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Introduction

Detectors and Concomittant Data Taking Joint Sources Time Window for coincidences

An example of GW-v Coincidences : Type Il SN
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» N. Arnaud et al., Phys.Rev. D65 (2002) 033010
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Introduction 1st LV-Antal 2nd LV-An sions
Detectors and Concomittant Data Taking Joint Sources

Time Window for coincidences

GWHEN

Gravitational Waves + High Energy Neutrinos (HEN)

1 - Sources invisible in photon? : Dark Bursts

2 - Coincident Detection validate both detections

3 - Unique Information on internal processes : accretion-ejection...

4 - Fundamental Physics? :

e Quantum Gravity : ¢2p? = E? [1—1—&( )—i—O( E2, )—Q—}

d i 10 Gev
= |Atqg| = 0.15ms (10 kpC) (1 Tev> (Tce) pour z < 1

» S. Choubey & S. F. King, Phys. Rev. D67 (2003) 073005
» Th. P, NIM A 602-1 (2009) 268-274
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Introduction
Detectors and Concomittant Data Taking Joint Sources

GW interferometers and HEN Telescopes
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Introduction

Detectors and Concomittant Data Taking Joint Sources Time V

« Golden » Targets : Gamma-Ray Bursters (GRBs)

From SN to GRBs (Ando, 2009)
T ! T | T
Ekinetic = 1051 erg

Log,, Rate/Galaxy/Year
T

1 1 2
L°g1 0 l—‘jel
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Introduction

Detectors and Concomittant Data Taking Joint Sources Time Window for coincidences

« Golden » Targets : Gamma-Ray Bursters (GRBs)

Short GRBs Long GRBs

Binary Mergers : BH or NS Collapsars - massive star collapse

Ringdown
o4 inspiral —Fgcomn. |

No Neutrinos ? J
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Introduction

Detec and Concomittant Dz Taking Joint Sources Time Window for coincidences

« Golden » Targets : Gamma-Ray Bursters (GRBs)

HEN Spectra tta et al.

1072
NeuCosmA 2011

example of GRBO80603A:

1. Correction to analytic

T o107 model (IC-FC — RFC)
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Introduction

Detectors and Concomittant Data Taking Joint Sources Time Window for coincidences

Time Window from long GRB observations

@ Bounding the Time Delay between High-energy Neutrinos and
Gravitational-wave Transients from Gamma-ray Bursts

o B. Baret et al., Astroparticle Physics 35 (2011) 1-7
= AT = £500s [arXiv:1101.4669]

pe_® O

: central enginé active Delay precursor - centr al engine active

H main burst

i : 0% :

: {yrecur> ‘GRB

i P @ 2s0s GR® 1505

gamma
HEN

W//////////// A GW V///////////// /////////////////////
; O

i(a)  100s (b) (a) 100s (b) (d) gamma > 100 MeV;
[Before jet break-out | [90% of GeV Photfons]:

Time span of central engine activity (¢) 5008
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Introduction

Detectors and Concomittant Data Taking Joint Sources Time Window for coincidences

Advantages of a triggered search

”

Triggered "
0.9
(time e / /
o8 All-Sky
07 (no-time
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0
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hrss amplitude [Hz(-0.5)]

o Smallest detectable signals (results GWHEN-1)
e Factor 2.5 (4) improvement at the 50% (90%) level
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1st LV-Antares GWHEN Search
GWHEN-1 Strategy Horizon and Results

1*GWHEN search : joint data

ANTARES

| LIGO and VIRGO |

Coincidence Time Window.

v
Background es mganan

|

tune search parameters
on off-source.

OPEN BOX:
Search for GW in on-source
with optimal parameters.

