Review of some
|ICRC 2015 results

(mostly V)




Overview

Needless to say, dominated by lceCube discovery
(as shown also by prizes)

|JUPAP-TIFR Homi Bhabha Medal Medal and Prize:
Tom Gaisser

JUPAP Young Scientist Prize in Astroparticle Physics:
Claudio Kopper and Julia Tjus
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3 Years vs 4 Years

Enriched sample ad low-E, not Claudio Kopper
at high-E. .. Steeper global fit! “Neutrino Astronomy” Invited highlight talk

© WHAT DID ICECUBE FIND? (4 YEARS)

& eventa!

53(+1) events observed!

Showers —e—
Tracks —>¢—

IceCube Preliminary

Estimated background:

2.0*% .55 atm. neutrinos

b
b
=
o
b}
=
=
2
]
[
=
Q
b
O

12.6+£5.1 atm. muons

One of them is an obvious (but
expected) background

Deposited EM-Equivalent Energy in Detector (TeV)

full likelihood fit of all components:
coincident muons from two CR 6.50 for 53(+1) events

alr showers
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3 Years vs 4 Years

Enriched sample ad low-E, not Claudio Kopper
at high-E. .. Steeper global fit! “Neutrino Astronomy” Invited highlight talk

(V) ENERGY SPECTRUM (3 YEARS)

enerqy deposiled in the detector (lotwer limit on neulrine-energiy)

Harder than any expected [ backaround Atmospheric Muon Fiux
. = Bkg. Atmospheric Na:utlrinns {n/K)
atmospheric background [ e i chamn i

Bkg.+Signal Best-Fit Astrophysical {best-fit slocpe E-%?)

Bkg.+Signal Best-Fit Astrophysical {fixed slope E*)
sy Data

Merges well into
background at low
energies

Potential cutoff at about
2-5 PeV (or softer
spectrum)
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3 Years vs 4 Years

Enriched sample ad low-E, not Claudio Kopper
at high-E. .. Steeper global fit! “Neutrino Astronomy” Invited highlight talk

(V) ENERGY SPECTRUM (4 YEARS)

enerqy deposiled in the detector (lotwer limit on neulrine-enerqyj)

30 Background Atmospheric Muen Flux

Somewhat compatible with | &= skg. Atmospheric Neutrinos (/K
. 5 7774 Background Uncertainties
benchmark E<4 astro phyg 1cal | — Atmospheric Neutrins (0% CL Charm Limit}

Bkg.+5lgnal Best-FIt Astrophyslcal (best-fit slope 25}
Bkg.+Signal Best-Fit Astrophysical (fixed slope E-2)
_|e®e Data

model or single power-law
model, but looks like things are
more complicated

Best fit assuming E2 (not a very
good fit anymore):
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3 Years vs 4 Years

Enriched sample ad low-E, not Claudio Kopper
at high-E. .. Steeper global fit! “Neutrino Astronomy” Invited highlight talk

(V) UNFOLDING TO NEUTRINO ENERGY

updated from PR
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assumption: 1:1:1 flavor ratio, 1:1 neutrino:anti-neutrino



Global analysis

L. Mohrmann (#1066)

Combined Analysis of the High-Energy Cosmic Neutrino Flux at the lceCube Detector

Combining the event samples of multiple individual searches,
thus covering all detection channels. We derive the energy
spectrum and flavor composition of the cosmic neutrino flux
in the TeV-PeV energy range

hard spectra only consistent with a break
Flavour composition consistent with expectations
(includes new technique to slightly break e-tau degeneracy)

BN Power law (v, +v, +v,)
[ Power law + cutoff (v, +v, +12)
W4 Differential (v, +v, +v,)

Wyl W, T ¥, Bt SOUTCS : lceCube
0:1:0 ) Preliminary




Double pulse

D.R Williams (#1071)

“A search for astrophysical tau neutrinos in three years of lceCube data”

