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Hosas nabopaTtopua: acTpodpmusmnKa BbICOKOTO

pa3peueHnA
u coomeemcmeytouiaa Hosada mema [ 3 PUAH

» WMo 3aseaytouwero: HO.1H0. KoBanes.

» Bcero B nabopatopumn 11 yenoBekK, mosnoaeKb JOMUHUPYET.

» TemaTuka: ot ConHua A0 ranakTmK ¢ UCNOIb30BaHMEM METOA0B acTPODU3UKM
BbICOKOrO CMeKTpabHOro, BpemeHHOro 1 yrnoBoro pa3speLweHus.

B naHHOM AOKnaae byaeTt paccKka3aHo npo oanH n3 pesynbratos 2020-oro roaa,
NOJIYYEHHbIN B 1IabopaTtopumn.



ACTPOPU3INYECKME HENTPUHO BbICOKUX IHEPTUN
JHepruun ot TaB ao 3B
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ACTPODN3NYECKME HEUTPUHO BbICOKMX SHEPTUM
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OTKyAa NpuxoaaT 3TM HEUTPUHO?



XOpoLwnn KaHamaaT:

ﬁ?";*& : / dKTUBHbIE NA/1IdKTUKU
‘Penatusucrckas ctpya - " gxet"
CUHXPOTPOHHOE n3nyvyeHue

CBepxmaccuBHas YepHaa Ablpa: E el
TMFAHTCKMN YCKOPUTENb | |

AKKPEUMUOHHbIN ANCK



[TONCKM MCTOYHUKOB HEUTPUHO

-QOTOHDbI:
* camble 6an3KMe sHeprmm
* M31Y4aloTCA NPU POXKAEHUN HEUNTPUHO

[lonHbl 0OHapPYKMBaTbLCA OAHOBPEMEHHO.

MHOXeCTBO NONbITOK HAUTU 3HAYUMbIE
cncrematnyecCckmne coorBeTCcrtBumA,
NMO3UTUBHOTO pe3y/ibTaTa HET.
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ANTARES and IceCube Combined Search for Neutrino
Point-like and Extended Sources in the Southern Sky
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Abstract

sarch for point-like and extended sources of cosmic neutrinos using data coll

1e data set consis

the ANTARES and IceCube neutrino telescopes is presented. ]
the track-like and wer-like events pointing in the direction of the Southern Sky |

point-source analysis, combined with the througl

in the nine-yes

like events used in the seven-year IceCube point-source search. The advantageous
view of ANTARES and the large size of IceCube are exploited to improve the se
in the Southern Sky by a factor ~2 compared to both individual analyses. In th

Southern Sky is scanned for possible e ses of spatial cl
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A multiwavelength view of BL Lac neutrino candidates
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ABSTRACT

be tested with better statistics The discovery of high-energy astrophysical neutrinos by IceCube kicked off a new lin
explaining the IceCube data a) research to identify the electromagnetic counterparts producing these neutrinos. Among

actic sources, blazars are promising candidate neutrino emitters. Their structur
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Located at the South Pole, the IceCube Neutrino Observatory is the world largest neutrino
telescope, instrumenting one cubic kilometre of Antarctic ice at a depth between 1450 m to

2450m. In 2013 IceCube reported the first observations of a diffuse astrophysical high-energy
ars of

g atme

The IeeCube Collaboration has published fou:
atmospheric background. Due to the steeply f

neutrino flux. Although the IceCube Collaboration has identified more than 100 high-energy

neutrino events, the origin of this neutrino flux is still not known. Blazars, a subclass of Active

extraterrestrial. In our previous approach we have studie

neutrino events at PeV energies. In this work we extend o Galactic Nuclei and one of the most powerful classes of objects in the Universe, have long been
gies. E

at or above a reconstructed energy of 100 TeV, but belov considered promising sources of high energy neutrinos. A blazar origin of this high-energy

are positionally consistent with the neutrino events abovi neutrino flux can be examined using stacking methods testing the correlation between IceCube

larger sample allows us to better constrain the scaling fac neutrinos and catalogs of hypothesized sources. Here we present the results of a stacking analysis

that when we consider a realistic neutrino spectrum and ( for 1301 blazars from the third catalog of hard Fermi-LAT sources (3FHL). The analysis is

number of [ceCube HESE events. We also show that th

D h . performed on 8 years of through-going muon data from the Northern Hemisphere, recorded by
neutrino flux and that the expected number of neutrinos i

