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GW/HE v Coincidences are...

@ ...Possible?

= Common Sources for GW/HE v
= Coincident signals in GW and HE v
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GW/HE v Coincidences are...

@ ...Observable?

= Common Sky Map?
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GW/HE v Coincidences are...

@ ...Detectable?
= Signal Efficiencies
= Background Rejection
= Accidentals Coincidence Rate :
Rcoincidence ~ RAntm‘es RV’i'rgo Atcoincidence
= Setting e.g. Reoincidence ~ 1/yr constrains efficiencies
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Scientific Motivations

GW/HE v Coincidences...

0 Scientific Motivations
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Scientific Motivations

Why study GW/HE v Coincidences ?

@ Sources invisible in electromagnetic channels may emit both GW /v

@ Unique information on internal processes
. 2
@ Quantum Gravity : ¢?p® = E? {1 +¢ <%) +0 (EEE) +.. }

HE
= |Atgs| ~ 0.15ms (mdkpc) <1E“Tev> (1019 Gev) forz < 1

Eqc

S. Choubey & S. F. King, Phys. Rev. D 67, 073005 (2003)
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GW/HE v Common Sources

Outbu from MicroQuasars Flares from Soft Gamma Repeaters Orphan

GW/HE v Coincidence

e GW/HE v Common Sources
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Scientific Motivations GW/HE v Common Sources Observability Detectability Antares & Virgo Coincidences

Outbursts from MicroQuasars Flares from Soft Gamma Repeaters Orphan Sources

Galactic Sources of GW & v

HQuasars

5GRs/Magnetars

Focus on galactic sources

@ Only accessible sources for 15* detectors Antares & Virgo?

@ Atgg independent on cosmological models for z < 1
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Scientific Motivations GW/HE v Common Sources Observability Detectabilit Antares & Virgo Coincidences

Outbursts from MicroQuasars Flares from Soft Gamma Repeaters Orphan Sources

MicroQuasars : Gravitational Waves (1)
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GW/HE v Common Sources

Qutbursts from MicroQuasars Flares from Soft Gamma Repeaters Orphan Sources

MicroQuasars : Gravitational Waves (I1)

1 (kpe)

Detection Distance for p
Approximate Signal-to-Noise Ratio
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GW/HE v Common Sources

Outbursts from MicroQuasars

;amma Repeaters Orphan S

MicroQuasars : Gravitational Waves (I11)

=10ms

Ejection 1,

‘acceleration

Accretion BH

10 Virga+

-1 2 103
Frequency (Hz)

@ dm~10"*M; at 1 kpc
@ Accretion less favourable
@ Ejection more promising if :

® Tacceleration 5 1 S - fast!

~

e discrete/discontinuous flow

Th. P., A&A, in preparation
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GW/HE v Com
Outbursts from MicroQuasars

Flare:

es from Soft Gamma R
MicroQuasars : Neutrinos from LS 5039

epeate

rs

10710 . ‘
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&D E z(production) = 10|3cn.1‘
& r (en__;:i one:)\
107 1% L L HES‘S:"' .
8 10 12

14
log E/eV
@ Production of v/v at the base of the jet favoured
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F. A. Aharonian, L. A. Anchordoqui, D. Khangulyan & T. Montaruli J.Phys.Conf.Ser. 39, 408-415 (2006)
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GW/HE v Common Sources

Outbursts from MicroQuasars Flares from Soft Gamma Repeaters

MicroQuasars : Neutrinos & Flares

Source name At (days) N,
Cl Cam 0.6 0.05
XTE J1748-288 20 2.5
Cygnus X-3 3 4.8
persistent 0.2
GRO J1655-40 6 1.8
GRS 19154105 6 0.5
Circinus X-1 4 0.2
XTE J1550-564 5 0.04
V4641 Sgr 0.3 0.03
V4641 Sgr 0.3 3.9
Scorpius X-1 persistent 0.9
55433 persistent 252
GS 1354-64 2.8 0.02
GX 339-4 persistent  183.4
Cygnus X-1 persistent 2.8
GRO J0422+-32 1-20 0.1-2

C. Distefano et al., Astrophys.J. 575, 378-383 (2002)
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GW/HE v Common Sources

Outbursts from MicroQuasars

Flares from Soft Gamma Repeaters

MicroQuasars : Neutrinos & Flares

Th. Pradier (ULP & IPHC/DRS)

