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OrganizationOrganization
• Conference

– Gamma-ray astronomy – June 20
– Air shower experiments – June 21
– Neutrino astronomy – June 22Neutrino astronomy June 22

• Themes
– Multi-messenger astronomy
– Origin of Cosmic rays

• Organization of this summary talk
D t t lib ti– Detector calibration

– Galactic sources
– Extra-galactic sourcesg
– Cosmology
– Sociology
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CalibrationCalibration
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Angular resolution
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ARGO - d’Ali Staiti
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σθ = Ψ72/1.58

σθ =0 5 σθ
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σθ,mc 0,5 σθ,eo
pure statistics
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The “size of the Moon”, σW-E= 0.43°±0.07°, σS-N= 0.51°±0.09°

WEST-EAST NORTH-SOUTH
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J 2007

Crab Nebula (test pattern)
January 2007

` three-telescope data
wobble 
76O l ti

VERITAS - Hanna

76O elevation
28.1 σ
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SeaTop?SeaTop?SeaTop?SeaTop?
...for calibration only...for calibration only

Three stations at 20 m distances 
with 16 m2 scintillators each

Calibration:
• angular offset 
• efficiency 
• angular resolution
• absolute position

E. de Wolf, Nikhef/UvAE. de Wolf, Nikhef/UvA RICAP07, Rome, 22RICAP07, Rome, 22ndnd June 2007June 2007 88



Calibration of IceCube with tagged single μgg g μ
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Tank Calibration (Haverah Park, Auger, Tank Calibration (Haverah Park, Auger, 
IceTop)IceTop)p)p)

►► Vertical muons as “calibration Vertical muons as “calibration 
All events
Vertical muons
(tagged with muon telescope)

light source” for tanks.light source” for tanks.

►► Measurement of the tank Measurement of the tank 
h t ith i lh t ith i l

( gg p

Full Spectrum
Muon Peak

charge spectra with special charge spectra with special 
calibration runs.calibration runs.

►► Determination of Full SpectrumDetermination of Full Spectrum►► Determination of Full Spectrum Determination of Full Spectrum 
Muon Peak.Muon Peak.

►► 1 1 VVertical ertical EEquivalent quivalent MMuon uon qq
(VEM) corresponds to ~ 95% of (VEM) corresponds to ~ 95% of 
full spectrum peak charge.full spectrum peak charge.

Vertical

ICRC C t ib ti f L D i ö

Muon Peak

Photoelectrons

Tilo Waldenmaier RICAP Conference Rome June 21, 2007

ICRC Contribution of L. Demirörs



Missing energy (ν & μ) calculation introduces
undertainty in FD energy calibration

FD systematic uncertainty ~ 24%

EPOS can be checked
at LHCf

11A.A. Watson, Auger



Calibration beam for ν telescopes:
Atmospheric neutrinos

12



Atmospheric ν in IC 9Atmospheric ν in IC-9

13



Zenith angle distributionZenith angle distribution
First look at data, no position alignment usedFirst look at data, no position alignment used

Downward going cosmic ray muons

f e
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Upward going neutrinos

nu

1414

cos θ



Galactic sources
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• 6.5 year data set (July 2000-January 2007)
• Weighted analysis using A4 parameter
• Crab nebula 15 σ• Crab nebula 15 σ
• Galactic plane clearly visibleCygnus 

Region

Distribution of Excesses in the Galactic Plane

cut level

Crab
Nebula

Mrk 421

Gus Sinnis
RICAP, Rome June 2007



The Cygnus Region

• MGRO J2019+37: 10.9σ (previously 
reported ApJ Lett v658 L33)

St &

C2 J2005+33MGRO J2031+41
MGRO J2019+37MGRO J2031+41

MGRO J2019+37

– Extended source 1.1o ± 0.5o (top hat dia.)
– Possible Counterparts

• GeV J2020+3658, PWN G75.2+0.1
• MGRO J2031+41: 6.9σ (5.0σ post-trials)

Strong & 
Moskalenko

GALPROP model of 
Cygnus Region

– Possible Counterparts:
• 3EG J2033+4118, GEV J2035+4214
• TEV J2032+413 (⅓ of Milagro flux)

– 3.0o ± 0.9o (top hat dia.)

Cygnus Region

C3 J2031+33
C2 J2031+33

• C1 J2044+36: 5.5σ pre-trials
– no counterparts
– < 2.0o

• C2 J2031+33: 5.3σ pre-trials

C4 J2044+36

C3 J2031+33

C1 J2044+36

p
– no counterparts
– possible extension of MGRO J2019+37
– possible fluctuation of MGRO J2019 tail & 

diffuse emission & background& g
• TeV Diffuse emission ~3x predictions

– Cosmic Ray sources?
– Unresolved gamma-ray sources?

Gus Sinnis
RICAP, Rome June 2007



The IBIS: Central Radiant, no Diffuse Ridge Emission

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open  
the file again. If the red x still appears, you may have to delete the image and then insert it again.

