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Evidence for high-energy extraterrestrial
neutrinos @ IceCube detector

CoObITHe B geTeKkrope
IceCube oT HeMTpUHO C
E=250 TaB. OT Touku
HenTpuHHoro CC-
B3aMMoaeucTBus
pa3BuBaeTcA 600NbLUNK
FINBEHb C MIOOHOM.
HanpaBneHue
ABWMXEHUSA MIOOHA
yKa3biBaeT
HanpaBneHue HENTPUHO

Science 342, 2013
(lceCube Collaboration)
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High Energy Starting Event

HESE analysis
/Veto
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Veto is also good for rejecting large part of atmospheric v !!
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Events per 1347 Days

First evidence for an extra-terrestrial h.e. neutrino flux
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Phys. Rev. Lett. 113, 101101 (2014)
37 events of IceCube

988 days, 37 neutrino events with the energy deposition 30 TeV - 2 PeV
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Perncrtpauusa actpocdpunsnyeckux HeutpmHo (6 net)

Events per 2078 Days

Energy Threshold 6 years (Icnc 2017)
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IceCube Coll., Science 342, 2013 7
PRL 113, 101101 (2014) ACTpOoQU3n4eckmne HenTpnuHoO

Vp ™

82 events in 6 years

Background:
Atm. gy  252+7.3

Aty 15.6451

60TeV < E4, < 10PeV
Best fit spectral index:

0.33
2o tie



Through-going muons, IC-79/86

C.Spiering, 36 BKKIJ1 2020
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PrenBOpPHbLIN COCTaB acTpPohPhU3nvYeCcKnx
HEUTPUHO
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Ouarpamma hrnenBopHOro cocraBa NOTOKOB
HENTPUHO

[
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€—  pion decay
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pion & muon

€  decay
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HaGnpgaembin cornnienBopHbIN COCTaB
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The Astrophysical Neutrino Flux

10
3 I IceCube tracks (2009-2018) . .
[ BN IcoCube cascades (2010-2015) High-energy starting events (HESE)
I Interaction vertex in the detector
- All flavor, all sky
Tﬂ"
IE _B
[4] 10 -
E I
e Up-going tracks
NL: Muon-dominated
Northern sky
100 10° 10° 107
Energy [GeV]
C.Spiering, 36 BKKJ1 2020
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Apl 853 (2018) L7
HaHHble ANTARES arXiv:1711.07212

Total: 50 events, Simulation: 36.1 + 8.7 1.8 ¢ excess
Best fit @ = 1.5x1 108 GeVicm2srist C.Spiering, 36 BKK 2020
vy =2.31£04
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Ouddhy3HbIN NOTOK HEUTPUHO BI,
3apeructpupoBaHHbIu IceCube

NCTOYHUKN?

In 2013, the IceCube Collaboration reported the detection of a
diffuse flux of astrophysical high-energy neutrinos. The spectrum
of these neutrinos is consistent with a power-law with an index of
2.4 - 2.6, extending from tens of TeV to several PeV, and with flavor
ratios that are consistent with those predicted from the decays of
charged pions.

The angular distribution of this flux shows no significant
departures from isotropy, and searches for individual point sources

in the IceCube data have thus far not resulted in any detections
(with the possible exception of the blazar TXS 0506+056).

These results indicate that IceCube’s high-energy neutrinos are
produced by a large number of extragalactic sources, of which
even the brightest contribute only a small fraction of the total flux.
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UCTOYHUKN?

K. Mannheim, HE neutrinos from extragalactic jets / AP 3(1995) 295;
F. Halzen, E. Zas, Neutrino fluxes from active galaxies: A Model
independent estimate / ApJ. 488 (1997) 669; arXiv:2007.12706;

A. Loeb, E. Waxman, The cumulative background of high energy
neutrinos from starburst galaxies / JCAP 05 (2006) 003, [astro-
ph/0601695];

C. Lunardini et al. Are starburst galaxies a common source of high
energy neutrinos and cosmic rays? /[JCAP 10 (2019) 73; [1902.09663];
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Tpu TUNa HEUTPUHHbLIX COObLITUMN B 3KcnepumeHTe IceCube

MogaenupoBaHue pacnpocTpaHeHUs1 Y4epPeHKOBCKOro cBeTa

Shower-like" events :

NC-B3nmoageucTBus
BCEeX TUMNOB HEUTPUHO;
CC - v, (Bce aHeprunm)
m v, (npu E< 100
TeV)

Track-like" events from muons

produced in CC interactions of Vﬂ

Cneuundunyeckana curHatypa: 4BOUHOMN
“B3pbIB”

(“double-bang” events) [NIMA 711(2013) 73].
AOpPOHHbLIN NUBEHb B BEpPLUMHE U NIMBEHb OT
pacnaga t — pas3fgensrTcs, ecnu npooder

T Oonblle HECKOJIbKMUX AECATKOB METPOB:

gr = FCT{ E_=11I>B ~50M
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CurHatypa HEUTPUHHbIX COOLITUN

* YrnoBoe pa3speweHue ana Tpeka <1%,
anga kackaga sbiwe 100 TaB ~15%.

 PaspelueHne no aHeprum: Ana TpekoB — pakTop ~ 2,
ana kackagos ~ 10% .

* 3-1 TN COObLITUN — ABONHBbIE KacKagbl (yXxe
BugHbl!): CC- B3amMmopgencteBue u nocrienyrowmm
pacnag Tay-nentoHa B aApPOHbl UITU MIOOHbI U
3NEKTPOHbDI. Ve
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HoBble cobbITUA, 3apernctpmpoBaHHble IceCube
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T
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Pe3oHaHc [ nawloy I, /T =0.676%0.0027
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[MepBas perncrtpauusa pesoHaHca [nawoy

] ] C.Spiering, 36 BKKI1 2020
Partially contained event, E = 6.33 PeV
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[leTeKTnpoBaHue Tay-HEUTPUHO
IcCube, arXiv:1908.05506v1

Above 60 TeV reconstructed deposited energy, the HESE sample contains 60

events which we classify into 42 single cascades, 16 tracks, and 2 double
cacrardac
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Figure 1: Total deposited energy against reconstructed double cascade length for the
double cascade sample. Signal (v -induced double cascade events) histogram (left).
Background (all remaining events) histogram (right).

The two tau-neutrino candidate events are overlaid as white circles.

27.10.2020 C.CuHeroBckum 22
AcTpodunsnyeckmne HeEUTPUHO
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HenTtpuHo ot 6nasapa TXS 0506+056

bnasap (BL Lacertae object) - 13 knacca BHeranakTn4ieckux
aKTUBHbIX ranakrtn4yeckux agep (AGN), reHepupyroWnNX UHTEHCUBHOE
nepemMeHHoe HeTennoBoe U3ny4yeHue B PensaTUBUCTCKUX CTPYSX.

« 22 ceHT. 2017 IceCube 3aperncrtpunpoBasn coobiTe BbICOKON
3Heprum oT HEMTPUHO B HanpaBneHun Ha 6na3sap TXS 0506+056 B
MOMEHT ramma-BcnbiWwKU. No3aHee cobiTUe ObLINO NOATBEPXKAEHO
apXMBHbIMU AaHHbIMU IceCube - N30bITOK BO HENTPUHHBIX

coObITM Hag pOHOM aTM. HEUTPUHO B UHTepBane ceHT. 2014 -
mapt 2015

* CBUAETEeNbCTBO B NOJIb3y MNOTOKA HEUTPUHO B HanpaBrieHUU
o6nasapa TXS 0506+056 -Ha ypoBHe 3Ha4YMMoOCTN 3.5 c

* noarvBepxaaeT runortely, 4to 6nasap TXS 0506+056 — UCTOYHUK
KocMUYyeckux nydyen BI

TXS 0506+056 - npumep 06bLEKTa MHOrokaHaribHOM aCTPOHOMMUM.
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IceCube, Fermi-LAT, MAGIC etc. 1807.08816v1

23.742.8 TeV
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Neutrinos from blazar TXS 0506+056

Texas Survey of radio sources

TXS=

Eﬂ

dN/dE F213

Thus blazar is PeVatron — the source of cosm

side view
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AHanu3 apxuBa lceCube - cobbiTua TXS 0506+056

Ao coobueHuns (alert) 22.09.2017 (IceCube-170922A) IceCube, Science 361 (2018)

no.6398, 147-151

TXS 0506+056__ prior to IceCube-170922A alert: (arXiv:1807.08794)
1C40 1C59 1C79 IC86a IC86b IC86c

5 [ ] [ ] [ | [ ] [ | -
===+ JceCube-170922A n af 4o

- S Gaussian Analysis ‘ .
o 3+ m—— Box-shaped Analysis I 1\ E L 3,

2 .
| 20
_—,-’_J_:.- lg

: ¥ T — | — T T :'

2009 2010 2011 2012 2013 2014 2015 2016 2017
) . . 110435

Time-dependent analysis results Iw = 110755 days

F2Ji00 = (2.1799) x 104 TeV cm=2 at 100 TeV and v = 2.1 £ 0.2
E2Ji0 = (22559) x 100 TeVem™2 v = 2.2 + 0.2 (box-shaped )

_ 100 = (1.6707) x 1075 TeV-L ecm2 571
Neutrino flux averaged

over 158 days

27.10.2020 C.CuHeroBckum 26
AcTpodunsnyeckmne HeEUTPUHO



2012.5 2013.0 2013.5 2014.0 2014.5 2015.0 ;
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> o0
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g L 1} i|| E
= 1 -1 ' 0.1 Z
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Figure 2: Time-independent weight of individual events during the IC86b period.