Source name At (days) N,
Cl Cam 0.6 0.05
XTE J1748-288 20 2.5
Cygnus X-3 3 4.8
£55039 persistent 0.2
GRO J1655-40 6 1.8
GRS 1915-+105 6 0.5
Circinus X-1 4 0.2
XTE J1550-564 5 0.04
V4641 Sgr 0.3 0.03
V4641 Sgr 0.3 3.9
Scorpius X-1 persistent 0.9
Soee e 252
GS 1354-64 2.8 0.02
GX-330-4 persistent  183.4
Cygnus X-1 persistent 2.8
GRO J0422+32 1-20 0.1-2

C. Distefano et al., Astrophys.J. 575, 378-383 (2002)



Scientific Motivations GW/HE v Common Sources Observabilit: Detectabilit \ntares & Virgo Coincidenc

Outbursts from MicroQuasars Flares from Soft Gamma Repeaters Orphan Sources

MicroQuasars : summary

pQuasars

|
-

Accretion GW signal precedes HE v emission
HE v emitted at the onset of acceleration

Ejection GW signal coincident with HE v

Unknown time lag
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GW/HE v Common Sources

Outbursts from MicroQ Flares from Soft Gamma Repeaters Orphan Sou

Soft Gamma Repeaters : Gravitational Waves

Deformation of NS crust = star pulsation
@ Depends on Star Model

@ Energy released in GW linked to ~ Flux

g oo ]
3 n-s}n -
£ F |

/M- frequency (kHz)  damping (5)  ho max (kp) = oaf Il IA\ N 3

=73 s

055 136 130 8910 12 5 3

. ; ; HAAAA ]

0.57 13.24 1.55 7510723 14 4.2«{ U V 4

0.49 17.46 467 3310723 27 04 El

1.76 11.91 0.14 4610722 04 V E

o
H

J. A. de Freitas Pacheco, A&A 396, 397-401 (1998)
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GW/HE v Common Sources

Flares from Soft Gamma Repeaters

Soft Gamma Repeaters : Neutrinos

ol Best ﬁt to Beppo-Sax | Neutrino Spectrum Upward-going p's
2 o (em— 2571 gev—1) (s~ 1
Spectrum in first 68s 5.90(E/Gev) 073 2. 100
o of Flare
2 ] I 8.74 - 10 3(E/Gev) 147 I 0.8
. 3.00 - 10 %(E/GeV) 1+ 5.10"%
-k = 8.23 . 10— £ —2.00 3.107°

Phot/keV/cm2

SGR 1806-20 : Dec.

N 1 @ Huge flare
0 100 BT ' " 500

Errsy () a @ but few predicted events...

F. Halzen, H. Landsman & T. Montaruli arXiv : astro-ph/0503348v1
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GW/HE v Common Sources

Outbursts from MicroQuasars Flares from Soft Gamma Repeaters Orphan Sources

Soft Gamma Repeaters : summary

SGRs/Magnetars

@ GW emission coincident with v/HE v

@ Unknown time lag
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GW/HE v Common Sources

Outbursts from MicroQuasars Flares from Soft Ga a Re ers Orphan Sources

Orphan Sources...?

Sources with no electromagnetic counterparts

@ HESS has discovered a lot of sources not visible before...
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GW/HE v Common Sources

Outbursts from MicroQuasars Flares from Soft Gamma Repeaters Orphan Sources

Orphan Sources...?

HESS Sources with no electromagnetic counterparts

@ HESS has discovered a lot of sources not visible before...

Source Name & (°)  Nsrc - Eu > 1 TeV min-max(mean)  Natm

HESSJ1303—631 0.3 0.8-2.3(1.6) 11
HESS J1745-303 0.4 0-18(9) 9.0
HESS J1614—518 0.5 1-10(6) 19
HESS J1837—069 0.2 1.2-4.5(3.3) 5.9
HESS J1634—472 0.2 0.0-3.1(1.7) 9.8
HESS J1708—410 0.1 0.1-1.6(1.1) 7.6

A. Kappes et al., Astron.J. 656, 870-878 (2007)
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Observability

eam Pattern Antares O ble Sky Antares

GW/HE v Coincidence

9 Observability
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Observability

Virgo Beam Pattern / O able Sky

Virgo Beam Pattern, daily averaged
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(M31

o
=
3

M87 (Virgo Cluster)

Galactic centre

Andromed

0.44

" Magelianic (Clouds ~

0.4

-1 -0.8 -0.6 -0.4 -0.2 © 0.2 04 06 08
siné

[} = =

Th. Pradier (ULP & IPHC/DRS)



Observability

Virgo Beam Pattern nta servable Sk

Virgo Beam Pattern, instantaneous

At a fixed time during the day Visibility (%)
- 100

Declination (degrees)
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200 250 300 350
Right Ascension (degrees)
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Observability
Virgo Beam Pattern Antares Observable Sky

