LKS NEUTRINOS ,

[HIARA RIGHI

UNI\/ HA DEGL SYUDI DEH INSUBRLA
[NAE - DABRERA
INEN GENOVA

COLLABORATORS: F. TAVECCHTO, G. GHISELLINT, M. LANDONT, L. PACCTANT, . INOUE, .. 11 DECEMBER 01



UTRINO FLUX

=10*
>
= 10%
5100
:‘” 10"
Sioe
3
=10
1
10
10°¢
10712
10—16
10—20
10724

1 0—28

Cosmological v

Solar v
Supernova burst (1987A)

/ Reactor anti-v

Background from old supernovae

Terrestrial anti-v
| ] [ ]

I\tmospherl: \Y

Iosmogenic

Astrophysical v

I A%
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1
10° 107 1 10° 10° 10° 10" 10" 10"
peV. . meV eV keV MeV GeV TeV PeV EeV

Neutrino energy



HOW TO OBSERVE HIGH- ENERGY NEUTRINOS:




{OW TO OBSERVE HIGH- ENERGY NEUTRINOS!

INTERACTION INSIDE THE DETECTOR HIGH ENERGY STARTING EVENTS (HESE)

Vl+X—>Y+l
WHERE L = e, i, T



{OW TO OBSERVE HIGH- ENERGY NEUTRINOS!

INTERACTION OUTSIDE THE DETECTOR THROUGOTNG MUON EVENTS

Vl+X—)Y+l
WHERE I = w



DISCOVERY OF HIGH- ENERGY NEUT] NO § BY ICECUBE
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~ 80 EVENTS SINCE 2010 ABOVE 60TE

THE VMIUPPETS cmwmoume

1. Kermit the frog (K)

Empatheti
and smart. But let's faceit, a bit
of wimp.

2. Fozzie Bear (F)
‘Good guy, horrible jokes, but his:

roval can
be abitmuch. “Waka, waka!™

7

3.Gonzo (G)

‘The life of the party. Willing to do
‘anything for a laugh. But willit
‘ever be enough?

4. Beaker (B)

Hard-working. Tortured. Silent.
Will he ever stand up for himself?

they throw a lot of shade.
(.\ L] ’

o

7. Big Bird (Bb)

Supportive, friendly and so
relentlessly optimistic that you
wantto punch him in the face.

8. Oscar the Grouch
)

A realist who has a tendency to
‘always look at the dark side of
things, but usually has a softside
hereveals only to his friends.

<

ol
veo

12. Scooter (S)

Organized, on top of things, but
not particularly exciting or fun.

1. Ernie (E) 15. Count Von Count
Supportie and understanding, v
decisions for him. counting things. Seriously. He

e

s 0CD. Not a lot o laughs, but
pretty good around tax time.

16.Dr. Bunsen

Honeydew (D)

‘Smart, motivated and uitimately

- °.®
v
N
5. Miss Piggy (P) % )Cookio Monster 13. Elmo (M) 17. Rowlf the dog (R)
e T L g » ool o
selfish, arrogant. Butone i ing tickling the ivories. But sadly,
e wit touched. i
underneath. Probably i usually easily overlooked.
be leftale
R _q
°
[ ]
§ Qe
6. Statler and 10. Bert (Rt) 14. Animal (A)
Waldorf (W) Kind of like Oscar, only less Allid and aggression, he’s the
team. aggressiveand more whiny. Also, ffe of the p gets on your rigicity, but
Smart, usually correct, but, dang, | he doesn't livein trash. s something

under that reserved facade.

19. Janice (J)

Talented, a lttle crazy and
probably alot stoned. She is a
mystery, even to those who know
her.

e i

20. Floyd Pepper (F)

Talented, lie Janice and Row,
but tortured for his craft. Can
itar, but,

does, he messes up, and others
(specifically Beaker) pay for it.
But he always survives.

ol yeah,
‘man, like the scars arereal.




