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Advanced Virgo +

——

* the next large upgrade of Virgo, synchronised with LIGO
* keep the relevance of the detector in the global network

* will implement technologies for managing large mirrors

This presentation is not exhaustive, most of the subsystems will improve
their performances for AdV+ even if not mentioned here (injection,
detection, TCS, baffles,...)



AdV+ project is divided |nto 2 phases

/ Phase |

N

next 2 years

> 40-50W input power this presentation

- signal recycling mirror

- Newtonian noise cancellation

- frequency depend squeezing
\ - preparatory work for phase II /
: N

- Phase Il beyond 2022

- large mirrors implementation

- /




The overall planing

= 1 1

= O1 02 msk O3 04 05
80 100 Q‘S’ﬁf‘
Mpc Mpc 175 Mpc pc
LIGO i
30 80-125 125-230
] Mpc Mpc Mpc
Virgo
25-130
M 130+ Mpc
KAGRA B
Target
. 330 Mpc_
LIGO-India

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

DCC P1200087-v50, Observing scenarios paper



The overall planing
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Phase I, preparation during O3, installation before O4
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The overall planing
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Phase II, preparation during O3-04, installation before O5
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Expected sensitivity for phase I
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For phase II that is the absolute best possible with large input and

end mirrors and reduction of coating thermal noise 7



Main source of noise for Phase I
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= Total noise
= Coating Brownian noise
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Only known fundamental noises are represented here
Input power: 40W



Organisation: the systems / subsystems
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ITF: M. Was, SUM: H. Vocca, ESC: B. Swinkels, ENV: R. Passaquieti, QNR: J.P. Zendri

AdV+ Management Team
Project Leader: R. Flaminio
Technical Manager: H. Heitmann

OsD

J. Degallaix

MIR
L. Pinard

PSL

N. Christensen

TCS
V. Fafone

INJ

A. Chiummo

PAY
E. Majorana

SLC

L. Mir

SAT
F. Frasconi

DET

R. Gouaty

VCRD
G. Cagnoli

SBE

A. Bertolini

System: ITF

Interferometer

SUM

Suspensions

& mirrors

ISC NNC
M. Mantovani J. Harms
ALS INF
N. Leroy A. Paoli
DAQ VAC
A. Masserot A. Pasqualetti
CAL EMS
L. Rolland R. De Rosa

ESC ENV

Electronics,
Software & Controls

Environment

SGD
M. De Laurentis

SVs
F. Sorrentino

SIN
R. Bonnand

FLT
M. Tacca

QNR

reduction

Quantum noise
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Organisation: the very short term
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* intensive work to complete a Technical Design Report
with a detailed planning of tasks and resources require

* thoughtfully internal review

Review planning

. Works . Schedyle information Progress . ResoL
§ : § : § No. | Task "~ Subtask Type| Duration " Predecessors %done Committed] Cost In-kind lab  Manpower
Review Concerned S5  Reviewers Date Deadline Review slides Review report
1 Subsystem management M 24months 01/05/2019 0.2P
SR control ALS, ISC A. Rocchi (chair), E. Tournefier, L. Di Fiore 16/04 10/04 VIR-0405A-19,VIR- VIR-0430A-19 2 Choice of the beam size in the recycling cavities 7months  01/06/2019
11-00 0408A-19 (prelim ) 21 Under the current aperture limitation from the vacuum 3months  01/06/2019 0.1vP
_ 22 Under the current aperture limitation from the baffles 3months  01/06/2019 0.10P
VAC VAC Ch. Michel (chair), I. Fiori, M. Doets 18/04 10/04 VIR-0441A-19 VIR-0450A-19 - .
- 23 Under the current aperture limitation from the mirrors 3months  01/06/2019 0.1oP
: 2.4 Under the current limitation on the detection side 3months  01/06/2019 0.10P
HVAC INF Ch. Olivetto (chair), R. Passaquieti, N Arnaud ~ 19/04 12/04 VIR-0431A-19 VIR-0448A-19 25 Under the current limitation on the injection side 3months  01/06/2019 0.10P
09:00 2.6 Impact of increasing the beam side in the central area - VAC view 3months 2.1 0.1vP
Large mirrors MR N. Christensen (chair), B. Mours, F. Fidecaro,  19/04 1004 VIR-0432A-19 VIR-0500A-19 27 Impact of increasing the beam side in the central area - MIR view 3 months 2.3 D.10P
% (ETHE — 2.8 Impact of increasing the beam side in the central area - DET view 3months 2.4 0.10P
29 Impact of increasing the beam side in the central area - IN] view 3months 2.5 0.10P
OSDI/DET OSD, DET M.Barsuglia (chair), P.Hello, E.Calloni 23/04 15104 VIR-0443A-19,VIR- VIR-0485A-1¢ 2.10 Impact of increasing the beam side in the central area - OSD with interacti 3 months  01/09/2019 0.40P
14:00 0444A-19 211 Conclusion and final discussion 1month  2.6,2.7,2.82.9,2.10 0.dop
PSL PSL P. Rapagnani (chair), M. Punturo, A. Chiummo  24/04 14/04 VIR-0417A-19 VIR-0475A-19 3 Derive the optimal arm finesse, recycling gains for  given input power 5 months 211
0900 31 Finesse and GWINC simulations 2months 211 0.80p
a 3.2 Review of the results and compatibility with other S5 - tuning of the result 3 months 3.1 1op
IMC payload INJ, SLC A Bertolini (chair), FBondu, PPuppo 24/04 14/04 VIR-0465A-19 . I
1400 4 Geometry of the arm cavities and surface specifications 5months 3.2
. a1 Arm miirrors radius of curvature 2months 3.2 0.80p