Antares Visibility, daily averaged

+90
24 h

0 h
Hmox

Equator1al coordlnates V | SI bll..lty
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Observability
Beam Pattern Antares Observable Sky

Antares Visibility, daily averaged

100

90

w© Daily Average

70

Visibility (daily averaged)

60

50

40

30

20

ULP & IPHC/DRS) GW Bursts/HE v Coincidences - VLVvT 08 @ Toulon - April 24



Observability
Beam Pattern Antares Observable Sky Antares & V

Antares Visibility, instantaneous

At a fixed time during the day Visibility (%)
100

Declination (degrees)
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Right Ascension (degrees)
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Observability
Virg m Pattern Antares Observable Sky Antares & Virgo Sky Map

Antares & Virgo common Sky

Antares/Virgo Instantaneous Sky Map

Visibility (%)
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Observability
Virg m Pattern Antares Observable Sky Antares & Virgo Sky Map

Antares & Virgo common Sky

¥ Magnetars (SGRs)
Antares/Virgo Instantaneous Sky Map @ MicroQuasars
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Observability
Virgo Beam Pattern Antares Observable Sky Antares & Virgo Sky Map

Antares & Virgo common Sky

Antares/Virgo Daily Averaged Sky Map
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Observability
Virgo Beam Pattern Antares Observable Sky Antares & Virgo Sky Map

Antares & Virgo common Sky

M Magnetars (SGRs)
Antares/Virgo Daily Averaged Sky Map B MicroQuasars
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Detectability

Quantum Gravity Eff i 0 ol Acci als & Efficiency Scientific Outputs

GW/HE v Coincidence

e Detectability

Th. Pradier (ULP & IPHC/DRS) W Bursts/HE v Coincidences - VLVv'T 08



Time Window : Quantum Gravity Effects Virgo Detection Antares Detection Accic s & Efficienc Scientific Outputs

Quantum Gravity effects & coincidence window

Mgraviton = 0, and Egraviton < 1 = Atggv negligible !
Ot) nes K 1 for E, ~ TeV
Quantum Gravity : Dispersion
2.2 _ 2 E E?
& = —1 favoured (v slower than c)

z < 1 = independence from cosmological models

CW-v d ESF 10" GeV
Atge ™ ~=0.15ms (10 kpc) (1 TeV) ( Eac )

S. Choubey & S. F. King, Phys. Rev. D 67, 073005 (2003)
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Detectability

Time Window : Quantum Gravity Effects

Is & Efficiency Scientific Outputs

Quantum Gravity effects & coincidence window

Propagation Delay (me)

10 10
Neutrino Energy (GeV)

Maximum QG delay for Egg ~ 10'°GeV

@ Atge S1s:E, <1 PeV, d <50 kpe (whole Galaxy + LMCQC)
@ Atge S1s:E, <3 TeV, d <20 Mpe (Virgo Cluster)

[} = =
Th. Pradier (ULP & IPHC/DRS)
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Detectability
Time W Quantum Gravity Effec Virgo Detection Antares Dete %, Efficiency entific Outputs

Virgo Detection : efficiency

o
o

I —
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N. Arnaud et al. Phys. Rev. D 65, 042004 (2002)
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Detectability

Time W Quantum Gravity Effec Virgo Detection Antares Dete Efficiency entific Outputs

Virgo Detection : efficiency

o
o

3 —
1 — X Any single —1
2 [Gaussian Pulse g e —
Z f = g 290 [inter y.twéfald
S o09F Po=3 < coincidence .
g " [practical implementation e
& 80 _—
5 E ;. o
5 0.8 - © Single ¢ .
k<] F i c intbrferorheter (V119°)
et 870 .
© 0.7 ° ravemen -
T T'talse alarn 2 P
s © 60 SNRHmzet=
0.6 ,," e "1 Threefold
E ; 50 il inci
0.5F o v i
» én K / / 0 TF better
F Y q /.
0.4 : P I
: : /k TF Coincidences
0.3F % SNR
02} il h,‘,F"l NE A ®
0.1 0
. x : v
F . B
o 1l = @il - '_’""' = |||||_| llll\ll_l ||||u|-| 1l o] 5 10 15 20 25 30 35 20 45 50
107 10° 10 1077 10° 1070 107

Prmax

false alarm rate

N. Arnaud et al. Phys. Rev. D 65, 042004 (2002)

[} = =

Th. Pradier (ULP & IPHC/DRS) GW Bursts/HE v



Detectability

Time Wi Quantum Gravity Effects Virgo Detection Antares Detection Accide Efficiency Scientific Outputs

