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IN THIS TALK

» The lceCube Neutrino Observatory

» lceCube high energy cosmic neutrinos

» lceCube-170922A: the neutrino alert

» lceCube 2014-2015: the neutrino flare

» The dissection of the region around IceCube-170922A

» Conclusions
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Digital Optical Modules
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NEUTRINO INTERACTION: TWO CHANNELS

vp+N = p+X Vet+N = e+ X Vy+N = v+ X

K. Krings

1 TeV muon 1 TeV electromagnetic cascade
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COSMIENEUTRINOS Alow g

et [Su.Schénert, T. K. Gaisser, E.R.,
. oo O. S¢hulz, PRD (2009),

T. K. éaisser, K. Jdero, A. Karle,
and J. van’ . Santen, Phys. Rev. D
(2014)] "
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[The IceCube Coll., Science 2013, The IceCube Coll., ICRC’17]

Energy Threshold Southern Sky (downgoing) Northern Sky (upgoing)

Background Atmospheric Muon Flux

Bkg. Atmospheric Neutrinos (r/K)

Background Uncertainties

Atmospheric Neutrinos (90% CL Charm Limit)

Bkg.+Signal Best-Fit 1-Component Astrophysical (E ~2%)
- Bkg.+Signal Best-Fit 2-Component Astrophysical

Data

Background Atmospheric Muon Flux

Bkg. Atmospheric Neutrinos (#/K)

Background Uncertainties

Atmospheric Neutrinos (90% CL Charm Limit)

Bkg.+Signal Best-Fit 1-Component Astrophysical (E *")
- Bkg.+Signal Best-Fit 2-Component Astrophysical

Data

IceCube Preliminary

Events per 2078 Days
Events per 2078 Days with deposited E > 60 TeV

10° . -0.5 0.0
Deposited EM-Equivalent Energy in Detector (TeV) sin(Declination)

E2¢p(E) = 2.46+0.8x10-8(E/100TeV)-022GeVecm-2s-1sr-1 > 5 o excess
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ORIGIN OF HIGH ENERGY COSMIC NEUTRINOS?

Turcati, ICRC' 17, PoS 998

+30°

Eqg. (J2000)

0 1 2 3 4 5
All tests compatible with background fluctuations
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[The IceCube Coll., ICRC’17] Using through going (?) muons only

~ 550 cosmic neutrinos in a background of ~340,000 atmospheric
atmospheric background: less than one event/degzlyear
Assuming best-fit power law:

+++ Unfolding B Conv. atmospheric v, +v,
B Astrophysical v, +,
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ORIGIN OF HIGH ENERGY COSMIC NEUTRINOS?

Using through going, muons only
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ORIGIN OF HIGH ENERGY COSMIC NEUTRINOS?

Galactic accelerators Dark Matter

Ecliptic

AGN, Blazars

i 4 Gamma Ray Bursts
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THE OBSERVATIONS: HYBRID SPECTRAL ENERGY DISTRIBUTION

SAME ENERGY FLUX FOR ALL THE THREE MESSENGERS:

SUGGESTING A COMMON ORIGIN?

—_ Diffuse Gamma Neutrinos Cosmic Rays
7 10°7 4 Fermi(2014) e IceCube (2017) v TA(2015)
h : | —— Blazars (Ajello et al. 2015) BL Lacs (Padovani et al. 2015) v Auger (2015)
'_|' 10 3
N“’ 104 - Photon Neutrino
| ] attenuation window
E 103 _EAAAA AAAAAA —) -
S e !
) A L I
1 +
5 10 I I I l ”‘;'v
S 10° "' h
. ] Y
~N 10714 *,
Ly §
10_23 A. Turcat II
108 1010 1012 1014 1016 1018 1020

T Energy [eV]
LHC energy scale
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THE OBSERVATIONS: HYBRID SPECTRAL ENERGY DISTRIBUTION
A COMMON ORIGIN? BLAZARS ...

