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Overview:

 Introduction: astrophysical neutrinos in
IceCube

 Gamma-ray anomaly at TeV: Neutrinos
and gamma-rays from Galactic Halo/local
CR source/Super-Heavy Dark Matter

* Difftuse gamma-ray background
measurement by Cherenkov telescopes
and LHAASO: 2 orders of magnitude
progress in DM sensitivity

e Conclusions



INTRODUCTION:
astrophysical
neutrinos




Pion production
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Conclusion: proton, photon and neutrino fluxes are
connected in well-defined way. If we know one of them we
can predict other ones: tot tot
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5160 PMs
in 1 km?3

ST IV

e L LSS

IlceTop

81 Stations lceCube
324 optical sensors

IceCube Array
86 strings including 8 DeepCore strings
5160 optical sensors

DeepCore

8 strings-spacing optimized for lower energies
480 optical sensors

Eiffel Tower
324 m

From F.Halzen
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Detection of neutrino

Hadronic
cascade

Electro-magnetic
cascade

Cherenkov radiation

Interactions
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Muon losses
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* shielded and optically
transparent medium
* muon travels from 50 m
to 50 km through the
_ < water at the speed of light
= ““emitting blue light along

Interaction

« [attice of photomultipliers
From F.Halzen




VWhat about the northern sky and v,,? N

The high-energy starting event sample is dominated by cascades from the southern sky.

Conventional atmospheric m—
Promgt atmospheric m——
E“ astrophysical
Sum of predictions
Experimental data e

3.9 ¢ excess

L

IceCube Preliminary

10° 10* 10° 108
Muon Energy Proxy (GeV)

We look for the same excess in incoming muons from the northern sky
High-energy muons reach the detector from km away — large effective volume
Only sensitive to CC v, = explicit handle on vy flux

s lCECUBE ISVHECRI 2014 - Jakob van Santen - Recent results from neutrino telescopes @ WISCON:T’N
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- |ce!uge muon neu!rlnos above

200 TeV detected energy (average

IceCube, ICRC 2017

above 1 PeV)

IceCube Preliminary
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Muon neutrino sample

mm Conv. atmospheric v, + ¥, (best-hit)
B Prompt atmospheric ¥, + ¥, (flux limit (2016
Astrophysical v, + 8, (best-fit)

¢« + HESBumfolding: PoS(ICRC2017)981
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tracks and showers
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PeV v, and v_ showers:
* 10 mlong

* volume ~ 5 m3

- isotropic after 25~ 50m From F.Halzen
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* energy

1,041 TeV
1,141 TeV
(15% resolution)

* not atmospheric:
probability of
no accompanying
muon is 103 per
event

- flux at present

level of diffuse
limit




[]
Meutrinos

above 30 TeV
arrival directions 15-30 degrees

—— 081.6-(ﬁ)"“x3
Bl o

<+ differential model
IceCube preliminary

E,[GeV]
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lau lepton range (Km)

Tau energy losses

Iyer Dutta, Reno, Sarcevic, & Seckel, 01
Tseng, Yeh, Athar, Huang, Lee, & Lin, 03
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Tau lepton decay length
— == Tau lepton range in water
- = = Tau lepton range in rock
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First tau events

a cosmic tau neutrino: livetime 17m

|— single cascade —— double cascade -+ + exp. data H —— reco with bright DOMs --- reco without bright DOMs
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Bright DOMs are excluded from this analysis
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lavor content consistent with

F

1:1:1

high-energy starting events — 7.5 yr

10% o [—  HESE with ternary topology ID %
®  best fit: 0.35:0.45: 0.2 1.0
—— Sensitivity, E ** spectrum o
10° ® 1:1:1 flavor composition

WORK IN PROGRESS|
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partially contained event with energy 6.3 PeV

resonant production of a weak
intermediate boson by an anti-
electron neutrino interacting with
an atomic electron