Virgo Detection : efficiency

o
o

~ —
> — X i
2 '[Caussian Pulse % < phvshoe .
5 [ p=5 Pal g'o0 pinter Pt i
s 08 ical implementation e 2 colnejdence s
E' [practica / ; é 50 -
2 0% / ; c - tsrtrorpoer (780
% r / .9 70 t
0.7 - # °
© T'talse alarm/S rginutés 2 pravernen
. 7SS 2 PN T
0.6 e ; ONR ! -~ Threefold
o5k 50 4 b i
°F ] ) / i TF better
0.4 ae/ Q0 o 40 S
4 / /L ; 2-ITF Coincidences
, . ] o .
0.3f o >’ R
£ y MF,x" 20
0.2 » // . NE_f:
0.1F e 10
r - N . B 0 £
[ 4 e~ N 5 10 15 20 25 30 35 40 45 50
107 107° 10 1077 10° 1070 107 O
false alarm rate
e Case Any single interferometer/ Virgo only & probable
= Directional information not available !

. Pradier (ULP & IPHC/DRS) GW Bursts/HE v Coincidences - VLVv'T 08 @ Toulon - April 24!



Detectabil

uantum Gravity Effects Virgo Detection Antares De o A e Efficiency Scientific Outputs

Virgo Detection : Timing

 0.35
BN 1\ {sampling] = 20 kHz =0l ms
Q0325 \ Tisampling) = 0.05 ok
[ S D R S S — T = ms
‘é 0.3 \
ag)’cms .
£ e Sampling at 20 kHz (0.05ms)
E o025
. \ o For Gaussian Burst, width 7 ms :
NEAURSUE
S — ApRMS o 1D (L)
Sy SNR \1 ms
0.15 \
0.125 = \‘;\
01 10 15 20 25 30 35 40 45 50
Prmax

@ Timing Resolution < 1 msfor p>5, 7 <3 ms

N. Arnaud et al. Phys. Rev. D 65, 042004 (2002)
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Detectability

Time Window : Quantum Gravity Effects Virgo Detection Antares Detection Accidentals & Efficiency Scientific Outputs

Antares Detection : efficiency vs background

[ all background
[] upw.rec. atm. p

-
o
£y

LLRLILLLLL L L

103 ........
¥ ~ log(£)
_________________________ °o N~
T @ Standard cut : A > —5.3:

= Efficiency ~ 75%
= Atm. v : 10/day

-t
o
T T
:
<
i
(]
s
o
]
<

number of remaining events per day
=
TTTTI] T TTTII|

1 = @ For lower A, bkg explodes
10'1; 0.5 evt/day @ For higher A, € drops
10°L

-8I I I-I7.él I I-7I I I-IG.!I')I I I-GI I I-I5.5 5 =45 -4

value of cut on A
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Detectability

Time W Quantum Gravity Effects Virgo Detection Antares Detection Accidentals & Efficiency Scientific Outputs

Combined Detection Efficiency : Ateoincidence = 1 S

S

e e e

— E ,’ \

222: o ‘\ €coincidences ™ € Virgo X € Antares
© 20 Visibility/Bea attern -

'S .F  notinclude \ @ Maximum for A ~ —5.5

= -

LW 16f 1

g 14: \ 10 Alow :

'--312E [ Accidentals \ 1 = Antares bkg high

g : [ R~y \ 1 = Virgo Threshold too high
Q. / \ Je A high:

Y C 3 -

O ¢ \ ] = Antares efficiency too low
© 4: \ E

§ E\ L (\ -] |- |- |- L1l \\‘\ \E

= -7 65 6 55 -5 45 4

o CutonA
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Detectability
Quantum Gravity Effects etectio o Accidentals & Efficiency Scientific Outputs

Combined Detection Efficiency : €coincidence = 50%

Antares Detection Efficiency (%)

100 67 50
£ 14
; C /’\ p.. 35 Gaussian Pulse (ALF) ]
_g 12’ / o B2am Rattern included il
é L / Accidental Coincidence Rate 1lyr J
; 10} / < =50% ]
s [ ]
g r ]
s \
£ T ]
Si \ :
o 6 \ i
g I ]
i) \ :
< T N .
2f ~ .
r ¢ NG ]
Y5 70 80 90 100

Virgo Detection Efficiency (%)

@ Atpax ~ 15 ms
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Detectability

Quantum Gravity Effects /irgo Detection Antares Detection Accidentals & Efficiency Scientific Outputs