—_ ] Diffuse Gamma Neutrinos Cosmic Rays
7 10°7 4 Fermi(2014) e IceCube (2017) v TA(2015)
h : | —— Blazars (Ajello et al. 2015) BL Lacs (Padovani et al. 2015) v Auger (2015)
. 105 4
N“’ 104 - Photon Neutrino Y,

| | attenuation  window ey,

% 103 _EAAAAAAAAAA —)

> 2 ] l

L 10 .

W 10?-

ke

= ' blazars

T won by
N- 10—1 -

LL ]

10_2 1 A. Turcati
108 1010 1012 1014 1016 1018 1020

P. Padovani, E.R., MNRAS (2014) Energy [eV]

M. Petropoulou, S. Dimitrakoudis, P. Padovani, A. Mastichiadis, E.R., MNRAS (2015)

P. Padovani, M. Petropoulou, P. Giommi, E.R., MNRAS (2015)
P. Padovani, E.R., P. Giommi, B. Arsioli, Y. L. Chang, MNRAS (2016)
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BLAZARS: CLASSIFICATION (NO SEQUENCE)

Jet dominated AGN [Blandford & Rees 1978; Urry & Padovani 1995]. The radiation output is

E. RESCONI .rl_m 1 7

mostly due to non-thermal radiation from a relativistic jet, ~ few% of all AGN

3ecm 0.3um 400keV 40GeV
2 | | 1
cm/mm MIR-NIR X-ray Gamma -
Radio Sub-mm/FIR _ Optical-UV « = ——F

logvFv (relative)
o

. '

Q,"

Synchrotron peak

A ]
-------"-
o
L]

== Non-jetted AGN

——f — Accretion disc

e Hot colfona

- == == Reflection
......... "Soft excess"
— == = Dusty forus

— Jet [HSP)
— . Jet (LSP)
. 1 1 . . . | |
10 15 20
Image credit: C. M. Harrison, |ogy (Hz)

P. Giommi, P. Padovani

25

Flat Spectrum Radio Quasars:
broad emission features (emission
lines) in the optical spectrum

BL Lacs: no broad emission lines.
- LBL/LSP, vs < 1014 Hz,
- IBL/ISP, 1074 Hz<vs <1015
- HBL/HSP, vs > 10'5 Hz

E.m(FSRQ) < Eo(BL Lacs)
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ICECUBE-170922A: THE NEUTRINO ALERT

“Multimessenger observations of a flaring blazar coincident with high-energy neutrino IceCube-170922A,"” The
IceCube, Fermi-LAT, MAGIC, AGILE, ASAS-SN, HAWC, H.E.S.S, INTEGRAL, Kanata, Kiso, Kapteyn, Liverpool
telescope, Subaru, Swift/NuSTAR, VERITAS, and VLA/17B-403 teams. Science 361, 2018
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ICECUBE-170922A: POINTING TO THE BLAZAR (TXS 0506+056)

“Multimessenger observations of a flaring blazar coincident with high-energy neutrino IceCube-170922A,"” The
IceCube, Fermi-LAT, MAGIC, AGILE, ASAS-SN, HAWC, H.E.S.S, INTEGRAL, Kanata, Kiso, Kapteyn, Liverpool
telescope, Subaru, Swift/NuSTAR, VERITAS, and VLA/17B-403 teams. Science 361, 2018

Event occurred on the 22nd Sept 2017, 20:54:30 UTC
First notice sent 43s later! m!m

Revised coordinates sent 4 hours later

Follow-up responses
GCN 21917 - Integral - No detection [...]

&N
s
® ATel 10791 - Fermi - increased gamma-ray activity ?’*
of TXS 0506+056 (RA 77.36 deg, Dec +5.69 deg)

® ATel 10817 - The First-time detection of VHE

gamma rays by MAGIC 4’&

....and observations and reports by many more
telescopes AGILE, ASAS-SN, Kapteyn, Kanata, Kiso,
Liverpool, Subaru, VERITAS, VLT
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ICECUBE-170922A: POINTING TO THE BLAZAR (TXS 0506+056)

“Multimessenger observations of a flaring blazar coincident with high-energy neutrino IceCube-170922A,"” The
IceCube, Fermi-LAT, MAGIC, AGILE, ASAS-SN, HAWC, H.E.S.S, INTEGRAL, Kanata, Kiso, Kapteyn, Liverpool
telescope, Subaru, Swift/NuSTAR, VERITAS, and VLA/17B-403 teams. Science 361, 2018

Event occurred on the 22nd Sept 2017, 20:54:30 UTC
First notice sent 43s later!