ROt tane

F.Halzen Neutrino 2020



* energy measurement understood
* identification of anti-electron neutrinos

V,

Qj
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Other detectors
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ANTARES 9 years cascades
0.1 km3yr
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MC will be redone E decrease, significance will be around 2-3

sigma
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Events with cascade center on OM was removed

A. Albert et al, arXiv:1711.07212




‘ KM3NeT in the Mediterranean

Environmental parameters Telescope design
Mediterranean Sea — salt water || ~3.5-6 km?3(depending on spacing)
3 installation sites 6 shore-cables for 6 building blocks
distance to shore ~¥40-100 km 6 x 115 = 690 detection units
L., ~60-100 m 690 x 18 =12420 OMs
L...; ~50-70m seabed data transmission
depths ~¥2500-4500 m infrastructure
installation requires ship + ROV
e L all-data-to-shore concept
3 installation sites §§§§§ :
g g e h 7‘:
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» KM3NeT Optical Module

KM3NeT

Segmented cathode area: 31 x 3” PMTs

Light concentrator ring
Cathode area: ~ 3 x 10-inch PMT
Custom low-power HV bases

LED & piezo inside
Compass and tiltmeter inside

PMT ToT measurements
FPGA readout, optical line terminator

ETEL D792 Hamamatsu R12199 HZC XP53B20

13




Lake Ykl |8

First underwater telescope
First atmospheric neutrinos
at high energy

\




Environmental parameters
Lake Baikal - fresh water
distance to shore ~6 km

Telescope design
~1.5km3
» 27 shore-cables for 27 clusters

Ly ~22-25m
L., ~30-50m
depth Y1360 m
icefloor during winter

A 4

27*8=216 strings
216*48=10368 OMs 1
deployment from icefloor
Ehallow water DAQ infrastructure

The Baikal-GVD Collaboration d

7 institutes

!

90OM - Optical Module
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Baikal had 8 events (~4 background)
E>100 TeV with 2015-2019 data




SKy coverage

XVIII INTERNATIONAL WORKSHOP ON NEUTRINO TELESCOPES | VENEZIA | 18-22 OF MARCH, 2019 E. RESCONI m" 12
B [ceCube m KM3NeT, Sicily ~@ - Galactic center/plane
GVD, Russia B ONC, Canada ® TXS 05064056

PLEWM

M. Huber (TUM)




" 200 000
SKy coverage

ASSUME ONE ICECUBE @ BAIKAL, @ CAPO PASSERO, @ OCEAN
NETWORK CANADA
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@ QGalactic center/plane  +  3FHL sources ©
®  TXS 0506+056

HE IceCube events @
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4FGL sources 100 brightest sources  ®

TXS 0506+056 = 4FGL sources
75°

HE IceCube events
100 brightest sources

60°

0
10
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IceCube acceptance = / Aes(0, E) - ET7dE IceCube acceptance at the GVD location
0

on going study by M. Huber (TUM)



position offset w.r.t. IceCube center (m)
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Present situation



lceCube ICRC 2017

Astrophysical neutrino signal

IceCube, ICRC 2017

MNANANANARL,

IceCube Preliminary

Northern | Southern
Hemsphere  Hemisphere

Muon neutrino sample
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lceCube data
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Diffuse gamma-ray
backgrouna



Pion production
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Conclusion: proton, photon and neutrino fluxes are
connected in well-defined way. If we know one of them we
can predict other ones: tot tot
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Derivation of the isotropic gamma-ray background

Not used in this analysis:
~ Galactic plane
- Regions with dense molecular clouds
~ Regions with non-local
— atomic hydrogen clouds

Interstellar gas Solar disk and IC
Isotropic
+

back-
ground

Inverse Compton (IC) Isotropic emission (IGRB)

- e e e

Contami-  §o o

Loop | / Local Loop Resolved sources (2FGL)

