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B JIMBBRIRECSHre: Astrophysical Neutrinos
Overview:
m /ntroduction: neutrinos
m Detection technics

m Discovery of astrophysical neutrinos by
IceCube telescope

m Galactic to extragalactic transition of
cosmic rays



B JMIBBHIECCtre: Astrophysical Neutrinos
Overview:

m Neutrino signal from Milky Way Galaxy:
1 Theoretical expectations
1 Gamma-ray signal
C1Significance in IceCube data

m Extragalactic sources of neutrinos: AGN’s
m Gamma-ray conterpart to neutrino signal
m Conclusions
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Simple facts 1 Neutrinos

The Weak Nuclear Interactions concerns all Quarks and all Leptons

The Weak Interaction takes place whenever some conservation law (isospin,
strangeness, charm, beauty, top) forbids Strong or EM to take place

In the Weak Interaction leptons appear in doublets:

Q L(e) = +1 L(p) = +1 L(t)=+1
0 v, vV V.
-1 e_ ﬂ_ T_

Doublets are characterized by electron, muon, tau numbers (each conserved,
except in neutrino oscillations) = whose sum is conserved.

...and the relevant anti-leptons. For instance:

+ +
Tt u+v,



H Fermi Theory of the Beta Decay

The rate of decay (transizions per unit time) will be:

- Integration over spins and angles

Energy of the final state
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Coupling constants : Eelectromagnetic and Weak
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scintilator

4. Gammas are detected by the scintillator:

the signature of the event is the delayed
gamma signal

1958: Reines and Cowan at the Savannah nudiear power reactor



I Where do Neutrinos Appear in Nature?

v Particle-
Accelerators

v" Nuclear Reactors

Earth Crust
(Natural
4 Radioactivity)

J v/ Earth Atmosphere
Low energy Cosmic Rays)

Cosmic Big Bang
(today 330 v/cm?3)
Indirect BBN, CMBR

Sun v

= | Supernovae
e 4% | (Stellar Collapse)

SN 1987A vV

N Astrophysical

Amlsmtnna_ZQu
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" o RRGIS: Asteophysical Neutrinos
Neutrino Signal from SN 1987A

Positron energy [MeV]
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Seconds after first event

Karmiokande (Japan)
Water Cherenkov detector
Clock uncertainty =1 min

Irvine-Michigan-Brookhaven
(USA)

Water Cherenkov detector
Clock uncertainty =50 ms

Baksan Scintillator Telescope
(Soviet Union)
Clock uncertainty +2/-54 ¢

Within clock uncertainties,

signals are contemporaneous



" MRREEGE: Astrophysical Neutinos
Pion production
N+)/b=>N'+2][l 700 r—rrrrm
N+Ab=>N'+EJtl “
T’ =2y

N
Q
a

Cross secticn [awbara)

T = U +v,

u =e +v,+v,

n=p+e +v,

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

P E” ~E.



" RRIESGture: Astrophysical Neutrinos

Neutrino flux from sources of
gamma-rays

Neutrino cross section:

0,,(100 TeV)=3-10""cm’

o(vN) [em?]

Which fraction of neutrinos
interact near/in detector:

T=0n,.R~3-107

Expected neutrino flux from pp reactions:

1079 vN total, CTEQ4-DIS
vN CC

10—32
10—33
10—34
10—35
10—36

10_37 ’,4,

o-38 '
10 1001000 10* 10% 10°% 107 10% 10% 10'%10' 101°

E, [CeV]

F, ~F, ~107%/em® /s = 3-10° /km* | yr

This means few events per year

N, ~10(F, /107" / em® | s)/ yr
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Detection of neutrino
Interactions

. Hadronic
~ cascade

Electro-magnetic
cascade

1 Cherenkov radiation




Muon losses
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1au lepton range (km)

Tau energy losses

Iver Dutta, Reno, Sarcevic, & Seckel, 01
I'seng, Yeh, Athar, Huang, Lee, & Lin, 03

Tau lepton decay length
==« == Tau lepton range in water

10° « = = Tau lepton range in rock
‘0) A A A A A = A A A A A
5 6 7 8 G 10 11

Log(E/GeV)