“classical” search for separated bangs quite inefficient below few
PeV’s. At lower energies, where data are present, new strategy
being developed based on “double pulses” in the DOMs

WaxrmanBahcall Prompr GRB <372~ Waxman Bahcall 2012

777 orecker AGN Core 2008 v, 3 7T Losb Waxman Starburst 2005

IC 3 ¥r All Flavor Agrophysical Flux 1C 2012 All Flavar Limlt

ICBS 3 ¥r Astro. E2 v, 3 [ThisWorkt """ Auger 2012 +_ Limit <3

Ice Cube Preliminary
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Less than | event expected, zero observed... still promising for the future!



Upgoing muons

Claudio Kopper 6\\@@(\"
“Neutrino Astronomy” Iny” (6@&\ alk

(7)  UPGOING MUONS - SPECTRAL P57 o
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Upgoing muons

Leif Radel

“A measurement of the diffuse astrophysical muon neutrino flux using multiple years of lceCube data”

0 Conv. atmospheric v, +u, (best-fit)
B Prompt atmospheric v, +#, (90% C.L.)
20 Astrophysical v, +7, (best-fit)
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0.6610.40.10-18Gev—lem™2s~ Isr=| @ 100 TeV neutrino energy and a hard spectral index |.91 % 0.20.

No evidence for a cut-off at high energies is found.
No significant evidence for a Galactic component in the measured astrophysical muon neutrino flux.

However, due to the large uncertainties still statistically compatible with previous results



Let’s stay tuned...

(v) UPGOING MUONS

an inderesling evend in the six-year sample!

up-going
(i.e.not a CR muon)

deposited energy:
2.6+0.3 PeV
(lower limit on neutrino

energy)

_ 4+ & »  Dustlayer with I'arge

date: June 11, 2014 e b PERHERUEOE S VLT liseattefing and absorbtion

o B

direction:
11.48°dec/ 110.34° RA




Looking for cross-correlations

ESS
* Veritas
» HAWC

» Antares /

Ignacio Taboada
Doug Cowen
Gabriela Gonzaler

Large Millimeter Alberto
Telescope Carramifiana

[ MASTER Viadimir Lipunov

Palomar Transient

>cott Barthelmy

o * 3
/ + Fermi

No positive result, yet, but in some

cases interesting consequences...

Several searches conducted within AMON

http://amon.gravity.psu.edu




With Fermi

Keivani (#786)

AMON Searches for Jointly-Emitting Neutrino + Gamma-Ray Transients

results of archival coincidence analyses using public neutrino data from the 40-string
configuration of lceCube (IC40) and contemporaneous public gamma-ray data from Fermi LAT

(b) Clustering

Multiplicity, time correlation and clustering tests show no significant correlation



With HESS

F. Schiissler (#726)

The HESS multimessenger program

Galactic
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negligible probability for any of these events to be Galactic (non-trivial notably for #5)
2(#5) >0.007, z(#18)>0.012 for Franceschini et al’s 08 EBL



With EAS UHECR detectors

" Search for a correlation between the UHECRs measured by the
Pierre Auger Observatory and the Telescope Array and the neutrino
candidate events from IceCube

A. Christov, G. Golup, T. Montaruli, M. Rameez for
the IceCube Collaboration; ]J. Aublin, L. Caccianiga,

P.L. Ghia, E. Roulet, M. Unger for the Pierre Auger _
Collaboration; and H. Sagawa, P. Tinyakov for the PIFRRF
Telescope Array Collaboration ICECUBE A UGER

Conclusions

« The first joint IceCube-Pierre Auger-Telescope Array correlation
analysis was performed.

 All correlations found have less than 3.3 sigma significance.

* There is a potentially interesting result in the analyses with
high-energy cascades - if we assume an isotropic flux of neutrinos
(fixing the directions of the UHECRs) to assess the effect of the
presence of anisotropies in the CR arrival directions (such as TA hot
spot), the significance is ~2.4 sigma.

