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Multimessenger Astronomy 2

Cosmic Ray source ?? See Brian Humensky on Monday
\\ // _____________ GAMMA-RAYS
AN el They point to the sources but they get absorbed. Multiple
/ \ Voo Tl DT e emission mechanisms
L TreelL £ O
Ve, TTEeell T
’ .V' L T T
..V'... ......... Y.
NEUTRINOS -+, N

information from the deepest parts.

P . COSMIC RAYS air shower

Deflected by magnetic fields! /

o P

They are neutral and weak particles:
point to the source carrying e V..
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Neutrino Astronomy

radio/microwave infrared/optical CEININEREVE neutrinos cosmic-rays

104
cosmological max of star formation
103 -
'g 10% I nearest blazar
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0 nearest galaxy
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Neutrino Astronomy 4

radio/microwave infrared/optical neutrinos cosmic-rays

cosmological max of star formation
103 -
Q' 107 [ nearest blazar Neutrino Astronomy opens a
= ol window to the extragalactic
Q Universe above 100 TeV
S 100
"% nearest galaxy
O 10
102k
galactic center
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Detection Principle 5

Northern Vi
Sky /

® hadronic

shower

Southern IJ‘

Sky
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Detection Principle Background 6

Atmospheric Background

atmospheric p -~~~ 3kHz

— —
|___— e ————

2mHz

10—15 _

V induced p

10—17 - 1 1 1) 1 L L] p]
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cosB
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0
Amundsen-Scott / o 3
IceCube Lab South Pole Stati e ;
vr \ | _;\\\\:- *‘p—

Completion with in
December 2010

&

O -
.§ S0m =4 -'__::j::'-!z;::_:::—_::::ii:i_—c_fop T
S l i 5,160 Digital Optical

1 ! . Modules (DOMs

D 5, | , \ (DOM:s)
Z O ool ||/ S

q, m & !4 86 string with 60 DOMs
o > 1450 m / 111 each. 6 denser strings

: _ & 1 ¢! called DeepCore

_ *l°
Q Bt | o

U m Dril r %

q’ Q 1 km?2 surface array

U O with 324 DOMs: IceTop

2450 m

IceCuBe



Event Signatures

Track topology

® Good angular resolution 0.1°-1°=»
Neutrino Astronomy

® \ertex can be outside the detector =
Increased effective volume

g |
——

L

nt

Charge Curre

X - -
. \ . \ \ 1

Cascade topology

® All flavors
® Fully active calorimeter =
Energy resolution £15%

® Angular reconstruction possible =»
~10°@ E > 100 TeV

ESDU 2018 Juan A. Aguilar



Event Signatures

Track topology

® Good angular resolution 0.1°-1°=»
Neutrino Astronomy

® \ertex can be outside the detector =
Increased effective volume

g |
——

L

nt

Charge Curre

X - -
. \ . \ \ 1

Cascade topology
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Neutrino Detectors Scientific Scope

> 10° TeV

MeV GeV-TeV <100 TeV >100TeV
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Neutrino Detectors Scientific Scope 9

MeV GeV-TeV <100 TeV >100TeV > 10° TeV
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High-Energy Starting Events HESE 7.5yrs 10

Showers —e—
Tracks ——>¢—

IceCube Preliminary

0.5

O
O

hew events

8T 0¢ oul1InaN (2qnDa3|) °|e 18 A)SMOdpPUEAA

_o% -
102

H Deposited EM-Equivalent Energy in Detector (TeV)
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High-Energy Starting Events HESE 7.5yrs 11

—_— . Astrophysical Flux .

n work In progress (on top of atmospheric)
G . e Differential S
'_|' 10 o Best-fit (E7287%03) 1 %’_
: _ + 1 A
v W vy Best Fit (E7212=00) 1 8
5 >
= A
9 1078 3
O
= 3
I ~
+ Z
©
AN 10 B
o

105 | - '“106
Neutrino Energy [GeV]
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High-Energy Starting Events Flavors 12

Source (1:2:0) @\/ \/ \/ \i\”‘w .O/WJ(IWJCW\X:X\X,X\X‘ Va Earth (1:1:1)

— HESE with ternary topology ID <
® Dbestfit: 0.35:0.45:0.2 1.0

——  Sensitivity, E %Y spectrum
% 1:1:1 flavor composition

WORK IN PROGRESS

8 8 S |
" 0 i > H :
B |

: ! '

. (simulation)

®* Two tau candidates events

8T0C OulLIINaN (9qnD3J)) ‘e 38 eysinyde)s

,§ o found (expected ~2.1)
& °
_ ® Oneis an unambiguous
@ double-cascade
Y * Best fit composition
S (1.05:1.35:0.6)

