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neutrino experiments and their
energy range

accelerator-based

[m———————

IOMeV 100 MeV | GeV : Gel | TeV 10 TeV

ISNO, Borexino, - . AMANDA, Baikal,
| KamLAND, Spes ANTARES
Double CHOOZ, ‘

Daya Bay, etc.

o ‘ﬁ#’
L] FDM-induced V71 THIS TALK
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neutrino sources/energies

Solar v 23 February 1987: discovery of
neutrinos emitted from the
supernova SN1987A with

the Kamiokande and IMB Collab.

Birth of neutrino astronomy!

The Sun, SN1987: the only
identified thus far sources of
extraterrestrial neutrinos

| | I | T | | | | | | | | . ie I | | |—’
10° 10° 1012 101° 108 102
MeV GeV Energy (eV)

by J.Kiryluk (IceCube)
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neutrino sources/energies

THIS TALK

High eneray v astronomy|

Galactic Extragalactic
A sources?

L §u_gernova burst v'

. GZKV?

---/----- Gﬁnln‘bmdwﬂhcuBY

Bang v* 'l DM-induced v? !

I I | I I | | | | I | | | | | | | |
10° 10° 10 12 101 10 102"
MeV GeV TeV PeV Energy (eV)

by J.Kiryluk (IceCube)
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OUTLINE

» Neutrinos as cosmic messengers

* Neutrino telescopes

« Selected results:

* |ndirect search for dark matter based on SUPEr-K
» Diffuse flux of cosmic neutrinos IceCube

* Point source searches Antares

 Future projects  Km3NeT, SK-Gd, Hyper-K...
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Neutrinos as cosmic messengers

" We would like to understand origin of UHE cosmic rays

® Multi-messenger approach: protons, y-rays & neutrinos

= : Source region, e. g.
" protons: directions surrounding dust clouds,

. Galaxies...
scrambled by magnetic Source, e.9.

rnova,

ﬁCldS Interstellar

Active Galactif Nucleus AGN dust clouds
Gamma Ray Burst GRB \ Satellite
. . . experiments
= y-rays: direction straight-
line, but reprocessed in the Qtt%
sources and asborbed >1TeV "%\% Fluorescence
detector

/ Intergalactic \ Air shower
/. magnetic fields

" neutrinos: not affected by
magnetic fields, could pass

/

through dense regions, carry | ./ Earth ‘.

1g] i ' / | Underground
original energy information ; o ‘;
—> excellent probe of the :
Universe

Atmosphere

P.Mijakowski



Motiviation

" We would like to understand origin of UHE cosmic rays

Enerqy Spectrum :
gy p Cosmic accelerators:

<—— 1 particle/(m? s?)

Active galactic nuclei (AGN),

influence

lominates Gamma ray bursts (GRBs),

SN remnants,
Pulsars,

Synchrotron
Radiation

Knee

1 particle/(m? Microquasars

Greisen-Zatsepin—-Kuzmin
(GZK) limit

Ankle ———»

1 particle/(km* yr?)

expect ~levt/km2/year

E, >6x10"eV:

9 10 11 12 13 14 15 16 17 18 19 20
Log,,(ENERGY/eV)

DAY i AT ARV A

(not to scale)



Motiviation

"  We would like to understand origin of UHE cosmic rays
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Cosmological v

Solarv
Supernova burst (1987A)

/ Reactor anti-v

Background from old supernova

Terrestrial anti-v

Atmospheric v

v from AGN

GZKv

WIMPS ; \

e S 1 | T T 1 L\J

108 10° 102 10 10'8
MeV GeV TeV PeV EeV
Neutrino energy

Theoretically
predicted
cosmic neutrino
fluxes: very
small at high
energies

Low v fluxes and
small v
interaction cross
section: need for
km3 scale
detectors



OUTLINE

* Neutrinos as cosmic messengers

« Selected results:

* |ndirect search for dark matter pased on SUPEr-K

* Diffuse flux of cosmic neutrinos IceCube

* Point source searches Antares

» Future projects

P.Mijakowski

KM3NeT, SK-Gd, Hyper-K...
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neutrino detection in
Mediterranean Sea

P.Mijakowski
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neutrino detection
in ice@South Pole
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neutrino telescopes

techniques: optical /radio detection

r—— - GNO (Greenland)
Lar ;‘Sea Er
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BIG players: HE optical neutrino observatories

NT-200+

= 8+43=11 strings

= 192436=228 PMTs

= 1/2000 km3 of volume
"  Medium: Lake Baikal

®  Northern hemisphere

P.Mijakowski

(in operation)
ANTARES

12 strings

885 PMTs

1/100 km3 of volume
Medium: Mediterranean Sea

Northern hemisphere

IceCube

86 strings
5160 PMTs
1 km3 of volume

Medium: South Polar Ice

Southern hemisphere

IceCube Lab

16



smaller players: Super-Kamiokande, Borexino, KamLAND,

Daya Bay...