(B)

Revised coordinates sent 4 hours later
6.6°

Follow-up responses

GCN 21917 - Integral - No detection [...] 6.2°
®* ATel 10791 - Fermi - increased gamma-ray activity % 5.8°
of TXS 0506+056 (RA 77.36 deg, Dec +5.69 deg) ¥XS OSW*Q
()

5.4°

® ATel 10817 - The First-time detection of VHE

gamma rays by MAGIC so [ -
3
....and observations and reports by many more 4.6° NG
telescopes AGILE, ASAS-SN, Kapteyn, Kanata, Kiso, 784° 780° 77.6° 77.2° 768°  764°
Right Ascension

Liverpool, Subaru, VERITAS, VLT

20

MAGIC significance [o]
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ICECUBE-170922A VS TXS 0506-+056: RANDOM COINCIDENCE?

“Multimessenger observations of a flaring blazar coincident with high-energy neutrino IceCube-170922A,"” The
IceCube, Fermi-LAT, MAGIC, AGILE, ASAS-SN, HAWC, H.E.S.S, INTEGRAL, Kanata, Kiso, Kapteyn, Liverpool
telescope, Subaru, Swift/NuSTAR, VERITAS, and VLA/17B-403 teams. Science 361, 2018

Excluded with 99.73%CL

1. . Step I: Draw a random neutrino from a
5 representative sample of high-energy
muon-track events

Step II: Are there any extra-
galactic Fermi source close in
space to the neutrinos?

= le-5

£ 25 &

'E 2.0 éé f; }‘

315 i } } Step lll: What is the gamma-ray
510 . e M H energy flux in the time bin when
> A ' i ives?

:ZZ w* ~.'v,’."' s ,W b MHM the neutrino arrives”

55000 55500 56000 56500 57000 57500 58000
MID A. Frankowiak
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THE ICECUBE FOLLOWUP: THERE ARE MORE NEUTRINOS!

“Neutrino emission from the direction of the blazar TXS 0506+056 prior to the IceCube-170922A

alert,” IceCub?SCollaboration: M.G. Aartsen et al. Science 361, 147-151 (2018).
+ (o)

1C40 IC59 IC79 IC86a IC86b IC86¢

sssr IceCube-170922A o
n
4 Gaussian Analysis -
3 Box-shaped Analysis E- B
n

= 00

= 1o

2009 2010 2011 2012 2013 2014 2015 2016 2017

Al Samarai, Kintscher, Krammer, Wood
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THE ICECUBE FOLLOWUP: BACKGROUND FLUCTUATION?

“Neutrino emission from the direction of the blazar TXS 0506+056 prior to the IceCube-170922A

alert,” IceCub?SCollaboration: M.G. Aartsen et al. Science 361, 147-151 (2018).
+ o

Excluded with 99.95% CL

1C40 IC59 IC79 IC86a IC86b IC86¢

snnr JeceCube-170922A o
n
4 Gaussian Analysis -
3 Box-shaped Analysis E- B
n

—logyo p

= 00

= 1o

2009 2010 2011 2012 2013 2014 2015 2016 2017
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THE ICECUBE FOLLOWUP: WHAT ABOUT THE GAMMA-RAYS?

“Neutrino emission from the direction of the blazar TXS 0506+056 prior to the IceCube-170922A

alert,” IceCube Collaboration: M.G. Aartsen et al. Science 361, 147-151 (2018).
1C40 1C59 IC79 IC86a IC86b IC86¢
5 | | | | | | | | -
==+ IceCube-170922A A = 4o
|
: Gaussian Analysis \
% 3 o = Box-shaped Analysis I\ L 3,
g0
2 2
| = 20
1 = 1o
0

