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* Cosmic rays
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Outlook

A selection of topics
* Cosmic rays

* Neutrinos

* Gamma rays

* Dark matter

>800 participants, 60 parallel sessions,
>400 talks, >600 posters



Cosmic rays

p, He, C and O spectra by AMS-02
Electron spectrum by CALET and DAMPE
Positron excess by AMS-02

Dipole anisotropy

UHE cosmic rays




Proton spectrum by AMS-02

Proton spectrum measured by AMS shows a deviation from a single power

x10° Iaw above few hundred GV.
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The new AMS result (2011-2018) is consistent with earlier AMS PRL result (2011 2013)
“M. Aguilar et al., Phys. Rev. Lett., 114, 171103 (2015)” but with improved accuracy
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Proton spectrum by AMS-02

Consistent with other measurements

Kol a— Rise

= "FC bess confirmed by
¢ CREAM

9 12F o pameLa Other.

8 o * AMS 2011-2018 eXperImentS

7 5!

e . 5

o’ i

X

X 2 —

=S Kinetic Energy (EK) [GeV]

E 0 && yaaul T 3 3 a1 ] 1

10 102 10° 10*



He, C and O spectra by AMS-02
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The new AMS result (2011-2018) is consistent with earlier AMS PRL result (20‘1‘1—20‘16)16
“M. Aguilar et al., Phys. Rev. Lett., 119, 251101 (2017)” but with improved accuracy



Positron excess with AMS-02

No significant update
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Positron excess with AMS-02

Electron Positron
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Electron spectrum by CALET and
DAMPE

Approximately doubled statistics above 500GeV by using full acceptance of CALET

— 250
@ L.
S o CALET: Phys. Rev. Lett. 120 (2018) 261102 (~ 2 x PRL2017)
8 Fose . DAMPE: Nature 552 (2017) 63, December 7, 2017
» 200 -
cv"ﬁ -
1= *al
ERE I .
s r
™
w B
100— o CALET 2018
B ~ uncertainty band (stat. + syst.)
- i DAMPE 2017
50; A PAMELA e'+e* 2017

- o Fermi-LAT 2017 (HE+LE)

B e  AMS-022014

- B HESS 2008+2

0 I 1 1 I I I
10 10°

Energy [GeV] ,,

Shoii Torii 36th ICRC, Madison, July 25, 2019



Electron spectrum by CALET and
DAMPE

Approximately doubled statistics above 500GeV by using full acceptance of CALET
=— 250
o

] CALET: Phys. Rev. Lett. 120 (2018) 261102 (~ 2 x PRL2017)
?'iiff,;, DAMPE: Nature 552 (2017) 63, December 7, 2017

- =

e
200
150 11 systematics?

E* flux[msris'GeV?

Lippression

L T L e 2
|

100 CALET 2018 1 TeV
' uncertainty band (stat. + syst.)
«  DAMPE 2017
50 A PAMELA e +e* 2017

& Fermi-LAT 2017 (HE+LE) N )
e  AMS-022014 LET
«  HESS 2008+2 0

0 | | | | I | | | 1 1 1 1 | 1 | |

10 10° 10°

Shoii Torii 36th ICRC, Madison, July 25, 2019 Energy [Gev] 10



Electron spectrum by CALET and
DAMPE

Published results only (note: not included the HESS data presented at ICRC2017)
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Dipole anisotropy Fermi-LAT and
AMS-02

Dipole amplitude upper limits vs. energ
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UHE cosmic rays

All-particle Energy Spectrum by Air-Shower Arrays
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10 More statistics. No significant update



UHE cosmic rays

All-particle Energy Spectrum by Air-Shower Arrays
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Neutrinos

Extragalactic neutrino diffuse flux

Search for point-like sources with IceCube
Tau neutrino candidate

Neutrino in coincidence with gamma rays:
TXS 0506+056

New instruments: KM3NET and Baikal
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Neutrino diffuse flux, >100 TeV
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Neutrino diffuse flux, >100 TeV

. gamma neutrino UHECR
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Candidate: unified models for neutrinos, gamma rays &
UHECRSs w/ starburst galaxies and galaxy clusters/groups



Neutrino diffuse flux, <100 TeV

pp (v) e :

.. PP () -
minimal py (v) _
minimal py (y) ]

E2® [GeVem?Z s sr]

E [GeV]
1-100 TeV neutrino flux larger
- Hidden (gamma-ray dark) sources
Candidates: chocked GRB jets, AGN cores
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Search for point-like sources with

2 hot-spots

All sky combined 10 year search

Using high energy through-going tracks and
tracks optimized for point source searches o