12



Experimental detection of
E<10'7eV neutrinos

m Cascade neutrinos
coming from above are . Atmosphere
HE neutrinos from space |
and secondary from
cosmic rays

m Muon neutrinos coming
from below are mixture of
atmospheric neutrinos
and HE neutrinos from
space

.
m Earth is not transparent R colerator
for neutrinos E>10"eV '

m Experiments: MACRO,
Baikal, AMANDA,
ANTARES, ICECUBE



" RREEE: Astrophysical Neurrinos
Experimental detection of UHE
(E>10'7eV) neutrinos

[horizontal air-showers]

m Neutrinos are not
primary UHECR

m Horizontal or up-going e
air showers — easy
way to detect

neutrinos

m Experiments: Fly's
Eye, AGASA, HiRes,

m AUGER

Muon neutrinos




Radio detection



" B re: Astrophysical Neutrinos
Askaryan effect

In 1962 Gurgen Askaryan suggested that a particle
travelling faster than the speed of light in a dense
radiotransparent medium such as salt or

produces a shower of secondary

charged particles which contain a charge
anisotropy and thus emits a cone of coherent
radiation in the radio or microwave part of the
electromagnetic spectrum.

G.Askaryan was the first to note that the outer few metres of the Moon's surface,
known as the regolith, would be a sufficiently transparent medium for detecting

microwaves from the charge excess in particle showers.
The radio transparency of the regolith has since been confirmed

by the Apollo missions.



"
- negative charge is sweeped into
V—e n—p+e g g P

developing shower, which acquires

e — . Cascade a negative net charge
Qnet ~0.25 Ecascade (GeV)

=> relativist. pancake = for A >> 10 cm (radio)
~ 1cm thick, @ ~10cm | coherence
=> each particle emits = C-signal ~ E2

Cherenkov radiation

= C signal is
resultant of
overlapping
Cherenkov cones

/\ nsec
Experiments:

GLUE, RICE, FORTE. iSO SHOa

ANITA
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SLAC 2006: observation of
Askarvan effect

END STATION A side view

crane hook: 13.7m

Approximately to scale
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Field strength, Volls per m per MMz, ot I m
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Acoustic detection



— heat
— pressure wave

l.F
article cascaae — Ionization P j\li
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@ Maximum of emission at ~ 20 kHz
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Historical
experiments



Lake Jikal

First underwater telescope
First neutrinos underwater
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GLU E Goldstone Lunar Ultra-high Energy Neutrino Experiment

Lunar Radio Emissions from Inter-
actions of v and CR with > 101% eV

Gorham et al. (1999), 30 hr NASA Goldstone
70 m antenna + DSS 34 m antenna

Effective target volume
~ antenna beam (0.3°)
x 10 m layer

— E2-dN/dE < 10° eV:-cm2-s1-sr

3
at 1020 eV — 105 km




7| Martin A. Pomerantz Observatory (MAPO)
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" o REES Astuophysical Neutrinos
Pierre Auger Observatory

South site in Argentina almost finished
North site — project
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balloon at ~37km altitude

AN ITA U(r:iancri?cerg\:v%c\’/%CgiAP \ antenna array

?/ on payload
Antarctic ._:...ﬁ S
Impulsive . yPANarelc e SREST, T-gRmtee
. = 'I .~... ‘\'\ ’\M}
Transient =3 m

"""""" “\_o 1- 100 EeV neutnng_s__/

Array

\.‘.‘ }}}

~700km to horizol

observed area:
~1.5 M square ki

Flights in 2006,2007
(35 days)
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Radio detection cosmic rays

Diffuse Flux x Energy’ (eVvm *s 'sr ')
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JF I

Radio detection neutrinos
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AMANDA
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absorption length of Cherenkov light
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Backgrounds: atmospheric muons and neutrinos
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Atmospheric neutrinos:

» upward tracks are good neutrino
candidates;

 event direction and energy
criteria can be used to
discriminate background from
astrophysical signals.