» These results were obtained with relatively few events and we will
update these analyses in the future with more statistics.




Notable results from Antares
Clancy James invited highlight talk

& ceECuBE @ Dz

SOUTH POLE NEUTRINDO OBSERVATORY

ANTARES IceCube joint search: J. Barrios-Marti (ID 634)

ANTARES has better angular resolution (less scattering in seawater)
lceCube has more events with better energy resolution (it's bigger!)
Different declination dependencies — complementary regions

Relative number of source events for+= 2.5
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I ) : T T

ANTARES — IC+ANTARES
IC 40 : = i : | : : -—- IC 40+59+79
- - - ANTARES

:______________________gERELIM!_NAB? ¢ ICHANTARES imis

=
o

I 55
IC 75

ot
™

=
o

o

E*® d&/dE {Gevl® cm~? s71)

PRELIMINARY

Relative number of spurce events




Bounds to # of events due to GC

Clancy James invited highlight talk

Especially for a “steep” spectrum (=more events in the ANTARES region of sensitivity) Gal. Center
source should be visible... nothing seen, upper limit to the lceCube events due to that

Is there a source near the galactic centre?

¢ [ceCube “hot spot”: cluster of shower events near the Galactic Centre
e Limits on GC excess: J. Barrios-Marti (ID 636)
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Aartsen et al., PRL 113, 101101 (2014) Number of HESE friom the same point-like source

¢ Time correlation analysis: A. Coleiro (ID 588)




Excluding inner Galaxy origin?

Clancy James invited highlight talk

|dea of a link in A. Neronov and D. Semikoz,“Neutrinos from Extra-Large
Hadron Collider in the Milky Way,” arXiv:1412.1690

Galactic plane search: L. Fusco (ID 306)
I < 30° Ibl < 4°

Pcert+ {P;SM, }/bkgd} — 777, J'TO 10 Fh_m * ANTARES, spectral index: —2.4 (v, x 3)
7’2 Fermi-LAT N\ g e '
7= u+v,  |ceCube/ |
‘u+ — e+ 1,_;# +v, ANTARES

e IceCube (28 events)
v IceCube (37 events) |

\":-_ A&MNTARES Upper Limils 90%5 CL (1900 days)
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¢ Modelling galactic neutrino
emission: A. Marinelli (ID 1010)
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Good news on showers

Clancy James invited highlight talk

Cascade reconstruction: T. Michael (ID 637)

e Resolutions: better than 4° from 10 TeV to 1 PeV
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e This allows a point-source search with cascades!




Cascades significantly improve sensitivity

Clancy James invited highlight talk

In the new global analysis, ANTARES is only a factor O(2) away in sensitivity for a discovery!

Diffuse flux search: tracks + cascades
J. Schnabel (ID 483)
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Promising for Km3NeT

Clancy James invited highlight talk

Even better expected: Cascade-pointing!!!

Cascade reconstruction: D. Stransky (ID 1186)

e Cascade direction e Cascade energy (v, CC)

| Ang. resolution vs E
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Quick rediscovery expected

Clancy James invited highlight talk

Sensitivity to a diffuse flux: D. Stransky (ID 1175)

e Characterised by time to re-discover nominal IceCube flux:
D(E)=1.2-10"(E/1 GeV)_2 exp(-E/3PeV) GeV™ ecm™ s7 s flavour™

(we are slightly more sensitive to the updated fits)

KM3NeT preliminary

Q

e 5 sigma significance:
e Tracks: 1.5-2yr
o Cascades: <1yr
e Combined: ~6 months
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Icecube is looking at the future, too...

E. Blaufuss #741
high-E counterpart of PINGU, if you wish

lceCube-Gen2 Facility

|0 years of observation with Gen2 HEA is equivalent to >200 yrs of [C86

Gains in southern hemisphere are strong.