Fraction of v,
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Multimessenger Neutrino Follow-up Searches 13

X-Rays& * OnAugust 172017 at 12:41:04 UTC the signal from a binary
y-Rays neutron star was detected by LIGO & Virgo

GWQ * Short GRB detection 2 seconds after by Fermi

Optical 9 +500 s

Oo s I IZED KN IEID ](x'z(x;( ‘]]})i‘p]lLFxé(illxui m%\’f; T 12 f T F T "TT YT 3" S ———
T(‘('Cm)l‘ nn‘.\'ll—}_’,t)lllg ™ N !

GW (90% CL)

\ \ , NGC 4993

Neutrin. | neutrino candidate (IceCube) |
neutrino candidate (ANTARES) AR
NN
4 50 | = === [ceCube horizon \\\\Q\\\i
we ==  ANTARES horizon AR
[ ] Auger FoV (Earth-skimming)
: [ ] Auger FoV (down-going)

ANTARES, IceCube, Auger arXiv:1710.05839
ESDU 2018 Juan A. Aguilar
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Multimessenger Neutrino Alert System 14

X-RaVS@ ® Analert system based on HESE track-like events and Extreme High
y-Rays Energy events

ng ®* Operating since April 2016.

Optical @ ® 6-8 alerts per year

® Below the first event alert sent IC160427A Astropart. Phys. 92 (2017) 30

>

Neutrinos

ESDU 2018
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Multimessenger Neutrino Alert System 15

X-Rays

o V' 28 Sep 2017: TXS
Q 0506+056
Optical 9 4 Oct 2017: VHE gamma-rays

n (NASA/GSF C), Daniel

- uso :
niversity), Sara B 11-TanratioN

iroshima U the Fermi-LAT . -
o ”eh‘(il{;’-fwao uT First-time detection of VHE gamma rays by MAGIC from
ep

son (DavidJTH 5 direction consistent with the recent EHE neutrino
event IlceCube-170922A

10801, 10817, 10830 ATel #10817; Razmik Mirzoyan for the MAGIC Collaboration
30, 11489 on4 Oct2017; 17:17 UT
Credential Certification: Razmik Mirzoyan ( Razmik Mirzoyan@mpp.mpg de)

AGN

a Ray, Neutrinos,

9
. 10794, 10757
10702 042, 11419, 114

Subjects: Gamm

ATel #

- d to by 0
Neutrinos Rggirie 10845, 10861, 10890, 1
1 ’ . side . Subjects: Optical, Gamma Ray, >GeV, TeV, VHE, UHE, Neutrinos, AGN, Blazar
. 1 AT sources 1M !
r Fermil LA

We searched o (https://EE" "7 e Telescope (L Referred to by ATel #: 10830, 10833, 10838, 10840, 10844, 10845, 10942

) error region e Large

newte”® ;‘klxe:ltl-sky survey daﬁfiﬁg (t)tr‘xe Fermi-L <

107837)3\; Telescope- We fouﬁ catalog, Ajello et al., ' -sk After the IceCube neutrino event EHE 170922A detected on 22/09/2017 (GCN circular #21916),
ray 11)0 included in the 3FH \r region. Th Fermi-LAT measured enhanced gamma-ray emission from the blazar TXS 0506+056 (05 09
and 2 fi inside the TceCube e1T 200 MeV SourceRep! 2596370, +05 41 35.3279 (J2000), [Lani et al., Astron. J., 139, 1695-1712 (2010)]), located 6
locate energies above /data/aCceSS/lat/ " arcmin from the EHE 170922A estimated direction (ATel #10791). MAGIC observed this source
at ./ /fermi_gsfc .nasa-gOV/ SSC S under good weather conditions and a 5 sigma detection above 100 GeV was achieved after 12 h of
(httpS./" e observations from September 28th till October 3rd. This is the first time that VHE gamma rays are

ESDU 2018 measured from a direction consistent with a detected neutrino event. Several follow up observations

¢

Sep 22 2017 IC170922A

uilar



Indirect Detection of Dark Matter 16

See Eric Charles on Tuesday

“““»o - 0 @
W-Zbtt h Vy etp

et p

Primary Final
Channels Products

)

e your favorite theory

® No need of specialized detectors: Gamma-ray telescopes, neutrino detectors, CR-experiments

® Search for products of dark matter annhilation processes: Focus on large reservoirs of dark matter