Results: The excess during 5 monthes in 2014-2015 consists of
(13 £35) v, -events above the expectation from the atmospheric

background. Bioo = (1.6707) x 1075 TeV—! em~2 s

B otnuuymne ot anddy3Hbix actpocpmnsnyecknx HeutpuHo (HESE-coObITUA),
CreKTparibHbIM UHAOEKC KOTOPbIX ObiN HanAeH B UHTepBarie 3Ha4yeHun ~2.4 — 2.9, cnekTp
HEeNTPUHO OT NOKaNbHOro MCTOYHUKa & ~ 1 6nmsok k CakpanbHOMY 4ucny,

oXugaemMomMy B paMKax CTaHOAapTHOro mMexaHuama yckopeHust Ha YB (DSA).
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CuvHXpOHHOEe HabnroaeHne HeUTpuUHO BI n sapkon

BCMNbILLUKAN
Shan Gao, A. Fedynitch, W. Winter,
Nature Astronomy, Nov. 2018;
Blazar 1807.04275

Accretion disk @ Accelerated e'/e

@ Accelerated protons

Relativistic jet, Doppler factor 20-30

-

~0.05 pc

Emission region

Supermassive black hole

|< 10 pc + 1.35 Gpc >|

A sketch of the source TXS0506 + 056.
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a eV keV MeV GeV TeV PeV b eV  keV MeV GeV TeV PeV

Leptonic Leptonic =~ === Photons
Hadronic = Muon neutrinos

GeV-y

10 - ~10 -

—12 -

log,[E?dN/AE (erg cm™ s7')]
log,o[E?dN/AE (ergcm™ s7")]

py—pée
pair production

| No neutrinos

-13

10 15 20 25 30 -13
log, ,[Frequency (Hz)]

CnekTpbl nany4vyenmna TXS0506 + 056 ana aByx runores:

(a) NnenTOHHbIN MeXaHMU3M reHepauuu U3Ny4eHMsA XOopoLo BOCNpon3BoauT
Habnwpaemoe 3.-M. U3flyYeHne, HEUTPUHO He reHepUupyeTcs;

(b) B agpoHHOM Mmogenu Bo 2-1 rop6 aaroT BKknagbl m° u ¢ pacnagbl, NpeBbillas
Habnrogaemoe peHTreHoBCcKoe nsny4vyeHme. CumBorsbl — HaAGNAaeMbIN NOTOK
BO BpeMSl BCNbIWKU 2. [OpU3OHTaNbHas 3efieHas JIMHMA oTBeYaeT
OXUOaeMoMy AuanasoHy 3HEepPrum n ypoBHIKO NOTOKa HEUTPUHO, KOTOPbLIN AaeT
oAHo v -cobbiTue B getektope IceCube 3a 180 AHewn.

10 15 20 25 30
log,[Frequency (Hz)]
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OCHOBHbIe MexaHU3Mbl reHepauMu HEeUTPUHO
v PpP-HEUTPUHO

p+pon (K ,..)+X @, ~50107 crd)

o, ~4.0In|(E,/1T>B+0.5)/(3-107*) | exs”

o u v,V w—oe +v,@)+v,(v)

(B)=1(x)E, (x)=02 o (E,)=0.05E,
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v pPY-HEeUTPUHO ptyor +X

MoporoBbie peakumm p+y—oN >n+rx oo 25410 em’”

+ -+ + + — _ _
72- %ﬂ +V,u, ‘Ll %e +Ve+Vﬂ, n%p_l_e _|_Ve

MU3-3a noporoBoro xapakrepa peakuum B NoTokax p) -HEeUTPUHO
MeHblue gona V NO CPaBHEHUIO C PP-HEUTPUHO (3aeck Gonblue

e
poXxaaeTcs HEUTPOHOB).

B ncrouynmkax (AGN, GRB) poTOHHbIE Monist UMeT BOosbLUME NITIOTHOCTU
(n,>> 400 cm™), Henpo3payHbl ANsi HYKMOHOB, NO3TOMY Py-MeXaHU3M
aBnaetcsa 3 PeKTMBHbIM MeXaHN3MOM reHepauuv HEUTPUHO OYEeHb
BbICOKUX 3HEpPrum. EV(UV)~10"IB

PV - HelTpuHO poxxaaloTcs He TONLKO NPU B3auMoAencTBUU
NMPOTOHOB C paguauNOHHLIMU MOSISIMU, OKPYXaKLWMUMU UCTOYHUK (UNnK
BAariM OT Hero) , Ho U B pe3yJibTaTte (pOoTOPOXKAEHUA NMOHA Ha
penukroBbix hoToHax (CMB).
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v PY ez ~HEUTPUHO

dPoTopoxaeHne NUOHA Ha penmMKToBbIX poToHax (CMB):

PHYop—n+7m (3)
E
B cucreme npotoHa: € =—"¢, ¢, - aHeprua CMB-cpoToHa B JIC
m
p
(m_+m ) —m;
€ = ~0.16 1B - nopor choTopoxaeHuUs

4 2m,

mm (1+m_/2m)  6.7-10'

B na6. cucteme:  E > EZ’ ~ — B
2e, (&, /13B)
£,265-10" 5B EJ =E(g,)~4-10" T»B
E’ >10° B
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NUCTOYHUKUN U MeXaHU3MbI reHepauumuu HGVITpVIHO

AcTtpocunsnyeckme HEMTPUHO BbICOKUX U CBEPXBbLICOKUX IHEPrumn
poXaarTcda B pacnagax Me3oHoB, 00pasyowmxcs BO B3aMMOAENCTBUAX

UHECR ¢ nanyyeHmem u BeliecTBOM BONM3N acTpopU3NYeCKmx
NCTOYHUKOB:

 AkKTMBHbIe sigpa ranaktuk (AGN), 6nasapbl - NOOMHOXECTBO
AGN co ctpyamn);

o CKonrneHusl ranakTuk;
« [@anakTuku c obrractTaMM aKkTUBHOIro 3Be34000pa3oBaHus;

« CBepxHOBbIe U TMMEePHOBbLIE - YCKOPUTESIM KOCMUYECKMX
nyJveu;

* WcTo4yHnKM Kocmorsnorunyecknx ramma-scnsieckoB (GRB).

MuweHbo ans npotoHoB u aaep K1 sasngetca mex3sesgHas cpena
(ISM) n mexranaktnyeckaa cpega (IGM).
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BHeranaktnyeckme UCTOYHUKUN HEUTPUHO

v HopmanbHble ranakTuku
v CKonneHus ranakTuk

v AKTUBHbIe fiApa ranakTtuk - cendepToBCKUE rarnkTUKM,
KBa3apbl, 6riasapsbl, paguoranakTuku

v ICTOYHUKN raMmma-BCnJieCcKoB

v KocMoreHHble HeUTpuHO — auddysHblie OT pp-, pPY- ,
B3anmoagencteumn KI1 B M3C, MITI

v HeutpuHo ot pgoranaktunyeckon pasbl (z>500) wu
rMnoTeTn4YecKkom spkon asbl rarakTuK - 3MNOXMU
dopmunpoBaHusa U paHHen cTagum 3BOJSTIOLUM ranakTuk

(z~30)
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AKTUBHbIE AAgpa ranakTuk

« CendeptoBckume ranaktuku (Seyfert1, Seyfert 1.5, Seyfert 2)
- PagnoranakTunku

- KBazapbl

- Bna3sapsbl, nauepTugbl

« N-ranakTukm, ranaktukm MapkapsiHa

Appa 3TUX ranaktukK - NICTOYHUKU OFPOMHOM 3HEpPruun, UsriydyeHue KoTopbix
Henb3fl OTOXAECTBUTb C OObLIYHbIM U3ny4vYeHnem 3Be3n. Mx MoOWHOCTBL
NPeBOCXOAUT CYMMapPHYH MOLLHOCTb BCeX 3Be3f ranakTuku. AKTUBHOCTLb
agep nNposiBNsAeTcA B UHTEHCMBHOM  3.-M. u3nlydyeHuMu, Bblopoce B MITI
ob6rnakoB OObLIYHOro rasa ¢ OrpoMHbiMu ckopoctamu (—104 km/c) wm
PenATUBUCTCKUX INIEKTPOHOB, KOTOPbIE OOHaApPYXMBaKT MO CUHXPOTPOHHOMY
paguoussniy4eHuto.
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Xapakrepuctukmn AGN

v PacnpocTpaHeHHOCTb - HeCKONMbKO %0 Bcex ranaktuk (Bcero —7000)

v

v

v

PacctosiHua - go 1 I'nk (cambin apkumn kBasap 3C 2736, z=0.158,
=cz/H, ~ 600 Mnk - 6nwxanwmn FSRQ)

=8-1043 3pr/c)

CTeneHHOM HenpepbIBHbLIA CMEKTP 3.-M. U3NYyYeHUs ¢(a)) ~a “

- 47
CBeTUMOCTL - A0 1047 3pr/c (Lg,ayy
LLinpokne paspellueHHble IMHUU 3IMUCCUMU U Y3KUE 3anpeLieHHble
BbicTpble U3aMeHeHnsA brnecka (AHU, Heaernu)

KomnaktHocTb ( < 102nK — COTeH CB. 1eT)
Bpemsa xusum — 108 net (ecnu AGN - obwan ¢asa aBonounn ranakTuk)

JHeproBblaeneHme ~ M, c?, M - Macca rasa B TUMIMYHbIX AUCKOBbIX

ranakTukax (1058 - 106°) spr unu (10* —10° )MQC2

Mapagurma AGN: MCTOYHUK IHEpruu - akkpeuus rasa Ha
MaCCUBHYIO YepPHYI0 OAbIpYy; MEXaHU3M BbICBOOOXAEHUSA
3Heprum - noTepsa yrnoBoro MOMeHTa BpatLlaroLierocs
aKKpeUuMOHHOro gucka.
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AKTUBHbIE Ta/IaKTUKU

Penatnsucrtckas cTpys - "oxet"
CUHXPOTPOHHOE U3/Ty4YeHune

CBepxmaccuBHaAa YepHaa Ablpa:
FMraHTCKUMN YyCKOpUTE/b

AKKpPEUUOHHbIN AUCK
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¢
\
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Tpu 30HbI AAQpPAa:

1. AKKpeUMOHHbIN ANCK - UCTOYHUK HeMnpepbIBHOro cnekrpa (onrt.
U XXeCcTKoe, max — B raMmMa-gnana3oHe) p~E"

2. O6nacTtb wnpokux nuHum (V > 102 km/c), TennoBoe n3anyyeHume
3. Obnactb y3Kux nMHUM (pasmep ~ CB. MecsL)

YHudumumnposaHHaa mogenb AGN:
v B UEHTpe HaxoauTCcH Bpallalollasca YepHas abipa

v aKKpPeLUMOHHbIN AUCK BOKpyr Y/, pasorpeTbin 3a cyeT
BA3KOro TpeHus (MarHUTHbIe Noss)

v KOJIJTMMUNPOBaAHHbIE CTPYUN pPEenATUBUCTCKUX HaCTUL

3
Mgy ~ (10° =10%) M R, <10"km T,~100K
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CBeTMMOCTb aKKpeLMOHHOro AuckKa

paBMTaLUMOHHAA 3HEepPrus YacTuubl Macchbl E =— GMm R =3r
- - / b

Ha KennepoBcKou opobuTte paguyca R; & R, ’ ’ &

— 1 GMAm 2GM
Mo Teopeme BUpuana T=-—E, = Yy =—% =~ 2-9(M/ M@) KM
2 2R, C
__ BblgenuBliasics npy nageHMuU YacTtuvl ¢ Maccou Am u3
AE =_F = GMAmM  GeckoneuHocTH Ha R, rpaBuTaLMoHHaa 3Heprusa
g & R pacnpenennTcs Mexay usryyeHmem (HarpeBom - T. e.