The IceCube Gen2 Facility

/PINGU

lceCube Gen2 Cosmic Ray Array (CRA)




lceCube: Gen2

® While able to deliver amazing discoveries, IceCube is
limited by the small numbers of astrophysical neutrinos

e ~few 10’s of astrophysical neutrinos per year

® The IceCube-Gen2 High Energy Array will instrument a
significantly larger volume (~10 km?)

® Deliver significantly larger samples of astrophysical
neutrinos

® Gains in sensitivity can grow rapidly, especially for
transient events.

® Detection of multiple events more likely

® Sensitive to wider classes of transient phenomena




Power of current constraints on Galactic source models

M. Ahlers' invited highlight talk

Morphological studies by lceCube constrain a dominant role for a number of sources
(basically all the dominant Galactic ones, but DM)

Galactic Limits

e maximum likelihood-ratio test for Galactic - _
. . . ® Galactic diffuse A Fermi Bubbles
emission (signal) ¢ DM decay * UnID TeV

® |CeCUbe 3yr |imitS o ° HESE search (3yrs)
(Eqep > 60 TeV & 90% C.L.): | soper imit

Fermi Bubbles: < 25%
unidentified TeV ~-ray sources:
< 25%
Galactic diffuse emission: < 50%
cumulative distribution of sources:
< 65%
o PeV DM decay: unconstrained

fraction with Apc < AHESE
o

e stronger limits possible:

N

. . . 0.4 0.6 0.8 1.0
o spectral and flavor analysis MC input for fea = (1 — fiso)

e classical v, + v, search [MA., Bai, Barger & Lu'15]
[ talk by Leif Radel (NUO5)]

o PeV ~-ray emission?

Markus Ahlers (UW-Madison) Multi-Messenger Aspects of Cosmic Neutrinos August 1, 2015 slide 18



What from absence of clustering?

M. Ahlers' invited highlight talk

requires sufficiently “dense” sources, excludes some classes

Neutrino Point-Source Limits

closest continuous source m FoV

Diffuse neutrino flux normalizes the contribution of -
individual sources

leeCube (90% C L., 5 yrs, Northern Hemisphers)

dependence on local source density H (rate H)
and redshift evolution &,

E Tive =35 yrs, & = 2.4, fuy = 0.5

point source observation requires rare sources

IIDI 6 'm' 5
. . . . g 3
non-observation of individual neutrino sources Mpe 7]

e)(C|Ude SOurce Classesg e-g- I - - c]luslasltltrlall;sient s;:uurcla ill1 FI"DI".-’I i

X flat-spectrum radio quasars
(H =~ IU_QMPC_B /‘EZ =~ 7) ’ _ Hzmisphzre)

X “normal” GRBs
(H ~ IU_QMpc_Byr_l [ &, ~2.4)

10 8 107 10 ¢
H Mpe ¥ yr 1]

[MA&Halzen'14]




Power of current constraints on ExtraGal. source models

Spectral Constraints particularly important! M. Ahlers' invited highlight talk
pp: at least one model (SB, scale-up pY: low-E cutoff due to threshold,
of Galactic CR case) where high high-E cutoff much higher!

cutoff natural, no low-E cutoff

Extragalactic Emission Models: Two Examples

Starburst Galaxies (“pp” scenario) Active Galactic Nuclei (“p~” scenario)

BLR/Dust Torus
Blazar Zone
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[Mannheim’96; Halzen & Zas’'97]

[Loeb & Waxman’06]
[e.9. Murase, Inoue & Dermer’14]

Markus Ahlers (UW-Madison) Multi-Messenger Aspects of Cosmic Neutrinos August 1, 2015 slide 22



FERMI-LAT IGRB is very useful...