NT-200/Antares/IceCube: sensitive from ~100GeV

... smaller detectors, with MeV sensitivity, suitable

for SN neutrinos

Cosmological v

Solarv
Supernova burst (1987A)

_ Reactor anti-v

/

_—

Background from old supernova

Terrestrial anti-v

]
eV

Atmospheric v

v from AGN IceCube
Antares

NT-200

10° 10 10° 102 10" 10
keV MeV GeV TeV PeV EeV

Neutrino energy

Borexino

Sy
N

=
\
)

1

WA N T
=‘;T }} “"‘?‘!'! ‘“":,Tv AN

Super-K best samples at GeV scale =>possible also to search for DM

... upward going muon directional information even up to TeV scale
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® February 23, 1987: birth of neutrino astronomy!

Supernova neutrinos, SN1987A

= expecting ~2-3 SN bursts/century in Milky Way (last visible one in year 1604)

Scmduleak -69 202
F*ﬂﬁw X
.‘ , S’ 3 3 ‘fg.

nova 1987A
i:; Febmary 1987

: -‘{: -~‘. '*‘ 5 * i’ '
e 0 R
s S A T o U '. wi Y F
PRI R L A 3
T el pd R g 2
';‘ n-o E '~_. "‘ﬂ":" ._‘. QL . ;?,". :. . |
.‘A.. :‘?-_‘l'.. J \- ,':"‘0'
% P S P nd . SV J ..
,.' » -’e.'_ A S Y . < “- ‘-".'..-f'._' v . $
IV s : W : .
SN A A ‘.&! hrat T TR, . (¥,
4 RER TR | Vs I ,"".'.1,-- . A
A Sy RN ¢E e S :" *ar X
i oY : N ' -’.:‘f 's.;'., id > . v .* ‘ :.‘. .:. X
Large TN AR Ry
."...: 3 v, : ..' e ,o .‘ﬂ
Magenllanlc it e ot g
ik P i 1 Rk A
Cloud RN e S 7 |
o Coh . - ! Ll N

" neutrinos arrived 3hrs earlier than photons!

SN1987A neutrino events

e IMB
o Kamiokande II

= SNEWS (SuperNova Early Warning System): Borexino, Daya Bay, KamLAND, HALO,
IceCube, LVD, Super-Kamiokande
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Supernova relic neutrinos

Observation of a single SN relies
on a very brief signal — trivial

separation from background but a

very rare event

But Universe is full of neutrinos
from all previous SN flying
around

Need to separate them from
backgrounds

... hext generation of neutrino
detectors like SK-Gd or Hyper-K
may be the first one to discover

and measure the spectrum of
SRNs

v, flux{cm®s” MeV’)

challenge: SN relic v (SNR)

expectation

We mostly detect based on ES

V.+e >V _+e

but inverse beta has larger
cross section

V.+p—e +n

20 30 40 50 60 70 80 90 100
E (MeV)

19



OUTLINE

» Neutrinos as cosmic messengers

* Neutrino telescopes

« Selected results:

* Indirect search for dark matter :

* Point source searches

 Future projects  KM3NeT, SK-Gd, Hyper-K.

P.Mijakowski

based on Super-K

Antares

20



Indirect search for DM from the Galaxy
« diffuse signal from entire Galaxy,

peaked from Galactic Center

» search constrains DM self-
annihilation cross section <oV>

Expected signal intensity

P.Mijakowski
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500

=)

4pok

200

Idea of dark matter searches at Super-K

Search for excess of neutrinos form Earth/Sun/Milky Way

FIT: for each tested WIMP mass, find configuration
of ATM 'V + DM signal that would match DATA the best

Earth WIMP search
diffuse search

Solar WIMP search
point-like search

L SubGeV e-like Odcy e

1000 - ?