BHYTPEHHEUN IHEepPruen) U KUHeTUYeCKOU IHepruem :

~

C Apyroii cTopoHbl  AE = T +AU AE, =—%Eg +AU, AU =AE, —I—%Eg _ GMAm

R
Ceetumocts AL, _ AU GMM A
_ _ , . o
At 2R M == cKopoCTb aKKpeLum
At
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KoHBepcusi rpaBUTaLMOHHOMN 3HEPrumn B U3ny4veHune

GMM ., . _2GM
LADZTZUMC <:| GMZVg62/2 <:| SR

3peck koadpd. 77 = e onpepensieT 3aPpPeKTMBHOCTbL KOHBEpPCUMn
4R TpaB.3Hepruu B usnyveHue

Hu3wasna yctonunsasa opourta Y RS =13,
LLisapuwmnnbaa onpeaenseTcsa ycrnosuem " g’ a
1
Torpa n.=—
Co12

Ona cpaBHeHuUA:

109 4mp_mH 3 R,~K=I’g/2,9rg/2
~10 = “=7-107,
nbum b 77TNS 4mp 77Kerr ~ O 42

0,00728 (1)
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AGN — NICTOYHUKUN HEUTPUHO?

A. NMnaBwuH, 36-a BKKIJ
( MockBa, 28.09-02.10, 2020)

Vicmonb3yemble AaHHble

AGN: nonHasa no notoKky PC/1B-Bbi6opKa, 3411 obbeKTOoB
Habnopenunsa sa =30 net, S; o, 2 150 mly http://astrogeo.org/rfc

HelTpMHO — MIOOHHbIe Tpekn IceCube, nybanuHblie gaHHble

NMpoBepsanacb rmnoresa:
* Apkne AGN yvawe BCcTpe4yaloTcsl B HanpaBJieHUSAX, OTKyAa NpUxXoasaT HEUTPUHO?
 HeuTpMHO Yalle NpUxXoaAT ¢ HanpaBrieHUU, rae Haxoaatcsa apkme AGN?

PesynbTat — HeuTpuHO nany4yarotca AGN !

AccounnpoBaHHble AGN:
CoObiTnA 2 200 T3B: 5 6nasapoB; Bce 3Hepruu — 70-130 6nasapos
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HentpmHo 1 Becnbiw kM 8 AGN

Koppennpyem paaMonoToK U Bpema AeTeKTUPOBaHUA HEMTPUHO OT OOBHEKTOB.

Pesynbrar: 6/1a3apbl Apye BO BpeMs NpUxoaa HEUTPUHO !

- 5 GHz
. ~-~ B8GHz
ol 31 GHE
— il GHZ
% L2 -
o i*
c 1
c |
> ; Nt :
:':;; 1 1 & Il-_r -r.'] j . ;I"r' I I :\. ![J""-J-:nl
.E rdl- ; '-t;'?i;l . f T : L_Eﬁl,'.. h*‘: '-I: wi o IFII-‘.Fi
{ *E‘-“ H ¥ J\-._- o I E & li’;- nd F I &
| 2 ' |
1 G A .p:':': 1 ‘1' b j E i‘:I \ 1
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Delay after neutrino detection, years
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Pusnyeckasa nHTepnpetTauus

 HentpunHo 06pa3yroTCca B LeHTPanbHbIX NapceKkax APKUX
OGnasapoB - npoueccbl hoTOpPOXKAEHUA T-Me30Ha (py-
MEeXaHU3M)

° VlsnyquMe HanpaBJieHHOe, NnpenmMmyLllecTBeHHO BAOOJIb AXeTa

* Tpebyrotca ¢poToHbl 100 3B -200 kaB n SCS-hoTOHBLI
axera?

... nNpoToHbl oo 10 MNaB ?
 MexaHU3M yCKOpeHuUs:

YaapHble BornHbl? (Bykov et al. 2012; Lemoine & Waxman
2009);

YckopeHue B marHutocoepe? (Ptitsyna&Neronov2016)

Apkumu 6nasapamm MOXHO OOBACHUTL BeCb NOTOK acTpohusnyeckux
HentpuHo ¢ E> 1 TaB, 3apeructpupoBaHHbIn IceCube !
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OrpaHn4vyeHuna Ha andpdy3Hbin NnoTok oT GRB

101_ —— GRB individual fluences

= Stacking fluence I arXiV:2008.021 27

105 106 107 108
E,, (GeV)

Bknag 784 GRBs B notok auddy3HbIM NOTOK HEUTPUHO BI
(no paHHbiIMm ANTARES 3a 10 ner).
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KBasnandgp pysHoin notok HeutpuHo (784 GRBs)

107°4 —— ANTARES stacking (2007-2017): 784 GRBs
o == ANTARES 90% CL upper limit (2007-2017)
|
= 1077
T
MEBUR GRB moryT gaTtb BKnag,
€ <10% (no gaHHbIM ANTARES) u
Y 1070 < 1% (IceCube) B aun 3HbIN
> ~
VI ——] TMOTOK, 3aperMcTpMpoBaHHbIN
e . IceCube npn 100 TeV
2=

£ -11 L
rﬂf 10 —— lceCube v, tracks 10 yr
— IceCube HESE 7.5 yr
10—12 : : .
104 10° 10° 107 108
E,, (GeV)

Mogaenb: cnnowHas KpacHasa - ANTARES 90% CL, wtnxoBas
FIUHNA — BePXHUM npeaen.

Hauny4ywue dputbl gaHHbIX IceC — TpekoBbIe cobbiTuaA (v, blue)
n HESE-cob6bIiTus (green).
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[anakTnyeckne UCTOUYHNKN HEUTPUNHO

Konnanc 3Be3a

OcTaTku CBepPXHOBbIX

HeuTtpoHHbIe 3Be3Abl

[BOUHbIEe peHTreHOBCKMe (MUKpOKBa3apbl)
B3sanmogeuncteue KJl ¢ M3C (pp-, py-HeUTpuHO)
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Flux, erg/(cm? s sr)

HenTpnHO OT MCTOYHUKOB B ["anakTuke
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OueHKa NOTOKa HEMTPUHO Ha OCHOBE IKCTpanonsLuMmM crnekTpa

nsotponHoro (aucgdysHoro) c¢oHa y-kBaHtoB (IGRB) Ha

o6rnacTb BbICOKUX 3HEprum (KpacHasa 3awTpuxoBKa) paeT

BepxHun npegen -~ 50% oT BKNaga ranakTUK C aKTUBHbIM

3Be3fgoobpasoBaHuem (6e3 yueTgBKnana Hawen ManakTukun).
b

C.CuHerosckumn

A. Neronov, D. Semikoz
Astropart. Phys. 72 (2016) 32

CneKkTpbl Y U v BCeX HanpaBneHUN.
lNoka3aHbl cTaTUCTUYECKME U
cucremMaTtn4yeckme owmnbKn (TOHKMe
yCbl) U3MEpPEeHUU ramma-tesrieckona

um. Pepmu. CnnoLHbIe NUHUN,
CUHSS

(y) v kpacHasa (v) — pacyeT NOTOKOB
ANA CTeNneHHOro crnekTpa npoToOHOB
(HaknoH cnekTpa o =2.45).

HumxHne nMHUM — oueHkKa
BO3MOXHbIX MOTOKOB YU VvV OT
rarnakTMK C UHTEHCUBHbIM
3Be3foo6pasoBaHueM.

star-forming galaxies

[37] K. Murase, M. Ahlers, B.C.
Lacki, PRD 88 (2013) 121301.
[38] . Tambora, S. Ando, K.
Murase, J. Cosmol. Astropart.
Phys. 09 (2014) 043.
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HekoTopble utoru

MHorokomnoHeHTHble (Multi-messenger) HabnwaeHua AparoT
Krno4veBYyr0 MHcpopmMmauunio Ana NoHUMMaHUA hU3NKM NCTOYHUKOB.

MHorne aHomanuu KJl, usmepeHusi CNneKTpoB ramma-ussriy4eHumss w
HEUTPUHO NpPUBOAUT K U3MeHeHuo napagaurmbl KJl: noTok
U3MepeHHbIN NoKanbHO (y 3eMrnu) He AAIBNSeTCA YyHUBepcanbHbIM -
OH pa3fMyHbIAN B pa3HbIX obrnacTax ManakTuku.

MbI HauMHaem noHMMaTb nydlle ranakrnyeckue KJil BO:

Aana Havana gudpdpy3uro cefsanu ¢ pearimCTM4eCKUMU MarHUTHbIMU
NONSAMM.

Bknaabl nokanbHbIX NCTOYHUKOB SIBNAIOTCA oOMNpeAensAlowMmMn npu
E>1Ta3B.

