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E Tli;ﬂf;liLE To improve the sensitivity wrt 2" generation

Goal:
A sensitivity at least 10 times
better than the (nominal)
advanced detectors on a large

fraction of the (detection) (B 5 o
room temperature ryogenic e == squeczed lightbeam ,
freq U e n Cy b a n d Parameter ET-HF ET-LF
. . . Arm length 10km 10km
A dramatic improvement in Input power after IMC)  S00W W
e . 105 Arm power IMW 18kW
sensitivity in the low frequency i graded Coreren 0| Tomperature 290K 1020K
——ET design sensitivity Mirror material fused silica silicon
(feW H Z _ 1 O H Z ) ra n g e - Mirror diameter / thickness ~ 62cm/ 30cm 45¢cm/ 57 cm
\ . Ve , § o Mirror masses 200kg 211kg
° £ Laser wavelength 1064 nm 1550 nm
H Ig h rel Ia bl I Ity a n d m p roved E SR-phase (rad) tuned (0.0) detuned (0.6)
1 ih 3 SR transmittance 10 % 20 %
O b Se rva tl O n C a p a b I I Ity % Quantum noise suppression  freq. dep. squeez. freq. dep. squeez.
. g 105 Filter cavities 1300 m 2x1.0km
L] La rg e S C I e n C e C a Se b Ot h 0 n § ~10°| Imtouemernt Squeezing level 10dB (effective)  10dB (effective)
H o ratio for ET Beam shape TEM TEM
astrophysics, fundamental Beam radius 12.0cm Sem
. 1020 === = = = = = = Scatter loss per surface 37 ppm 37 ppm
phySICS a nd CosmOIOQy Seismic isolation SA, 8mtall mod SA. 17 m tall
409 10! 102 Seismic (for f > | Hz) 5.10710m/ f2 5107 m/ f?
il Gravity gradient subtraction none factor of a few

16/10/2023 7éme AG du GDR Ondes Gravitationnelles - A. Lartaux







Q
O
-
QL
O
W
4
-
Q
-
-
-
<+
n
f=
Q
e
<+
Y
@
-
O
i
Y]
N
C
(q9)
o0
| -
O

EINSTEIN
TELESCOPE

ET

ET Instrument Science Board (ISB) Organigram (ET-0033A-21)

P R ——

em—————————

™ "Observatory desin and nolse budget

e ——————

*mmmmmm e

‘Suspension cham

Emrranmenca semEart
T Themdichole

Fipe s Vacuum

s conisal sch

ol sy, sercon g aeed cot

T e M SupEn iGN

o

rm mation.

ier-Hlmio

”

I
i
1
|
I
1
1
1
|

A\

Trycgen infrasiructire

Srvapumps.

=TT T Ewustatsand

“Calibration

>

r-

ey

erve Tromt sensing and o

Tpui and auit optics

™

Bk

ST iaizHan

-

B

Vacuum and Cr\,;ogenics

7éme AG du GDR Ondes Gravitationnelles - A. Lartaux

Active Noise Mitigation

Interferometer

Suspensions
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Selected topics

Squeezing Laser

» Same target as Virgo_nEXT: 10dB « ET-HF => Input: 500-700 W @ 1064nm

e For ET-HF @1064nm: needs coherent beam combination
 Reduction of loss sources e ET-LF =>Input: 3-5W @ 1550nm or 2um
» Study of in-vacuum squeezing source with low noise, different technologies
« 1 filter cavity (1 km ?) explored like fiber laser

e ForET-LF @1550nm or 2um:
* Development of squeezing source Scattered light
e 2 filter cavities (1 km ?) « Baffles study: number, position, size, etc.

e Study of coupled filter cavities
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https://apps.et-gw.eu/tds/?content=3&r=18391
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ET g,

Interferometer (1)

Sensitivity curves ET-0007B-23
 Update wrt 2011 Conceptual Design Report and
2020 Design Report Update

e Started for COBA

* More realistic technologies and noise sources
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Figure 1: Strain noise budget of the HF detector.
Noise traces shown in this figure correspond to a single
interferometer with an intersection angle of 90 degrees

(“L” shape).
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Figure 2: Strain noise budget of the LE detector. Noise
traces shown in this figure correspond to a single in-
terferometer with an intersection angle of 90 degrees

(“L” shape).