UPPER LIMITS « ™ |Candidate Events? 50 significance?| > » DETECTION

@ Sub-optimal detectors : no optimization - usual HEN selection
o Time provided by HEN candidate - 158 HEN in total
= 10% at < Egen >~ 100TeV

@ Position by HEN direction + Error Box = 7(Eggn;,9)

Th. Pradier (University of Strasbourg & IPHC) « GWHEN searches with Antares and LIGO/Virgo » PARIs, JUNE 2014



1st LV-Antares GWHEN Search e
WHEN-1 Strategy Horizon and Results

Detection probabilities vs distance

@ Pupn, Pow vs d = joint analysis’ Horizon
= Typically 1-10 Mpc, HEN limited

@ From null observation, derive limit on pgwren at 90% C.L. :

23

PCGWHEN <
VawaEN Tobs
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1st LV-Antares GWHEN Search
GWHEN-1 Strategy Horizon and Results

GWHEN-1 density limits

Results of the first GWHEN Search : 2007 data
VSR1-85 Virgo/LIGO + Antares 5 Lines

0 Not. for. ing effects.

- GWHEN Limit (2007)

GWHEN Limit (2007)

Prediction

-4 for.
KM3NeT SN

Prediction
12 Lines

Log(Population Density) (Mpc™® yr?)

Observed
Local Rate

Observed
-10 Local Rate

Short GRBs Long GRBs
(Mergers) (Collapses)

@ First limits on density of Core-Collapses/Mergers with jets
e ArXiV :1205.3018, JCAP 06 (2013) 008
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2nd LV-Antares GWHEN Search

GW and HEN Detection Probability GW and HEN Radiation Beaming GWHEN-2 expected Results

Strategy

Optimization of the Analysis

tegy

5. | GWHEN 2007 vs GWHEN 2009-2010
12L

GW data

= | Ligo-Virgo
% Enhanced Ligo-Virgo

Selection
Off time
Point Source cuts P -
Bofit o) X-pipeline
Joint optimisation |—&—» SkymaskcWB
AAfit g’ _
GW only a al tre
Combined p-values QI a & pseudo expe
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Introduction 1st LV-Antares GWHEN Search 2nd LV-Antares GWHEN Search Conclusions
Strategy GW and HEN Detection Probability GW and HEN Radiation Beaming GWHEN-2 expected Results

ANTARES 12 lines + VSR2-3/56 - Jul. 2009, Oct. 2010

@ New GW Software (suitable for joint simulations)

@ New HEN reconstruction strategy (error boxes : 10° — 2°)

HEN Horizon
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Strategy

W

and HEN

HEN and GW inputs

2nd LV-Antares GWHEN Search
GW and HEN Radiation Beaming

*» ANTARES 9 & 12 lines

GWHEN-2 expected Result
Jul 7, 2009 to Oct 20, 2010

~260 days, 129 days jointly with LV
* HEN selection

-~ Preliminary Results
1986 HEN candidates

~30% with 2-3 IFO
@ Cuts on the quality muon track
reconstruction and energy
» Joint optimization

I

1986 high-energy neutrino candidates, ANTARES 2009/2010

@ Angular error (ASW, )
@ Fitof PSF

@ Number of hits (energy)
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2nd LV-Antares GWHEN Search
Strategy GW and HEN Detection Probability adiati g GWHEN-2 expected Results

HEN and GW inputs

@ Enhanced sensitivities for low and high fow

@ 30% increase in Tops

10']I;{epresentative Noise Spectral Density Curves During S5 and VSR1 Representative Spectra for LIGO/Virgo Detectors in S6/VSR2-3
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2nd LV-Antares GWHEN Search
Strategy GW and HEN Detection Probability GW and HEN Radiation Beaming GWHEN-2 expected Results

The volume depends on Pgw and Pyen

; and PHEN

2.3
VewHEN Tobs
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2nd LV-Antares GWHEN Search
GW and HEN Detection Probability GW and HEN Radiz Beaming GV 2 expected Results

Performances GWHEN-1 vs GWHEN-2

@ Better HEN sensitivity = Improvement of factor 2-3 in Nygn
@ Optimization allows to have equivalent HEN and GW horizons
= Factor 8 on Ry (/Mpc®/yr) wrt GWHEN-1

Ratio of Effective Areas GWHEN2/GWHEN1

1.8

TTT [T TT 7

1.6

1.4

1.2

-

L L B B

08‘...\..‘.I.‘..\..HI....J....I....I‘...l..‘.lu..
- 25 3 35 4 45 6 65
log, (E_'(GeV))
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2nd LV-Antares GWHEN Search
GW and HEN Detection Probability GW and HEN Radiation Beaming GWHEN-2 expected Results