SNe — ocHOBHbIe KaHaAnpaaTbl B UCTOYHUKU KJ1

HoBas nokanbHas KOMMOHeHTa, NPOABMAIOLWAACA B AaHHbIX MO Y U
v, — nubo nokanbHbin NcTtovyHUK (Vela takke paer CR BOGNu3u
KorneHa), nm6o DM-yactuubl ¢ maccou ~ 5 N3B.
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HIGH-ENERGY NEUTRINOS FROM GALACTIC SUPERBUBBLES
K. J. Andersen, M. Kachelriel}, D. V. Semikoz, 1712.03153

« PaccMoTpeHa BO3MOXHOCTb BKNnapga onuxHero mcrtoyHuka KJl B
NOTOK acTtpodpunanyecknx HEUTPUHO - MoAesSib, B KOTOPOW
UCTOYHUK HaxoauUTCA B KOKOHe (superbubble), obpaszoBaBlemcs
B pe3yfibTaTe B3pbiBa cBepxHoBoW. MarntHoe none v NAoTHOCTb
rasa Bo3pacrtaroT BONun3un rpaHnubl (CTEHKU) KOKOHa.

« B pe3ynbTtate HEUTPUHO TreHepuUpyeTcAa nNpenmMyLlecTBeHHO
BONM3n 3T rpaHuubl. Ecnu Habnwpatens HaxoaAuTcA BONU3M
Takoro nys3bipsi, HEUTPUHHble COObLITUA pacnpepeneHbl Mo
OonblIOM YacTU Heba. ITOT MeXaHM3M NMPUMEHUM ANA crydas
nokanbHoro cocepga [anaktuku. B 4yacTHOCTM paccMoOTpeH
NoKanbHbIU UCTOYHUK, B3auMMOLEUCTBYHOLINN C nNy3blpem,
obpasya “creHy B3aummogeuctBua’. [lpumepom mMonoporo
onunxHero wuctoyHuka KJ1 moxer cnyxutb CBepxHoBasa Vela,
BCcnbiXxHyBwasa 11 Tbic. net Ha3ag.
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[MoTOK HEUTPUHO B TaKOU MoAeriu MoXeT obecrneyvyuTb 3HAYUTESIbHYH
yacTb cobbiTun lceCube npu aHeprusax ~ 100-300 TeV un Huxe. Opyrue
MCTOYHUKN  OOJMKHbl 00eneynTb TONMbKO MOJSIOBMHY  MOTOKA,
npeackasaHHoro ana Vela. CurHaTtypa Takoro cueHapus — Koppensuus
HanpaBrieHMn npuxopaa ManakTMyeckMx HEUTPUHO C pacnpenerieHMem
B-Ba B CTeHKax ny3bipen. HeMTpuHHbLIN curHan OygeTt ONMU3KUM K
M3OTPOMHOMY U MNOXOAUTb Ha CUrHan OT BHeranakTu4yeckou
KOMMOHEHTbI, MOCKOJIbKY Mbl BHe Ny3bIps (HO He B LieHTpe).
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Fermi Gamma-ray Space Large Area Telescope (FermiLAT)
KocMmuyecknm ramma-reneckon nm. 3.@epmu

Teneckon FermiLAT (2008) peTekTtupyeT y-KBaHTbl C aHepruen 20 MaB - 300
3B, ncnonb3ysa KoHBepcuio y-KkBaHTOB B e*e-napy: y+Z e +e +Z

FoV ~ 20% Bcero Heba. BTopon MHCTPYMEHT Ha OOPTY CNYyTHUKA - MOHUTOP
ramma-BcnneckoB (Gamma-ray Burst Monitor)

ManakTnyeckue y/X-ny3bipn (bubbles, cocoons)
Hos6pb 2010 - coobOwieHne o 3apeructpupoBaHHbix FermiLAT aByx

ny3bipen (bubbles) B ramma- n peHTreHoBCKOM Anana3oHax.
lMy3bipn (KOKOHbI) UMEIOT MPOTAXKEHHOCTb OKOJO 8 KNK KaxAabin (~ 25
TbIC. CB.JZIeT) B LieHTpe [anakTuku, Bbille U HMXKE ee NITOCKOCTM!.

NMpupoaa 3aTnx oopazoBaHMN NOKa HEMOHATHA, r<MNoTe3a: Ny3bIPpy BO3HUKNN B
pe3yrnbTate akTUBHOCTU CBEPXMAaCCUBHON YEPHOMU AblPpbl, HAXOASLLEUCA B
ueHTpe lNanaktuku. MNpeanonoXxuTenbHO, BO3pacT Ny3bipen cocTaBnaeT
MUWJISIMOHbI NeT.
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Gamma-ray emissions

X-ray emissions

: i
2 4553
: 58

‘ o - 50,000 light-years
-Milky Way i

R
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Moaenb ranaktnyeckux KJl, TypbyneHTHOCTb MarHUTHbIX Mosien

U3mMepeHHbIN HaKIMOoH crneKkTpa acTpohnanyeckux HENTPUHO He
NPOTUBOPEYMNT rMnoTe3e NMOHHOIro NCTOYHMKA (pacnaga n°) ramma-
nsnydveHusa guckoB Nanaktuku u BMO (LMC), ecnn TMNNUYHbIN
HaknoH cnekTtpa KJ1 ot obnactu 3Be3goodbpasoBaHua
yOOBneTBOpPsieT orpaHuyeHnto p < 2.5, Ho He p =2.7. lNoka3saHo,
YTO He TOJIbKO HAaKMOH, HO U HOPMUPOBKA MOTOKA HEUTPUHO He
NPOTUBOPEUYNT 3TOU rnMnoTese.

NMpumeHnma npoctaa mopenb, B KoTopon uHxekuma KJ1 co cnektpom
Pinj = 2.0-2.2 (Andppy3. mexaHn3m yckopeHust Ha YB - DSA);
B3aumogeuncrteue KJl ¢ TypOyneHTHbIMU MarHUTHbLIMU NOSIAMU
NanakTukm (MexaHnam KonmoropoBa) npnBoANUT K CMAr4YeHUIO
cnektpa p;,+ 6 ( 6 = 1/3-1/2).

Mopenb, npumeHumas K cnektpy KJl, ycpeaHeHHOMY no 6osbLlnm
obnacTaM ranakTuk, MOXeT OKa3aTbCA HEMPUMEHUMON K OTAENbLHO
B3ATOM obnacTtu namepeHus cnekrtpa KJ1 - B ConHe4yHon cucreme
Hawen ManakTuku.
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Fig 3. High Galactic lati-

tude emission for the local
PeVatron (top) and DM bottom)
models.. Vertical arrows
show KASCADE upper limits
on the y-ray flux from
Northern sky. Solid thin lines
show the y-ray emission from
the additional hard
component. Dotted line
shows a broken power-law fit
to the sub-TeV y-ray spectrum.

Habnopaembin 6oree XXeCTKUN CMEKTP Y-U3ry4YeHUs MOXXHO OO bACHUTb TONMbKO
npucyTcTBMEeM HOBOW lNanakTmyeckon KOMNoHeHThbl y ¢ E, > 300 I'3B. JT1a
KOMMNOHEHTA - AOMNOJSIHEHUEe HEUTPUHHOIO CUrHana B MmynbTu-TaB obnactu.

27.10.2020 C.CuHerosckumn

56

AcTpodunsnyeckmne HeEUTPUHO



M. Kachelriel et al.

) P, J. Phys.: Conf. Ser.
[NlaBaTpoH? TeMHaa maTepua® 1181 12019) 012052
ToNbKO HECKONMBKO TUMOB UCTOYHUKOB MOTITu Obl reHepupoBaTb multi-
TeV-nsny4yeHue ¢ XXeCTKUM CMEKTPOM Ha OOSbLUMNX YrIOBbIX

MaclwTabax B BbICOKMX WMpoTax ManakTuku.

 B3anmopeucrtBue 4yacTuy HOBOWU, paHee HEU3BECTHOMN KOMMOHEHTLI
ranaktnyeckux KJl. 9ta xecTtkasa KOMNOHEeHTa Morna Obl HAXO0AUTLCH
B JIOKanbHOM OKPYXeHUW, Ninbo ObITb YaCTbK OYEeHb OOMbLUOIro
rano.

* JloKanbHbIX UCTOYHUK, gocTUrarowmm aHepruum MNaB ("PeVatron”)
AOMXKeH ObITb MONioAbIM U OJSIMXKHUM, KaK, HanpumMmep cBepxHoBas
Vela — He cTapwe 10° neTt, Ha pacTosiHN He 6oSblUe HECKONbKUX
COTEH napcek. BoinonHeHue 3TUX ABYX YyCNOBUN TpebyeTca, YTOObI
obecneuynTb poxaeHne HeUMTpuUHO ¢ aHepruamu 10-100 TaB.

AnbTepHaTMBHasi BO3MOXHOCTb NOKa3aHa Ha HMWXXHeu naHenu Fig. 3 - aTo
panagbl MeTacTabunbHbIX YacTul X TemHon matepumn (DM) ¢ maccon 7ty =5 1B,
B KOTOPbIX poXxarTca POoTOHbLI U HeUTpuHOo. Popma crnekTpa MoAabl pacnaga

X — g g — hadrons onpeaensierca KX[.
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OCHOBHbIe UCTOYHUKN aTMOCKEepPHbIX HEUTPUHO

Yactuna (f) | Bpems: KH3HH. C Moga pacmaga OTHOCHTEIBHAA Kpurnueckas 3Heprud
ITHpHHA e (0°) =m,c*H, / ct,
pacmaza. %o
7 2.19x107° e +v, (V) +v,(v,) 100 1.03 3B
w* 2.60x10° 10 +v, (7,) 99.987 115 T5B
Kt Kps T 4+e +v.(v) 40.55+0.11
5.12x1078 .o T 7 04£0.07 206 3B
KE;JS T EHH Yy (V-“} = -
Ko 1 +v,(7,) 63.55+0.11
K K 1.24x10°8 7’ +ef +v, (7)) 5.07+0.04 857 I'>B
3
Ks: Kg,, . T+ e+v,(v,) (7.04+0.08) x107
0.90x10" _ 120 T=B
K2, g v, (v,)  |(4.69£0.05)x107
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Ky A (69.20+0.05)%
o [aB
7 +et +v,(v,) (7.04£0.09)x10™* _
) 1.12x10°
7+ v, (v,) (4.66+0.07)x10™
D* -
e +v (Ve)+aapousnl (17.2+1.9Y%
- 3.8x107
(1 + v, (Vi) + ampossl (17412 1.1)%
& e + v, + aapoHbI (6.71£0.29)%
Par— (6.5+0.7)% 9.6x10’
D;f oy V. (V_z') (6.4x£1.5)%
iy, (6.1+1.9)-107
. _ +630
e” +v,(v,)+aIpoHsl (5507 8.0x10’
(10.8+0.6)%
I" + v, + apoHbl
Al e + Vv, +aJIpoHsI (4.5£1.7)%
"+ V, + aIpoH! (2.0£0.7)% 2.4x10°