Atmospheric muons:

« downgoing events background is
due to mis-reconstructed (fake)
tracks;

 improve analysis filters for
atmospheric muon background
rejection.



Intensity {cm?s'sr’)

Atmospheric muon background vs depth
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... you looked at 10msec of data !
muons detected per year:

« atmospheric* wu ~ 10"

« atmospheric** v 2 u ~10°

* COSMIC vVoUu ~ 10

* 3000 per second ** 1 every 6 minutes
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SRR Asophysic Neurinos
lceCube
discovery of

astrophysical
neutrinos




lceTop
81 Stations
324 optical sensors

iceCube Array
86 strings including 8 DeepCore strings
2160 optical sensors

DeepCore

8 strings-spacing optimized for lower energies

/ 480 optical sensors

Eiffel Tower
324 m
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Isolating neutrino events: two strategies

Up-going tracks Active veto

Alr shower —

| p-dominated U s Veto Vo o

t wvonly »

Almosphere
(exaggerated) H
e X Vv
e Earth stops penetrating muons ¢ \eto detects penetrating muons
e Effective volume larger than detector e Effective volume smaller than detector
¢ Sensitive 10 v, only ¢ Sensitive to all flavors
¢ Sensitive to half the sky ¢ Sensitive to the entire sky

' WiSConS
‘ ceCuBE EAECI 2014 - 25l van Sarmin - Feoct mauts hom Hiuano Seaccoes ° WECONSN




 energy

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

* not atmospheric:

probability of
no accompanying
muon is 10-3 per
event

- flux at present
level of diffuse
limit




...and then there
were 26

Events per 662 days

data: 86 strings one year

Data (Trigger Level)
Signal Region

A




Events per 662 days

data: 86 strings one year

Data (Trigger Level)
Signal Region

A




Evidence for high-energy astrophysical neutrinos

» Selected high-energy Deposited energy
starting events in lceCube

3 -1 WW“\;'M
lo | Soivytut s —— 1R k. Atmospheric Neutrinos {X) .
Background Stal. and Syst. Uscertanties
e Atmosphecc Newtrinos (30% CL Oharm Limit)
—  Sgral+Big. Bes-Fit Astrophysical K7 Spectrum
" sve Dala
g 1()1r .._‘ UEEUSITCIEEIN. JuCmrene—
0 L3 NS BT f o
g e gu ;
» 3 cascades over S LL"I" ~
1 PeV in 3 years 3 ,
of data i
10 E
» 5.7 0 evidence for 2 ZAA.
astrophysical Deposited ewle?zuivalen: Energy in Dlgector (TeV)
neutrinos arXiv; 1406.5303 (ccaptod for PRL)
‘“}ZCU-BE ISVHECHS 2014 + Jahob van Sanen - Focent /ot Fom Neutng Neccopes o W?“'U““




" RS A trophysical Neutrinos
] What albout the northerm sky and v,,?

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

15

Sum of proaictions w1
Expermeniaidata e

3.9 o excess |

IceCube Preliminary

0 10°
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 w, = explicit handle on v, flux

"‘CE'Q'QC ISVHECS 2014 « Jahob van Somen « Fecent sAoults $Om Neutno MRo000e0 '“?‘L-U'»‘-"'




B A o ohysical Neutrinos
Muon track from 89 TeV

neutrino

radius ~ number of photons
time ~red 2 purple g




| Improved veto technigues

19

Outer-layer veto ==  Energy-dependent veto

Neutrino-dominated for E4ep > 60 TeV  Neutrino-dominated for Eaep > 1 TeV
10% o " .: :v’_;‘i‘ ‘_‘ . Passed veto 10% Vertex in fiducial volume
106 po | 10°
100 iy P 104 Neullinos
_‘" v -
107 f.r"—'—‘—“wl‘f:m =+ 10?2 | I
il S P 0%
10! 10? 10° 104 10! 102 107 104
Number of collected photons Number of collected photons
Thicker veto at low energies ‘| ./ - ff;"?:‘;\. of [ HHHL L ;ln]
suppresses penetratingmuons | LA N0 0| [ ee et
without sacrificing high-energy £ | - \\Q? d 1l r
neutrino acceptance @l \x~ of 02 |
a4 . .\;___'j_._'—.'—".. 04 l ! l [
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)Senvable energy spectra