Selected topics

Optical design
 Work on central ET-HF parts
» Stable recycling cavities
 Symmetrical cavities for Power
Recycling and Signal Recycling ?
 Common work with Virgo and
Cosmic Explorer

g Injection
Curved mirror M2

(incidence ~ 3 deg) —»

Curved mirror
PRM <¢—— e
(normal incidence)
Arm cavity
T

—2ZM1 <«—— Flat mirror

. Arm cavity
Flat mirror ——p

Steering flat mirror
¥~ Focus here to reduce beam size
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https://apps.et-gw.eu/tds/?content=3&r=18177

Interferometer (2)

Selected topics

Mirrors Data acquisition
 ET-HF: 62cm diameter and 200 kg » Plan to move digital demodulation out of
=> fused silica almost on the shelf the air tank
 ET-LF: 45cm diameter and ~200 kg » Synchronization using White Rabbit

N —

=> 2 options not on shelf:
e sapphire used in KAGRA
e silicon

Vacuum container with
seismic attenuator
enclosed in the upper part

Wire for bench suspension

substrate +  polishing + coating

Photodiode air box

air tank with electronic

' i y I de
Piece of glass Polishing of the mirror Inspection of the mirrors of nside

for Virgo for the Hubble space the James Webb telescope ‘ :
telescope ] 5 s Y
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E Tﬁét'f;i!: Vacuum and Cryogenics (1)

Selected topics

Beam pipes Towers
» Agreement with CERN to design the » Design of ET-HF towers

vacuum pipes (TDR + prototype) adapted from the Virgo
4 vacuum tubes of 1m diameter per towers
tunnel * Modal analysis
e ~50 years lifespan expected undergoing
* Virgo as a baseline: 3 designs under * Optimization of the
consideration weight and resonance
* Undergoing discussions with industry frequency

* Design of ET-LF towers
still need to be discussed
depending on
suspension chain and
cryostat design

'UCLab

JItC
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E Tlig'fEZZEL'E Vacuum and Cryogenics (2)

Selected topics

Cryostat ET-0272A-22 ET-LF Payload
» Active cooling of the 2 external thermal » Design for heat extraction with low
shields suspension thermal noise
» Superfluid Helium-Il cooling of inner shield « Allow for large mirrors

Cryogenic paylonds for the Finstein Telescope — Daseline design with heat extraction,
suspension thermal noise modelling and sensitivity analyses Plﬂtf{)l 1
° s e Pt
Thermal Shield 50-80K % Cuo e e e
. e e e rew
Therma| Sh|e|d 5K Iréne Joliot-Curie 7 INFN,. S Horem,

" n ‘”T‘ ] & iy -

e — hﬂ"ﬂ]lm]‘ %ﬂlmﬂ \I!IMTMEBLH

Eryopenic IF & i full
oo - o “Iwﬂ eonnam and

Lb atoire de Physique
Cryostat 2K

- Magnetic Damping Marionette o

(HF] lmsew ingrefercenecer.  Semitivision |
afal lkmnmpzx F) and 30z 11 ul.pzrm

renpaerively. Tho L frrqumey sommerviey
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https://apps.et-gw.eu/tds/?content=3&r=18053

Conclusion

E T\EINSTEIN
TELESCOPE

 ET-HF can be build on the experience acquired on LIGO/Virgo detectors and on-going R&D
 Some experience of KAGRA is useful for ET-LF but there are still many studies needed

e Lots of R&D in Europe and well organized collaboration work
Current infrastructures

e The pathis long
towards the
first observation

‘-----------

16/10/2023

A
[ | New infrastructures
R w01 w= 02 =03 = 04 w= O5
e e M s "
LI - LIGO upgrade A#
e ' . - - — Cosmic Explorer
X 40-50 70-100 150-260
Virgo T om i E Virgo_nEXT Einstein
or 13 =10 =10 25128 Te’escope
Mpc Mo Moc Mot Mo
KAGRA | 1l i KAGRA upgrade
GO02IT18 J;ua;uwrl;tta;»wa;vwmu-:;u;u;?a;u;'
. I _ 2030's * First light before
First detecti Advanced Virgo+ end of 2030
st detection | g0 sources Advanced LIGO+ el :
. alew
GW170817 years later (TBC)
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Thank you
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ET a5 ET Sensitivity

BINARY NEUTRON-STAR MERGERS BINARY BLACK-HOLE MERGERS
~1 detection =
every 30s
E ,2; 107
Redshift of detected signals Hedsh?ﬂ of detected sslg nals ’
» 10°-10° BBH detections per year 1006 =
* 10%10° BNS detections per year among which 0 e
~10-100 with EM counterparts ol
*  High SNR events E
* Overlapping events .3
:;:;100 I
* ET 1% Mock Data challenge in progress o1 S ]
| 10 100 1000 10000
* 40 papers since 2022 summer on ET science i e
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Suspensions

Selected topics

Goal:
* reduce seismic and vibration noise in the detection band;
* reduce the broadband RMS motion of the suspension systems
* provide slow large-scale position and angle control of each

suspended optical element.

Design starting from Virgo Super Attenuators
e ET-LF would require 17m height (instead of 8m)
* Undergoing studies to reduce this height to 10m

(with some active control)

Monolithic suspension
e ET-HF => fused silica well known
e ET-LF => silicon or sapphire under study

Cryogenic payload => see Vacuum and Cryogenic
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