lceCube:
Detection of optical
Cherenkov In-ice at the
South Pole






Arrival




Why Is Antarctica a good place to do cosmic ray astronomy?
(A=1 m)~1500 m;

« Iceisclear: L__ (A=400 nm)~120 m; L

atten

(A=1 m)~10 km

(A=400 nm)~45m L

scattering atten

Lscattering

* |Ice provides a stable pre-made “lab”: The medium is the message

88° C /12000 cc/sec water /5 MW / 2 cm/s

Far from anthropogenic noise
3 km elevation
- close to shower max
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nozzle delivers

13 liters/second

7 MPa

90 degree C

4.8 megawatt heating plant
Drillina in two phases




Hole drillin
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Optical Signal

the optics of the ice
Age[kla] 73 74 75

76

Hole
50

N . . - . . . ot : : . - " . " N
2130 214 2150 216 2170

A Depth[meters]

| Toba eruption



120 strings

Depth 1.35 to 2.7 km
80 DOMs/string

300 m spacing

Instrumented volume: x 10
same budaet as IceCube
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50 m N

Amundsen—Scao
‘ 14 i Pole Station, A
IceCube Laboratory : : Hilrmies QTOQNIE.L | | A National Science Fou
. set 125 meters apart =
Data is collected here and T _ managed research facility

sent by satellite to the data
warehouse at UW—Madison

1450 m

60 DOMs
on each
string

DOMs

are 17 {

meters

apart i
év}

&

Digital Optical
Module (DOM) 2450 m

5,160 DOMs
deployed in the ice

Antarctic bedrock



DOMs=Digital Optical Module
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A 250 TeV neutrino interaction i

interaction point (bott

accelerators.




389 TeV
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> PeV energy neutrino

2 events, including highest energy muon energy observed: 560 TeV
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Events

cosmic neutrinos in 2

4

years of data at 3.7 sigma
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where do they come from (3 year data)?

Galactic

0 TS=2log(L/LO) 11.2917

hottest spot 7.2%: consistent with diffuse flux with fllavor 1:1:17



correlation with Galactic plane: TS of 2.8% for a width of 7.5 deg

HI column density [em 2]

Galactic

le4+22






electromagnetic
cascades in CMB
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Galactic search with IceCube (red 3yrs} & ANTARES (blue, 6yrs)

RO J2010437
S PWN)

Vela X (PWN)

B I

Galactic




Overlay with gamma-ray catalo

HESE 4yr with Egep > 100 TeV (green) / Classical v, + ¥V, 6yr with E,, = 200 TeV (red)

Galdctic Plangso .-/ﬁ :

809 I —

-180°
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Galactic

event appears in both samples




And overlay with TA/Auger

Auger 2014 E > 52 EeV (x) / TA 2014 E = 57 EeV (+) / smoothed anisotropy map (A@s50g = 20°)

Equatorial
event appears in both samples

e

-0.836732 0.836732



Place limits on neutrino source fluence
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Oscillation Probability
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Confidence Level Exclusion (%)
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290 TeV (22Sepl7) neutrino!

TXS 0506+056

From Wikipedia. the free encyclopedia Coordi

TXS 05064056 is a very high energy blazar — a quasar with a relativistic jet
peinting directly towards Earth - of BL Lac-type.[3] With a redshift of

0.2365 = 0.0010,[3] it is about 1.75 gigaparsecs (5.7 billion light-years) from
Earth.[?] Its approximate location on the sky is off the left shoulder of the
constellation Orion.[®?] Discovered as a radio source in 1983, the blazar has since
been observed across the entire electromagnetic spectrum.

TXS 0506+056 is the first known source of high energy astrophysical neutrinosl®l,
identified following the lceCube-170922A neutrino eventl?] in an early example of
multi-messenger astronomy.[12] The only astronomical sources previously observed
by neutrino detectors were the Sun and supernowva 1987A, which were detected
decades earlier at much lower neutrino energies.[&]

On September 22, 2017, the IceCube MNeutrino Observatory detected a high energy muon neutrino,
dubbed IceCube-170922A.[7] The neutrino carried an energy of —290 tera-electronvolts (Tev); for
comparison, the Large Hadron Collider can generate a maximum energy of 13 Tev.[24] wWithin one
minute of the neutrino detection, lceCube sent an automated alert to astronomers around the world
with coordinates to search for a possible source.[7]

A search of this region in the sky, 1.33 degrees across, yielded only one likely source: TXS 0506+056,
was found to be in a flaring state of high gamma ray emission.[7I5] |t was subsequently observed at o
the electromagnetic spectrum, including radio, infrared, optical, X-rays and gamma-rays.[71[25] The de



TXS 0506+056

lceCube
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Possible future expansion scenarios

(increase In threshold not important: only eliminates energies where
the atmospheric background dominates)

NGlceC (1/2/3)
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lceCube (1 km?3)
+ 98 strings (1,3 km3)
= 2,3 km3

Spacing 2 (240m):
lceCube (1 km3)
+ 99 strings (5,3 km3)
= 6,3 km3

lceCube 86

spacing 120 m
spacing 240 m |
¢ spacing 360 m

Spacing 3 (360m):
lceCube (1 km3)

000 2000

+ 95 strings (11,6 km3)
= 12,6 km3

3000
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