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ET-Xylophone

Antenna Pattern of Virgo (5 min)

Variation de F
~ 1%

Signal duration

Virgo : ~5 min

ET : ~1-2h

Random example
RA =345 [rad]
DEC = -0.408 [rad]

Antenna Pattern of Einstein Telescope (2 hours)

Variation de F
~ 25%

1000 2000 3000 4000 5000 6000 7000
Time [s]




Optimal template “Simple” template

Time-modulated template Non time-modulated template
F(Hh(t) F(O)h(t)
(Complexifies the bank) (Virgo-like case)

Which one do we How much Match and SNR do we
choose ? loose if taking F(O)h(t) ?




Mismatch study SNR Variation

=4 Verification method



Coded in Python
For each (RA, DEC) point in the sky (with PyCBC)

Generating h(t) (+ and x)

Computation of F(t) and F(0) (+ and x)

Computation of F(t)h(t) and F(0O)h(t)

Mismatch computation between <s, 1 >

F(t)h(t) and F(0)h(t)

M(s,T) = max

atAe ||s||-|[T]




M1=M2=14 Mg Distance = 100 Mpc

—>

Simple case

Inclination = Q°

WF model:
IMRPhenomD

*Equal contribution of F+ and Fx
in the Match 8




Declinaison (rad)

Mismatch map [ET - 5 Hz]

Max ~ 0.8%

Earth rotation can
be neglected here

Slow computation

0 1 2 3 - 5 6
Right Ascension(rad)



Semi-analytic study through SPA
(M. Pillas)
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Development of a semi-analytical formula to

compute the mismatch
ho(t) = A(t) (1 + cos?(2)) cos(P(t))

hy(t) = A(t) 2 cos(z) sin(P(t))

A 5/3 e 2/3
D C C
flts— 1) l M -5/8 / & 1 3/8
BAe o\ 3 256 (t. — t)
—5/8
O(t) = -2 (503{\4) (te = )" + 0.
C
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—7/3 —i0(tyot () pi(27 fAte—Ade)etP0
ERS‘ f |B(trot(f))|e ; {'f} e ‘ df
M (Pyots Peonst) = 1MAax ,. ‘ ;
&t;:,&(ﬁi‘n Sf_?-I3|Bliﬂr[}t{f))|l df S‘f_ng df
Sn(f) Sn(f)
With:

B((f)) = A/ F2(tron () (1 + c082(2))? + F2(tru(£)) 4 cos?(2)

0(t(f)) = arctan ( —Fy (trr (f)) 2 cos(2) )

Fy (ot (f))(1 + cos?(2))
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Comparison with our PYCBC mismatch map [LigoH - 10 Hz]
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DEC [rad]

DEC [rad]

Semi-analytic mismatch map [LigoH - 10 Hz]
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Differences between SA

and PycBC method
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Due to the low map
resolution
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DEC [rad]

SA method mismatch map [ET - 5 Hz]

PyCBC method mismatch map [ET - 5 Hz]

Difference between SA & PyCBC methods [ET -5 |
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Zooming in removes
discrepencies

Simulation of the same

physics
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ET Xylo, fiow=5Hz, L =0° I =0° Mcwir, = 1.2M,

SA Method
(Max = 0.006)

SA method mismatch map [ET - 5 Hz]

PyCBC method
(Max = 0.008)

Differences

DEC [rad]

PyCBC method mismatch map [ET - 5 Hz] Difference between SA & PyCBC methods [ET - 5 Hz]
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SA method much faster than the
PyCBC one

Will use SA in priority
&
Keep use of PYyCBC when possible to highlight
eventual differences
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Global study of the Mismatch

Monte-Carlo simulation
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Sky position Polarisation

o, cos(0) ~ U0, 2w|, U0, 1] U ~ U0, 27]

Inclination Individual masses

cos(t) ~ U|0,1] M; ~ N(1.35, 0.1)

(Low) frequency cutoff

Coalescence time
— H Hz
Jiow t, ~ U0, 86400

Redshift

dV,

Tidal and spin
neglected

p(z) o< ——R(2)
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Occurence

Mismatch histogram

| "

35

Mlsmatch [x’u]

(10.000 sources)

Up to 40% Mismatch

~13% of sources have
Mismatch > 10%

~70% of sources have
Mismatch > 5%

~90% of sources have
Mismatch > 3%
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Z(t%) _ 4/00 d.f hdil[il(f)h?:)[nplatc(f3 ZLS — O, (;b(} — 0) 27 i i
0

Match Filtering Output (complex) ()

Optimal SNR

(Template’s
optimal SNR)

SNR (Time Serie)
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(Template’s
optimal SNR)

SNR (Time Serie)

SNR p = ax p(t

Total SNR of ET SNR; . = p7 + p5 + p3




Match Filtering Output (complexe)

Cauchy-Schwarz < h,T >| <||h|].||T]]
We necessarily lose SNR Peonst ||hH — Popt,mod

Let’s do a Monte-Carlo!
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Sky position Polarisation

o, cos(0) ~ U0, 2w|, U0, 1] U ~ U0, 27]

Inclination Individual masses

cos(t) ~ U|0,1] M; ~ N(1.35, 0.1)

(Low) frequency cutoff

Coalescence time
— H Hz
Jiow t, ~ U0, 86400

Redshift

dV,

Tidal and spin
neglected

p(z) o< ——R(2)
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SNR histog ram (10.000 sources)

Template F(0)h(t)
Template F(t)h(t)

SNR between 0 and 1000

Mean SNR ~24
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~75% of sources have
8 < SNR < 55

More optimistic than MDC

400 600 800 1000

SNR observe 26




SNR variations histogram
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Var SNR [%]

(10.000 sources
9.200 detected)

Variation < 40%

0.6% have variation > 10%

3% have variation > 5%

7.5% have variation > 3%
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X T=F(0)h(t)
T = F(t)h(t)

SNR (both cases)

(10.000 sources
9.200 detected)

45 sources with
SNR_const <8 BUT
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Recovered SNR stay around SNR =8

I
I
I
I
I
|
I
I
I
I
|
I
I
I
I
|
I
I
I
I
|
I
I
I
I
0
I
E

SNR mod

1.4
SNR const




Statistics !