> - @

Galactic diffuse emission

nation from £
CRinduced §; .
background .. H




Self-consistent extragalactic

SOUrces

10_5 T T I T | ™ g
pp (V) ..............
o PP s
— 10 minimal py (v) i
ol minimal py (y) E
n
qnw 1077 E
-
(@]
>
() -8 < |
g 10 \
N'e | |
- 467 L
| | E
| |
10-10 - do
10° 10" 10® 10® 10* 10° 10®° 107




Neutrinos not from Fermi blazars
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" 00 00
Self-consistent extragalactic
sources: no blazars

hadronic y-ray emission normalized to best-fit non-blazar EGB

10—6 i — v (per flavor)
— totaly
— - directy
— -+ cascade ¥
L ] HH  EGB (Fermi)
- 107 "}' IceCube combined |
E ‘i
q
3 t
>
TT
=
N
: T

,_A
9
O

global fit range

102 01 110 102 103 107
E [TeV]

[Bechtol, MA, Ajello, Di Mauro & Vandenbroucke’15]



Low energy excess



lceCube data
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ceCube + Fermi LAT all sky:
protons 1/E*2.5

erg/(cm? s sr)
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Evidence of Galactic component Iin
4 year lceCube data E>100 TeV

—-—-— Galactic, 7 template -
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A. Neronov & D.S. arXiv: 1509.03522



" SRR 200 000
Post-trial probability is 1.7*10-3
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A. Neronov & D.S. arXiv: 1509.03522
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" 0
lceCube and ANTARES
galalactic plane
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" SR 7.2000 0
lceCube + Fermi LAT Galactic
plane
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A.Neronov, M.Kachelriess and D.S., arXiv:1802.09983
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Anisotropy at E>100 TeV

I Y ¥ I

14 — — Galactic, ¥ template -
isotropic
12 |- total N
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Counts
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A. Neronov, M.Kachelriess and D.S. 2018



Gamma-ray anomaly at
TeV



" olBNSHop, 1u1 7. 2020
Fermi sky map E> 1 TeV

High Galactic latitude flux

Cygnus region Galactic Ridge

65°<I<85° -40°<1<40° VelaJr

Vela X
e R

After 9 years of exposure, Fermi/LAT data start to have event statistics sufficient for detection of brightest sources up to several TeV,

ULTRACLEANVETO event selection




Crab pulsar

10-6
mmmm Crab model

i  aperture photometry
== unbinned likelihood

E2dN/dE, GeV/(cm? s)

10° 10! 102 103 10%
E, GeV

A.Neronov, M.Kachelriess and D.S., arXiv:1802.09983



Fermi/LAT multi-TeV sky
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After 9 years of exposure, Fermi/LAT data start to have event statistics sufficient for detection of
brightest sources up to several TeV.

Fermi /LAT calibration is not assured above 1 TeV (
https://fermi.gsfc.nasa.gov/ssc/data/analysis/LAT _caveats.html). Those need to be derived /

verified.

This could be done via cross-calibration with the ground-based gamma-ray telescopes (HESS,

MAGIC, VERITAS) and air shower arrays (MILAGRO, HAWC, ARGO'YB,{),{.N,,M\, M.Kachelriess, D.S.
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lceCube + Fermi LAT all sky
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A.Neronov, M.Kachelriess and D.S., arXiv:1802.09983



" SR 7.2000 0
lceCube + Fermi LAT Galactic
plane
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IceCube + Fermi LAT high
galactic latitude Ibl>20 deg
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IceCube + Fermi LAT high
galactic latitude Ibl>20 deg
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Fermi new pass SOURCEVETO

1072

E2 dN/dE [MeV cm? s sr']
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Fermi collaboration, Dec 2018



Fermi TeV: new pass SOURCEVETO
works up to 3 TeV
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Cosmic ray background