- Conventional v -  Prompt v —  Astrophysical v

10% 10%

‘; Southern sky
» 0.2 € cosOpe < 1.0

Northern sk
~1.0 € cos Oy < 0.2

10* 10* 10° 10° 10" 107 10 10° 10° 107
Deposited encrgy [GeV) Deposited energy [GeV)

decay in the atmosphere
determined from high-energy (> 100 TeV
Astrophysical neulrino flux north/>50 TeV south) data
mdecayhmtr;eﬂ?namosplm constrained by 10-50 TeV data

vy pomett e
™ stas- ‘nh/mc.;




B R Astronhvsical Neutrinos
Results: energy spectrum

21

» 283 cascade and 105
track events in 2 years of
data

» 106 > 10 TeV, 9 > 100
TeV (7 of those already in
high-energy starting
event sample)

» Conventional
atmospheric neutrino flux
observed at expected
level with starting events

$ cccoes

Hl 101 x atmospheric n/K v

B + 147 x penctrating u
E ~2.49

. +2 (W,wrve )

x10- 8 GCeV-lem 215!

IceCube preliminary

D

Southern sky
-10<snd < -0.2

e
@ =

..
S

10° 104 10° 10° 107

Northern sky

10} ~02<snd <1.0

Events in 641 days Events in 641 days
® b

10—}

E)

104 10° 108 107
Deposited energy [GeV]

o sar
ISVHECR 2014 + JOh0D van Sammen - Recent saus HOM N0 MROCO000 o WEGONSN




" S oo
Best fit parameters

TABLE L. Best fit parameters and number of events at-
tributable to each componemt. The normalizations of the
atmospheric fluxes are relative to the models described in
Sec. [IIL The per-flavor normalization ¢, and spectral index
7 of the astrophysical fux are defined in Eq. (1); the fit to
the sstrophysical flux Is sensitive 10 25 TeV < E, < 1.4 PeV,
The two-sided error ranges given are 68% confidence regions
in the x* approximation; upper limits are at 90% confidence.
The goodness-of-fit p-value for this model is 0.2,

Parameter Best-fit value No. of events
pmt“iu uiux .73 = o.‘w?msu TSR ﬁi 7
Conventional » flux  0.97°5 25 Pusxcus 280* 3"
Prompt v flux < 1.562%pns (90% CL) <
Astrophysical &, 2.06%05 x 107"

GeV 'em ar's! 8§71

Astrophysical 4 246 £0.12

W . G G S — AR S et P
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Neutrino spectrum




' S o

Flavor content consistent with

1:1:1

°5BYBERABR 3

Confidence Lovel Exclusion (%)

lceCube Collaboration, arXiv:1502.03376



" SRS Astrophysical Neurrinos
Neutrino astrophysics

m |[ceCube detected first astrophysical neutrinos.
New field started: neutrino astrophysics.

m Best flux 1/EA(2.46+-0.14)

m Flux 1/E”2 disfavored with more then 3 sigma
significance

m Muon neutrino data favors 1/E*2.1 flux !
m Flavor ratio consistent with 1:1:1 as expected

m Cosmogenic neutrinos best constrained by
lceCube, but in case of nuclei primaries bigger
detector needed to find flux

m Bigger detectors needed for next step



Future detectors



Environmental parameters Telescope design

Lake Baikal - fresh water ~1.5km3

distance to shore ~6 km » 27 shore-cables for 27 clusters
L, ~22-25m 27*8=216 strings
L., ~30-50m 216*48=10368 OMs ¥

depth 1360 m deployment from icefloor
icefloor during winter Ehaﬂow water DAQ infrastructure
The Baikal-GVD Collaboration d

