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Source Relative uncertainty [%]
Rx responsivity 0.22
Deformation model 0.38
Incident angle, cos(#) 0.16
ETM mass, M 0.05
ETM rotation 0.09
Optical efficiency 0.10

Total

0.49
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Intercalibration
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Calibrates
NIST/PTB

Reference spheres

Intercalibration at LAPP
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WSV / GSV ratio monitoring

responsivity ratio: VPS1 vs VPS2
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Source

Relative uncertainty [%]

Rx responsivity .22
Deformation model ).38
Incident angle, cos(#) ).16
ETM mass, M 0.05
ETM rotation 0.09
Optical efficiency 0.10
Total 0.49

Source

Relative uncertainty [%]

WSV responsivity

0.11

Rx calibration

0.19

Total

0.22
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Linearity measurements of

integrating spheres
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Source

Relative uncertainty [%]

Rx responsivity .22
Deformation model ).38
Incident angle, cos(#) ).16
ETM mass, M 0.05
ETM rotation 0.09
Optical efficiency 0.10
Total 0.49

Source

Relative uncertainty [%]

WSV responsivity

0.11

Rx calibration

0.19

Total

0.22
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Laser 2
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Laser 2
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Laser 2

Flipper 2
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32



ie
-
®
=
¥ .
T .
-
-
-
-

R~ = - % Flipper 1 R
ToT R Tx_PD1 . T X




V(1) +V(d2)] = V(d1 + $2) Correction
V(g1 + ¢2) Tension offset + Temperature

(V1 +V2-V12) / V12 [%]
(V1 +V2-V12) / V12 [%]
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Spheres are linear at <0.1%

[%]
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RXNE not linear below 0.1% everywhere

RxXNE

Power ratio vs laser Power (devl)
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NE bench mirror

characterization
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Source

Relative uncertainty [%]

Rx responsivity .22

Deformation model 0.38

Incident angle, cos(#) ).16

ETM mass, M 0.05

ETM rotation 0.09

—) () Dtical efficiency 0.10
Total 0.49
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1in = 25.4mm

_—

Defect ~1mm on the
left from the center
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Mirrors to be changed

1
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Conclusion

Intercalibration is going on well Integrating spheres are linear
below 0.1% (except for RXNE)

PCal mirrors have to be changed

47



Earth’s rotation impact on

ET
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Virgo
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Signal reception Analysis Data output
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ET-Xylophone
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Optimal template

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

Which one do we How much Match and SNR do we
choose ? loose if E.R. neglected ?




Mismatch study

SNR variations

L————) Safety checks

55



Declinaison (rad)

Mismatch map [ET - 5 Hz]

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

Max ~ 0.8%

Earth rotation can
be neglected here

Slow computation
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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
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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

= b Hz
Jiow te ~ U0, 86400]
Redshift
dVC Tidal and spin
p(Z) X R(Z) neglected
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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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Global study of the
SNR



We necessarily loose 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

= b Hz
Jiow te ~ U0, 86400]
Redshift
dVC Tidal and spin
p(Z) X R(Z) neglected
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Occurence

104 -

10° 7

Detection threshold: SNR = 8

Which one have SNR < 8 without E.R.
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Recovered SNR stay around SNR =8
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Statistics !

About ~ 0.6% de ALL sources
detected at 5 Hz

~ 25% of ALL sources can be
retrieved if starting at 2 Hz
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Conclusion

MC simulations show that
Mismatch can be severely
affected

Earth rotation induced SNR

variations can be neglected for
flow > 5Hz

Taking E.R. into account would complexify the
Match Filtering process for <1% of sources
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Conclusion - Miscellaneous
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e Intercalibration still going on without problems

e Integrating spheres are linear at <0.1%

e M3 mirror has a defect leading to a loss of <1%
of R

Earth’s rotation not that easily negligeable
(at 5Hz, ~10% of sources could be missed because
of high mismatch)
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Scientific contributions

ET internal note Virgo technical notes x2
about Earth rotation (linearity + M3)
Calibration mission at Virgo PCal article
(December) co-author
ET France talk Poster at Workshop ET

(Paris, April) (Rome, February)
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Earth’s rotation impact on
long-duration signals for ET

PHD Studan: Motkeei SCHOOR (LAPP, Anmeey, Framos)

Supervised by Domir BUSKIALIC & Loic ROLLAND (LAPF, Annescy, France)

