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Auger Enhancements: investigating the ankle
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AMIGA: Auger Muons and Infill for the Ground Array

Existing tank array 1500m

Luisa Pea Rosalia /

Infill array 750m

. - 42 additional detectors
.-:-:-. o o o o Area~23.5km2
Na:cy Hnd.rlig. : ° : ° : ® & [ ] [ ] [ ] FE.GI'IE‘ ®
c%e%¢%c o o o o
Roméliag * @ © Hilda
L e & o o o o o o Each of the 85
® o o o o o detectors:
o/ MeC e % e " @ pair of Cherenkov tank

and muon counter

em. +
L ] L] L e i

Infill array 433m
24 additional detectors v
Area ~ 5.9 km?
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HEAT: High Elevation Auger Telescopes

/ HEAT
/

B’hnwer size

(1)

standard
telescopes

Field of

view
Telescope \_ \ & F -

* 3 “standard” Auger telescopes tilted to cover 30 - 60° elevation
* Custom-made metal enclosures
* Also prototype study for northern Auger Observatory
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HEAT: High Elevation Auger Telescopes

w
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—— p generated
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First telescope
in operation
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AERA: Auger Engineering Radio Array

Aims:

. e Establish radio detection technique
~ -« Establish test self-trigger concepts

for E > 5x1077 eV

 Calibrate radio signal

 Investigation of transition from

galactic to extragalactic CR

Plan:

» Array of 20 km?

* 30 - 80 MHz, 200 Ms/s

» 20 prototype antennas by end 2009
* 150 antennas by end of 2011
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AERA: Auger Engineering Radio Array
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Go for highest energies

Equivalent c.m. energy\s,, (GeV) Auger-South results
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Northern Auger Observatory:
Motivation and aims

« The sources of UHECR
- Anisotropy 3 correlations 3 source classes
- Study individual sources with spectra and
composition on the whole sky

« The acceleration mechanism
- Composition evolves from source to here -
- Proton beam !? calibration !
- E>>102° eV still difficult; Emax ?

Propagation and cosmic structure
- Map galactic B-field
- Matter within 100 Mpc
- Extragalactic B-field small ? s

« Particle physics at 350 TeV
- Mass and Xmax
- Had. interactions, cross sections ?
- New physics, Lorentz invariance

*  Multi-messenger astrophysics et
- Combine the data from photons, e

neutrinos and charged particles ! sl

- Sources within field of view of IceCube
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Particle physics with air showers

(a) Correlation with sources allow identification of particles

(b) Propagation leads to either light or heavy composition
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Auger-North  e— 117-6km_
detector layout %]
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I = KAMNTAS

* Optimized for science and costs

* Surface array with 4000 stations:
20,000 km? with \2-mile = 2.3 krd grid

* Infill array with 400 stations:
2,000 km? with 1-mile = 1.6 }

39 fluorescence telescopg

grid

184.5 km
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Current status and timeline
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2009:
R&D array, funded
(10 detector stations)

2009-2011:
Science reviews

2012: Begin of
construction (5 years)
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Auger-South: $55M
Auger-North: $120M

1995 2000
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Year

2020 2025 2030

LHAASO workshop, China, April 09

Andreas Haungs — Pierre Auger Observatory 44 ﬂ(IT



Argentina

Australia

Bolivia

Brasil

Czech Republic France Germany Italy
Mexico Netherlands Poland Slovenia
1 | S

United Kingdom

Vietnam

Portugal

Croatia

special thanks to Ralph Engel,

Matthias Kleifges

LHAASO workshop, China, April 09

Andreas Haungs — Pierre Auger Observatory

s IT



http://images.google.de/imgres?imgurl=http://www.rastlos.com/portugal/flagge_fahne/portugal_50.jpg&imgrefurl=http://www.rastlos.com/portugal/&usg=__lRuIyLvAi4CUrqkLRVjN5cVFbv8=&h=50&w=75&sz=2&hl=de&start=73&tbnid=7nfuWOo6nLh3rM:&tbnh=47&tbnw=71&prev=/images%3Fq%3Dflagge%2Bportugal%26gbv%3D2%26ndsp%3D20%26hl%3Dde%26sa%3DN%26start%3D60
http://www.flaggenparadies.de/media/images/kroatien_thb.jpg

	Foliennummer 1
	Foliennummer 2
	Pierre Auger Observatory: Science Objectives
	Foliennummer 4
	Southern Pierre Auger Observatory completed July 2008� 
	Surface array in the Argentinean Pampa 
	Water Cherenkov Detector 
	Foliennummer 8
	Foliennummer 9
	One of 24 fluorescence telescopes
	Surface detector events
	Golden hybrid events
	Other types of Auger events
	Other types of Auger events
	Golden hybrid events: many cross checks possible
	Energy calibration of surface detector by Hybrid events
	Energy spectrum
	Energy spectrum: Other methods
	Comparison with GZK suppression models
	Composition: measurement of longitudinal profile
	Composition: mean depth of shower maximum
	Photon limit: using surface detector data
	Limit on fraction of photons in UHECR flux
	Neutrino limit: horizontal air showers
	Flux limits for neutrinos
	Arrival directions: Galactic center point source search
	Anisotropy of ultra-high energy cosmic rays
	Possible correlation with nearby AGNs ?
	Foliennummer 29
	Arrival direction distribution is anisotropic
	Could it be that AGNs are indeed the sources?
	Auger Enhancements: investigating the ankle
	Infill array of water Cherenkov detectors
	AMIGA: Auger Muons and Infill for the Ground Array
	HEAT: High Elevation Auger Telescopes
	HEAT: High Elevation Auger Telescopes
	AERA: Auger Engineering Radio Array
	Foliennummer 38
	Go for highest energies
	Northern Auger Observatory: �Motivation and aims
	Foliennummer 41
	Particle physics with air showers
	Auger-North �detector layout
	Current status and timeline
	Foliennummer 45