; T
' 2

et

L SubGeV e-like Odcy e

Q::
ég;

J
-

1000

500

Galactic WIMP search
diffuse search

I I

t SubGeV e-like 0dcy e

l

_‘Illlllll

0.5

*

0.5

1

1000

S
(3

N

4 05 &JO05 1

SubGeQ;ike 1dcy e

S

1 05

t

0 05 1
<)
€0sO,anith

\

I I
SubGeb gke 1dcy e

- SubG -like 1dcy e sooé— _;
D oo Qe
SR ot & E
i F b T
1 - v a _ols % -0156 0.5 :1

cosOgn f c:;GTGC *

In these coordinate systems signal is easy to
distinguish from atmospheric neutrino background

direction

- |®

s UPER
JK
Detector
]

lepton I

Galactic Center or Sun

Example: bb signal

before fit shown
in 2 data samples

SK
DATA

ATM MC (BKG)
with oscillations

DM signal shape
enhanced
for illustration
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Suger-K galactic WIMP search result

% branching ratio to given annihlation channel is assumed

FIT based on lepton mom.

& cosf distributions,

4223 days of SK data used

(1996-2014)

ANNIHILATION, NFW PROFILE

L B 33 3 N B B L R R L

P T
o - .
> 1000 3
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S 8sop * best fit E
0 = .
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£ F ]
S 400 3
H n m
< E
T 200F 3
e E 7
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= 200F 3
=} E ]
- E ]
© 400 .
3 o B
E 600 :_ | livetim, lC/PC 4223..‘!l days, UPMlII 4527 daysl
1 10 10° 10° 10*
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M, [GeV/c?]

We still investigate
regions <1GeV

fitted # of DM-induced neutrinos (all flavors)

fitted # of DM-induced neutrinos (all flavors)

NFW halo
model is
assumed

ANNIHILATION, NFW PROFILE

UL BN 33 23 B 1 B L R R L

Since fit results consistent with
zero we can derive the limit on
DM self-annihilation cross
section <oV>

a00 k- Lk E 90% CL UPPER LIMIT
600 * bestﬁt _: 10-17 T T ll[l”l T T lllllll T T lllllll T T llllll' T LB
3c band ] e IceCube-79 (halo) r
400 - 10" arXiv:1309.7007 [astro-ph.HE] bb
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- @ ] 100 L —e— Super-K vV (NFW)
-200 . <
FC/PC 4223.3 d: UPMU 4527 d. ] 1 0.21
[N . lays, ays -
-400 PRI BRI BT RS TT R E
1 10 107 10° 10* A 102
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Ty P
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] 107% E
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~150 syst. uncertainty
terms included in fit

M, [GeV/c?]
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Limits on DM self-annihilation cross section:
other experiments

BAIKAL NT-200 limit (Dec2015)

le-17
_ Super-K
le-18
R r 90% CL UPPER LIMIT
e-19 |
B 10-17 T ]||||”I T l(lll”l T ]]ll]”l T lllll”l T LR
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le-20 ¢ 10" arXiv:1309.7007 [astro-ph.HE] bb
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le-21 | 10"t —s— Super-k W'w (NFW)
[ s Super-K 'y (NFW)
I —10PL —e— superk vv (NFW)
le-22 T S )
10 100 1000 10000 ”E 104
my,., GeV .9_‘
ly f b g 107
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O .23
10°1° . v 10 -
I1C79, GC, 2015 vv
ANTARES 2007-2012, GC, 2015 10'24
20 Super-Kamiokande 1996-2014, GC
™ & NT200, GC 1998-2003 —— 102
GVD 1 yr, sensitivity natural scale — expectation for DM as thermal relic
102 F vy 10%
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Comparison with AMS-02

°* DM annihilation
into W W may
explain positron
excess seen by

PAMELA/FERMI/
AMS-02

* SKlimits for DM
ann. in the Milky
Way come along

P.Mijakowski
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w

<oV> 90% CL upper limit for u*u-

IceCube 40: R.Abbasi et al., arXiv:1210.3557v3 (2013)
—4— SK p*p’ Frankiewicz IceCube multipole: M.G.Aartsen et al., arXiv:1406.6868 (2014)
AMS02 best fit: J.Kopp, Phys.Rev.D 88, 076013 (2013)
—— SK p*u Mijakowski PAMELA+FERMI: P.Meade et al., arXiv:0905.0480v2 (2010)

Ice Cube 40 p*p

Ice Cube multipole p*p
S AMSO02 best fit

PAMELA + FERMI

other SK
analysis

SK analysis shown / AMS-02

on previous slides best fit assuming
+ .-
Y

107 10°
My [GeV/c?]
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DM-induced neutrinos from t

* expected increased WIMP density in core
of massive celestial objects due to gravitational
capture