Southern Hottest Spot

353.18° 350,187 347180

right ascension

3

- lt-’g lH(,Uhn;l',J

T. Carver NU5c

IceCube

Northern Hottest Spot

- 270

_Preliminary

-(0.30°

Equatorial -

60° _Preliminary

- A0RT 3787
right ascension

(R R

— log 1(Procal)

leclination

— I 210 Procat)

New source list of 110 Galactic and Extragalactic objects
Hottest spot in Northern Hemisphere coincides with
2.90 excess at the position of NGC 1068

M77/ NGC 1068

MNASA, ESA & A. van der Hoeven

declination



IceCube tau neutrino candidate

First tau neutrino candidate “double double”

|— single cascade  —— double cascade - - exp. data || — reco with bright DOMs === reco without brght DOMs
@ bright DOM* bright DOM*
j=}
o
2 S
bright DOM*
. (@)
o e
e ©
o o §
e © ®
e @& ©
o ° ®
°® Q
® o
e
i $ ..o. Qo [ ]
[
® L]
[ #9)
°® o ¥ ° 9
D
© @
© (&} 4
@ o
o
- @
IceCube P'”e"""""aW| * Bright DOMs are excluded from this analysis Time

15

“Double Double” is the only event that passes both
the double cascade search and double pulse
waveform criteria from two independent searches.
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Neutrinos In coincidence with

gamma rays

HE neutrino detected on Sept. ‘17 by IceCube at position
consistent with TXS 0506+056

* Triggered observations by gamma-ray telescopes

* Blazar flare in gamma rays in coincidence

Sept. 22, 2017:
A neutrino in coincidence with a blazar flare

.
R

¥ "‘4 ' " Science 361 (2018) no. 6398, eaat1378

lop view

Observed by
Fermi-LAT
and MAGIC

Farmi-LAT Counts/Pixel

Significance for
correlation: 3o

Right Ascension

16



Neutrinos In coincidence with

gamma rays

HE neutrino detected on Sept. ‘17 by IceCube at position
consistent with TXS 0506+056

* Triggered observations by gamma-ray telescopes

* Blazar flare in gamma rays in coincidence

* Neutrino flare in historical data

2014-2015: A (Orphan) neutrino flare found from the Fermi-LAT data; Padovani et al, MNRAS 480 (2018) 192
same object in historical data 2009 2011 2013 2015 2017
[[[[[[ ’lf Neutrino Flare + i
ceCube 1700224 ' ! - 1. 10 TceCube-170922A b }
- o Gaussian Analysis -\- E i-:\ T | _}
= 34 — Bocaaped anavsis 13 £ 5 events excess. 4 | . o JrJr } , +++ l
anificance: : 25 - i
2 Significance: 3.5¢ S - +++++++ +++|++ h t ++H ++ t fy Ty
1 4 | . | 1 PRV VIS LU + 44 +[|
J_,_]_. o ¥ + 4 !
A TR e e NPT S e e -0 - [
Science 361 (2018) no. 6398, eaat2890 At 2014-15 neutrino flare  The 2017 flare page2
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Neutrinos in coincidence with
gamma rays

Interpretation still debated

Understanding neutrinos from TXS 0506+056 PoS(ICFiE2019)1032 (Walter Winter)

Summa ry (|0 n g) What did we learn qualitatively from 2017 event?

Interpretation in terms of one-zone models « Time-response of SED and X-ray data point towards

[ icall i [
& Simplest possible geometry, few parameters eptonically dominated mode

X-ray/gamma-ray data need to be monitored

& Describe SED and time response reasonably well (indicative for hadronic contky .

(modulo some discussion of UV data)

) Have to accept that either L.q4q is significantly
exceeded or that neutrino energies does not match

(9 2014-15 neutrino flare: more than two neurino
events difficult to accommodate _ _eTearn qualltatwely from 2014-15 flare?

escnptlon of 13 events requires high radiation
density W|th |mpr|nts in the SED which seem to be

Interpretatlon in terms of multl -Z0n8

compact core model‘ ;

& Can produce substan\ o neutrmo event

+ Expe i inci i
& Some models (compact core, jet-cloud) can produce froﬁ-l spatial coincidence with FSRQ PKS 1502+106

a spectral hardening in gamma-rays (2014-15 flare) ATel #12967; Ignacio Taboada (Georgia Institute of Technology), Robert Stein (DESY

" , Need Zeuthen)
& Too early for solid conclusions, mostly because of signa on 30 Jul 2019; 23:58 UT
sparseness of data Credential Certification: Ignacio Taboada (itaboada@ gatech.edu)

DESY. | ICRC 2019 | Winter Walter, July 25, 2019, Madison, USA Subjects: Neutrinos, AGN
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New instruments: KM3NET