M. Ahlers' invited highlight talk

Isotropic Diffuse Gamma-Ray Background (IGRB)

hadronic y-ray emission normalized to best-fit neutrino flux

e neutrino and ~-ray fluxes in pp scenarios
follow initial CR spectrum oc E~F 106} e
[ - - directy
=» low energy tail of GeV-TeV R o
neutrino/y-ray spectra ) g B ecute comtied | -
T H
X constrained by IGRB 5 *H*
[Murase, MA & Lacki'13; Chang & Wang'14] g -
~
e extra-galactic emission =
(cascaded in EBL): ['<215-22 ool
| pp scenario/I'=2.5 global fit range
X Combined IceCube analysis: — A —
['~24—26 E [TeV]

[lceGube15; = talk by Lars Mohrmann (NUO5)] (Murase, MA & Lacki'14; Tamborra, Ando & Murase’14]



...triggering several other questions

M. Ahlers' invited highlight talk

Comments & Consequences

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

Direct v-ray emission can be reduced in py 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 ~-ray emission “hidden” by source radiation backgrounds?
[Murase, Guetta & MA; in preparation]

Are there Galactic “contaminations” at £, ~ 1 — 10 TeV that effectively lead to a softening of
the observed neutrino spectrum? [lceCube’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]




Summary and conclusions Similar conclusions in W. Winter’s talk

> How many of the observed cosmic neutrinos come from cosmic ray
Interactions in the Milky Way?
Only a few, at most. Maybe a few addl. ones from Galactic sources

> Can the observed neutrinos come from the sources of the ultra-high energy
cosmic rays, conceptually?
This is possible, even in different spectral fit scenarios. Perhaps energy-
dependent escape timescale most “natural” mode/

> Are gamma-ray bursts the sources of the ultra-high energy cosmic rays?

= [hey are not the main source of the observed cosmic heutrinos.
Yet, they could be the source of the UHECRS

= A key issue is the UHECR mechanism for the sources; another one that
estimators from gamma-rays may not be applicable to neutrinos in (more
realistic) multi-zone collision mode/s

= Neutrinos will play an important role in establishing the UHECR paradigm
for GRBs, as the GRB sensitivity in [ceCube Is the best to any object class

Walter Winter | ICRC 2015 | July 30 —AUg 6, 2015 | Page &



on “exotics’




WIMP signals from the Sun

analysis of 34| days of livetime of IceCube-DeepCore in the 86 string configuration

(IceCube essentially used to veto background)

[ | MSSMincl. LUX (2014) ATLAS + CMS (2012)
DAMA no channeling (2008) &
COUPP (2012) g

— — PICASSO (2012)

SUPER-K (2015) (bb)
SUPER-K (2015) (W'W")

— SUPER-K (2015) (1*1)
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-1 (2011): 341 Days of Livetime
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_e(rrform<m, = 80.4GeV/c?)

4
log10 (m /GeVc?)

M. Rameez (#1209)

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



Fo

Limits on the flux of magnetic monopoles

* far below theoretical bound

by Parker
— BAIKAL 1998-2003 =—a |[ceCube 22
| | AMANDA-II 2000 up-going o—e |ceCube 40
* compdaring with — MACRO up-going ~—— |ceCube 86 Limit
ANTARES | ~—s ANTARES 2008 (This Analysis) ‘
MACRO 10°15 ?.f;r;é:B;u;d- ——— _ e - ———— .iE'*L‘-*fE”E"E ot S e
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* improvement up to a e 4
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0.5 0.6 0.7 0.8 0.9 1.(

Best limits for semi-relativistic monopoles

anna.pollmann@uni-wuppertal.de 1.