“ 7 institutes

V4 {*i ~55 scientists

-

& baikalweb.jinr.ru ~l.°-,€:'-" 1

10OM - Optical Module




Buoy system

11’
1

30 m helow lake surface
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: 27 clusters



s0 .| Expected #events from IC flux |
E%F,=3.6-10® GeV cm?ssr?
25 : -
20 + ' . _
151 —— faste s
10 +
s -
0 e i , |
20044 2015 2016 2017 2018 2019 2020 2021

year

E > 100 TeV: ~1 event/cluster/year

1 cluster is working now, 12 clusters to 2020

10




. KM3NeT in the Mediterranean

KNINeT

Environmental parameters Telescope design
Mediterranean Sea — salt water || ~3.5-6 km? (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
all-data-to-shore concept

e Hd T




. KM3NeT Optical Module

KNINeT

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




~2017-2020)*

)* depending on funding




Performance

KM3NeT Phase-1.5 Preliminary

KMIN-TY

2xreference building blocks?

Significance (o)

flux per flavour
1.210° €7 exp(-E/3 PeV) GeV cm* s'sr"

1 & ' A l ' '
7
Nyvear

Detailed investigation of ,IceCube signal” within a few years, with J

different field of view, different systematics and better angular resolution

¥ 30% better FoM with HE blocks with 120 m spacing and R=650 m.



position offset w.r.t. iceCube center (m)

86 strings with 240-340 m
spacing

Clean Air Sector
3000} :

2000}

1000}

1000}

| Dow'nwhd s.uoc— : : Quiet Sod' or {
-+ ' " A A

-2000 1000 0 1000 2000
position offset w.r.t. iceCube center (m)

(a) 240 m string spacing ( “benchmark”)

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

3000

2000 -

1000

-1000

- 3000

" Downwind Sector

2

Clean Air Sector

Quiet Sector

=-2000 ~1000
position offset w.r.t. IceCube center (m)

0

1000 2000

(b) 300 m string spacing



JF

Effective volume
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lceCube Collaboration, arXiv:1412.5106
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ARA radio detector South pole
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Future radio detection
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Detection of neutrinos from

space




Space telescope project
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Detection of GZK neutrinos
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" IREG: Astrophysical Neutrinos
What we can expect from future
detectors

m Split Galactic and extragalactic contribution in
diffuse flux

m Find first point/extended sources
m Limit or find extragalactic flux above PeV
m Help to find sources of PeV Galactic cosmic rays



lceCube data 4 yrs
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lceCube + Fermi LAT
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A.Neronov, D.S. arXiv:1412.1690
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Theoretical
predictions of
neutrino flux



" ROt Astrophysical Neutrinos
EXPECTED NEUTRINO FLUXES

Local optical depth of protons:

©(PeV)=0.003

(10 PeV)=0.0002

EA2F v(PeV)=0.2 eV/cm”"2/s/sr

EA2F v(100 TeV)=3 eV/cm”2/s/sr
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EXPECTED NEUTRINO FLUXES
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Contribution of local CR sea assuming local CR holds for all galaxy

M.Kachelriess and S.Ostapchenko, arXiv:1405.3797



" RO Astrophysical Neurinos
EXPECTED NEUTRINO FLUXES

Flux from GMC with mass M, at distance d:

C Gl Mo

¢V(E) — &M Ard2 ™,

nCR(E) YU(E) .

Flux from GMC 10° Msun at 1 kpc:

E’¢,(E) ~ 140 eVem 2sr !

M.Kachelriess and S.Ostapchenko, arXiv:1405.3797



o SRRy o

Galactic neutrino fluxes

m Point sources (isolated) give small
contribution

m Diffuse flux normalized to local CR flux
give too small contribution

m Something new?



o SRRy N

CR spectrum in
MW and LMC
from gamma-rays



Qe
Milky Way inner Galaxy
Fermi E>10 GeV

A.Neronov and D.Malishev, arXiv: 1505.07601



" o hysicol Neweinos
Milky Way inner Galaxy
Fermi E>10 GeV: spectrum 2.45

EF,. erg/cms

10-» |-




o SRRy o

In LMC average proton spectrum 2.45
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A.Neronov and D.Malishev, arXiv: 1505.07601
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Proton flux above 2 GeV

Il

lllllllll

R.Yang, F.Aharonian and C.Evoli PRD 93, 123007, 2016



Fit with gas ring template

CRs SED in different rings.
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R.Yang, F.Aharonian and C.Evoli PRD 93, 123007, 2016



o SRRy o

Neutrino flux from
Milky Way
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Galactic plane: 2% by chance
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Half of ICECUBE events E>100 TeV are in

Galactic plane. Are they correlate with
gamma-rays?