27.10.20c0
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E

M3meHeHne NoToka NMOHOB B pe3ynbTaTte pacnaaa F="
dﬂ-(Eahae):_iﬂ-(Eahae):_ p(h,e)dl ﬂ(E,h,@), dﬂ(E,h,@):—ﬂﬂ(E,h,Q), [ =Tcr 9dh:pdl
I'cr | p(h,NI'cr [ i i
dr=—m(Eh 0 — B noydw, o TERD g )4
I'cr _p(h,0) dh I'ct _p(h,0) dh
dw m_c’

dh Ect_p(h,0)
Ons nsotrepmuyeckon atmocdepbl  p(h,0)= p,exp[-H / H,],H, = RT, / (ug)

h= | p(a) H_ _PHy  _ h0)=heosO/H,
5 cos cost
dw  mc  mcH, &7(0) dw  mc'H,  &7(0)
dh  Ecr_p(h,0) Ecr_hcos® Eh °  dlnh Ecr_ hcos®  E
£ (0) = mﬂczHO : cos@ =[1-sin’@/(1+ H/R.)’]"
ct _cos 0
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PacuyeT cnektpoB aTMocdepHbIX HEUTPUHO

TouHO Takke paccMaTPHBAKOTCS VPaBHEHHS Me30H-HYKIOHHOTO KacKaja,

+ -
pelleHneM KOTOPOTO SIBISIFOTCS MOTOKI MMHOHOB 7 (E, 7, 6), 3apsiKeHHBIX K (£, h,0) 1
HelitpansHeIX K°(E. /1,60), K°(E. h,0) KaoHOB Ha Mr060il rTyOHIHe aTMOc(epsl I BCEX

3eHNTHBIX VTIOB (cMm. [29, 30]). DTH cmekTpsl BXOAAT B YpPaBHEHNA KacKala Kak
ICTOYHNKH HeHTPHHO, ompeaensis (yHKIHNN TeHepalnn aTMocgepHBIX HeHTpHHO.

T e sl T
‘.YPEIBHEHH_FI IeHepaniil I IICPeHoCa B aTMocq)epe HCIITPIIHO (V =V,.V V.H’V.H) B

e.‘-‘

OJHOMEPHOM HpI-IGJIII}I{EHIIH 3alllICBIBAFOTCA CIICOYHOIIIIM DGPEBOM:

-

C T.K u | l
?':I)].(E,f;ﬁ) =G (E.n.0)+ G E.n.6)+ GY(E.h.6)
o
rne G* . G”* — (ynkunn reseparn HeiitpuHo B pacnanax 7, K - me30H0B, D, A —

HacTIIn 11 MIOOHOB — IICTOYHIK «IIPSAMBIX» HEIITPIIHO : | L, — (PVHEIIITA
G2 G“(E.h.6) — ¢

I'eHepallllil HEI:ITpI'IHCI OT pacliaaioB MEOOHOB.
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[loTOokM aTMocdepHbIX HEUTPUHO

HWuTerpupoBanue ypaBHeHN JaeT muddepeHNnamTbHbIl YHePreTHdecKil CIeKTp HelTpHuHo

Ha TIyOmHe /A BOMI3N HampaBIeHIA IO 3€HUTHBIM YITIOM & :

i
@ (E.h.0)= ‘[[G;T’K (E.1.6)+ GP*(E.1.6) + G“(E.1.6)]dt.

©  dE
Gl (Eh6)= > B(M,,)— M (E, . E)M(E,.h.60)+

e 7y P(h.6) B py
.. * dﬁ
- Y BK,)— F (E, EYK(E, 1.0
K=K-ZJ;E b “ T, 0(h,0) IEL*‘”‘ P
m = dE
_ (E.h,0)= B(D ;) 2 DF “(E,,E)D(E,.h,0).
“( ") D_ﬂi__g‘{zﬁ”,ﬂf,sﬂ T rpp(h.6) '[EDH* Po

(f > u+v,+X).
BEPOSITHOCTh k —YaCcTHYHOIO pachaga dactunel f(f=7".K*. K. K..D*.D°.D°. A7),

3mecs  p(h,0) — mnpodmip IIOTHOCTH atMocdepsl, B(f,) — OTHOCHTEIbHAsA
w i + —— 2 241/2
pacragaromeiics Ha JIeNToHHYI mapy u'v, (x4 v,) U agpoHbl, p,=(E; —m})

IIMITYIBC HepBII‘]HOﬁ JacTHLBI, T 7

— BpeMs JKI3HII IepBIMHOIl YacTHIEI B CIICTEME
o i Fu
nokod, f(E, 6) — auddepeHnnansueii suepretmyeckuii cnexrp f. F Y (ELE) —

mnddepeHINANbHEIIT  SHEPreTHHecKHil CIOeKTp HeffIpHHO B JaHHOM  pacmaje
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3eHUTHO-YrnoBoe pacnpenerieHne MIOOHHbIX
HEUTPUHO B aTMocdepe 3emMnu

~ 10,0 |

< \ SIBYLL2.1+ GH  QGSJETI1-03 + GH |
/N |\ W R 1 TeV — 1TeV
ol == 10 TeV — 10 TeV

P = 2 o
f:.\ 8,0 [ QGSIETTI-03 + ATIC ~ — 10°TeV
St L\ —o— 1 TeV — 10’ TeV

S "

2N —o—10 TeV — 10" TeV

A\ —10'Tev — 10° TeV '

6,0 I\ -

O\

4,0 [ O\ .

2’ 0 - L TN :\\_‘5—-—. -
| Fi o beens [ et s e aatin s e i Cut e Ty re

o o1 02 03 04 05 06 0,7 08 09 1,0
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ATMoC(epHble HEUTPUHO: IKCNEePUMEHT

Frejl:ls
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Prompt atmospheric muon neutrinos-|

IceCube experiment and prompt neutrino models

o 107°F g
@107 |-=- AmANDA |
‘® - —+ IceCube -
> 5| ; : . : : solid line:
g 10 ]l . | the conventional neutrino flux
'E.':: | | I | dotted:
g B .
W 10°F sum of the conventional and prompt
neutrino flux due to RQPM
107 dashed:
! sum of the conventional and prompt
Bl b
10 prerr— neutrino flux due to QGSM
- | ' Nuove Cim. C 12, 41 (1989); Nueveo Cim. A
10°k | 7 GOAETsaH QG 111, 129 (1998); Phys. Rev. D 58, 054001
=l | o QGSJET+GH+RAPM (1998)
10"1“; | | -] | | I | | | L1 1] | | I .| | 0 | 1 | | | | | | | 1
2 25 3 35 4 45 5 55 6
Ig(E /GeV)
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(EV/GeV)2 D, em s lsr! Gev!

(ycpeAHeHHbIU NO 3eHUTHOMY Yyrny)

10 . 1 1 IIIIIII 1 I IIIIIE
4 3
10 s A IceCube v, PRD9I, 2015 1
SE NS A IceCube v, PRL110, 2013 =
10 - | E2%. pestfit diffuse v flux 1
-6 - ~ ]
10 : g |
i, \'-\ -
10 R k|
10" v ]
v !
10 B
10
10 E
i -11 — HGm+QGSJET-1I-03 b
0 — 7S+QGSJET--03
18 - - HGM+SIBYLL 2.1
10 —.— prompt v: ZS+QGSM
B 1] — prompt v: NSU+QGSM
10
-14
10 :
10 10 10
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IceCube ve: Phys. Rev. Lett. 110
(2013) 151105;

M. Aarsten et al. (IceCube),
Phys. Rev. D 91, 122004 (2015).

ApOpoHHbIe Moaenu:
QGSJET 11-03 u SIBYLL 2.1;
cnekTpbl KJ1: 3auenuH-
Cokonbckas ( ZS) v Xunnac-
Manccep (HGm).

(HGm)  T.Gaisser,  Astropart.
Phys. 24 (2012) 801,

arXiv:1303.1431.

(ZS) V.l.Zatsepin, N.V.Sokolskaya,
A & A. 458 (2006) 1.

T.S. Sinegovskaya et al.
Phys. Rev. D 91 (2015) 063011
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YcpeoHeHHoe no yrny orieMBopHOEe OTHOLLEeHUe
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v/

V. - OTHOLWWEeHMe gna atMocdepHbIX HEUTPUHO

y7i
I -HGm + KM; 2- H3a+SIBYLL 2.3; 3 - H3a + EPOS LHC;
4 -HGm +SIBYLL 2.1; 5 - HGm + QGSIJET [1-03; 6- ZS + QGSIJET 11-03
'_l'l'l'l'|_l_l-l'l'l'l'l'l'| |||I'| "
35 HGm + SIBYLL 2.1 (no K) — - RN i
........ g 1 N
i s TTTmmemmes N
30 / 2 el
— i :
|>ﬂ) /7 /_?\-
+ n - \
2250 S ot ]
o
\ =
—~ 20
| > -
+
=™ -
< 15
e L
10 $ IceCube 2015
[ - +6.4
16.9747%
5 100l [l III '] IIIIIII 'l [ IIIIIII '] [ IIIIIII 'l L all
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Ev, GeV

7

A D Morozova et al. J. Phys.
Conf. Ser. 934 (2017) 012008

Impact of semileptonic decay o
K% on the flavor ratio of
neutrinos at 50-100 TeV is
strong: this contribution in
SIBYLL 2.1 leads to lowering of
Rvu/ve by factor ~1.28 at ~100
TeV (curve 4 in fig. 3) as
compared to that if no K%
decay (long dash curve).