On Sterile neutrinos

M.Wallraff (#1100)
“Search for sterile neutrinos with lceCube”

from 2000 pseudo-experiments

22,000 events
with IC59
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Atmospheric neutrinos in lceCube

P. Desiati’ s invited highlight talk

low energy neutrinos

lceCube - 4 years
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SK main results: atmospheric nu

Euan Richard (#1044)

Measurements of the Atmospheric Neutrino Flux at Super-Kamiokande

[a—
<

2 seclsrl]

, [GeV ecm™

> 5 0 measurement of east-to-west asymmetry
in azimuth in the neutrino flux, caused by the
geomagnetic field, for both flavours
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Frequs

Frems v,
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leeCube +  unfolding

leeCube +  forerard folding
AMANDA- v, unfolding
AMANDA-T] v, foreand foldimg

Excellent measurements of fluxes up to O(100) GeV.
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SK main results: solar nu

+ SK measures the solar neutrino day-night asymmetry.

— Firstindication [2.8-3.0c) of terrestrial matter effect on ®B solar

\(. Nakano (#I 088) neutrino oscillation.
+ Solar global + KamLAND analysis gives:
Solar neutrino results from Super Kamiokande — Amyg?=7.501013 x 1075

— sin?8,, = 0.308 + 0.013,
— sin%@,3 = 0.0271 3015

Day-Night Asymmetry

0
Day-Night asymmetry is expected to QN:-* ] Slt( 1" I" IV culmblned Preliminary
be ~3 % in the SK energy region. % | Stat. Tmr only L
. LIJ{']FJ.}-' — LIJnifr‘ht & 0 - ]_}_ _{_ -li_“\' ‘%‘ i —
fl]:}[\’ — R > -|— + % |
(IP day + v nigh‘f.)flg &: —
. . . E 20 - _
SK confirms a higher solar neutrino ZET _ _
flux at night than during the day. “‘%  Best gt 0311
This is a “direct” indication for matter o - Z?:l 12 = 484 % 10-5eV? :
enhanced neutrino oscillation. -40 - 21 B ]
- sin? 8,53 = 0.025 -

5 10 15
| Sk-phase | Amplitudefit%] | swaight cale. (%] [EEN=POSTN=NC oty Kinetic Energy (MeV)

SK-1 201X 18110 2.1t 201X 13 5 1. 0:12 "18-20 MeV
0.981 wwa— . :
- =+ =+ - =+ =+ — =ttt = ..
SK-I 43 +38+ 10 5.5 + 4.2 + 3.7 1020 12513 MbV ;
SK-1II 4.2 + 2.7 + 0.7 59+32+13 098 T 1"
102 10-10.5MeV | _————
SK-1V -3.6 £ 1.6 £ 0.6 49+t 181X 14 r ;
?gg!_ i B A I R o
Combined -3.3 + 1.0 + 05 4.1+ 1.2 +0.8 02 758MeV | _———
0.98F 1 Lisil i L L —— ::__:
[3.“ ¢ from IETO] [Z-B ¢ from zerﬂ] .1_nzl-_m'"|5_5|5 m'ev -'" - i "____:

9$| .

0.8-06-04-02 0 020406081
Expected time variation as a function of cos 8, |) Da Night s




Non neutrino results

ISM CR flux measurements by Voyager |
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 10215 eV+All particle spectrum ok

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



ARGO-YBJ

benefit of analog charge
readout very close to the core

Argo p/He

p/He spectrum bending below 1 PeV

1) ‘Hybrid’ (LHAASO cher. Tel.) Z Cao, 261

2) ‘Analog’

3) ‘Analog-bayesan’

1. De Mitri, 366
P. Montini, 371
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ARGO-YBJ

—
o
=

FluxxE*® (m®.s.sr)'(GeV)"®
=

Argo consistency

p/He and all particle spectrum

consistency with direct and
indirect experiments

H+He
—® This work
B ARGO/WFCTA-02 (2014)

= ARGO-YB] (2015)

- CREAM (2011)
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Telescope Array

Toward the highest energies

Telescope Array

Second knee at E = 10'73 eV Ankle at E = 101872 D-lvanov, 349

C. Jui, highlight
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7 eV
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E ’ Z. Zundel, 445
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Toward the highest energies
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P.Ghia, highlight
LValino, 271
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Agreement on exotics

Y / top down models

Auger TA G.I Rubtsov, 331
C.Bleve, 1103 K. Yamazaki, 356 - hybrid

Photon limits 95% C.L.