SEARCHING FOR SOURCES

absorption
>90%

WEWILL CONSTDER ONLY THROUGOTNG MUONS! 8



1TGH-ENERGY NEUTRINO PRODUCTION

p+p > n+X p+y -+ X
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1TGH-ENERGY NEUTRINO PRODUCTION

p+p > n+X

p+y -+ X

/

OURGALAY | SEE M. CATALDO'S TAIK |
STAR-FORMING GALAXY

AGNWINDS

LOW-ENERGY RADTOGALAYIES (FR0)

Vissani and Palladino 2015




1TGH-ENERGY NEUTRINO PRODUCTION

p+p > n+X p+y -+ X

/

QUR GALAXY

AGN WINDS
LOW-ENERGY RADIOGALAXTES (FRO)

PROTONS ACCELERATED TNSIDE THE ! ESCAPE AND
INTERACTWITH INTERGALACTIC MEDIUM



1TGH-ENERGY NEUTRINO PRODUCTION

p+p > m+X p+y - n+X
QUR GALAXY

STAR-FORMING GALAXY

LOW-ENERGY RADIOGALAXTES (FRO)

PROTONS ACCELERATED TNSTDE THE ESCAPEAND

e.g. Lamastra et al. 2016 INTERACTWITH INTERGALACTIC MEDIUM 12

Lamastra et al. 2017



1TGH-ENERGY NEUTRINO PRODUCTION

p+p > n+X p+y -+ X
OUR GALAYY

STAR-FORMING GALAXY
AGN WINDS

PROTONS ACCELERATED TNSTDE THE |7 ESCAPE AND
INTERACTWITH INTERGALACTIC MEDIUM



1TGH-ENERGY NEUTRINO PRODUCTION

p+p > Tm+X pty - m+X
OUR GALA CABs
STAR-FORMING GALAY BLAZMS
AGN DS

LOW-ENERGY RADIOGALAXTES (FRO)
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1TGH-ENERGY NEUTRINO PRODUCTION

RELATIVISTICPROTONSI

p+y -+ X

\

GABS
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)00% EXTRAGAL DUE TO BLAZAR!



B ereng o JETPOINTING TOUS:
| J/ 4 OUTHINES ANY OTHER ISOTROPLC EMISSION
. (OMPONENT ASSOCATED T0 AGN (DISK, DUST) OR
T0 THE HOST GALANY.

17



BLAZARS

SPECTRAL ENERGY DISTRIBUTION (SED)

DOMINATED BY THE RELATIVISTICALLY BOOSTED NON -

A IR—soft X-rays MeV—GeV

THERMAL CONTINUUM EMISSION OF THE JET.

LEPTONIC
HADRONIC

>
L
>
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E—P

INVERSECOMPTON
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REPROCESSED PHOTO - MESON PRODUCTS
OR SYNCHROTRON (PROTONS)






ARE BLAZARS DETECTABLE BY ICECUBE!

K

¢/ Possible correlation between one
neutrino event and a y-ray flare of a
FSRQ object (Kadler et al. 2016).

2010 2010.5 2011 2011.5 2012 2012.5 2013 2013.5
— 2.5

T

55200 55400 55600 55800 56000 56200 56400 56600
MJD

X  EM-v emission can’t be exclusively
hadronic (Gao et al. 2017)

X Murase and Waxman 2016

X  p+y reaction with UV photons of
BLR produce neutrino spectra harder
than that “lceCube spectrum”

BLLAC

v Padovani et al. 2016 (spatial
correlation with y -ray BL Lacs
detected above 50GeV)

¢/ Tavecchio et al. 2014 efficient
neutrino production (spine-layer

model only for high-energy emitting
BL Lacs)

Ghisellini et
al. 2005

FERMT 2EHL CATALOGUE {SOURCES
EMITTING ABOVESUGEV) TS A 600D
REPRESENTATION OF THESE SOURCES



ASSUMPTION 1

ONLY BLLAC OBJECTS OF J5HL CATALOGUE CONTRTBUTE
10 v, ICEVENTS,

G-I NETNS 0 T
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v:
V.

+ SNRs and PWNe # BL Lacs Unc. Blazars v Unassociated
x  Pulsars ¢ FSRQ@s a  Others o Extended

02 03 04 05 06 07 08 09 1.0

Muon Energy Proxy / PeV
Ackermann et al, 2018 Aartsen et al. 2016



ASSUMPTION 1 ASSUMPTION J:
ONLY BLLAC OBJECTS OF ZFHL CATALOGUE CONTRIBUTE LTNEAR RELATION BETWEEN
10, ICEVENTS. v~ RAY EMISSTON AND NEUTRINO EMISSION.
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+ SNRs and PWNe # BL Lacs Unc. Blazars v Unassociated
x  Pulsars ¢ FSRQ@s a  Others o Extended

02 03 04 05 06 07 08 09 1.0

Muon Energy Proxy / PeV
Ackermann et al, 2018 Aartsen et al. 2016



ASSUMPTION 1 ASSUMPTION J:

ONLY BLLAC OBJECTS OF ZFHL CATALOGUE CONTRIBUTE LTNEAR RELATION BETWEEN
10, ICEVENTS. -RAY EMISSTON AND NEUTRINO EMISSION .