M.G. Aarsten et al. 2015
Phys. Rev. D 91 122004

M. Honda et al. PR D 75, 043006 (2007)
G.D. Barretal.,, PRD 70, 023006 (2004

Fig 8. Atmosperic neutrino flavor ratio averaged and over zenith angles. The
calculation for the models KM, SIBYLL 2.1 (2.3), QGSJET 11-03, EPOS-LHC.
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MCTOYHUKOB

T. Sinegovskaya, A. Morozova,
S.Sinegovsky,
Phys. Rev. D 91 (2015) 063011
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dnenBopHOE OTHOLUEHUE MOTOKOB aTMOCHEePHbIX HEUTPUHO
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IceCube 40:
Phys. Rev. D 83, 012001 (2011)

IceCube 59:
Eur. Phys. J. C 75, 116 (2015)

ANTARES:

S. Adrian-Martinez et al.
Eur. Phys. J. C 73 (2013)
2606.

PacuerT:
T.S. Sinegovskaya et al.
Phys. Rev. D 91, 063011 (2015);
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GRB 170817A — a multi-messenger

transient
LIGO Hanford Observatory

« 17 aBrycta 2017 r B 12:41:04 UTC pgetekTop LIGO (Laser Interferometer Gravitational-

Wave Observatory) u Virgo 3apeructpupoBan rpasutaumnonyto sonny GW170817,
KOTOPYHO CBA3bIBAKOT CO CIIUSIHUEM HEUTPOHHLbIX 3Be34 ABOMHON CUCTEMBbI;

« 17 aBrycta 2017 r. , Fermi Gamma-Ray Burst Monitor 3aperncrpupoBan ramma-
Bcnneck GRB 170817A — yepe3 1.734 + 0.054 c nocne curHana LIGO.

 Kocmunuyeckum annapart International Gamma-Ray Astrophysic or
(INTEGRAL) Takxe petektuposan GRB 170817A. RSERAP A RIPES RAL

° JTO HabnoaeHue - nepBoe AeTeKtnposaHue rpaBUTaAaLMOHHOIO "

3NIeKTPOMarHUTHOro U3ny4eHns OT OAHOro acTpomnanyeckoro oo LeKTa.
LIGO: rpaBuTauMoHHOE U3ny4yeHme oT CIUAHUA HENTPOHHbLIX 3Be3[,
Bpems peructpauum 12:41:04 UTC

FermiLAT: GRB 170817A — c BpemMeHHOM 3aaepKKon ~1.7 S N0 OTHOLUEHUIO K
GW170817 (rpaBUTaUMOHHHbIN CUrHan)

Camu no cebe rpaBUTaLMOHHO-BOSTHOBLIE XapaKTepucTtuku coobitnsa GW170817 He
UCKNIOYarT cnusaHusa 6onee kKomnakTHbIX (Y4eM NS+NS) o6bekToB, TakKux, Kak
KBapKoOBble 3Be3bl UNN YepHble Ablpbl.
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Multi-messenger observations of a binary

neutron star m)f?u 9? ApJ Lett. 848:L12 ( 2017)

On 2017 August 17 a binary neutron star coalescence candidate (GW170817) with
merger time 12:41:04 UTC was observed through gravitational waves by the
Advanced LIGO and Advanced Virgo detectors.

Fermi Gamma-ray Burst Monitor He3aBucumo 3aperuncrtpupoBan ramma-scnrneck (GRB
170817A) yepe3 ~1.7 cek nocrne MOMeHTa cnuaHua 3Be3n. U® rpaBuTauuMoOHHOro
CUrHana JnokanusoBaH Yy4yacTok Heb6a B (31°)2 Ha pacctosHuun 40+ 8 Mnk wm
BOCCTaHOBJIEHbl Maccbl 3Be3n PeHTreH UM paguo-usniydyeHue ObINIM OOHapPYXeHb
ABOWHOWU CUCTEMbI, COBMECTUMbIe C MacCaMn HEUTPOHHbLIU 3Be3[.

No3pHee 3T macchbl 6bINK onpeaeneHsbl B UHTepBan 0.86 — 2.26 M.

Y®-HabnrogeHUa oOHapyXXuUnum TpaH3ueHT, 3aTyxwun 3a 48 yacosB. Isonounsa ont. u UK-
u3ny4yeHmnsa Haobnopganacb 6onee 10 gHen.
PeHTreHOBCKOE W paguo-usny4vyeHume Obinu 3apernctpupoBaHo 4Yepe3 ~9 n ~16 gHewn

Hu UHE ramma-nany4vyeHume, Hu HeUTPUHO He ObINN OOHapPYXeHbI.

3T HabnoAeHNs NoATBepAVNY rMnoTesy, 4YTo rpasutay. soamywenne GW170817
BO3HUKIIO B pe3ynbTaTe CNUAHUSA ABYX HEUTPOHHbIX 3Be3/ B rarnaktuke NGC4993

V4 AMA RR___\ - - - — =

m € (1.36-2.26 ) M= "% 16.86°T 3650 ™YY MM T ecry SRR 1.8981T
The binary’s chirp mass is defined as M = (mym2¥>/(my + m)'/>. :> M =1 183"'0 002 MG
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Search for high-energy neutrinos from binary
neutron star merger GW170817 with ANTARES,
ICECUBE, and PAO

The Advanced LIGO and Advanced Virgo observatories recently discovered
gravitational waves from a binary neutron star inspiral. A short gamma-ray burst
(GRB) that followed the merger of this binary was also recorded by the Fermi Gamma-
ray Burst Monitor (Fermi-GBM), and the Anticoincidence Shield for the Spectrometer
for the International Gamma-Ray Astrophysics Laboratory (INTEGRAL), indicating
particle acceleration by the source.

The precise location of the event was determined by optical detections of emission
following the merger. We searched for high-energy neutrinos from the merger in the
GeV-EeV energy range using the ANTARES, IceCube, and Pierre Auger
Observatories.

No neutrinos directionally coincident with the source were detected
within — 500 s around the merger time. Additionally, no MeV neutrino burst

signal was detected coincident with the merger. We further carried out an extended
search in the direction of the source for high-energy neutrinos within the 14-day
period following the merger, but found no evidence of emission. We used these

results to probe dissipation mechanisms in relativistic outflows driven by the binary
27.10.%020 C.CwuHeroBckum 85
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No neutrinos from BNS merger (GRB 170817A)

 The detection of GW170817 was rapidly followed up by the IceCube
(Aartsen et al. 2017) and ANTARES (Ageron et al. 2011) neutrino
observatories and the Pierre Auger Observatory (Aab et al. 2015a) to
search for coincident, high-energy (GeV-EeV) neutrinos emitted in the
relativistic outflow produced by the BNS merger.

" In a search for muon—neutrino track candidates, and contained neutrino events of any
flavor , IceCube identified no neutrinos that were directionally
coincident with the final localization of GW170817 at 90% CL (credible level), within

+500 s of the merger.

= Additionally, no MeV supernova neutrino burst signal was detected coincident with
the merger. Following the identification via electromagnetic observations of the host
galaxy of the event, IceCube also carried out an extended search in the

direction of NGC 4993 for neutrinos within the 14 day period following the merger, but
found no significant neutrino emission
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low-frequency peaked BL Lacs (LBLs), intermediate-peaked BL Lacs
(IBLs), high-frequency peaked BL Lacs (HBLs).

& PWN

i Binary XRB PSR Gamma
BIN

i HBL IBL FRI FSRQ
Blazar LEL AGN

(unknown type)

‘ Shell SNR/Molec. Cloud
Composite SNR
Superbubble

. Starburst
¥ DARK UNID Other

i uQuasar Star Forming
Regien Glebular Cluster
Cat. Var. Massive Star
Cluster BIN BL Lac
(class unclear) WR

VHE gamma-ray sources in Galactic coordinates as of summer 2017 [8]. The blue rectangular area
indicates the region of the H.E.S.S. Galactic plane survey [7]. The red rectangular area indicates the
Region of VERITAS’s Cygnus sky survey [9]. The green rectangular area indicates the Galactic plane
shown by the HAWC collaboration [10]. The yellow shaded area indicates the sky coverage of the

HAWC observatory.

Up to now, 2 LBLs, 8 IBLs, and 47 HBLs were detected in the VHE gamma-ray band
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Kocmuueckue annapatbl (CMYTHUKW) :

Small Astronomy Satellite 2 (SAS-2) — nepBbI 60MnbLION CNYTHUK ANA Y-
acTPOHOMUM (OEeTeKTOPbl — UCKPOBbIe KaMepbl U CLLUHTUNNATOPDbI)

3anyweH B 1972 npobbin Ha opbuTe 6 mec.; AeTaribHO NPOCMOTpPEHO HebOo B
AnanasoHe 20 MaB -1 I3B.

COsmic ray Satellite B (COS-B), 1975 -1982, 70 MaB - 5 'aB; nepBas
nonHas KapTa

Y-U3ny4veHusa ns gucka Nanaktukm n nepBoe AeTeKTUpoBaHUe y-U3nyvyeHus
BHeranaktuyeckoro oobnekra — kBasap 3C273.

BeppoSAX, 1996 (cm. K. NocTtHOB, YPH 169 (1999)) — sononHuTtenbHble X-
Teneckonbl: 2 wnpokoyronbHblie kKamepbl (WFC, 2-30 kaB) n
y3KOHanpaBJieHHble cnekTpomeTpbl 0.1-10 k3B u 2-10 k3B, no 10-123prcm2 ¢c1;
NoJioXXeHue ¢ TOYHOCTbIo Ao 1.
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Kocmuueckue annapartbl (CNYTHUKMK)

Small Astronomy Satellite 2 (SAS-2) — nepBbI 6ONbLWION CNYTHUK ANA V-
aCTPOHOMUU (AETEeKTOPbl — UCKPOBbIE KaMepbl U CULUHTUNNATOPLI). 3anyLieH

B 1972 npoObin Ha opbuTe 6 mec.; AeTanbHO NPOCMOTPEHO HeOO B Anana3oHe
20 MaB -1 IN3B.

COsmic ray Satellite B (COS-B), 1975 -1982, 70 MaB - 5 'aB; nepBas nonHas
KapTta Y-usny4deHusi us gucka Fanaktmkv v nepBoe AeTeKTMpoBaHue y-
U3Ny4yeHusi BHeranaktnyeckoro obobekra — ksasap 3C273.