* equilibrium between capture &
annihilation rate

* constrain scattering cross section Oxn

related HOT TOPICS: low My positive signal
by CoGeNT, Cresst, DAMA

P.Mijakowski 26



WIMP elastic scattering cross section O, limit

(spin dependent)
* GLOBAL FIT of
simulated DM-ind comparlson with direct detection, spin dependent interactions (SD)

signal to all SK — 10
samples - same above lines is 0
as in case of DAMA/LIBRA oxcludeq 0% CL
galactic search 108 “

° Elastlﬁ; 3catter|ng of N
X On nydrogen In 107 PICASSQ . — =
SUN (spin e
dependent)

S
4

* Equilibrium
between x capture
and annihilation
rate in the SUN

capture = annihilation

SK (bb)

BAKSAN (031 "~ e SK (W'W)e ===
SK‘*'r }

—

'
W
Qo

S
5

E
O,
-
Le,
D
©
w
7))
7))
o
O
0
N
c
S
o
o,
o
S
=

—
[l
N <N
—

2

depends on Oy N :
WIMP mass[GeV/cz]

more: G.Wikstrom, J.Edsjo uncertainty band
JCAP 04, 009 (2009)

° reference: K.Choi et al.,
DAMA excluded Phys. Rev. Lett. 114, 141301 (2015)
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OUTLINE

» Neutrinos as cosmic messengers

* Neutrino telescopes

« Selected results:

* |ndirect search for dark matter pased on SUPEr-K

» Future projects

P.Mijakowski

KM3NeT, SK-Gd, Hyper-K...
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Configurations: IceCube Lab
| 2006: 1C9 = — B ghons

- - -
- - - e -

e 2007- 1022 R e 324 optical sensors
2008: 1C40 T |
2009: 1C59 IceCube Array

- 2010: 1C79 86 strings including 8 DeepCore strings
T >=2011: 1C86 5160 optical sensors

Amanda Il Array
(precursor 1o lcaCube)

\.

ke DeepCore
—» 8 suinggz:fachg optimized for lower energies.
480 optical sensors

381m
2450 m

2820 m

g:-;: Q| oo stae o
[

a gigaton of ice




,,Evidence for High-Energy Extraterrestrial Neutrinos at the IceCube Detector” Nov/2013

first UHE cosmic neutrinos

Aug 2011 Jan 2012 Dec 2012
highest energy event (June/11 2014)

5 Dust layer with large
{sGattéfing and absorbtion

AVAAAS

* Deposited energy 2.6+0.3 PeV (lower limit)

30



Discovery of Cosmic Neutrinos with lceCube

Science

IC79+IC86 analysis of 2010-2014 data (4 years) to search
for “High Energy Starting Events” (HESE) all-flavor neutrinos

: [ Background Atmospheric Muon Flux
IceCube (4yr) C. Kopper et al, ICRC2015 5 {""""""| - Bkg. Atmospheric Neutrinos («/K)

Background Uncertainties

IceCube (3 yr), Phys. Rev. Lett.; arXiv:1405.5303 ; . | — Atmospheric Neutrinos (90% CL Charm Limit)
IceCube (2 yr), Science 22 Vol. 342 no. 6161 I ’

- Bkg.+Signal Best-Fit Astrophysical (best-fit slope E~*%) |]
= = Bkg.+Signal Best-Fit Astrophysical (fixed slope £ ?)
:...T.|e®e Data

L
Showers +—e— -JJ
g 5:3 Tracks
2 " .
Uh Cube Preliminary 1

IceCube Preliminary ]

n
>
©
(@]
~
v
M
—
—
]
Q
n
-t
c
()
>
w

Declination (degrees)

DOWNGOING

S N [ (N I E— — —

; %.%
10° 10°
Deposited EM-Equivalent Energy in Detector (TeV)

Deposited EM-Equivalent Energy in Detector (TeV)

. Wl

E=1.0 PeV E=20PeV E=1.1PeV
Aug. 2011 Dec 2012 Jan 2012

54 events in 1347 days (4yr)
Astro. signal dominates at E > 60 TeV
Significance: 70




Discovery of Cosmic Neutrinos with lceCube:
where are they coming from?