Performances GWHEN-1 vs GWHEN-2

@ Better HEN sensitivity = Improvement of factor 2-3 in Nggn

@ Optimization allows to have equivalent HEN and GW horizons
= Factor 8 on Ry (/Mpc?/yr) wrt GWHEN-1
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Introduction 1st LV-Antares GWHEN Search 2nd LV-Antares GWHEN Search Conclusions
Strategy GW and HEN Detection Probability GW and HEN Radiation Beaming GWHEN-2 expected Results

ANTARES 5L : fixed ESY;, E%y + beaming f,
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Introduction 1st LV-Antares GWHEN Search 2nd LV-Antares GWHEN Search Conclusions
Strategy GW and HEN Detection Probability GW and HEN Radiation Beaming GWHEN-2 expected Results

1C22/59/79 : varying EES, Effox + beaming f,
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Introduction 1st LV-Antares GWHEN Search 2nd LV-Antares GWHEN Search Conclusions
Strategy GW and HEN Detection Probability GW and HEN Radiation Beaming GWHEN-2 expected Results

ANTARES 12L : varying EES;, B2y + param. of beaming
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Introduction 1st LV-Antares GWHEN Search 2nd LV-Antares GWHEN Search Conclusions
Strategy GW and HEN Detection Probability GW and HEN Radiation Beaming GWHEN-2 expected Results

Jet aperture and line of sight
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2nd LV-Antares GWHEN Search
Strategy GW and HEN Detection Probability GW and HEN Radiation Beaming GWHEN-2 expected Results

HEN are beamed

Assume Gaussian profile for HEN emission

02

® dypn(d) x e “hex | with 6 = angle (jet, line of sight)

@ For Low-luminosity GRBs, oggn = 30°, beaming factor f, ~ 14
@ Normal GRBs, ougn & 10° (depends on '), beaming factor f, ~ 100

92
. T 252
@ ...also convoluted with e *?uen

= Maximum for § = 0, minimum for 6 = 90°

2

. Eiso o5
o Average on 6 : (Ejfgn)o ~ S | 1— e *hen

= Can be computed for any assumed ougN

. is 2T [is
@ Average on opgnN : (ESSN)0.0mmn & —{EﬁEN
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2nd LV-Antares GWHEN Search
Strategy GW and HEN Detection Probability GW and HEN Radiation Beaming GWHEN-2 expected Results

GW emission and line of sigh

Pradier



2nd LV-Antares GWHEN Search
Strategy GW and HEN Detection Probability GW and HEN Radiation Beaming GWHEN-2 expected Results

GW beaming
Examples of different GW signals

e Binary mergers : h, o1+ cos?6, hy o cosf

= 6 angle between line of sight and axis of rotation
@ Core-Collapse : no clear pattern?

= For neutrino-driven GW, h o cos 6

Bursts with memory from jets : anti-beaming!

@ For Beamed GW, consider h o< 1 4 cos? 6 as typical
= Fraction of GW energy || to HEN jet in cone +omugn :
Njet = = (30HEN + 3 sin 20HEN)
= <77jet>0HEN ~ 0.6
e Anti-Beamed GW, consider h o sin?# as typical
Njet = 2(oHEN — 5 Sin 20HEN)
= (Mjet)oppn ~ 0.3

Th. Pradier (University of Strasbourg & IPHC) EN searches with Antares and LIGO/Virgo » PARIS, JUNE 2014



2nd LV-Antares GWHEN Search
nd HEN Radiation Beaming

Strategy and HEN De GWHEN-2 expected Results

Possible results for Short GRBs vs NS-+NS rates

With all-sky Paw vs by (153 Hz) from Phys. Rev. D 85, 122007 (2012) |

Log10 RuLi'H nsens - SGRB with beamed GW {Average HEN beaming)

\Ei erg)

Log E

4]
%]

=l Guetta et al, Short GRBs

Th. Pradier (University of Strasbourg & IPHC)