IceCube between 2009 and 2016. No excess of neutrinos from the blazar position was found and

Key words. neutrinos — galaxies: active — quasars: genc first limits on the neutrino production of these sources will be shown



Halwa naea: cpasHeHue ¢ PCLb namepeHnamm

* Pagno nHtepdpepomeTpus:
eANHCTBEHHbIN CNOoCcob paspeLllnTb LeHTpanbHblie napcekn B AGN

* PCAAb NOTOK M3ny4eHmnAa — XOPOLNN MHONKATOP APKOU KOMMAKTHOW CTPYKTYPbI

* bnarogaps penATUBUCTCKOMY YCUNEHUIO MTYYEHUS, TAKOW noaxon oTbmnpaer
npenmyllectBeHHo 61a3apbl. X AXKeTbl HanpaB/ieHbl B HALLY CTOPOHY.



Mcnonb3lyemble AaHHbIe

AGN: nonHaa no notoky PCAB-BbibopKa, 3411 ob6bekTOB
HabntogeHnsa 3a =30 neT, Sg oy, = 150 mly http://astrogeo.org/rfc/

HenTtpnHo — miooHHble TpeKku lceCube, nybanyHbie gaHHblE
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Mcnonb3lyemble AaHHbIe

AGN: nonHaa no notoky PCAB-BbibopKa, 3411 ob6bekTOB
HabntogeHnsa 3a =30 neT, Sg oy, = 150 mly http://astrogeo.org/rfc/

HenTtpnHo — miooHHble TpeKku lceCube, nybanyHbie gaHHblE

* Bce sHeprum:

BEPOATHOCTb TOYEYHOIO MCTOYHUKA ANS KaXKA0ro HanpaB/ieHUA
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Accoumnauma HeuTtpmHo <> AGN

MpoBepAaem runoresy:

* Apkne AGN valle BCTpeyatoTca B HanpaBAEeHUAX, OTKYAA NPUXOAAT HEUTPUHO.

* HEMTPUHO Yalle NPUXoAAT C HanpaBneHUNn, rae Haxoaatca Apkue AGN.
Pe3ynbrart: aa, 310 Tak! = HentpmnHo nanyyatorca AGN-amu, okono 100 6na3apos

CobbitTna = 200 TaB: p-value = 0.2% KapTta no Bcem aHepruam: p-value = 0.3%

Cucrtematnyeckasa owmnbka lceCube 0.5°
BmecrTe: p-value = 4x107, 4.10
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CBA3b HEUTPUHO €O BCnbiwKamu B AGN

* lcnonb3yem AaHHble HabntogeHU BbIDOPKM NepemMeHHOCTMN N3/Ty4EHUSA OKONO
1000 AGN Ha PATAH-600 3a nocnegHue 15 ner.

------- 5 GHz
* Pe3ynbrar: L5 3 GHz
AGN Aapye B MOMEHTbI | ~—- 11 GHz
AeTEeKTUPOBAHMA HEUTPUHO! « — 22GHz
Ana 22 Iy, p-value = 5% (post-trial), 3 1.2 .
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Delay after neutrino detection, years



Y10 3TO 3HaUUT?

* AGN c ApKumm cTpyamm Ha macwtabax napcek npons3soaaT
HEUTPUHO BbICOKUX SHEPTUUN, N 3TO HE eANHNYHbIE caydau. Mpu sTom
OHM NPeanoYnUTaOT 0OAHOBPEMEHHO BCMNbIXHYTb B paguo
(CMHXPOTPOHHOE N3Ny4yeHune).