IceCube (4yr) C. Kopper et al, ICRC2015
Observed 54 events (tracks and cascades)

34
u

| cascade events only |..2
p-value = 18 % 1

TS=2log(L/LO)

No evidence of (significant) correlation (neither spacial nor temporial e.g. GRB’s)




Point-like source neutrino searches

All-Sky search: Search for excess of astrophysical v from a common direction over the
background of atmospheric v

ANTARES (2007-2012)

Most significant cluster: 6 (14) events in 1° (3°), p-value = 2.
Compatible with bkg hypothesis

(.8)=(313.20, -64.90) [2007-12]

107
(equatorial coordinates)

C.Perrina, TMEX2014




®* Cosmic neutrinos observed at IceCube
* No evidence for a point / extended source

Questions:

* Where are the point sources?

* What is their spectrum? Production mechanism? What is
the flavor composition?

* GZK neutrinos?

P.Mijakowski
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OUTLINE

» Neutrinos as cosmic messengers

* Neutrino telescopes

» Selected results:
* Indirect search for dark matter based on SUPET-K
- Diffuse flux of cosmic neutrinos  lceCube
* Point source searches IceCube/Antares

F --------------------------- L

I - Future projects  KM3NeT, SK-Gd, Hyper-K... :

P.Mijakowski
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Future: KM3NeT

* Modular neutrino research
infrastructure the Mediterranean
Sea (aim for several km3)

* 2 parts: ARCA & ORCA

* ARCA: Astroparticle Research
with Cosmics in the Abyss, IT

ORCA: Oscillation Research
with Cosmics in the Abyss,
near FR coast

* KM3NeT selected for the 2016
ESFRI Roadmap! km3het.org

@km3net

* Open positions in our group to work
on this project!
36



Future: KM3NeT

each

ARCA Digital Optical

Module (DOM)
contains 31 PMTs

* HE v astronomy

* 1st stage: 30 strings in KM3NeT-IT (Sicily)
alread%/ funded, 3rd string under deployment!
0.1km

* next stage: 2x115 strings, 1km3, final: several km3

expected confirmation of lceCube cosmic
neutrino diffuse flux observation

KM3NeT/ARCA Preliminary

— fracks
cascades
combined

Significance [o]

Vam CONVentional uncertainty;
Vaum PTOMPt uncertainty

R VerticfaTééparation
Distance between strings between DOMs

100m in ARCA, ORCA 40m in ARCA, 9m

2 25 3 35 20m in ORCA 100 in ORCA

Observation time [years]

P.Mijakowski 37



Future: KM3NeT
ORCA Dioal Optical

Module (DOM)
contains 31 PMTs

* study of atmospheric v

* 1st stage: 7strings in KM3NeT-FR (Toulon)
already funded and under construction

* next phase: 115 strings, 0.5km3, 3.7Mton

If fully funded, ORCA could be the first
experiment to determine neutrino mass hierarchy

KM3NeT preliminary
ORCA Mass Hierarchy Significance for 6,,=0°

[—NHe,=42
—H, 8,,=42°

)
®
O
c
@
9
h —
c
2
w
c
B
©
®
=

R VerticfaTééparation
Distance between strings between DOMs

100m in ARCA,

ORCA -
20m in ORCA 40m in ARCA, 9m

100 m in ORCA

2%20 2021 2022 2023 2024 2025
Date
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Future: SK-Gd/Gadzooks!

Project approved by Super-K collaboration EGADS facility already in
in June/2015! Join us to work on it! | operation at Kamioka Obs.

Disolve Gd compound in Super-K water,
that will increase sensitivity to SN anti-v
which is limited currently by background

O neutron capture
on Gd

Gd Pretreatment 240 50-cm PMT's

Possibility to discover diffuse SN
background neutrinos by coincidence
reaction with n capture (yup to ~5 events/
year at Super-K & ~800 evts at Hyper-K)

Precision measurement of reactor
neutrinos (constrains on Am?2,,)

A
/
r’/
/

Selective Water+Gd 200 ton (6.5 m X 6.5 m)
Filtration System water tank (SUS304) Transparency

Measurement

Test facility EGADS already taking © A. Kibayashi
data 39



Future: Hyper-Kamiokande

Hyper-Kamiokande | 560kton of 5 compartments
fiducial volume e

* start 2024 (after 7 years \ Ll

coqstructlon) | _pv\f ,1
°* main goal: neutrino mass

hierarchy and 6CP S e Hyper-
* some astro potential: SN, 100k 20" PMTs " Kamiokande