A.Neronov and D.S., 1907.06061

All sky signal



" NGIShop, Jul 7, 2020
Sky map E> 1TeV Fermi

A.Neronov and D.S., 1907.06061



Galactic Plane, spectrum
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Sky map E> 1TeV
no galactic plane |b|> 10 deg

A.Neronov and D.S., 1907.06061



High [b|

== = Galactic diffuse == = Galactic diffuse
=== 4FGL sources === A4FGL sources
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Gamma-ray Sky at
10-100 TeV with
Cherenkov telescopes
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Galactic diffuse flux at 10-100

TeV energies with Cherenkov
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A.Neronov and D.S., astro-ph/2001.00922
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Electron + positron measurements
by HESS 2004- March 2010
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Electron+ positron+ diffuse gamma
measurements by HESS 2004- March 2010
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Electron+ positron+ diffuse gamma
measurements by HESS 2004- March 2010
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LHAASO sensitivity from 1905.02773

Flux, E2dN/dE, GeV/(cm?s sr)
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New component in HESS data
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Galactic CR
Interaction In
galactic halo
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Neutrinos from cosmic ray
interactions in Galactic Halo
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Neutrinos from cosmic ray
interactions in Galactic Halo
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Galactic CR
Interaction with
Local bubble




Model of propag\ation (Motivations for Local MF)

The immediate Ga.lactlc v1c1n1ty of the Sun is dom-
inated by a low depsi ol ructure commonly
referred to as the § , It is bounded by \ l /
relatively higher density ards traced by Sodium . e
and Calcium absorption line measurements, as well as
extinction data (Lallement et al. 2003; Welsh et al. ol ~=>
20105 Lallement et al. 2014). Such measurements show i
a roughlyjcylindrical structurej with a typical radius of piKGas
aboutf 100-175 pc, with missing ends{towards the north
and south Galactic poles. This structure is generally
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interpreted as being due to strong stellar winds and su- ! sl -
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pernovae evacuating the space, with “blow-outs” in the o0 2000 100¢ e 000
directions out of the Galactic plane (Lallement et al.
NN -
2003). . DISK GAS

DISK CAS
Photo-ionized 1O Gas

analysis from Lehner et al. (2003) to estimate the gas

— .200pc
pressure, density and ft, derived a mag-

netic field strength of dequivalent to a g 1 \
magnetic pressure of T cm 3, consis- AL LR
tent with the results from the X—ray and the EUV ob-

servations. Welsh & Shelton 2009 arXiv
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Local bubble neutrino flux
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lceCube + Fermi LAT :
local source
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Electron+ positron+ diffuse gamma
measurements by HESS 2004- March 2010
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New component in HESS data
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lceCube + Fermi LAT+HESS :
local source
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LHAASO detectors

5195 EDs
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LHAASO sensitivity Local SuperBubble
and Galactic Halo

EFg, GeV/(cm?s sr)

10—6 ]

=
o
N

=
9
(o]

10—9 ]

s | HAASO 1 yr
[ Local source
W 1 Galactic halo
I Fermi/LAT all-sky

10° 10!

A.Neronov and D.S.,

102 103 10%
E, TeV

astro-ph/2001.11881



Super-Heavy
Dark Matter



" R 00 000
For SHDM galactic flux dominates
IN neutrinos and gamma-rays
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Modern constraints on SHDM
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lceCube + Fermi LAT
Dark Matter m=5 PeV
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Sky map E> 1TeV
no galactic plane |b|> 10 deg
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Flux SHDM
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LHAASO sensitivity DM
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LHAASO sensitivity DM
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SUMMARY

m Extragalactic sources can not explain too high
astrophysical neutrino flux at E< 100 TeV

m fermi flux outside of galactic plane has new
Galactic component in TeV energy range

m Significant part of neutrinos with E< 100 TeV come
from Galaxy.

m Astrophysical models: Galactic halo and Local
Bubble interaction of CR from local source (Vela)

m Alternatively: Dark Matter with 5 PeV mass