Possible Scientific Output : Minimum accessible Eqq

31019 Sourée at 10 kpe, 1 TeV neutrino /
K Kt 201505 10 /
uél A\ e G /‘FiminnS Rz5
5 ¥ P
£ L .
£,y \ ’/ ° lelted_by GW Timing
= \ Pt Resolution
AY P 18
A prd ° max %
\\ e Here E5E* ~ 5 x 10%° GeV

107 a

T
Existing lelt.fu.r.l TeV.Flares in Mrk 421

T P Y O R Y ! I
50 60 70 80 90 100
Virgo Detection Efficiency (%)

@ for €coincidence = 0%, can go down to 10*7 GeV !
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Detectability
Quantum C etectio Accidentals & Efficiency Scientific Outputs

Possible Scientific Output : h vs E2®,,

@ Exclusion plot hyss = /[ h?(t)dt vs E2®,

hess Exclusion plot

10175 — T — T — g

10-165 Atyield (hrss’ @,) couples :

10495 & \ .
E \, |
i o i

102°F 0 J
E &>° ]
E &° i
L & 1

-21 A

=k TN v s
f (eo" \_/ ]

10_2:0_10 - ““‘1‘0_9 bbbtk

10°
Neutrino Flux
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Antares & Virgo Coincidences

GW/HE v Coincidence

e Antares & Virgo Coincidences
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Antares & Virgo Coincidences

Antares & Virgo Status

Virgo Design

C5 (Jec. 2004)

C6 (Aug. 2005)

C7 (Sep.2005) ——
WSR1 (Sep. 2006
WSR9 (Feb. 2007)
YSR1 (Sep. 2007)

Best (Dec. 2007) ——

T T 11T

Strain sensitivity [Hz 2]
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Antares & Virgo Coincidences

Antares & Virgo Status

A NTARES Virgo Data Antares Data
SEPTEMBER 2006 2 Lines
OCTOBER 2006 [EEFINITS WSR 3-4 { i
NOVEMBER 2006 VIR WSR 5 [V»Triaserum ] [ A-Event List ]
DecemBer 2006 [PITTE WSR 6 j j
JANUARY 2007 5 Lines WSR 7
TimeShift in Trigger Lists
FEBRUARY 2007 5 Lines WSR 8-9 J
MARcH 2007 5 Lines
| — Background Triggers

APRrIL 2007 5 Lines
MAY 2007 5 LINES
JUNE 2007 5 LINES
JuLy 2007 5 LINES
AugusTt 2007
SEPTEMBER 2008
OCTOBER 2007 5 Lines
NoVEMBER 2007 RN
DeceMBER 2007 B[R T

Compare Triggers in preset Time Window

Caoincidence ? Background Evt

Statistical Analysis
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Antares & Virgo Coincidences

Antares & Virgo Coincidences : Conclusions...

e GW/HE v coincidences are :
e possible (Galaxy at least)
e observable : sky maps not L !
e détectable (with a bit of luck...)
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Antares & Virgo Coincidences

Antares & Virgo Coincidences : Conclusions...

e GW/HE v coincidences are :
e possible (Galaxy at least)
e observable : sky maps not L !
e détectable (with a bit of luck...)

e for Antares & Virgo with 5 Lines/VSR coincidences :

e Accidental coincidence rate : 1/century?
o Set At < Set 6no beam pattern ?

coincidences
o Self-consistent analysis for bkg by timeshifting data streams
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Antares & Virgo Coincidences

Antares & Virgo Coincidences : Conclusions...

e GW/HE v coincidences are :
e possible (Galaxy at least)
e observable : sky maps not L !
e détectable (with a bit of luck...)

e for Antares & Virgo with 5 Lines/VSR coincidences :

e Accidental coincidence rate : 1/century?
o Set At < Set 6no beam pattern ?

coincidences
o Self-consistent analysis for bkg by timeshifting data streams

@ 2009 : Full Antares /Virgo +

o Antares 12 Lines
e Virgo upgrade = improvement by factor 2 above 1 kHz
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Antares & Virgo Coincidences : Conclusions...

e GW/HE v coincidences are :
e possible (Galaxy at least)
e observable : sky maps not L !
e détectable (with a bit of luck...)

e for Antares & Virgo with 5 Lines/VSR coincidences :

e Accidental coincidence rate : 1/century?
o Set At < Set 6no beam pattern ?

coincidences
o Self-consistent analysis for bkg by timeshifting data streams

@ 2009 : Full Antares /Virgo +

e Antares 12 Lines

e Virgo upgrade = improvement by factor 2 above 1 kHz
@ circa 2015 : KM3/Advanced Virgo

e KM?3 in the Mediterranean...
e Advanced Virgo : enhanced sensitivity above 20 Hz
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