, , Page 18

Lebrun et al., Nature, 2005



HighHigh--energy sources appear on all timeenergy sources appear on all time--scalesscales

Sources can appear in ~ 1000sSources can appear in ~ 1000s

Or in a few daysOr in a few days

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open  
the file again. If the red x still appears, you may have to delete the image and then insert it again.

, , Page 19

Or in a few weeks



Supernova remnant shells resolved in VHESupernova remnant shells resolved in VHE

• Unambiguous proof that TeV particle acceleration takes place in SNR shocks
• Young supernova remnants → particles still confined inside sources

alias Vela Junior

Young supernova remnants → particles still confined inside sources

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open  
the file again. If the red x still appears, you may have to delete the image and then insert it again.

, , Page 20
HESS collaboration, Nature 432, 2004 + A&A 449, 2005            HESS collaboration,  A&A 437, 2005 



Leptonic vs. hadronic (RX J1713Leptonic vs. hadronic (RX J1713--3946)3946)

HESS collaboration, A&A 449, 2006, ,

Hadronic broadband model:
Berezkho & Völk, 2006

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open  
the file again. If the red x still appears, you may have to delete the image and then insert it again.

, , Page 21

Critical issue: B-field



High statistics investigationsHigh statistics investigations

1° 2°

HESS collaboration, 
A&A 464, 2007

HESS collaboration, 
ApJ 661 2007

RX J1713-3946:
Particle acceleration to beyond 100 TeV

Vela Junior:
morphology (and more)

, ApJ 661, 2007

y p gy ( )

cut-off power law
Γ = 2.04±0.04 
Ec = 17.9±3.3 TeVc



What if RXJ 1713 is hadronic?What if RXJ 1713 is hadronic?

Convolve Flux with effective area for km^3 in the North: 
~ 2 ν / year after accounting for kinematics and oscillations

RICAP07
Roma, 22 June 2007

Tom Gaisser 23

~ 2 ν / year after accounting for kinematics and oscillations



Spectra at Modified ShocksSpectra at Modified ShocksSpectra at Modified ShocksSpectra at Modified Shocks

Linear44.5 Linear
Spectrum

4

3 23.2

Very Flat Spectra at high energy
Amato and PB (2005)

2424
Pasquale Blasi: most energy at Emax
--How to get smooth, power-law spectrum?



CR Iron spectrum from Direct CherenkovCR Iron spectrum from Direct Cherenkov
HESS collaboration, Phys Rev D 27, 2007 

Method proposed by Kieda et al, 2001 



KASCADE: Energy spectra for elemental groups

Knee caused by cut-off for light elementsee caused by cut o o g t e e e ts

Astrophysical interpretation limited by 
description of interactions in the atmosphere

26
T. Antoni et al., Astropart. Phys. 24 (2005) 1

description of interactions in the atmosphere



Hard Helium spectrum ?Hard Helium spectrum ?

ATIC 2, John Wefel et al.

RUNJOB: thanks to T. Shibata
ATIC: thanks to E-S Seo & J. 

/nucleon)

RICAP07
Roma, 22 June 2007
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Wefel



ATIC, John Wefel

28



Approaching the “knee”

t

E. S. Seo et al., Proc. Int. Workshop on Cosmic-rays and High Energy Universe, 
Universal Academy Press (Tokyo), 2007.

proton He

• The proton spectrum follows a power law without much change up to ~ 100 
TeV. 

• He spectrum seems harder than the proton spectrum. 
• Compared to lower energy data, there seems to be an increase in the 

abundance of Helium nuclei relative to protons. 
F t fli hts ill xt nd th CREAM n h t hi h n i s t

29
June 14, 2007                                                                                  Eun-Suk Seo

• Future flights will extend the CREAM energy reach to higher energies to 
distinguish hadronic interaction models such as QGSJET and SIBYLL used 
for ground based data.



H spectra @ different cutoff rigidities



Galactic H and He spectra

Z=1

Z=2

γ~2.76γ 2.76

γ~2.71



Solar flare



Extra-galactic g
sourcessources

RICAP07
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MAGIC: Extragalactic Sources

Mrk 421 (0.031) Mrk 501  (0.034) 1es2344 (0.044) Mrk 180 (0.045)( ) ( ) ( ) ( )

1es1959 (0.047) BL Lac (0.069) 1es1218 (0.18) PG1553 (>0.25)

34



Markarian 501: Time lag

• Evident 4±1 min Time Lagg
between Φ<250GeV and Φ>1.2TeV

• May be explained by the• May be explained by the
particle acceleration process
B f h d ff E• BUT, if photons at diff. E
emitted simultaneously:
Lorentz invariance violation?

