


Overview
Needless to say, dominated by IceCube discovery

(as shown also by prizes)

• refinements
• cross-checks
• interpretations
• future

Could be summarized in:

IUPAP-TIFR Homi Bhabha Medal Medal and Prize: 
Tom Gaisser 

IUPAP Young Scientist Prize in Astroparticle Physics: 
Claudio Kopper and Julia Tjus















































Power of current constraints on Galactic source models

M. Ahlers' invited highlight talk

Galactic Limits

• maximum likelihood-ratio test for Galactic

emission (signal)

• IceCube 3yr limits

(Edep > 60 TeV & 90% C.L.):

• Fermi Bubbles: < 25%
• unidentified TeV γ-ray sources:

< 25%
• Galactic diffuse emission: < 50%
• cumulative distribution of sources:

< 65%
• PeV DM decay: unconstrained

• stronger limits possible:

• spectral and flavor analysis
• classical νµ + ν̄µ search

[➜ talk by Leif Rädel (NU05)]

• PeV γ-ray emission?
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Morphological studies by IceCube constrain a dominant role for a number of sources 
(basically all the dominant Galactic ones, but DM)





Power of current constraints on ExtraGal. source models

M. Ahlers' invited highlight talkSpectral Constraints particularly important!

Extragalactic Emission Models: Two Examples

Starburst Galaxies (“pp” scenario)
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Active Galactic Nuclei (“pγ” scenario)
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[e.g. Murase, Inoue & Dermer’14]
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pp: at least one model (SB, scale-up 

of Galactic CR case) where high 

cutoff natural, no low-E cutoff

pγ: low-E cutoff due to threshold, 

high-E cutoff much higher!





Comments & Consequences

• Strong limits apply to CR calorimeters, like starburst galaxies or galaxy clusters.

• Direct γ-ray emission can be reduced in pγ scenarios, but cascade emission can still

contribute at the level of 10% above 100 GeV to the IGRB.

• Is blazar emission above 50 GeV dominated by hadronic interactions?

• Is secondary γ-ray emission “hidden” by source radiation backgrounds?

[Murase, Guetta & MA; in preparation]

• Are there Galactic “contaminations” at Eν ≃ 1 − 10 TeV that effectively lead to a softening of

the observed neutrino spectrum? [IceCube’15; MA, Bai, Bargner & Lu’15]

• The diffuse flux also saturates limits from UHE CR sources. Is this population also

responsible for UHE CRs? [Katz, Waxman, Thompson & Loeb’13]

M. Ahlers' invited highlight talk

…triggering several other questions







WIMP signals from the Sun
analysis of 341 days of livetime of IceCube-DeepCore in the 86 string configuration

(IceCube essentially used to veto background) 

Best limits for spin-dependent DM scattering, at high masses

M. Rameez (#1209)













Non neutrino results

• ISM CR flux measurements by Voyager 1 

• debate on presence of breaks in p & He seems closed, AMS-02 now confirms. 

• PAMELA preliminary measurements of Li/Be (including isotopic composition)… vs AMS? 

• Super-Tiger on trans-iron elements: seems to confirm 80-20 model, volatile/refractory 

• Updated Shower models post-LHC: towards muon problem solution (rho particle?)? 

• Auger chemical composition + spectrum seems only consistent with no-GZK (sources!?!) 

• Telescope Array qualitative difference on chemical composition confirmed.  

• TA hot-spot (Cen A) still present, but significance does not grow… Auger anis. reloaded? 

• Telescope Array “x 4” approved, paid by Japan 

• Argo measurement of p/He knee below 10^15 eV+All particle spectrum ok 

• HAWC presented its first results (not particularly competitive, yet it’s becoming true…)

Certainly forgetting several more…



Argo p/He

p/He spectrum bending below 1 PeV 

P. Montini, 371 

I. De Mitri, 366 

Z.Cao, 261 

2) ‘Analog’    

3) ‘Analog-bayesan’    

1) ‘Hybrid’  (LHAASO cher. Tel.) 

1) !

2) !
3) !

benefit of analog charge 

readout very close to the core  

ARGO-YBJ 

"!





Telescope Array

Toward the highest energies 

Z. Zundel, 445 

T. AbuZayyad, 422 

T. Fujii, 320 

FD BR-LR Mono 

D. Ikeda, 362 Hybrid  

Telescope Array 

!"#

D. Ivanov, 349 

C. Jui, highlight 





Agreement on exotics
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C.Bleve, 1103 K.Yamazaki, 356 - hybrid 
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Auger vs TA

!"#

Auger TA 

Eankle (EeV) ≈ 4.8 ≈ 5.2 

E1/2   (EeV) ≈ 25 ≈ 60 

D.Ivanov, 349 I.Valino, 271 

Auger vs TA 

At the “GZK” energies, doubtful if there’s agreement



Hot spot only seen by TA, but…

200 around RA=148.40  Dec=44.50 

24 events   Nbkg = 6.88 

7 yr: chance probability 3.7 × 10-4    3.4  

Hot Spot with 2 

additional years 
E > 57 EeV TA 

•  Hot Spot near to Ursa Major Cluster (20 Mpc) 

•  shifted from SGP by 170 

See also Haoning He, 325 for the interpret. 
"#

P.Tinyakov, 326 







At least, some progress: tuning models to LHC

Examples of tuning interaction models to LHC data
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Engel’s highlight talk



At least, some progress: tuning models to LHC

Engel’s highlight talk

Predictions for depth of shower maximum
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New models favour interpretation  

as heavier composition than before

pre-LHC models

post-LHC models

(Pierog 2013, 2014) 19



Towards the solution to the muon problem?

Engel’s highlight talk
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Muon number in inclined showers
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depth of shower maximum and 

muon number at ground
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Selecting among alternatives
Engel’s highlight talk

Change of energy transferred to electromagnetic component
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30% chance to have
π0 as leading particle

28

What needed was known (diminish fraction of E going 

into e.m. showers, for fixed total E) but what causes it?



Selecting among alternatives
Engel’s highlight talk

# 2 seems the winner (+#1 subheading role?) !

How important is forward π0 and ρ0 production ?

Sibyll 2.3 

(release candidate)

Elab = 250GeV

NA22 NA22 NA22

π
+

p → π
0
→ 2γ

π
+

p → ρ0
→ π

+
π
−

(Riehn 2015)

Sibyll 2.3  

(mod. π0)

xF = p‖/pmax

31



Evolution in VHE gamma-rays

Mathieu de Naurois        

Evolution of the Field

Surveys, populations studies

Key Science projects,
Deep investigation 
of specific objects

The Unknown, still searching for
- Dark Matter
- Exotic Physics

~2000-2010:
Opening of the field:
1 source = 1 paper



Evolution in VHE gamma-rays

• Indirect evidence for the first PeVatron at the GC “ridge” 

• Pulsation in Crab detected at E>400 GeV (Magic), confirmed by Veritas: highest E! 

• Second VHE detection of pulsars (Vela), HESS II goes down to ~10 GeV! 

• Population studies of SNRs away morphological studies start becoming real 

• New population of gamma binaries, “human scale” laboratory for acceleration studies 

•  “Stellar” emission (like Gal. CR) in LMC, Superbubble detected 

• FSRQ detected at record z=0.939 (MAGIC), EBL constraints. 

• Lensed emission of FSRQ  @ z~0.94 (Fermi+MAGIC)

next days attend the sessions!

� VHE astronomy is experiencing a 
phase transition: key science 
projects, requiring deep (>100 h) 
exposure

Fishing-in-the dark 
time is over, 

precision 
measurement era is 

starting