GZK p (Gelmini '08)
[ GZK p (Kampert '12)
GZK Fe (Kampert '12)

T —g_ ; . jTA 201

TA 2015
(preliminary) §

v

v SD 2015
(preliminary)

Integral photon flux E




Auger vs TA

At the “GZK” energies, doubtful if there’s agreement
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Hot spot only seen by TA, but...

209 around RA=148.4Y Dec=44.5Y

TA E>S57EeV 24 events Ny, =6.83
P Tinyakov, 326 7 yr: chance probability 3.7 x 10* 3.4c

Dec. (deg)//so’/ ' > > \\ E > 57 EeV !5 qgé

30 A7 - -

- = K
K ¢ 4 a
360 180 N, f%

R.A. (deg)

) . — -1

P Oversampling with 20°-radius circle 2
3=
3
-60 -4Hg)

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

6-th year 15 3 094 7% 146.7°, 43.2° e shifted from SGP by 179
/-th year 22 1.37 74% 146.7°, 43.2°

6 & 7-th year 37 4 2.31 20% 146.7°, 43.2°

—

See also Haoning He, 325 for the interpret.



Chemical composition

from shower depth:

* Mixed with heavy-light-heavy trend in Auger
* all consistent with light (p-He, not heavier than ~N, say) for TA

Average of X _ | | |
QGSJetlI-03 —e— Data {Janf2ﬁﬂﬂ-Ded20l4)
' QGSJetl}i 119 g/em? sys. uncert

=
E;
:
£
¥

—— EPOS-LHC
- == QGSJetll-04
Sibyll2.1

19.5 20.0 3 70
I | log (E (eV))

7.5 8.( 18.5




Some interpretation

“Sec.1.2: Is progress in the cosmic ray field slow?”

It certainly looks like that.
From T. Stanev’s “High Energy Cosmic Rays” textbook

|D-D
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(1/N) dN / dn

(1/N) dN / dn

least, some progress: tuning models to LHC

Engel’s highlight talk

Examples of tuning interaction models to LHC data

ALICE p + p — chrg Inel>0

.\

=

QGSJETII-03

QGSJETO1
----- SIBXLL 21
‘ ‘ | | | | | | | | ‘ | ‘
-10 -5 0 5 10
pseudorapidity n

ALICE p + p — chrg Inel>0

EPOS LHC
QGSJETII-04

-10 -5 0 5 10
pseudorapidity m

(Pierog 2013, 2014)
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At least, some progress: tuning models to LHC
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New models favour interpretation
as heavier composition than before

(Pierog 2013, 2014)

pre-LHC models

Engel’s highlight talk

post-LHC models
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Towards the solution to the muon problem!?

Engel’s highlight talk

Muon number in inclined showers

Number of muons in showers with 6>60° Combination of information on mean
depth of shower maximum and

24 , muon number at ground
2.2 . — -
2[’7 - 7 10 | | | | |
— | i o EPOS LHC E=10"eV 6 =67°
> 1.8 - 0 QGSJet [1-04
= 16- [ 0.8 & QGsJet 1103 _ -
= T . ";"---T-if.::g_«\\ , ¢ QGS]et01
14 — el Fe
“H‘H‘-‘ ] \5‘_
e 1.2 - I
1 @ Auger data \\ P
1.0 --EPFOS LHC L
----- QGSJet 1104 B
| - ‘1‘[;]9 | | - ‘1‘[,21]
E/eV i
(Auger, PRD91, 2015) 680 700 720 740 760 780 800 820
(Xmax) / gcm 2

