Bruno Pontecorvo Prize
francis halzen

* some history

 a kilometer cube detector

(i / « the multiple ways of discovering
— cosmic neutrinos
e , .
\/  the first cosmic ray accelerator

lceCube.wisc.edu



B. Pontecorvo

M. Markov &
1960



" Charged Current r

W - (—.\(;fi\.@ .Qﬂ 5,
» : - "_‘»“ “‘
o SO We
LA 4 Ve S
y v
» it
‘,_;s y a muon neutrino produces a muon
R g . .
v with a range of kilometers
» lattice of photomultipliers



,sta-riding on the shoulder of giants

11987: DUMAND test string




Lake Baikal experiment observes atmospheric neutrinos
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instrument 1 cubic kilometer of natural ice below 1.45 km
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... you looked at 10msec of data !

muons detected per year:

« atmospheric* ~ 10"
« atmospheric** v 2> pu ~10°
* COSMIC vV2Uu ~ 120

* 3000 per second ** 1 every 6 minutes



Bruno Pontecorvo Prize
francis halzen

* some history

 a kilometer cube detector

+ the multiple ways of discovering
cosmic neutrinos

 the first cosmic ray accelerator

lceCube.wisc.edu






c o o 0

o o o o o

¢ © 0 o ¢ o0 o6 00 0 ¢ oo
©

2.6 = 0.3 PeV

°
o o0 0 o0 0 0 0 00

o o

©

INSI

©

de detector

9 0. Q8 PO B P S M

o006 00 &8 B%EE%E 8% EDWED

o—o—o o600
hoo© 000

e oo o oo

b0 0 o o0

DO o 0 O

o © o 0 0

o o oo oo o000 ojfooo
b o o oo 00600000
oo bo 0 0 00000

0000000
o 0 0o 6 0 0 O

AR L ]
& oo c o000 AN

B

ceoeoo0o0ooe0n 600
© 00006000 o000000 000
€ obooo00o00000
0000 00,698 90:.0%%8 5L
oo 0 0000
60000000688 L%% .8 %
€ 66 6 6 0 0otols QO Robc O Polo ol PRLELE
6066660006000
. © 0 € © © ©EOC O T O O VOO O Ve 0 o X ) L DN S
> A oy e W A
’ ).I.‘.'_i-o.'.-o‘..
6 0 0 ¢ 0 ¢ 0 OWos W OO O O et B
oo o c o o000 00060 0000000 i!.o‘v
PRSP A S A S

© 0 0 0 0 0 0 € 0 0wWQ QG &l Lol QLo
©

<
¢ ¢ © 000000 ¢ o0o 00000000
> b

¢ e o0 0060000000000

©
0 0 & EOL G- 00 Lot P

© 006 0C 00006000

660 ¢ o 600U 0o

D e
© © © € 0 © O 0 € 0t ©o0 ol ool Vo0 2
© 6 e 000 008G 0000
¢ oo o000 ¢eoo0C 000 o000 0o
e ¢ ¢ 00O 0000600000000
o e e e o o00eo000coee
06 ¢ 000060 ¢o00000e000000e0¢ ey

L

© ¢ ©C 0% % &8 €% LR ALl P Sl i8S PeB R

¢ ¢ ¢ © o
© © ¢ ¢ © 0 0o 0o e ooV oo oo

© © o o

n\ﬂﬁ.ﬁﬁhGGOﬂﬁOOCCCCC'CCCGO

©

F I S S S O A S S S T o v

¢ 0 000000 FHWEVE BGOSR @rCco co.... {

L S L S e S S e “a R VR CE e e}

G S8t & g CL P86 D% %%
e & £ %o mM&OCOoOo%m quo
o O

L o L L = S
cecocoocoooooocooooooooo@cQQ@
OCOO0006000966060000\6&0&059..._

L S e < R~~~

L S e I T S S S e * R S S o1

¢ 0 O 0

nocrcocoooocccoorooccccn*

L e o T S Ao

L e S SR S R R R ]

“.



electromagnetic shower initiated by an electron or tau
neutrino with energy > 1,000 TeV

date: August 9, 2011
energy: 1.04 PeV
topology: shower
nickname: Bert




electron and tau neutrinos
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high-energy starting events — 7.5 yr

4 —
% 10 I — HESE with ternary topology ID <, ﬂ
=, ® Dbest fit: 0.35:0.45: 0.2 1.0
> L e 90 >
o — Sensitivity, E spectrum Q@ =
Q 10° ®¥ 1:1:1 flavor composition ,x” 0.8 S
(W] Q(\ - /. ’S\\ )
5 WORK IN PROGRESS S/ ok X 2
" S - 68 %\ 0-6 % 5
5 10° S > g
A % % * Cx 2
T 44& ' 0.4 < a
<
2 O *
= 10 @
10 , 0.2 .00
68 % \
e ' ' ' ' _ ”
© 95 %L
7 G — 0.0
QS v ¥ © % o
Q ) Q o o ~N

Fraction of v,

oscillations of PeV neutrinos over cosmic

distances to 1:1:1




a cosmic tau neutrino: livetime 17m
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the first Glashow resonance event:

anti-vg + atomic electron - real W at 6.3 PeV




partially contained event with energy of 6.3 PeV
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* energy measurement understood
identification of anti-electron neutrinos
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cosmic ray accelerator TXS 0506+056: blazar models falil
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TXS O506+056 |S a Astronomy & Astrophysics manuscript no. output ©ESO 201
galaxy merger
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“We thus observe
the interaction
between jet
features that cross
each other’s paths.’

A Cosmic Collider: IceCube neutrino generated in a precessing
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ABSTRACT

Context. The neutrino event IceCube-170922A appears to originate from the BL Lac object TXS 0506+056. To understand the
neutrino creation process and localize the emission site, we studied the radio images of the jet at 15 GHz.

Aims. Other BL,Lac objects show similar properties as TXS 0506+056, such as multi-wavelength variability or a curved jet. However,
so far, only TXS 0506+056 has been identified as neutrino emitter. This paper aims to figure out, what makes the pc-scale jet of
TXS 0506+056 specific in this respect.

Methods. We re-analyzed and re-modeled 16 VLBA 15 GHz observations between 2009 and 2018. We thoroughly examined the jet
kinematics and flux-density evolution of individual jet components during the time of enhanced neutrino activity between Sept,2014
and March 2015, and in particular before and after the neutrino event.

Results. Our results suggest that the jet is very strongly curved and most likely observable under a special viewing angle of close to
zero. We thus may observe the interaction between jet features which cross each others’ paths. We find subsequent flux-density flaring
of six components passing the likely collision site. In addition, we find strong indication for precession of the inner jet and model a
precession period of about 10 yrs by the Lense-Thirring effect. We discuss an alternative scenario that is the interpretation of observing
the signature of rwo jets within TXS 0506+056, again hinting towards a collision of jetted material. We essentially suggest that the
neutrino emission may result from the interaction of jetted material in combination with a special viewing angle and jet precession.
Conclusions. We propose that the enhanced neutrino activity during the neutrino flare in 2014 - 2015 and the single EHE neutrino
IceCube-170922A could be generated by a cosmic collision within TXS 0506+056. Our findings seem capable of explaining the
neutrino generation at the time of a low gamma-ray flux and also indicate that TXS 0506+056 might be an atypical blazar. It seems to
be the first time that (i) a potential collision of two jets on pc-scales is reported and that (ii) the detection of a cosmic neutrino might
be traced back to a cosmic jet-collision.
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