A.Neronov, D.S. and C.Tchernin, arXiv:1307.2158
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Real multimessenger fluxes, alpha=2.5
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" R re: Astrophysical Neutrinos
lceCube neutrino sky map

3 years E> 100 TeV




" o sicol Newinos
lceCube + Fermi LAT all sky:
protons 1/E*2.5
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A.Neronov, D.S. arXiv:1412.1690



Neutrino flux as function of |b|
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O utrinos
Ceue neutrino sky map
4 years E> 100 TeV and Fermi E>100
GeV 5 degree smoothed




" o hysicol Newinos
lceCube galactic plane 3 years:
2% by chance — small statistics
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Evidence of Galactic component in
4 year lceCube data E>100 TeV

Galactic, v tempiate .
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A. Neronov & D.S. arXiv: 1509.03522



" IR Astrophysical Neutrinos
Post-trial probability is 1.7*10-3

0.1 = T T T T T3
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A. Neronov & D.S. arXiv: 1509.03522
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Muon neutrinos

IceCube, ICRC 2015



" RS Astrophysical Neurrinos
North and South sky: IceCube
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A. Neronov & D.S. arXiv: 1603.06733



First galactic diffuse sources
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lceCube ICRC 2017

Astrophysical neutrino signal
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Diffuse gamma-ray
backgrouna



" MRREEGE: Astrophysical Neutinos
Pion production
N+)/b=>N'+2][l 700 r—rrrrm
N+Ab=>N'+EJtl “
T’ =2y

N
Q
a

Cross secticn [awbara)

T = U +v,

u =e +v,+v,

n=p+e +v,

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

P E” ~E.



Diffuse backgrounds
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Interstellar gas

=

Inverse Compton (IC)

Loop | / Local Loop
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Galactic diffuse emission

Solar disk and IC

+ @D
- P

Resolved sources (2FGL)

+ D

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

Isotropic
y-ray
back-
ground
(IGRB)

2 t‘\
Contami- o
nation from §9- %

ﬁ

CR induced SN b
background . %oy 1
R == %5 5|

0.



v

Total EGB
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Sum of the intensities of IGRB and the resolved high-latitude sources.
Contribution of high-latitude Galactic sources << 5%.

- Spectrum can be parametrized by power-law with exponential cutoff.
Spectral index ~ 2.3, cutoff energy ~ 350 GeV.
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" MRREEGE: Astrophysical Neutinos
Pion production
N+)/b=>N'+2][l 700 r—rrrrm
N+Ab=>N'+EJtl “
T’ =2y

N
Q
a

Cross secticn [awbara)

T = U +v,

u =e +v,+v,

n=p+e +v,

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

P E” ~E.



" o hysicol Neweinos
Self-consistent extragalactic
sources
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Astrophysical neutrinos
from BL Lacs
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BL Lacs give main contribution to high
energy part of diffuse gamma-ray flux

P | g_
gy B

w g

"% 10w

M. Di Mauro et al, arXiv:1311.5708



'_
Fermi confirmed resolution of BL Lac
sources above 50 GeV

cm s °). We employ a one-point photon Huctuation analysis to constrain the behavior ot diV/d>
below the source detection threshold. Overall the source count distribution is constrained over
three decades in flux and found compatible with a broken power law with a break flux, Ss, in the
range [8 x 107'2,1.5 x 10'”] ph cm™2 s™! and power-law indices below and above the break of
a2 € [1.60,1.75] and a1 = 2.49 £ 0.12 respectively. Integration of dN/dS shows that point sources
account for at least 86715% of the total extragalactic y-ray background. The simple form of the
derived source count distribution is consistent with a single population (i.e. blazars) dominating the

source counts to the minimum flux explored by this analysis. We estimate the density of sources