“Penukt”, COBE (Cosmic Background Explorer), 1992- 2006 — namepeHue
cnekTtpa PU u ero aHnsotponum

Compton Gamma Ray Observatory (CGRO) - cnytHuk NASA 1991- 2000 rr;
COCTOMT U3 4X UHCTPYMEHTOB:

— Energetic Gamma Ray Experiment Telescope (EGRET)
— Burst and Transient Source Experiment (BATSE)

— Compton Telescope (COMPTEL)

— Oriented Scintillation Spectrometer Experiment (OSSE)

CGRO Habnwpgan y-usnydeHue go 30 N'3B, obHapyXun m3oTponHoe
pacnpeneneHune kocmornornyeckux GRBs; EGRET oTkpbin 60onbLlioe 4Ynucno
BHeranakTM4eCKkux MCTOYHMKOB, B YaCTHOCTU — 6na3apbl Kak MICTOYHUKKN HE y-
NU3Ny4YeHus.
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Kocmuyeckmne annapatbl (CNYTHUKWN)

" Kocmuuyeckum teneckon «Xabon» (Hubble Space Telescope,
HST) - 1990

" Chandra 1999 — peHTreHoBckaa obcepBaTtopusa (NASA)
= WMAP 2003 (n3y4yeHue CMB)

= Swift, 2004 - X-ray n UV-optical telescopes obecneunBaroTt
nokanusaumio GRB ~ 3'; gamma-ray telescope (Burst and
Altert Telescope or BAT) pneTeKTUpyroT BCNJiecK,

X-ray Telescope (XRT) n UV-Optical Telescope (UVOT)
ObicTpo (60-100 c) HaBOAATCA Ha 3TOT Y4aCTOK, YTO
obecne4ynBaeT HabnwpeHue nepexoaa ot dasbl prompt y-
ray K 6onee HU3KUM 4actoTam (pa3bl nocriecBeYeHuUs
(afterglow)

" FERMI LAT 2008 (“HacneaHux” CGRO)
" Planck 2013 (nsyuyeHne CMB)
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Kocmunyeckum ramma-reneckon nm. 3.@epmu
Fermi Gamma-ray Space Large Area Telescope (FermiLAT)

Teneckon FermiLAT (2008) petektupyert y-kBaHTbl 20 MaB - 300 3B,
MCMONb3ys KOHBEPCUIO Y-KBAaHTOB B e*e-napy: J+Z —>e +e +Z

FoV ~ 20% Bcero Heba. BTopon MHCTPYMEHT Ha OOPTY CNYTHUKA - MOHUTOP
ramma-BcnneckoB (Gamma-ray Burst Monitor)

15 ceHTA0psa 2008 ropna Teneckon ®epmu 3aperncTpmpoBarn peKopaHyro
BCNbIWKY ramma-nsnydyeHusa - GRB 080916C; paccTosiHue oo o6bekra —12
MnpAa. cB. net (co3gesgue Carina, KOXXHoe nonyLwapwue) .

ManakTnyeckue y/X-ny3bipn (bubbles, cocoons)

Hos6pb 2010 - coobLeHme 0 ABYX KOKOHaX, 3aperMcTpupoBaHHbIX
FermiLAT

B raMmMma- U peHTreH-gnana3oHax. KokoHbl nmetrot NMPOTAXEeHHOCTb OKOJ10

8 KnK Kaxabin (~ 25 TbIC. cB.NeT) B LeHTpe [anakTuUKu (Bbille U HUXe ee
NMSIOCKOCTM.

NMpupoaa KOKOHOB NMOKa HEMOHATHA, rMNoTe3a: Ny3bipyu BO3HUKIIU B pe3yJibTaTe
aKTUBHOCTU CBEPXMaCCMBHOM YEPHOM Ablpbl, HaxoAsLWencs B LeHTpe [anakTuku.
NMpegnonoxutesnibHO, BO3pacT Ny3bipen CoCTaBnseT MUNJIUOHLI JeT.

27.10.2020 C.CuHeroBckum 91
AcTpodunsnyeckmne HeEUTPUHO



TXS 0506+056
z =0.3365+0.0010
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Extragalactic source population
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star-forming
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ApJ (Supplement Series) 218:23, 2015
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UcTouHuku ramma-ecnneckoB (GRB)

GRBs - Haubone sipkne o6bekTbl BceneHHon ¢ L~ 10% apr ¢c1=
1044 BT 3a Bpemsi ~ 1-100 c. YcTpoeHbl oHn nogo6Ho AGN, Ho
obpa3yeTcsl YepHasa Ablpa 3Be3AHON Macchbl, hopmMupyroLime
CTPYM ABNSAIOTCA YNbTPAPENATUBUCTCKUMMU C NIOPEHL-(hakTOpPOM
or I <~ 103,

[Ba TMna no ANUTEsrIbHOCTU U CNEKTPY U3STYYEeHUNA: KOpPOTKue-
XeCTKue, ANMTeNbHOCTb MeHee 2 ¢ (MHTepnpeTUpPyrTCA Kak
pe3ynbTaT CIIMSAHUA OBOUHOU CUCTEMbI 4YepHbIX Ablp nnu NS);
AnuTernbHbIe (OO0 COTEeH CeKyHA)- msarkue ( pe3ynbTaT rpaBuT.
Korislarica MacCMBHOM 3Be3Abl.

UmeroTcs ncknroveHme - nogknacc GRBs HuU3Kkonm cBeTUMOCTM,
4acTo UX OOHapPYXMBaKOT Ha OJSIN3KUX PACCTOAHUSAX;
npeanornaraeTcs, YTo UX MCTOYHUK — ObICTpOoBpaLwjarowimeca and
jet-driven population of core-collapse supernovae.
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Mogenb chanepodbona

The most popular ‘fireball model’ [55] explains the high-energy
emission of GRBs by the interactions of accelerated particles in
relativistic shocks. If protons are present, high-energy neutrinos
will be produced through the mechanisms described in equations
(5) and (4), both during the event causing the GRB (precursor
emission) and during the explosion itself (prompt emission) [57].
Again, the transient nature of the phenomenon is an asset for
detection by neutrino telescopes .

A particular class of events similar to long GRBs has also been
proposed under the name of failed or ‘choked’ GRBs. In this case,
the jet is so rich in baryons that it is unable to go through the
envelope of the massive star. Such objects would therefore remain
opaque to photons and be detectable only by HE- neutrinos or
gravitational wave detectors. According to present estimations,
their rate would be nonnegligible in the local Universe [58].
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Starburst galaxies

Starburst galaxies are other potential sources of
highenergy neutrinos. These galaxies are very rich in
massive stars in formation and have a higher density of
supernovae.

Recent observations have revealed TeV y —ray emission
from these objects [59, 60] with a possible interpretation
In terms of hadronic mechanisms. Data suggest a
cosmic—ray density three orders of magnitude above the
one in the center of our Galaxy, making it a potential
source of neutrinos.

27.10.2020 C.CuHeroBckum 96
AcTpodunsnyeckmne HeEUTPUHO



Ksa3zap NGC 4261 (3C 270)

Sround-based Ophcal'Radio Image

HST Image ofa Gasand Dus Cick

paguno-onTu4yeckoe
n3obpaxeHue CTpym
(HaseMHbIN Teneckon ) —
8.8-10% cB. neTt. — 27 KK

B rnonepeYvyHuke.

CHUMOK HST - onTnuyeckumn
obpa3 ancka NGC 4261 -
1250 cB. neT. B
nornepevyHuke

50 Arcspconds 1.7 Arcseconds”

&&,000Lightyears 400 Lightyears

R.Antonucci, ARAA 1993, v.31, 473-521  Hubble Space Telescope image
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SAOVHITOHOBCKUM npeaen CBETUMOCTMH

MycTb 3B€3Aa COCTOMT M3 Bogopoaa 1 .
N AOMUHUPYET U3NyUYeHMe: P=P, P= EM(T) = EaT

NpepenbHy0 CBETUMOCTL HanAeM U3 ycrnoBus P <P
MoTok aHeprun B andpch. Nnpnudnnx. j: _DVu. D :lcl ¢ T ¢
’ 3 7 3no, 3po, 3pk,
K, =—-  Ko3d. HenpospauHocTh, o, =(87/3)(€’/mc’) =6.5-107 c™’
P (cevyeHMe TOMCOHOBCKOIO paccesiHUA)
m _ L [ _ Ldu _ __M 3PK _ prL rpagveHT AaBneHus
Arrric U3nyyeHus

4z’ dr  3dr
ar, 3KT,0 L

r

dr  4dacT?® 4zr° rpagueHT TemnepaTypbl

ldPg —_ GM ycrnoBue yCTOMYMBOCTU FPABUTALMOHHO- :> L=L,
dr r’ 6 -

o, CBAI3AaHHOIO O0LEKTa
[ M ]BT

dP. =dP, =) Ly =47 GMm /o, =4xcGM /K, ~1.38-10"
(L, =3.8-10% B1=3.8-10" spr/ cex) ©

L=Lg4
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Ceepxkputnyeckuu ALl

MakcumarnbHbIN TeMN CTauMOHaApPHOU aKKpeuuun onpegenseTcs
3AOUNHITOHOBCKON CBETUMOCTbLIO (MPU KOTOPOU aKKpeuus eLle
He ocTaHaBNMBaeTCs AaBJfIeHUEeM U3Ny4YeHUR):

: L
M, = E‘; ~107° M M, /ron~10"T1/c
nc M
CBepxKkpuTudeckun pexum AL: M>M o

Mpwn L> LEd AaBrneHue U3nyvyeHus 6onblle rpaBUTaLMOHHOIO NPUTSXKEHUS.

B 3TOomM pexxume 4yacTb BellecTBa oTOpacbiBaeTcs
usnyvyeHmem - “spe3gHbin Betep” ALl.

Y3KOoHanpaBrieHHble PerIAiTUBUCTCKUE CTPYU — KpanHee nposiBrieHue
cBepxkputnyeckoro pexuma Al. B yvacTHocTw, B OBOWHOW

peHTreHOBCKOM cucteme SS433 (MMKpOKBa3sap) HabnrwgarTca CTpywm
yacTumy co ckopocTtbio 0.26 c .
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AGN: Kakme YyacTtuubl yCKopAaTCA?

3apsKeHHbIe YacTuubl (e, p) YCKOPAKTCA 40 BbICOKMX 3HEPIUM B CHET 3a
cyeT mexaHusma Pepmm 1-ro nopsaka.