* PC1b-BbIOOPKaA AaNEKMX aKTUBHbIX FANAaKTUK 3TO NPENMYLLLECTBEHHO
6na3apbl, TO €CTb raNIaKTUKKU C AXKETaMM, HaNPaB/IEHHbIMU Ha

HabntopaTens.
=> HEUTPMHO N31YHALOTCA Y3KMM MYYKOM B HanpaB/IEHUU AKeTa.



bnaszapbl — eagnMHCTBEHHbIE UCTOYHUKU HEUTPUHO?

AcTpodU3nYecKkme HEMTPUHO COCTABAAIOT 10°~
0.3% oT1 Bcex cobbiTnn IceCube: i
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= bnasapamm MOXHO NONHOCTbIO 0O6BACHUTL HabAtOAaEMbBIN MOTOK HENMTPUHO = 1 T3B!

* ECTb MHOXecTBO MeHee APKUX 0O BEKTOB, YEM NMOnasLIME B KaTanor
* Accoumnauma AGN 13 Katanora He NosiHaA, orpaHM4YnBaeTca Bo3amoxXHoctamm lceCube



KaK Takoe BO3MOXHO? 25.77)
* HentpnHo obpas3ytotcsa B AGN npoueccom p +v &l 70 /D

(Stecker+91, Neronov+02, Kalashev+15, Cerruti 19) s :> Vy I
* POTOHbI - OT aKKPELIMOHHOTO AUCKA U %] :] —— (VY
obpaTtHoro KomnTtoHa B gxKeTe, a TAfe

MPOTOHbI - PA30TrHAaHHbIE BAO/Ib OCU CUCTEMDI,
Hanpumep, B yaapHbIX BO/IHAX AXKeTa.

* HEMTPUHO conNpPoBOXKAAETCA raMMa-Ty4aMu.
[Toyemy He BUAHO Koppenaunm HEUTPUHO-TAMMA (MHOXKeCTBO paboT - MOMbITOK HaiTH) ?
BTopunyHble ¢oTOHbI 3PPEKTUBHO TEPAIOT IHEPrmto Ha obpasoBaHMe nap.

* Habntopaemble or AGN paano-PoToHbl, ramma-poTOHbI U HEUTPUHO 0Bpa3yroTCA
PA3HbIMN MEXaHU3MAaMM B AaNEKUX HECBA3AHHbIX Hanpamyto obnacTax.

Koppenauuun paano-raMma (Kovalev+09) U pagmnMo-HEUTPUHO (sta paborta)
BbI3BaHbl BbICOKOW HAaNpPaBAEHHOCTbI PAa30rHAHHbIX YacTumL, U 3/M N3nydyeHuAa.



YTo nanbe?

3a4a4K, BONPOChHI:
> [poBepKa HaNnJeHHOM cBSI3U HenTpuHo-paamno/AGN.
» Bce-Taku p+y unm p+p?
» [leTanbHO, rae U Kak NPOUCXOAUT POXKAEHNE HEUTPUHO?
» KaK pa3roHsatoTcA NPOTOHbI?

Cheavwowme waru:

1. MpopomkeHune HabnwoaeHnn Ha PATAH-600 1 VLBA: MOHUTOPUHT 6onbLLOM BbIOOPKK NatoC
anepTbl. 3aABKM Ha HabatoAeHMA NOAAHbI, BbIMTPAHbI C BbICOKMM MPUOPUTETOM,
peanunsyroTca. lNmwem HoBble.

2. KOHKYpEeHTbl: BHUMATENbHO CnepAaT 3a pa3sutuem cutyaumn. B Eespone n CLLUA
obcyXKaaeTca BNOXKEHUE CEPbE3HbIX PECYPCOB B 3Ty 3a4a4y: OAMHOYHbIE TeIeCKOonMbl
(Caltech) u untepdepometpsbl (EVN vision). loHKa Hayanaco.

3. EBponencknin HentpuHHbin Teneckon ANTARES obpaTtunaca K Ham ¢ npeanoXeHnem
aHanm3a nx aaHHbix. PUAH sowen B Konnabopauyuto ANTARES B ctaTtyce HabntoaaTens.
MorKem ncnonb3oBaTb UX HeEONYyH6AMKOBaHHbIE AaHHbIE U MMCAaTb COBMECTHbIE CTaTbMu.