Assuming 70.000 BNS/year

~ 400 recovered sources taking Hence ~ 0.6% of ALL detected
Earth Rotation into account sources
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Conclusion

MC simulation show that Earth rotation-induced SNR
Mismatch is heavily impacted variation can be neglected for
flow > S5Hz

Taking it into account would complexify the
Match Filtering for <1% of all detected sources
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Pmod — Pconst —1 Pconst
Pmod Pmod
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Occurence

Histogramme des variations de SNR
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http://arxiv.org/abs/1603.02698 http://arxiv.org/abs/1403.0007
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FIG. 10. Histogram of redshifts for the sources in our dataset.
BNSs are shown in blue, BHNSs in green, and BBHs in red.

e 61031 BNSs: 19% have SNR > 8, 7% have SNR >
12.
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FIG. 13. Optimal signal-to-noise ratio (pept) as a function of
the observed total mass M. ;0.




Occurence

Histogramme des variations de SNR
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SMR mod

16 -

14 1

12 A

10 A

y=X

¥
SNR const

~ 25% of ALL detected sources

can be retrieved
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Chirp mass [M _sun]

10

Max mismatch as a function of M_chirp and f _low
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s {111l 1
Mismatch as a function of M_chirp and f_low Mismatch as a function of M_chirp and f_low
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Caused by the PSD
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Physical
interpretation yet

to be given
(if not an error)
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Declinaison (rad)

Declinaison (rad)

Mismatch map [ET - 5 Hz]

10°

1071

=
o
"

-3.0
: T : : T r 1073
1 2 3 4 5 6
Right Ascension (rad)
-— o : - o
PSI=0°incl=0
Mismatch map [ET - 5 Hz]
0.0 4 109
—-0.5 A
—-1.0 A 10—1
-1.5 -
—2.0
102
-2.5 -
-3.0 |
L) L) L L) L) L L] 10-3
0 1 2 3 4 5 6

Right Ascension (rad)

PSI = 0°, incl = 90°

Mismatch = 1 - match

Mismatch = 1 - match

Declinaison (rad)

Declinaison (rad)

Mismatch map [ET - 5 Hz]

0.0 1 10"
1015
m
E
-
I
£=
=
£
-2.0 g
107% 5
-2.5 A
-3.0 1
T T T T T T T 10-3
0 1 2 3 4 5 6
Right Ascension (rad)
-— o H -_—— o
PSI =30°incl=0
Mismatch map [ET - 5 Hz]
0.0 10°
-0.5
-1.0 10—1 '..:,
m
E
i -
-15 ;
=
o
£
—2.0 -
1072 5
-2.5 1
-3.0 4
T T T T T T T 10-3
0 1 2 3 4 5 6

Right Ascension (rad)

PSI = 30°, incl = 90°

46



{

Development of equations using
Marion’s formalism

F(aaéawat) — F_|_(Od, 5awat) —|—7;F><(Oé,5,¢,t)

_ 7
6

h*rr:z,«:u;if(CE 6 (rb t) — (t)(F-l-(ﬂ:‘Sﬂy[):t) + b (Gfﬁ(sz wat))
heonst (@, 8, 1) = —-(t)(m(m 5,1, 0) + iFy (v, 8,7, 0)

= 5 F(a,8,1,1)
=[5 F(a,6,9,0)
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For 3 detectors (ET-Xylophone)
&
inclination = 0°

frigh f£—%
M({I? (S: ?1[)) CKI%%_X/EDW 5{;(']0) §]:E([‘/__.ET(Q: 0, w:‘U)HFET(@ﬁ‘Sa w:t”)df

£(q7b) = %([}—ET(Q: '51 lZJ,U)H ET(Q: 51 w:tﬂ)

L(Y) = \/A+ Bsin(4y + @) + Csin(8¢ + ®3) + /A — Bsin(4e) + ®1) + Csin(8y + ®»)
= f+(¥) + fx(¥)

Match has a non-trivial
polarisation angle depedency
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For 3 detectors (ET-Xylophone)
&
any inclination angle (iota)

Fer(a,d,1,t) = [1+ cos®(1)|Fy pr(a, 8,9, t) + i[2 cos(¢)|F« gr(co,d,,t)
— nF-I—,ET((I} 53 wa t) + igFX,ET (Of:' (5} 71[)3 t)

L) =n"f+{@) + & fx ()

Match has a non-trivial
polarisation angle depedency
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Studying the L function gives us
the “geometric” behavior of the
match

Extendable to any network of L-
shaped detectors

L) =n"f+ @) + & fx ()

F—I—,net ((1163 I,[},l'}) — \/21 1 —I-*zf((I 6 770? )

Fy et (@, 0,1, 1) = \/2@:1 x,—i(@a&wg t)
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Inclination (*®)
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Declinaison (rad)

Inclination = 90°, PSI = 90°

Mismatch map [ET - 5 Hz]
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