* compilation of an exhaustive work breakdown structure
* International Review Committee beginning of July

* this summer: release money for phase I
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Work for Phase I

(ready for installation end of O3)
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The input laser

]
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* ITF input laser goal: 40W-50W
(2.5 times O3 power, lead to 200 kW in the arms)

* at the limit of the current laser, not compatible for Phase 1II

* installation of a 100W fiber laser, more reliable, more
compact, upgradable to 200W

Pump LD

\

\
NPRO @ -
Fibered
25 mW isolator

e

Nufern PM fiber : _
PLMA-YDF-10/125-vin \ W Mode Field
= adaptor
@ (MFA) . Free space
= = 4 %. isolator

Pump LD
(4 x60 W)

[

combiner Fibere-:‘iq Wn:ombiner

isolator

preamplifier HP amplifier

dichroic




The input laser
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* system already tested for 2500 hours

* compliant with AdV specifications

p_— Relative Intensity Noise (RIN) — Shift relative to the beam waist
. . RlN o . Horizontal
103 ke AdV Spec it 1028 Vertical
| = = = =« Shotnoise @ 16mA | \‘\':\ _____ AdV spec @ PMC input - Horizontal |
' ! LobLii il [ A AdV spec @ PMC input - Vertical ]
‘ \

* installation planed right after O3

N \\ _____ AdV spec @ PMC input - Horizontal | |
AdV spec @ PMC input - Vertical

* Implementation optimised to maximise beam availability
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Signal recycling installation
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* currently only a lens used in transmission
* will coat a new SR substrate, T=40%
* locking strategy similar to the LIGO one

* all optics already coated with the green control in mind
* injection of green light by the end mirrors

Fibered Polarizer  1m PM-SM-1064 im PM-SM-1064
E_""r-{ N> M ;
Khowtm Mty 2Hm PM-SM- 1064 .
RF amplifier
1) 7Tmw ™ 1 km SMF2B
3 ADC
1) 6O mwW Miner

3] 15 to 20 mwW
(4] & mi Siabiiized

5 2'Watt
& GenW

Sen PS04 1064

-
L
L
La ) L
BLEMH: 4 dilen i .
35Kz Fregeency Mod POALGCEEC
Jl- e

T, B&2.0 mwW Bast note

* Error signals derive from beat note in the central part
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Newtonian noise cancellation
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* Goal: reduce the Newtonian noise induced by the seismic
field by a factor of 3 (10-20 Hz)

* indoor seismometers array around the test masses

Re(complex coherence) at 10Hz

&

* Presence of tiltmeter under consideration to reduce
the number of seismometers




Quantum noise reduction

=

* Goal 6 dB of squeezing at high frequency
* Addition of a 285m filtering cavity (F~ 10000, RTL~ 40 ppm)
* Reduction of optical losses on the squeezing path

from 32% to 18%

e

m E L

AEI SQZ
Board




Quantum noise reduction

=

* Goal 6 dB of squeezing at high frequency

* Addition of a 285m filtering cavity (F~ 10000, RTL~ 40 ppm)
* Reduction of optical losses on the squeezing path

from 32% to 18%

s Phzse-nuise rms: 30mrad

— | 210 /R0 DUt )

‘ More on Fiodor’s presentation this
—= Thursday morning

..............................
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Preparatory work for Phase Il

(ready for installation end of O4)



Reducing the coating thermal noise
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* One possible knob to turn is to enlarge the laser beam
size on the test masses

* Larger beams means larger mirrors (to have similar losses)