1 . v . It's the same for
)/l L all BL Lacs

CAMMA-RAY Y (S0GEV-1EY) VIGH-ENERGY NEUTRINGS Y (00TEY)
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Equatorial

+ SNRs and PWNe # BL Lacs Unc. Blazars v Unassociated
« Pulsars o FSRQs 4 Others o Extended [
02 03 04 05 06 07 08 09 10
Muon Energy Proxy / PeV
Ackermann et al, 2018 Aartsen ek al. 2016




NI/ — NI/Texp — dexp

X% A FLUX  #v
60° < 6 < 90°
1ES1959+650 1.38 0.27
2 1ES05024-675 1.14 0.22
3 | S50716+71 0.44 0.08
4 1RXSJ013106.4+-61203 0.25 0.05
5 4C+67.04 0.25 0.05
6 Mkn180 0.24 0.05
7 MS0737.9+7441 0.13 0.02
8 | RXJ0805.4+7534 0.08 0.02
9 S40954-+65 0.07 0.01
10 | S41749+470 0.07 0.01
30° < 6 < 60°
11 | Mkn421 877 4.89
12 | Mkn501 341 1.90
13 | PG1218+304 0.92 0.52
14 | 3C66A 0.87 0.49
15 | 1TH1013+498 0.87 0.49
16 | 1ES0033+595 0.82 0.46
17 | 1ES2344-+514 0.69 0.39
18 | 1ES1215+303 0.52 0.29
19 | B32247+381 0.37 0.21
20 | B30133-+388 0.35 0.19
0° <6 < 30°
21 | PG1553+113 1.80 2.47
22 | PKS1424+240 1.00 1.30
23 | PG1218+304 0.92 1.20
24 | TXS0518+211 0.87 1.14
25 | 1IES0647+250 0.75 0.99
26 | 1ES1215+303 0.52 0.69
27 | RXJ0648.7+1516 0.45 0.59
28 | 1RXSJ194246.3+10333 0.41 0.54
29 | RBS0413 0.32 0.42
30 | 1H1720+117 0.25 0.33

108 GeV/cm2s yrt

F, | R, Visbilty | B, Visibility
\ at horizon at 10°
T [ Mknd2l 877 | 450 030 | 580 039
2 | PKS2155-304 215223 060 |253 069
3 | Mkn501 341 | 1.65 028 | 226  0.39
4 | PG1553+113 189 | 142 044 | 166 051
5 | PKS0447-439 076 | 0.87 067 |1.02 079
6 | PKS1424-+240 1.00 | 067 039 | 079 046
7 | PKS2005-489 051|063 072 | 075 086
8 | TXS0518+211 0.87 | 0.59 0.3%\3 0.72 048
9 | PG1218+304 0.92 | 0.55 0.69 044
10 | 1ES0647+250 0.75 | 047 0¥ 036 | 060 046
11 | 3C66A 3‘%3;3@. 025 | 054 036
12 | 1RXSJ054357.3-55320, o 040 078 | 052  1.00
13 | PKS0301-243 o 9 043 | 044 059 | 049 0.6
14 | 1H1914-194 o 045 | 0.44 057 | 049 063
15% | 110134398 087 | - - 048  0.32
15 &@ﬁ?@@% 3410333 041 | 0.32  0.45 ; ]
16-AMOR'S1440-389 0.36 | 0.41 0.66 | 047  0.76
& [ 1ES0347-121 039035 053 |040  0.60
18 | 1ES1215+303 052|031 034 |039 044
19 | 1RXSJ101015.9-31190 032 | 034  0.60 | 039  0.69
20 | RXJ0648.7+1516 045 [ 033 042 | 038 049




[HE CASE OF TXS0300+ )

TXS 0506+056 & IC-170922A

2017 september 22
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MOD

THE COMMUNTTY T6 STILL WORKING ON THIS

A burst of models ...

eV keV MeV GeV TeV PeV
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|AKE HOME MESSAGES

o HIGH-ENERGY NEUTRINOS 15 A FIELD TO EXPLORE

* BLAZAR ARE GOOD CANDIDATES O PRODUCE HTGH-ENERGY NEUTRINOS (THE
CASEOF TXS 0506+ 05%)
e WATTING FOR NEW DETECTION AND NEW DETECTOR



10 OBSERVE HIGH-ENERGY NEUTRINOS!
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