ESDU 2018 Juan A. Aguilar



Dark Matter Searches Where To Look? 17

See Aldo Morselli on Monday

@ @ See Eric Charles on Tuesday
®
Dwarf spheroidal Galaxies ‘
Cluster of Galaxies
Probe velocity-averaged DM Galactic Halo

annihilation cross section (ng)
Probe velocity-averaged DM

annihilation cross section (vo,)

N\ Galactic Center
®

Probe velocity-averaged DM
annihilation cross section (vo,)

Local Sources (Sun, Earth)

Only accessible with neutrinos ® ®
Under equilibrium they can
probe Osand Osp
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Searching Dark Matter from the Sun 18

See Aaron Vincent on Monday
equilibrium! '\

-
-
w
(o)}
=
o
o

== |ceCube (2011-2014)
Y Super-K (1996-2012)
| = = Antares (2007-2012)

® Only events when Sun is below the
horizon: 532 days of livetime

[pb]

[676S0°C L9 L:AIXIe] (L1L02) 9% LL DOrd3

®* The mean free path of TeV neutrinos
smaller than the Sun radius: Low

1077 10
energy analysis _
1071 | — %YV‘__lo-s
® | imit driven by capture on H: SD cross- T BT Y R — =
section m, [GeV]
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Searching Dark Matter from the Earth 19

T

® o — IC86—IEarth : yx = W'"W ™ or7' 7

o o
3 10— -
® o‘ SVangl \ | —  SuperK

m
c
® — IC79Sun : xyx =W"'"W  or7' 7 ;
-38 -
10 o —  SuperCDMS—LT 2
—  LUX 2013 :
39 -
. 10 e O
; ; ; N
ool Nl .- IC86-1 Earth—limit calenlated ... | =
° ® | : assuming <;rrAv> = 3 x107*" (cm® gsﬁ' ) 3
' N
(0]
N

® Background needs to be very well
understood: Earth has an unique
position in the sky.

* Analysis with large uncertainties...
(dark disc, velocity distribution)

e No thermal equilibrium assumptionon ~ 10% S

the annihilation cross-section ays

10’ 10° 10° 10
m, (GeV)
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Galactic Center ANTARES & IceCube

E T Ty T L e B T Ty T T Y] 2 M
- @ IC 3yr halo cascades k=4 IC 2yr cascades E
- @8 IC 3yr GC tracks — —  ANTARES GC ;
Yoy IC 4yr PS+ 3yr MESE ﬁ
’ —
. IceCube Preliminary A
. — 0
A . N
7 z S
N I N a ~
g : =
S 3 \ - ., :Il
N : N ~ N .
B L XX =TT Y. R4 N
= P XX \ RNy , Ry
1()—2-! | " / ~. .
: \ 3 .,
E " \ ../ Q'\\\/.'\ —
‘\& ) / - N,
O \ S 4
L \\?., ~. - _C R
x* 8 7 \ 5> ,°
- X .
E »\"\\-\*5‘“\. s \ V0
- ‘k' .\;,. x \a.\,
. L '\.s 7 Natural scale
waaal A sl P | —
10! 10? 10° 10 10”
m, [GeV]
ESDU 2018

ICECU

Ve i TR INN
.' #

BE

20

T

1072 ¢

NFW

— |ceCube (1007 days)
— ANTARES (2101.6 days)

Combined ANTARES + IceCube |]

L6LLO°OLLL-AIXA® L1LDOUDI

m, [GeV]
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Decaying Dark Matter Lifetime 21

IlceCube Collaboration arXiv:1804.03848

‘5'"""""IE;I’::::::: § b4

M -+ —
1029 _ Bt

SCC

* Two IceCube independent data \10285

samples: E ~.
* Track-like with six yearsof data 5 037 _—2
 Cascade-like with two years of & g 1--- -~ ..
data '_;% E —— IceCube (this work)
. = 1025 _; —— HAWC (dSph, 2018)
® Dark Matter alone cannot explain f — HAWC (GC, 2018)
o i —— Fermi/LAT (2012)
lceCube neutrino flux. ) 2
. 103 10 10° 100 107 108 10
® Best limits > 10 TeV Dark matter mass / GeV
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Conclusions 22

®* The future exploration of the high energy Universe belongs to the
Multimessenger Astronomy.

® |[ceCube has started to characterize the observed astrophysical neutrino flux
including the flavor composition

e

e

® |ceCube is actively interconnected in the realtime r etw
alerts to other observatories. 4

* Indirect detection of Dark Matter with
complementarity to other technis
systematics p

Drovic
Dackgrounds

Y ,

® |ceCube has a lively pr Matter searches, with very competitive

results.
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Thank you for your attention
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