DSNB (~2evts per day), 25k 8" PMTs 25x Super-K

WIMPs, cosmic

neutrl nos ‘ 90% CL UPPER LIMIT

. - bb-bar

In gaIaCtIC ———— Super-K current limit bb (NFW) ""'.
WIMP PR ek et sy SN physics: Hyper-K wil
search =iy af T asrophHEl e be sensitive to neutrinos from
sensitivity ' cUrrent e Galactic SN (~250k evts in
~1 order of ~10 s for SN burst at the GC
magnitude happening a few times/
ir}}pro;/énnt | “HK sens. with (Ce;;uryt% nearby supermova
arer yrs . ~25 interactions for a
of Hyper-K 10yrs of running Andromeda) and distant
running ........................................... expectation for thermal relic 8CONAIO . ... supernovae (~100

interactions/year, upto Z ~ 1)

10 102 10°
M, [GeVic?]
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Summary

* Neutrinos open a new window to the Universe

* Exciting experiments ongoing and even more
exciting in preparation

* Join us in this activities: open positions in
Warsaw Neutrino Group (NCBJ) for post-doc
and PhD students (SONATA BIS) for work at
Super-Kamiokande/Hyper-K & KM3NeT (mostly
DM-indirect searches)

P.Mijakowski
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Configurations: IceCube Lab
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Neutrino diffuse cosmic flux search method

Diffuse flux = effective sum from all (unresolved) extraterrestrial sources (e.g. AGNS)
Possibility to observe diffuse signal even If flux from an individual source is too small to be

detected by point source techniques.

» Search for excess of astrophysical
neutrinos with a harder spectrum than
background atmospheric neutrinos using

energy and direction (self-veto)

\\_\Atmfzspher c v, |

N
N
S

: N
-2 Harder Spectrum
o V(E'z)
2 Sl

Energy

» Advantage over point source search: can
detect weaker fluxes

= Sensitive to all three flavors of neutrinos
»Disadvantage: high background

solution: containment cut / veto technigue

by J.Kiryluk (IceCube)
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* measures solar, atmospheric,
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e Far detector of T2K
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Super-K data samples

Fully-contained

) 'V energy
reconstruction

» v direction info

» el identification
possible

P.Mijakowski

Partially-contained

» partial E, info
(lepton leaves
detector)

» v direction info

Upward-going muons

UPMU

upward through-going w

interactions
in rock below
detector

A A upward stopping u
J 4

i

K ' V.U

Vv

» no E, info

» excellent v direction info

» downward-going
muons are neglected

(mainly cosmic ray W)
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Atmospheric neutrinos: main background
iIn DM-induced v searches

i atmospheric neutrinos at SK
cosmologicalv  NEUEFINO sources

Solarv C EC
Supernova burst (1987A) =
- FCv,

\ /Reactoranti-v : : 'i"/ PC

Background from old supernova

Monte Carlo

Mﬁﬁnqﬂ T

2% Upward stopping y
+ Upward through-going p

Terrestrial anti-v

Atmospheric v

v from AGN
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w
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e
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Neutrino energy
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upward through-going u

interactions
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~10 events/day
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[}
I
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WIMP elastic scattering cross section O, limit
(spin independent)

e GLOBAL FIT of comparlson with direct detection, spin independent interactions (SI)
simulated DM-ind XENON10 S2-only
signal to all SK

90% CL

DAMA/LIBRA

samples - same
as in case of
galactic search
comsme
* Equilibrium
between y capture

and annihilation
rate in the SUN

capture = annihilation

sonh
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more: G.Wikstréom, J.Edsjo
JCAP 04, 009 (2009)

i : 10 10°
* exclusions in the | WIMP mass[GeV/c2]
confusion zone uncertainty band
of positive

reference: K.Choi et al.,

results Phys. Rev. Lett. 114, 141301 (2015)
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Point-like source neutrino searches

All-Sky search: Search for excess of astrophysical v from a common direction over the

background of atmospheric v

ANTARES (2007-2012) + lceCube (2008-2011)
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point-like searches

All-Sky search: Search for excess of astrophysical v from a common direction over the
background of atmospheric v (IceCube: Northern Sky) or u (lceCube: Southern Sky)

S. Coenders (lceCube) ICRC2015

|

IceCube: T e BT S o
- 6yr data (2008-2014) o s : VESe i Atm. v
Hottest spots: not significant 24 i ‘

e.g. Northers Sky: 35 % of Agoh
trials have signiﬁcance >

hottest spot h A SN P AR 3 -/ South

Atm. p

e == |'1il|':'n rial

No significant clustering observed

RS

L -l — A _C—§
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i

Antares: Antares, ApJ Le Cinghos |

... a mostly uniform structure ...
by J.Kiryluk (IceCube)