[MlpeobnagaloT e wunuM p, rMokKa HEACHO (OBa KOHKYPUPYHOLLMX
HanpaBfeHns - “NenTOHHOE” N “agpOHHOE”). ONEKTPOHbl KOHEYHO
NPUCYTCTBYIOT - HabMNOOalTCA LIMPOKUE MONOChbl CUHXPOTPOHHOIO
N3Ny4YeHus.

Ecnn goMuHuMpyloT e, TO B npoueccax 0obpaTHOro KOMMTOHOBCKOIO
paccestHUs HU3KOJHEPreTn4ecknx doToHOB MOrno 6bl reHepupoBaTbCS
XecTkoe vy-usnydyeHue. Mdarkme QOTOHbLI M3Ny4alTCA OUCKOM UMK
obnakamu rasa unu nbisin BOKPYT.

Ecnn gOMUHUPYIOT p, TO B3aUMOLEUCTBYS C U3NYYEHUEM U ra30M OHU
MOrnn Yepes3 npouecchl PoTopOXaEHNA NMOHOB reHepupoBaTh Y-
N3rnyyYyeHmne n HEUTPMHO BbICOKUX IHEPTUN.
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OueHka cBeTumocTn AGN Ha OCHOBE U3MepeHUn
KOCMMNYECKUX nyyen

4 dN
(E>E . ~10"eV)="" [ E=—2dE ~3-10" spr-cm
¢ dE q (M3 U3MepeHuin)
szOEG p:qtesc:qtdifqutH :_Nq.IOIOHeT

0 ckopoCTb reHepauum NIOTHOCTHU
Qe = pEG[—[O ~3.10°° 3pT - ¢ ' Mnk™  sHeprum wnm ypenbHasi CBETUMOCTb
(MOLHOCTL) BHEranakTM4eckux
~10% pr FOI['IMHK'?’ ncrouyHukos KJ1 (cBeTumocTb en.
obbema)

o =7 -3
U3 HaGnaeHUN: NN ~ 10" Mnx , LAGN ~ 1044erg><c_1 ~ 3.10513pr><r0£[_1

] ] dn di
Giov =M onLyon ~3- 10%3pr ron ' Mnk~> =E2 —R (¢~ , Eodb)
dE .,
dn, dn., dn. 5 c dn c
v ~ t, ~ /1, thEe T=) ¢, = — oC E”
dE, dE., dE. 1~ P /1) ot 9 A dE, 4rx Prg
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GRB HeuTpuHO Cc aHepruamum ~ 3B (2)

KuHeTu4yeckas aHeprusi npotoHoB hanepobona (yCKOpeHHbIX Ha cTaauu

pacwmpeHus ¢.) @) n-Me30H§|R, ! NOTOK HEUTPUHO
OueHUM Jonto 3TOi 3Heprun: [ = /1_77’ ﬂ,py =1/ (nyapy),

Py
O R’ =T'cAt - TonwunHa nanyvatowen obonoukn, Ar~0.0lc; 7= <XIHE> ~ 0.2,

f.2nlcAingo,, 0,75 =54 10* em®  E =TE!, R'=2T"cAt
u, L, (At/T) L,
n,= I = AARSRE /T = (62 AL (n,— NNOTHOCTL (POTOHOB B Co;
y T (E,/T) nc’At'17E, u - nnoTHoCTb 3HEPrUM hOTOHOB)
y LAt _ LAt/T L, Ly ~10%29pr ¢

T 4zRSR 16xT°(cA) 167 T°C AL

e Lown o1, L, 1 M>B (300)4(o.o1cj
" lorc’AtE, T 10°%spe - ¢ E r At

/4
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(3)

OR' - ponsa 3Heprumn NnpoToHOB (hanepbona, KOHBepTUpyemMas B MUOHbI
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GRB HeuTpuHO (4)
R. Moharana, N. Gupta,
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OrpaHuyeHunsa Ha AnhPpy3Hble NOTOKN HENTPUHO

E.Waxman, J.N.Bahcall, Phys. Rev. 1998. D59, 023002
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HIGH-ENERGY NEUTRINOS FROM GALACTIC SUPERBUBBLES
K. J. Andersen, M. Kachelriel}, D. V. Semikoz, 1712.03153

The explanation of the IceCube data requires in addition to an
extragalactic component with a hard spectrum 1/E and =2.0 - 2.2
a soft Galactic component with the spectral slope = 2.5 (Neronov &
Semikoz 2016b,a; Palladino et al. 2017; Neronov et al. 2018). The
bounds on the diffuse extragalactic gamma-rays suggest that such
a soft component has a Galactic origin.

A Galactic neutrino component can be decomposed into two
contributions, depending on their angular distribution: Neutrinos
from sources in the Galactic plane which are not nearby, and
neutrinos from local sources.The first component is strongly
limited by the recent bounds on the neutrino contribution from the
Galactic plane (Aartsen et al. 2017a).
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U3meHeHue cnekTpa KJ1 TypOyneHTHbIMU MAarHUTHbIMU NONAMMU

Neutrino telescope IceCube has recently discovered astrophysical
neutrinos with energies in the TeV-PeV range. Usage of the data of Fermi
cosmic y-ray telescope one allows to demonstrate that the neutrino signal
has to give significant contribution from the Milky Way Galaxy. Matching
the y-ray and neutrino spectra one finds that TeV-PeV Galactic cosmic
rays form a power-law spectrum with the slope p =2.45. This spectral
slope is consistent with the average cosmic ray spectrum in the disks of
the Milky Way and Large Magellanic Cloud galaxies. It is also consistent
with the theoretical model of cosmic ray injection by diffusive shock
acceleration followed by escape through the Galactic magnetic field with
Kolmogorov turbulence (yHuBepcanbHbIn Manbin macluTab
TYpGYNEeHTHOCTM MarHuTHbIX noneir. (, =(vV /&)™, r,=(v/¢e)"” ).

The locally observed TeV-PeV cosmic ray proton spectrum is softer than
the average Galactic cosmic ray spectrum. This could be explained by
variability of injection of cosmic rays in the local interstellar medium over
the past 107 year and discreetness of the cosmic ray source distribution.

27.10.2020 C.CuHerosckumn 108

AcTpodunsnyeckmne HeEUTPUHO



A. Neronov, D. Semikoz,
Moaenb HepoHoBa-CeMuKO3a . 1oieov o 5 os

UcTouHMK acTpohmn3anvyecknx HEUTPUHO, AeTeKTUpoBaHHbIX lceCube
kak “High-Energy Starting Events” (HESE), octaeTcq Hen3BeCTHbIM.
NMonHbIM NOTOK M HaknoH cnektpa HESE-curHana cornacyrwTca c
3KcTpanonsuuen Ha obnacte B9 (oo TaB) noTtoka ramMmma-KBaHTOB,
3aperucTpupoBaHHbIX KOCMMYeCKUM Terieckonom FermiLAT.

OpgHako curHan He noKa3bliBaeT CUNMBbHOro U30ObITKa COObLITUN U3
nnockoctu lanaktmkn. HeuTpuHHbIM curHan u3 CeBepHOro
nonywapuss npu 3SHeprusix Bbllle HECKONbKUXx coteH T23B
oOHapyXuBaeT Oorfee XeCTKUA CMNEeKTP MIOHHbIX HEUTPUHO Mo
cpaBeHuto ¢ HESE-notokom. 3710 “yXecTouyeHue” yKasbiBaerT,
BO3MOXHO, Ha MNPUCYTCTBME BHeranakTu4eCKom KOMMOHEHTbI
atcpohusnyeckux HeuTpuHo. Becb NMOTOK XeCTKOM KOMMOHEHTbI
OKa3blBaeTCA Ha YpOBHe, corfacywwummcss ¢ HabnopgaemMmbim
notokom KJ1 cBepxBbicokou aHepruu (UHECR).
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HentpuHoe nsnydyeHme ot AGN (B yacTHOCTMU, OT OnasapoB) AaBHO
M LWKUPOKO obcyxaaeTtca B paMKax aApoOHHOro MexaHu3sma
aktuBHoctu AGN. Paguo-uHTEeHCUBHbIEe aKTUBHbIE sAApa ranakTuk
(AGN) — 3TO 00BLeKTbl, B KOTOpPbIX MNPOTOHbLI MU fAApa MOryT
YCKOPATLCA OO0 BbICOKMX U CBEPXBbLICOKUX IHEpPrum (NCTOYHUKU
UHECR).

OXxunpaetca,4Tto U3NyyYeHue HENTPUHO conpoBoOXpgaetcHA -
usny4yeHuem, reHepupyembiMm B EM Kackapgax BHYTPU UCTOYHMUKA
HEUTPUHO. YAUBUTESNIbHO, 4YTO fAp4yanwume wu/vnn OnNuxauwme y-
Onasapbl OO0 CUX NOP He MNPOABUNINCb KaK SIPKUEe MUCTOYHUKU
HeNMTPpUHO. EANHCTBEHHbLIN Ha CerogHAWHUN OeHb OOHapy)XeHHbIU
BHeraslakTu4eCKMm UCTOYHUK HeUTpuHo — 6rna3sap TXS 0506+056.

He Bce Onasapbl MoOryt ObITb WMCTOYHUKAMM MHTEHCUBHOIO V-
usnydeHusa (“neutrino-loud”) [PR D66, 123003 (2002)20]. Pasnunuyue
MOTOKOB Y MU vV  BO3HUKAET, MOCKONbKY HEUTPUHO 3IPeKTUBHO
reHepupyrTCA TONBLKO MPU HanM4um AOCTAaTOYHO MJIOTHON cpeabl -
BewecTBa U/MnNn aNeKTPoOMarHUTHbIX MOsen.

A. Neronov, D. Semikoz, S. Sibiryakov, Month.Not. Roy. Astron. Soc. 391, 949
(2008); A. Neronov et al. New J. Phys. 11, 065015 (2009); K. Mannheim, P. L.

Biermann, Astron. Astrophys. 221, 211 (1989); K. Mannheim, Astron. Astrophys. 269,
67 (1993).20, 21, 23, 24, 29; C. Righi et al. arXiv:1807.10506].
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