ΔT 4 min ΔE 1 TeVΔT ~ 4 min,  ΔE ~ 1 TeV
⇒ Escale ~ 1017÷18 GeV

35

scale



CTA Absorption of Absorption of 
gamma rays in the universegamma rays in the universegamma rays in the universegamma rays in the universe

Pair Creation; γ＋γ e+ + e-Pair Creation;  γ＋γ e  e

3636



CTA
PG 1553PG 1553

(z>0 25(z>0 25 unknown)unknown)(z>0.25(z>0.25 unknown)unknown)

Very Soft energy spectrum

the attenuation by pair creation
or nature of SSC mechanism

3737

MAGIC+HESS Z < 0.42
D.Mazin and F.Goebel



GRB Observations
• GRB 050713a

• 22 GRBs follow-up: 
2 hil d i

• GRB 050713a
ApJ 641 L9 (2006)
1 t DC A J 667 22 even while during 

the prompt emission
• 1st DC: ApJ 667n2

BAT XRT
• UL ≈ 80 

GeV
• Analysis 

results 
t isent via 

GCN asap!
N d

MAGIC on the spot
• Need a 

closer GRB

38No TeV GRBs yet



AGILE NORMAL GRB SEARCH MODE

Super-A &  MCAL
EVENTS

8 (SA) + 12 (MCAL)
DETECTORQG studies DETECTOR

RATEMETERS (1 ms)

QG studies

NORMAL BURST SEARCH

1 16 64 256 1 024 8 192

sub-ms

search 1 ms 16 ms 64 ms 256 ms 1.024 s 8.192 ssearch

HARDWARE
by dedicated SOFTWARE

HARDWARE

39

y
state-machine



ComparingComparing 
with HiRes Stereo

monocular 
t

HiRes Stereo

spectrum:

mono 
spectrum 
isis 
confirmed

RICAP07
Roma, 22 June 2007
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Energy spectrum from SD

Exp         Obs
>1019.6 132 +/- 9         51 

20> 1020 30 +/- 2.5        2

Calibration unc. 18%
FD syst. unc. 24%

5165 km2 sr yr  ~ 0.8 full Auger year

41



Ankle? Comparisons of residuals
against an arbitrary spectrumg y p

A E -2.6

42



43



The big pictureThe big picture

44



~106 km2 sr from space

45



Region of sky observable Region of sky observable 
by Neutrino Telescopesby Neutrino Telescopesby Neutrino Telescopesby Neutrino Telescopes

AMANDA (South Pole)AMANDA (South Pole) ANTARES (43ANTARES (43°° North)North)
John Carr

AMANDA (South Pole)AMANDA (South Pole) ANTARES (43ANTARES (43 North)North)

Mkn 501

Mkn 421
Mkn 501Mkn 501

CRAB

SS433

RX J1713.7-39

GX339 4SS433

CRAB

VELA

4646

SS433 GX339-4SS433 VELA

Galactic
Centre



GZK neutrinos as probe of 
evolution of UHE sources

47
T. Stanev



Radio: In-Progress Efforts (D. Besson)
Expt Threshold N(element) CommentExpt Threshold N(element) Comment
RICE 100 PeV 20 (dipole) 1999-, small
ANITA 104 PeV 36 (dual-pol 

horn)
06-07 flite, 
systematix?) y

nuMoon, GLUE, 
FORTE PRO

1000 PeV 1 BIG dish Livetime?
FORTE, PRO
AURA 100 PeV 2 cluster x 

4/cluster
Initial data-
analysis4/cluster analysis

SALSA 100 PeV 14000 Salt props? 
ARIANNA 
(Ross Ice Shelf)

10 PeV 10000 horn Start-up $ -
12/06 msrmnt

LOPES/LOFAR/
CODALEMA

100 PeV ~10-20 Large RFI 
backgrounds



CosmologyCosmology

Lars Berstrom

RICAP07
Roma, 22 June 2007
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Lars Bergstrom



Unique positronsUnique 
Feature 

Ofantiprotons Of 
AMS

Combining searches in different channels could
give  (much)  higher sensitiviy to SUSY DM signals

anti deuterons
gamma rays



SociologySociology
100

Number of experimental groups at RICAP07 with > N members

10

100 1000

Members / group

RICAP07
Roma, 22 June 2007
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Members / group



ConclusionConclusion

Thanks to Tonino Caponea s to o o Capo e
and his colleagues

RICAP07
Roma, 22 June 2007
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Expectations for rates of 
atmospheric ν

A ti• Assumptions:
– Muon neutrinos: 

full efficiency for μfull efficiency for μ
range > 0.5 km   
(Eν > 150 GeV)

– Electron neutrinos: 
Efficiency for νe

from PDD is 0 for
Spectrum of νe events
per km3 yr (perfect eff)from PDD is 0 for 

Eν < TeV
• Note advantage of g

lowering Eth for νe
– ~800 νe interactions 

per km3 yr

RICAP07
Roma, 22 June 2007
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per km yr