4. Havanu coBmecTHyto paboty c Baikal-GVD B pamkax 100M rpaHTa. Hageemca tenepb 1 Ha
«PYCCKMNE HENTPUHOY,



A. V. Plavin, Y. Y. Kovaley, Y. A. Kovaley, S. V. Troitsky

3a Kj-l I'OL’I e H M e ApJ, 894, 101 (2020) u arXiv:2009.08914.

HeutpuHo ¢ sHepruamm ot T3B ao M3B poXXaaloTca B LeHTPaNbHbIX NapceKax ApKUX 6na3apos

e Kak muHmmym 70 AGN accoummpoBaHsbl ¢ IceCube-aeTekTMpoBaHUAMM, HaMK OTOBPaHbI WECTb
N3 HUX KaK Hanbonee BepoATHbIE.

PCOB — Knto4 K aTOMY CONOCTaB/IEHUIO.

* Ba)keH yuyéTt cuctematukm IlceCube: Hawa oueHKa BennYnHbl owmnbkm = 0.5°,

* HeWTPUWHO poXKAaeTcA B LEHTPANIbHOM NAPCEKE U YNETaET BAO/Ib AXKeTa.
* ApKue 6naszapbl MOryT 06BACHUTL 8Ce acTpodU3n4ecKkne HeuTpmnHo = TaB.

* CunbHble orpaHNUYEHMA Ha MexaHnU3M 0b6pa3oBaHUA: NPOTOH+OTOH.
DOTOHbI C 3HEPrMAMM A0 COTEH KIB, NPOTOHbI A0 101 3B.



Cnacmnbo! Bonpochi?
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Flux Density, Jy

TununyHble paanoscnbilku B AGN: PATAH
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CBA3b HEUTPUHO €O BCnbiwKamu B AGN

dddeKT ocTaétca nocne yaaneHma 4 camblix cnnbHblX AGN, BbiaeneHHbix Hawnm PCAB-aHannsom:
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Delay after neutrino detection, years

Koppenauunsa makcumanbHasa ana PKS 1502+106, Ho adpdeKT ocTaéTca n nocne ero yaaneHus.



dunsnyeckaa UHTepnpeTauma

HelTprHO 0bpa3yloTcs B LeHTPaAbHbIX Napcekax ApKMx 6a1asapos NyTém py

(Stecker+91, Neronov+02, Kalashev+15, Cerruti 19, Bottcher+19)

N3nyyeHue HanpaB/ieHHOe, NPenMyLLecTBEHHO BAONb AXeTa

(npeackasaHo Neronov+02)

Tpebytotca poTtoHbl oT 100 3B no 200 k38 ...
e SSC-dbOTOHbI AXeTa”?

... n NpoToHbI Ao 10'° 5B
¢ Y,Ll,aprIe BO!‘IHbI? (Bykov et al. 2012; Lemoine & Waxman 2009)

bnaszapamn MoKHO 06BACHUTL BECb MOTOK
acTpodmanyecknx HemTpmHo Ha lceCube!

Note: HecMOTpPA Ha KoppPenaALno, MeXaHU3Mbl U3TYYEHUS
pagno, raMma, U HEMTPUHO MOTYT ObITb HE CBA3aHbl HANPAMYIO.

Anekcanap MNMnasuH — bnasapbl n HeUTPUHO oT TaB ao MaB



HeuntpuHo n AGN: Teopua

p+y=2>n+mtt mmp+p>m+X
TpebytoTca POTOHbI N BbICOKOSIHEPTreTUYECKNE NPOTOHDbI.

* BoamorHble obnactn AGN: (cm. Hanpumep, Bottcher 19)

LEeHTP - AnCK, BLR, obnactb popmmnpoBaHMA N YCKOPEHUSA AXKETA,
nepundepusa - kpc-scale axetnbi, "ywn'.
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