France

THE KM3NET DETECTORS

Same technology for the two detectors

Optical sensor (DOM)
31 PMTs of 3 inches

ORCA
e Depth ~2500 m
e One block of 115 Detection Units
e Average distance between Detection Units ~20 m
e Average vertical distance between DOMs ~9 m
e Volume = 8 Mton

ARCA
¢ Depth ~3500 m
e Two blocks of 115 Detection Units each
v e Average distance between Detection Units ~90 m
Detection Unit (DU) e Vertical distance between DOMs ~36 m

. . e Volume (0.5 x 2 ) km®=1 Gton
Detectors in construction
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New instruments: Baikal Gigaton
Volume Detector

T

New neutrino telescopes coming online — | POS(ICRC2019)873 (Rastislav Dvornick)
Baikal GVD first results ' '

Stages of the deployment of the GVD-1
Configuration | POS(ICRC2019)876 (L. Fajt)

The number of OMs 288 (8strx36) 576 1440

|

i;.PoS(ICRC2019)1011 (F. Smikovic)

i

Goal GVD-1:
Geometricsizes @120mX525m  2XJ120mX525m 3XJ120mX525m  5XZ120m X525m 8 clusters by 2021
Eff. Vol. (E> 100TeV) 0.05 km? 0.1 km? 0.15km? 0.25 km3 .
-10 . . :
& gf Upper limit on diffuse astrophysical flux - i :
& gf-with cascades L Pl
E o L : !
s T $ . } :
s 6 GVD upper limit £ g : ’z
) BRI | :
- LN Vi '
2 4 e . b4
2.F : o
o 3 IC flux :
8 2f
& 1f o= .
1 15 2 25 3 35 4 45 5 ¢ 2]

Ig(E/TeV) « 120 m
reconstructed cascade
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Gamma rays

Geminga pulsar halo

New H.E.S.S. pevatron candidate

GRBs observations by MAGIC and H.E.S.S.
Galactic plane observed by H.E.S.S. and
HAWC

HAWC sources at E>100 TeV

~irst results of LHASSO
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Geminga halo

Geminga: nearby + old pulsar
* Halo of ~2-deg observed at ~1-100 TeV (Milagro and
HAWC)

First evidence of eT diffusing away
from the pulsar and up-scatter CMB
photons, inverse Compton emission

[HAWC, Science 358 2017]

Interpreted as e* accelerated from the

PWNe, and then released in the

interstellar medium _ _
~ 20 pc extension around Geminga
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Geminga halo

Geminga: nearby + old pulsar

* Halo of ~2-deg observed at ~1-100 TeV (Milagro and
HAWC)

* Diffusion coefficient in the vicinity of Geminga is ~500
times smaller than average in the ISM

> Two-zone diffusion model

D(r) = Do(E/1GeV)d for 0 < r < rp,
= D>(E/1GeV)d for r > 1y,
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Geminga halo

Geminga: nearby + old pulsar

* Halo of ~2-deg observed at ~1-100 TeV (Milagro and
HAWC)

* Diffusion coefficient in the vicinity of Geminga is ~500
times smaller than average in the ISM

> Two-zone diffusion model

D(r) = Do(E/1GeV)d for 0 < r < rp,
= Dy(E /1 GeV) for r > ry,

* Lower energy observations useful for comparison to
AMS (positron excess)
>7.8-11.80 detection with Fermi-LAT
> Diffusion coefficient compatible with HAWC



New H.E.S.S. pevatron candidate

Complex structure: 2 SNRs apparently connected by a bridge, very close (~0.25°)

J1640: first detection of extension in LAT data, hard leptonic spectrum

_I_I I IIIIIII| 1 [T TTTIT] T T T TITTI I T T TTTTT T T TTTTIT] T T

—=a— Fermi-LAT, this work (2019)

J1641: 4 sigma SED curvature, pointlike |
PSR (LAT) + Pevatron (HESS)? B 3
i . ] 10—11 = |

—+—— Lemoine-Goumard et al. (2014)
——— Abramowski et al. (2014)
Abdalla et al. (2018)

10—12 —
- PRELIMINARY

E2F [erg cm™ 5]

Declination (deg)

HESS J1641-463

Mares GAD2C EUTTA . W
PoS(ICRC2019)582 ! 107 o 0"
Energy (GeV)

__Fohtvecersipmideny 12/

'
o

A
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GRB observations by MAGIC

GRB 190114C observed by MAGIC
* Observations at TO+50s

* Detection at 250 significance
* Detection at E>300 GeV

... Stay tuned!
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GRB observations by H.E.S.S.