* geometry of the new end test mass:
- @ 550 mm diameter (same as current BS)
- 200 mm thick (compatible with LMA cleaning machine)
- 105 kg (2.5 times heavier)




New optical design
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* Like to have only end large mirrors and same size input
mirrors. So same size of the beam in the central part

* Still all the large curved optics will be upgraded

* Then simulations to optimal finesse/gain, position, radius
of curvature, flatness,....
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New optical design
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* Like to have only end large mirrors and same size input
mirrors. So same size of the beam in the central part

* Still all the large curved optics will be upgraded

* Then simulations to optimal finesse/gain, position, radius

Of C L Ll o
e Work with injection / detection /

mirror / scattered light / control people
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Which coating materials ?

= [ 1

* Extensive research effort on both sides of the Atlantic
* Could permit further sensitivity gain in the mid frequencies
* A collaboration wide effort

The Virgo Coatings R&D The research lines / tasks
= Collaboration
e LYON o
' I(:?éc’NgTéclonE e GENOVA (mz&n ,— === Oxides -~ Sections: Description
¢ FEA ¢ Ellipsometry I I Strategies for the loss angle reduction
+ Optical metrology g : E\)El\ih:ag(gg)pemes : Oxides ® |
' Eﬁ;ns?c% Efrg?gsi;ges LYON : I Mixing ® : ® High Temperature
+ Molecular Dynamics e URBINO : High Index ® | MATERIALS DEPOSITION e Nano-layering
*
N ‘- Silica Glasses ./ - High index
SERUGIA {’ Nitrides o> — Low index
[ ] .
e PISA + Cantilevers & GeNS Cryo I ) FltZIOI’IC-jE‘S o : — HR stack
+ Study of the crystallization processes N EH oo of Glasses : High Coordination e | New
: I\P/I%)(tise!ﬁ?ngf deposition and ultrastable glasses + SEM, XRD X Number Glasses 1 C oati ngs
+ Calorimetry and Dielectric response( o RONA 2 \ . !
+ Laser Polishing [ \ROMA 1 , ~ = Newmaterials - =
B ¢ GeNS 300K 1’
¢ Sample production ¢+ FEA and AFM SALERN o _
¢ Characterization SANNLO Origin of absorption e ABSORPTION e Annealing
°, DOMAL * SALERNOSANNIO Loss measurement TREATMENTS e Outgassing
characterization + SEM,TEM,AFM and XRD protocol METROLOGY e Controlled
{_* Thermobalance ' nMe}gorLae):lgrﬁgt%?irglgosnes and Thermoelastic e tallizati
- 3 crystallization
09.11.2018 (m&n Cagnoli — VCR&D Proposal O effect Y
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Which coating materials ?
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* Extensive research effort on both sides of the Atlantic
* Could permit further sensitivity gain in the mid frequencies
* A collaboration wide effort

Collaboration
® LYON ] V‘j L2 \\\
J

M The Virgo Coatings R&D The research lines / tasks

4 IBS HT, IAD
.

+ Optical metrolg

¢ o e More in the coating thermal noise

+ Physics of Glag
+ Molecular Dyn ON e Nano-layering

. M — High index
L]
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N ¢ GeNS 300K 17
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¢ Characterizaton = [—————————— —=SANN o Origin of absorption e e Annealing
", gﬁjﬂu’?; zm,LERNO/SANN'O Loss measurement o ABSOEPTION TREATMENTS e Outgassing
characterization + SEM.TEM,AFM and XRD protocol METROLOGY e Controlled
¢ Thermobalance ¢ nanolayered composites and .
(m B m;i VT y— Mie-metamaterials Thermoelastic ® crystallization
&R = ’ [ effect




Anticipating large mirrors production

i I
* new optical profilometer, study of point defects
* extension of the clean room
* development new tools for handling /cleaning
* practice with a 100 kg substrate

Cleaning machine New crane for mirror handling
upgrade

24



Upgrading the suspension

* upgrade of the superattenuator for 100 kg mirrors
(new blades, wires, joints)

* new payload with improved design

Ring Heater.

Mirror diameter (550 mm) /

Realistic Coating diameter
(here 330 mm)

e feasible

AR ARAR AT SN PNAAIN NN

polished cut to hook the anchor

For larger mass

Proposed mirror
shape




Conclusion
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* AdV+ project is now at full speed with a defined structure

* Ambitious program with more laser power, SR, NN
cancellation, frequency dependent squeezing

* O3 time is critical to prepare the phase I and planning is
essential because installation/commissioning time will be
short

* at the same time, developing technologies for managing
large mirrors

26
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