2009 2010 2011 2012 2013 2014 2015 2016 2017

2009 2011 2013 2015 2017

Neutrino Flare

et
-

107" ph em ™2 g1
.y

-

=== [ceCube-170922A

fl 4

ht t bt o
L g T T

AL A A L

lack of an accompanying simultaneous gamma-ray enhancement
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LET'S DISSECT THE REGION AROUND ICECUBE-170922A

(1) first association neutrino alert and a BL Lac in a flaring state; =k

e, and

Science:=

pA

"~ NEUTRINOS

FROMABLAZAR

. The IceCube Coll. & partners, “Multi-messenger observations of a flaring
blazar coincident with high-energy neutrino IceCube-170922A", Science 2018

(2) the evidence of a neutrino flaring activity during 2014 - 2015 from the
same direction;
. The IceCube Coll., “Neutrino emission from the direction of the blazar TXS
0506+056 prior to the IceCube-170922A alert”, Science 2018

(3) the lack of an accompanying simultaneous gamma-ray enhancement;

(4) the contrasting flaring activity of a neighbouring bright gamma-ray source
during 2014-2015.

P. Padovani, P. Giommi, E.R., T. Glauch, B. Arsioli, N. Sahakyan, M. Huber,
+ “Dissecting the region around IceCube-170922A: TXS 0506+056 as the first
cosmic neutrino source”, MNRAS 2018 (https://arxiv.org/abs/1807.04461)



https://arxiv.org/abs/1807.04461
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ICECUBE-170922A; THE REGION (R = 80 ARCMIN) AROUND

P. Padovani, P. Giommi, E.R., et al. MNRAS (2018)
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all 7 show X-ray to-radio flux ratio blazar-like.
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GAMMA-RAY EMISSION NEAR ICECUBE-170922A: TXS AND PKS

P. Padovani, P. Giommi, E.R., et al. MNRAS (2018)

MJD 55762 - 55842 (July 20 - October 8, 2011)
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GAMMA-RAY EMISSION NEAR ICECUBE-170922A: NEUTRINO ALERT TIME

P. Padovani, P. Giommi, E.R., et al. MNRAS (2018)

TS Value TS Value
0 300 600 900 1200 1500 0 100 200 300 400
7.0 7.0
* 2WHSPJ050833.3+05310 === IceCube-170922A
PKS 0502+049 B Best-Fit Location
6 5 i TXS 05064056 65 |

Dec. (degrees
ot
(S

5.0 A 5.0 -
4.5 A 4.5 A
E>1GeV E>5GeV
4.0 | 1 1 1 1 1 4.0 1 1 1 1 I 1
785 780 775 T77.0 765 76.0 785 780 775 770 765 76.0
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GAMMA-RAY EMISSION NEAR ICECUBE-170922A: NEUTRINO FLARE TIME

P. Padovani, P. Giommi, E.R., et al. MNRAS (2018)
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GAMMA-RAY EMISSION NEAR ICECUBE-170922A: NEUTRINO FLARE TIME

P. Padovani, P. Giommi, E.R., et al. MNRAS (2018)
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GAMMA-RAY EMISSION NEAR ICECUBE-170922A: NEUTRINO FLARE TIME

P. Padovani, P. Giommi, E.R., et al. MNRAS (2018)
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GAMMA-RAY LIGHT CURVES: TXS 0506056
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THE PHOTON - NEUTRINO SPECTRAL ENERGY DISTRIBUTION OF TXS 05064056
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IN SUMMARY

The IceCube South Pole neutrino observatory detects HE cosmic neutrinos
since 2013.

Recently
» first association neutrino alert and a blazar in a flaring state (30);

» the evidence of a neutrino flaring activity during 2014 - 2015 from the
same direction (3.40);

» MM studies revealed that TXS 0506+056 best and only candidate for
the neutrino alert & the neutrino excess in 2014-2015;

» as a consequence TXS 0506+056 is the first cosmic accelerator.

A new window on the universe has been opened at the highest energies.
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OPEN QUESTIONS:

» Why the TXS 0506+086 as first source?

» Are there other blazars associated to neutrinos?

» How does acceleration works above 1018 gV?

» How to connect acceleration and radiative part in the source?

» What is the physics that power blazars?
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IN SUMMARY

since 20138.

Recently

Much more to come up soon.