GRB 180720B observed by H.E.S.S.
* Observations at TO+10.1h

* Detection at 50 significance
* Detection at E>100 GeV

... Stay tuned!
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Galactic latitude (°)

Galactic plane observed by
H.E.S.S. and HAWC

0.1°
correlation
radius

60 50 40 30 20 10
Galactic longitude (°)

N HESS source (68% containment)

-3 -12 059 24 42 6 78 96 11 13 15

Significance (o) ©®  position of HAWC source
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Galactic latitude (°)

Galactic plane observed by
H.E.S.S. and HAWC

0.4°
correlation
radius

60 50 40 30 20 10
Galactic longitude (°)

-3 -12 059 24 42 6 T8 06 11 13 15
Significance (o)

HESS source (68% containment)

e  position of HAWC source



Galactic plane observed by
H.E.S.S. and HAWC

.. 0.4°
%@ o - Qe & O o o ' X ) ) correlation

rgius

Galactic latitude (°)

ot '- Field of
Galactic longitude (°) e
HESS source (68% containment) background

59 24 42 6 78 96 11 13 15 .
. e \ o . .
Significance (o) position of HAWC source

H.E.S.S. and HAWC observe the same TeV sky
when put in the same observational conditions
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HAWC sources at E>100 TeV

3 sources observed at E>100 TeV
No common spectral behavior

Spectra of sources emitting above 100 TeV

PRELIMINARY

E2 dN/dE (TeV cm~2 s71)

---- eHWC J1825-134
---- eHWC J1907+063
---- eHWC J2019+368

10"

Energy [Té‘v'}

,, More likely from hadronic processes (higher-E cutoff)



t results of LHAASO
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First results of LHAASO

| Detector Deployment
Electro- . Water
magnetic started in 2018-10 Cherenkov
Particle . ' | detector
detector array
____ Wide field
Muon of view
detector

Cherenkov
telescope
array

2019-7-10 -
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First results of LHAASO
WCDA#1 Sky Map

o o * Dataup to 2019-06-30

'DEEE Sigma 1.005

* Live time: 57 days
* Crab: 270
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Dark matter (indirect)

* Joint dark matter search towards dwarf
spheroidal galaxies with Fermi-LAT, HAWC,
H.E.S.S., MAGIC and VERITAS

* H.E.S.S. search towards dwarf spheroidal
galaxies

* HAWC search towards the Virgo cluster

* |ceCube and ANTARES searches
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* Joint effort among the

* Highlight talk

Joint dark matter search FHHMV

Nature of dark matter is one of the most compelling
open guestions

Dwarf spheroidal galaxies

are promising for
unambiguous dark
matter detection

different experiment
Improves the sensitivity
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Joint dark matter search FHHMV

Combination of datasets at the likelihood level (after

Independent
analyses)

Same dark matter
profile

Preliminary results
Other annihilation
channels will be In-
cluded in the paper
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H.E.S.S. search towards dwarf
spheroidal galaxies

* Interesting set of dwarf galaxies recently discovered
by the Dark Energy Survey
* A selection of them has been observed with H.E.S.S.

UMall * i ®Sextans
2 er :

I=180"
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H.E.S.S. search towards dwarf
spheroidal galaxies

Interesting set of dwarf galaxies recently discovered
by the Dark Energy Survey
A selection of them has been observed with H.E.S.S.

5 targets combined
Strong IImItS 10215_ — 5 DES dSph (this) Retll+Tucll {this)
Limits dominated by e,
Ret II ?022-_ — HAWC 15 dSph |
o 7

Complementar Sk \_/”

p . y to el \_\_{«fy//’
other experiments ]

0.2 1 Zm; ;r:ve)? 10 20 30
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HAWC search towards Virgo
cluster

Decay on timescale longer than age of the Universe
Clusters promising for searches for DM decay signal
Extended sources S

~ large volume i e
Observation of Virgo " imeimas | — oo v
cluster

Strongest constraints

on DM decay -

PRELIMINARY

”VhL".

10%

V.o
10 10° 10 10°

M, [GeV]
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IceCube and ANTARES searches

Unification of IceCube and ANTARES analyses

(model parameters, analysis method)

* Range 50-1000 GeV
* Improved sensitivity
* Prospects:

>More years of data
>New event selection
>Unbinned likelihood

s ]
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= This work - Combined ANTARES/IceCube Search
= = |ceCube [EPJC (2017) 77:627]

= = ANTARES [PLB (2017) 769:249, PLB (2019)]

----- Veritas - dSphs [PR (2017) 95:082001]

- = Fermi+MAGIC - dSphs [JCAP (2016) 02:039]
= = HESS - Einasto [PRL (2016) 117:111301]
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