Several measurements: indications for muon discrepancy



Selecting among alternatives

What needed was known (diminish fraction of E going

Engel’s highlight talk

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

Change of energy transferred to electromagnetic component

Meson Baryon
sub-shower sub-shower
Tt 7

30% chance to have
m° as leading particle

—=
AW
—

T —

Decay of plﬂli\

leading particle
P

0

1 Baryon-Antibaryon pair production (Pierog, Werner)
e Baryon number conservation
e Low-energy particles: large angle to shower axis
e Transverse momentum of baryons higher
e Enhancement of mainly low-energy muons

(Grieder ICRC 1973; Pierog, Werner PRL 101, 2008)

2 Leading particle effect for pions (Drescher 2007, Ostapchenko )
e Leading particle for a it could be p° and not °®
* Decay of p°® to 100% into two charged pions

3 New hadronic physics at high energy (Farrar, Allen 2012)
e Inhibition of n® decay (Lorentz invariance violation etc.)
e Chiral symmetry restauration

28



Selecting among alternatives

Engel’s highlight talk
# 2 seems the winner (+#1| subheading role?) !

How important is forward m© and p° production ?

—— Sibyll 2.1 —— Sibyll 2.3rc3b —— Sibyll 2.3rc3 + mod. pi0
107} 107
10° 10}
E 10} E E 10'}
g 10° g g 10°
107t 10"t
NA22 NA22
10751.0 —6.5 O‘.O O‘.S 1‘.0 1051.0 —6.5 0‘.0 O‘.S 1‘.0 10751.0 —6.5 O‘.O 0‘.5 1‘.0
longitudinal momentum zg longitudinal momentum zp longitudinal momentum zp
XF = P/ Pmax
np - 1’ — 2y | .
Sibyll 2.3 Sibyll 2.3
np - p' -5 ntn (release candidate) (mod. 10)
Elab = 250GeV ,
(Riehn 2015)
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Evolution in VHE gamma-rays

Evolution of the Field

Surveys, populations studies

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

Key Science projects,
Deep investigation
of specific objects

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

Mathieu de Naurois




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 Il 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)

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

hing-in-the d
time is over,
precision
surement e



On August 25th, 2012...

The Voyager Journey to Interstellar Space: Overview
and Update

E. C. Stone'™
California Institute of Technology
Pasadena CA 91125 USA

E-mail: ecs@sr

After a thirty-five year journey, Voyager 1 began observing the properties on the very local
interstellar medium on August 25, 2012, at a radial distance of 121.6 AU. Now at 132 AU,
Voyager 1 has been exploring the region where the interstellar wind and magnetic field are
perturbed by the flow of interstellar ions around the heliosphere and the formation of a wall of H
atoms. The plasma density is ~100 times that observed in the outer heliosphere, and the
intensity of galactic cosmic rays is at the highest level observed, with transient variations
caused by the arrival of Merged Interaction Regions originating at the sun. Although the
interstellar magnetic field is distorted as it wraps around the heliosphere, the turbulence in the
field is <1% of the average field. This very weak turbulence leads to extremely low cosmic ray
scattering rates and pitch angle anisotropies that persist for months.




On acceleration

D. Caprioli, highlight talk

A

=
B
.
e e e




On acceleration

@ Acceleration at shocks can be efficient:
>10%

@ CRs amplify the B field via streaming
instability

@ DSA efficient at parallel, strong shocks

@ lons injected via reflection and shock
drift acceleration

_| | === Simulation
| = = = Maxwellian
| % Minimal model




On acceleration
_en Whatyou can doforCF\’s R

. L]
' L
-
- ——
.
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o Eleé_tron'_physics, plasma instapilities #

o KlﬂetIC S|mu|at|ons

@ Multi-scale approach

@ From m|crophy5|ca| to phenomenologu:al scales
agamma ray/neutrlno c;bservatones
| 6 More spatially —resolved s:ources 2
& hat can CRs ao for you’7 4

- Actlve role of CRs in galacﬂc dynam|cs

3 Gene'ra‘uon of B f|e|ds, ionization, CR-driven winds