Fermi collaboration, arXiv:1511.00693
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Are neutrino sources blazars?
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UHECR proton flux from BL Lacs

10° - - - . -

10°
10 b 1M
10° g PRI 1L

10°% |

| ]
KASCADE 2013
o | KASCADE Grande .
10° | KASCADE Grande EG ——
P 25 pc with Auger limit e
10" F Auger 2013 P
Auger 2013 Protons —
102 BL Lacs | So—

10'° 10'® 10" 108 10"? 10%°
E [eV]

E? F(E) [eViem®/s/st]

G.Giacinti, M.Kachelriess, O.Kalashev, A.Neronov and D.S., arXiv: 1507.07534
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Protons In sources

m E<E.(t=1) conversion to neutrino and
gamma-rays. Neutrino flux = Proton flux

m E>E__ (t<<1) protons go away Neutrino
flux = Proton flux

m E, < E< E_,. diffusion of protons Neutrino
flux is softer

G.Giacinti, M.Kachelriess, O.Kalashev, A.Neronov and D.S., arXiv: 1507.07534
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G.Giacinti, M.Kachelriess, O.Kalashev, A.Neronov and D.S., arXiv: 1507.07534
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" o BRIRCIGe Astrophysical Neurinos
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B JMEBRIESHire: Astrophysical Neutrinos
Fermi blazars and IceCube

neutrinos

A.Neronov, K.Ptitsyna and D.S, arXiv:1611.06338




B JIBRRERe: Astrophysical Neutrinos
Neutrinos not from blazars
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" oo tyicel Neurinos
Self-consistent extragalactic
sources: no blazars
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lceCube data
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" o sicol Newinos
lceCube + Fermi LAT all sky:
protons 1/E*2.5
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A.Neronov, D.S. arXiv:1412.1690
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Evidence of Galactic component in
4 year lceCube data E>100 TeV
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It ropee
- tolal
0.01 &
[ 53 =
0.001 E
3 :
5 Q,
.

4 0.0001 &

Biow bhigb, degrees

A. Neronov & D.S. arXiv: 1509.03522



" IR Astrophysical Neutrinos
Post-trial probability is 1.7*10-3
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" o sical Newrinos.
lceCube and ANTARES
galalactic plane
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Anisotropy at E>100 TeV
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Discovery of gamma-ray
conterpart
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Fermi sky map E> 1 TeV

High Galactic latitude fu

Cypres reglon Galactik Ridge
65%ciens A0 et
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After 9 years of exposure, Fermi/LAT data start to have cvent statistics sufficient for detection of brightest sources up to several TeV

ULTRACLEANVETO event selection
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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-YBJ) AN_ Kachelriess, Semikd




lceCube + Fermi LAT all sky
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lceCube + Fermi LAT high
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lceCube + Fermi LAT high
galactic latitude
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lceCube + Fermi LAT :
local source
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" IR G Astrophysical Neutrinos

Summary

m Atmospheric neutrinos dominate measured
neutrino flux up to 100 TeV

m Neutrino astronomy started in 2013 with
detection of E>100 TeV neutrinos

m New multi-km3 detectors are needed to find
first point sources




" RIS e Astrophysical Neutrinos
Summary

m Astrophysical neutrino flux with power law 1/E2-°
was surprise to theoreticians.

m Galactic to extragalactic transition is around 10
PeV in protons, i.e. one expects both
contributions for 1 PeV neutrinos

m We have clear pp signal in Fermi gamma-rays
all the way up to 10 TeV. This signal dominated
by Galaxy contribution with 1/E4°. This predicts
unavoidable galactic neutrino flux




" BERGe: Astrophysical Neutrinos

Summary

m First diffuse neutrino flux measurements
contain both galactic and extragalactic
components. Evidence of Galactic component
come in 4 years of IceCube data

m Galactic component give 50%-90% of flux at
lower energies E<100 TeV

m Fermi at TeV energies have new Galactic
component

m Extragalactic component can come from
unknown sources, AGN’s are good candidates.




