


Multi-messenger observations of the Cosmos
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High Energy Neutrinos

4 Atmospheric neutrinos
d Neutrinos produced in hadronic
showers

T DU v, —e

J Ratio vu/ve ~2

4 Astrophysical neutrinos
(AGN, GRB; SNRs, ...)
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Ice Cube

Amundsen—Scott South
Pole Station, Antarctica

86 strings of DOMs,
IceCube Laboratory iy A National Science Foundation-
. set 125 meters apart s
Data is collected here and managed research facility.

sent by satellite to the data
warehouse at UW—-Madison T

1450 m

60 DOMs
on each
string

DOMs ‘
are 17 {
meters

apart

Digital Optical

il ||

5,160 DOMs
deployed in the ice
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Signatures

d“Track” events
d Only v,

d Good angular resolution (< 1°)

O Ear|y.i“-;

— Neutrino astronorny
 Vertex outside detector

— Bad energy resolution

D“Shower events g,
e VAL flavours = = 4 b, .
J Bad angular reselution (~1 OO)

-

J But fully calorimetsic . _ |
f)t-;EnergX;Resolution ~1 s\
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6.50 ev1denc.e Showers —e—
for astrophysical fracks >

: IceCube Preliminary
neutrinos!
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Deposited EM-Equivalent Energy in Detector (TeV)




Conventional atmospheric m—
Prom_gt atmospheric —

E ~ astrophysical H——
Sum of predictions
Experimental data e

10*
Muon Energy Proxy (GeV)







ICECUBE PRELIMINARY ___———

Galactic

TS=2log(L/LO)
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Why 1s radio interesting ?

EIPretty Inexpensive equlpment
d Active Dipolar antenna 3
~l m X 10 cm
Frequency band [1-200] MHz
dLow noise amplifier (ASIC)

dFast ADC (300 MHz)
dCost ~ 4000 Euros
dDuty cycle <100 %
DEfﬁCiency NIOO % ‘ - ‘ .................................................................................

dCalorimetric:Measiifement

L Timing and lateraldistribution
allow reconstruction of shower

25 85 MHz region pretty empty .

Power Spectral Density {dBmiiHz

440 60 80 100 120
Mathieu de Naitrois Frequency (MHz)
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Radio Detection (@ Auger

J Autonomous prototype
event density map (km*.day”) installed @ AUGER

dFirst detection: July 2007

139 events in coincidence
with Auger SD (SD
trigger)

JFirst self-trigger
announced recently

DRadionetection seems to
work up to-kkm-away
from antennas

JRadio detection seems to
work for horizontal
showers
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Gravitational waves
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Signal shape

Inspiral Merger Ringdown

Easy to compute Challenging
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Mode-Cleaner
d’entrée

Cavité Fabry-Perot

LASER Modulation L=23km, F=50
Nd:YAG  en phase

A=1,064 um
P,=20 W

Mode-Cleaner
de sortie

Démodulation C\

Photodiodes
de détection (InAsGa)




Current Detectors

dVIRGO (name after the Virgo JLIGO: Laser Interferometer
cluster) Gravitational wave Observatory

1 site in Italy U2 ssites 3030 km away:
| d HI (Washington)
d L1 (Louisiana)

W e y
= = g
po Pl 55 e

Hanford (Washington): 2 interferometers
Livingston (Louisiana) : 1 interferometer (4 km)

Mathieu de Naurois HEP — 2017-2018 31



First Detection — September 14" 2015

J Announced February 11" 2016

JSecond detection announced June 15%, 2016
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Black Holes of Known Mass
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Neutron Star Merger — August 17" 2018

Fermi/GBM -l X-rays - Chandra

INTEGRAL/SPI-ACS

LIGO-Virgo Spectrogram

t-te(s)
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Abbott et al., ApJL 2017
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What Happened?

S/
TITLE: GCN/FERMI NOTICE NOTICE_DATE: Thu 17 Aug 17 12:41:20 UT
NOTICE_TYPE: Fermi—-GBM Alert RECORD_NUM: 1
TRIGGER_NUM: 524666471
GRB_DATE : 17982 TJD; 229 DOY; 17/08/17

GLAST Burat Monitor — Trigger H34888471 — 2017, Aug 17, 12:41:08.47 UT
a10_m

GRB_TIME: 45666.47 SOD {12:41:06.47} UT D e e S swe
TRIGGER_SIGNIF: 4.8 [sigmal

TRIGGER_DUR: 0.256 [sec]
3-4 [chan] 47-291 [keV]

Fermi-GBM Trigger Alert.

D 14h41 » Short gamma_ray burSt Of Time (seconds)
low 1ntensity Sl

114h47: Internal LIGO alert, strong
signal, but parasitic signal
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119h54: signal corrected, alert sent
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Rush to the source

1M2H Swope

10.86h
IPN Fermi / ' \ MASTE R

INTEGRAL—/

-

11. 311 w iz

U 70 observatories pointed to:the source

JHESS was on target 37seconds after alert
(no VHE signal)







VIULTI-MESSENGER OBSERVATIONS OF A BINARY NEUTRON STAR MERGER

—
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