Why might this be

: Mismatch study
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Contributions scientifiques

Calibration meetings Electronics meeting

MBTA meetings

ti ti
Optics meetings (Virgo)

Div10 ET meetings
(data analysis)
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Study of MBTA for ET-
like signals

Virgo calibration for autumn
observation run

Speed up the h(t)
reconstruction
algorithm
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Divers

~40h ED formation:

48h of teaching e 15h Scientific journalism
(Optics, Math, EM) e 15h Research ethics
e 4h VSS

Pint of Science

ILE Project
Féte de la Science
End of the year Party organisation
Lab visits x7 (secondary school, high school,
students, public)

/76









M, d,1) X VA+ Bsin(4y + ®1) + Csin(8¢ + ®2) + /A — Bsin(41) + ®1) + Csin(8¢ + ®s)
= f+(¥) + fx(¥)

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

Fy pr(a,d,9,t) = \/ztl +1(l—’5”(/)
Frpr(a,0,,8) = /S, F2 (0, 6,9,1)
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Occurence

Histogramme des variations de SNR
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B

IIIWM

SMNR mod

50 55 60 4 2 ¥ 7 8

SMR const

~ 25% de TOUTES les sources

peuvent étre récupérees
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Match Filtering Output (complexe)

Cauchy-Schwarz

On perd nécessairement du SNR Peonst ||hH — Popt,mod

Faisons une Monte-Carlo !
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Codé en Python
Pour chaque point (RA, DEC) dans le ciel (PyCBC)

Géneration de h(t) (+ et x)

Calcul de F(t) et F(O) (+ et x)

Calcul de F(t)h(t) et F(O)h(t)

Calcul du Mismatch entre < 8,1 >

F(t)h(t) et F(O)h(t)

M(s,T) = max

atAe ||s||-|[T]




M1=M2=14 Mg Distance = 100 Mpc
f low=5Hz

—>

Cas simple

(2h)

WF model:
IMRPhenomD PSI=0*

*Contribution égale de F+ et Fx
dans le Match 83




Spheére T voit ~25% de la
lumiere transmise
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Supposant que la sphere voit
~25% de la lumiére transmise
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Mesures

Measures jusqu’a 3W dans la sphere (1.5W chacun)

Mettre les lasers a 1.5W: Recommencer en descendant
e Seulement laser 1 la puissance a OW

e Seulement laser 2

e Deux faisceaux Recommencer en montant a
1.5W

Faire plusieurs cycles

(mise en lumiére d’éventuels effets tels la mémoire optique, parametres
variant avec le temps, etc...)




Comparison avec ma PYCBC mismatch map [LigoH - 10 Hz]
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DEC [rad]

DEC [rad]
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Match Filtering Output (complex)

C

Z(t%) _ 4/00 d.f hdil[il(f)h?:)[nplatc(f3 ZLS — O, (;b(} — 0) 27 i i
0

5a(f)

SNR optimal

(Template’s
optimal SNR)

SNR (Time Serie)

91



(Template’s
optimal SNR)

SNR (Time Serie)

SNR p = ax p(t

SNR Total pour ET SNR;, = pi + p5 + p3
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Développement d’une formule SA pour calculer le

match dans cette situation
he(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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SNR histog ram (10.000 sources)
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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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Histogramme des variations de SNR

107 1

10° 7

Occurence

-
1 ™
|IIIIIWM

25 30 35 40 45 50 55 60 e
Var SNR [%]




Occurence

Histogramme des variations de SNR

Var SNR [%]

SNR mod

1200 ~

1000 ~

800 -

600 A

400 -

200

y=Xx

I
400
SMR const

I
200

!
800

104




SMR mod
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Chirp mass [M _sun]
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Caused by the PSD
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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)) — f:’%f((l; 5? fﬁb:t)
heonst (@, 8, 1) = —-(t)(m(m 5,,0) + iFy (a,8,,0) = f~ 6 F(a, 6,1, 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 1



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 113



Studying the L function gives us

the “geometric” behavior of the E(d)) — T?Qf-l- (@b) T £2f>< (d")

match

Extendable to any network of L- Fy pet (08,4, 8) = /320, F2 (e, 8,9, 1)
shaped detectors F' net (a0, 0,9, ) = \/Zz-:l F (o, 0,1, 1)
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Declinaison (rad)

Inclination = 90°, PSI = 90°

Mismatch map [ET - 5 Hz]
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