2nd LV-Antares GWHEN Search
Strategy GW and HEN Detection Probability GW and HEN Radiation Beaming GWHEN-2 expected Results

Possible results for Short GRBs vs NS-+NS rates

Log10 RuLﬂ'H ns.ns - SGRB with beamed GW {Average HEN beaming)

[4.]
@

v (erg)

iso
HE

Lnng'
o
£

(4]
[#]

bl Guetia et al., Short GREs

-1 0
chmEgﬂ, (M3 &)

= Constrain fraction of NS+NS with jets for ultra-luminous events ?
(Black curve : RUL/RNS+NS =1, with RNS+NS = 10*5//\/lpc3/yr) J
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2nd LV-Antares GWHEN Search
Strategy V and HEN Detection Probability GW and HEN Radiation Beaming GWHEN-2 expected Results

Possible results for Short GRBs vs NS-+NS rates

Log10 RuLﬂ'H ns.ns - SGRB with beamed GW {Average HEN beaming)

[4.]
@

(erg)

iso
HEN

o
B

JI‘I\IIlII\\‘IIII‘\\I\'\I\I‘III\

Lnng

(4]
[#]

52

bl Guetia et al., Short GREs

50

49

-1 0
chmEgﬂ, (M3 &)

@ For Binary Mergers, maximum ES% ~ 1071 Mg c?
@ E!° ~ 10°*erg = Naked-Eye GRB! B
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2nd LV-Antares GWHEN Search
Strategy and HEN Detection Probability C nd HEN Radiation

eaming GWHEN-2 expected Results

Possible results for Long GRBs vs CC SN rates

With all-sky Paw Vs hnrss (153 Hz) from Phys. Rev. D 85, 122007 (2012)J

Log10 RL"_/FECD sx - LGRB with beamed GW (Average HEN beaming)

\Ei erg)

Log E
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%]
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2nd LV-Antares GWHEN Search
Strategy GW and HEN Detection Probability GW and HEN Radiation Beaming GWHEN-2 expected Results

Possible results for Long GRBs vs CC SN rates

Log10 RL"_/RCD sy - LGRB with beamed GW (Average HEN beaming)
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v (erg)

iso
HE

Lnng'
o
e

(4]
[#]

52
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a9l .

-1
chmEg

—
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= Constrain fraction of CC SN with jets with Guetta normalization ?
(Black curve : RUL/RCC sy = 1, with Rgg sy = 5 X 10*4//\/lpc3/yr) J
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2nd LV-Antares GWHEN Search
Strategy and HEN Detection Probability G nd HEN Radiation Beaming GWHEN-2 expected Results

Possible results for Long GRBs vs CC SN rates

Log10 RL"_/RCD sy - LGRB with beamed GW (Average HEN beaming)

5 55 6
i -
gd L
b 54f--
Eha®
> L
(=} =
- -
s3f—----
.
:
I -
C CC SN with jet
- a——
R .
£ o ——

-1 0
chmEgﬂ, (M3 &)

@ But for Core-Collapses, maximum ES%; &~ 1072 Mg c?

= At limit of physically relevant region with triggered-search Pgw ? .
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Conclusions

Encouraging expected results

Improvement of factor 2-3 in Nggn wrt GWHEN-1
= Factor 8 on Ry (/Mpc®/yr) wrt GWHEN-1
Proposal for different GW and HEN beaming parametrization in
GWHEN-2, beyond beaming parameter f
o NSNS rates :

= Possibility to constrain fraction of NS+NS mergers with jets for
ultra-luminous events only ?

@ Core-Collapse SN rates :

= LGRB : possibility to constrain fraction of CC SN with jet with
typical LGRB parameters (just at the limit E5%, = 107 2Myc?)
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Conclusions

Encouraging expected results

o First, wait for box-opening !
@ Under review within LIGO-Virgo

@ Include NeuCosmA typical spectrum in the limits

= Smaller normalization
= Higher energies

y

@ GWHEN with ANTARES (if extended — 2016),
KMB3NET(2016-2018) and Advanced LIGO/Virgo
= Possibly as soon as 2015 (aLIGO)?
= 2016-2017 both aLIGO and aVirgo ?
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