Neutrino astrophySics with lceCube.

Patrick Hatch (Queen’s University) for the IceCube collaboration
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Neutrinos

Neutrinos have already
been introduced here

VERY light, neutral
particles

Only interact very weakly

Very prevalent in the
universe

Three flavours

muon
' ._neutrino

tau
neutrino

GAUGE BOSONS
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Detector Wish | ist

¢ |n order to detect these neutrinos, a
detector was needed which would:

1. Have a large target mass

2. Provide a very clear medium so that
light can be detected

3. Be at least somewhat shielded from
outside radiation
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The IceCube Neutrino Telescope

IceCube Lab
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The IceCube Neutrino Telescope
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Detection Method

interaction




Event example (in‘moving picture form!)

pe: NuMu
: 6.08e+04
© 44.43 deg
1 357 53 . deg
: 100/446 shown, max EECGVZ ==-566 /577
: 100/444 shown, max E(GeV) == 158



https://docs.google.com/file/d/1MoZSNN-IKGezI2wad9aJkf1ULA4pcacJ/preview
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What doesfth"is looK like in detector data?
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http://www.youtube.com/watch?v=vTya9hoKsfM

| | SRR Tl i
What doesftﬁis looK like in detector data?
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Fvents In the Detector

CC Muon Neutrino NC Neutrino
Vu+ N—p+ X L b Xy X
“Track” '. ... - ‘Cascade”
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Cascades in action!

14


http://www.youtube.com/watch?v=i4yq-7WB768

So you build a high-energy neutrino detector?

Why should | care??
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Multi-messenger astrophysics with
cosmic rays
gamma rays

gravitational waves

» Opening many science topics including:
where and how are cosmic rays produced?
» Neutrinos indicate a hadronic (or exotic) source




“The opaque Universe

PeV photons mteract W|th mlcrowave photons
(411/cm3) before reachlng our telescopes
enter: neutrinos







v-'-*nNeutri nps? Perfect Messenger

electrically neutral = L
- essentially massless - Lok e S
- essentially unabsorbed _f % |
- tracks nuclear processes B S e

- reveal the sources of cosmic rays

. but difficult to detect




10 ms of data in IceCube
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https://docs.google.com/file/d/12awyZ8LqMfmDmaPh6hzREk-M6hZqFAlm/preview
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Signals and Backgrounds .

-Atmospheric muons:
10" events per year

-Muons from
atmospheric neutrinos:
10° events per year

.lxtluph\ sica

neutrino

.lllll()\')lh‘ll(

neutrino

-Muons from
astrophysical

atmospheric

neutrinos: 120 events

per year
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A
Event selection

-To remove an;a-atm;spheric
__muon contamination, we have
specific event criteria that needs
to be passed such that we only
collect neutrino data ;

lceTop
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e Source of neutrinos
IS the interaction of
particles in the
atmosphere

~30 kilometers

e These interactions
produce neutrinos
with an understood
flux and flavour
content

Atmospheric neutrino source

— l.l"'+\/'1
et sV + Vp
T — W+,

NV Vp, Vu
detector
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Predicted Results

Expected to see 10.6+50.3¢




Actual BResults

Actually saw 28 (in the first 2 years of data)
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lceCube Results
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But where are these high-energy neutrinos coming from??
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3/4 View Top View

Blazar

Accretion disk




A track with angular uncertainty ~1°
Declination +5.7° , neutrino energy ~290 TeV AN
Announced in public alert (GCN) 43 seconds after interaction 42
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A flaring GeV gamma-ray blazar
in the same direction as the neutrino

A
original GCN Notice Fri 22 Sep 17 20:55:13 UT — 10
6.6° refined best-fit direction IC170922A
' w |C170922A 50% - area: 0.15 square degrees 19
w— |C170922A 90% - area: 0.97 square degrees 8
6.2° o)
7 R
Q.
2}
5 §e &
= 5.8° 8
£ o 5 O
5 TXS 0506+056. =
[} <
o 4 J
5.4° =
3 5
w
2
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PKS 0502+04§

1 . .
The significance of
0 such a coincidence is

784°  780° 77.6° 77.2° 76.8° 76.4° 30
Right Ascension

4.6°

0.1° separation between blazar and best-fit neutrino direction
MAGIC detected blazar for first time in VHE band
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First significant neutrino source: TXS 0506+056 S
j il . IceCul;e-170922A l | . N | *F 40
= [ i |l
(1)- _\.ﬁ-""’_’—.‘“~'— p— . -_.—._-—,=./_J_.- N

2009 2010 2011 2012 2013 2014 2015 2016 2017

TXS 0506+056 was found to have an excess of 13 £ 5 high-energy neutrino
events above the expectation of atmospheric backgrounds between

September 2014 and March 2015, giving the blazar a significance of 3.50 _ ~ °

‘«
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Second S|gn|f|cant source: NGC 1068

-The Seyfert gala”)eyNGC 1068 was
_recently announced (as of January

2023) to have been found as a
neutrino source with 4.20
sigrﬁficance from 79 (+22 -20 ©
uncertainty) more events than
expected from the atmospheric and
diffuse astrophysical neutrino
backgrounds

.
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Conclusion

-It’s exciting time fer'neutrino astronomy! =
-Neutrinos are useful astrophysical messengers but they are-hard to detect!
-lceCube discovered a diffuse flux of high energy astrophysical neutrinos in 2013

-The most significant neutrino sources so far are AGNs NGC 1068 and TXS
0506+056 and our own galaxy!

-Lots of exciting neutrino astronomy to come!
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Thank you!

o_aft. B, g%, afv. (Bh. (O 40N
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. lceCube Collaboration in Madison, WI (2022)



