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EGO-Virgo

EGO - Virgo

@J)) See this spot? This Thursday we locked for
the first time the 3-km Advanced Virgo
interferometer on the dark fringe!

Scineghe, Oct 19, 2016 G Losurdo - INFN PI - AdV Project Leader
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1st GENERATION DETECTORS

o The interferometers of the 1t generation (LIGO, Virgo, GEO600)
have run in the 15t decade of 2000’s
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0 The sensitivity finally achieved was enough to detect a coalescing
BNS in ~100 galaxies...

- ...but such events happen ~1/10000 yr per galaxy...
o No detection done but a rich legacy has been left.

Scineghe, Oct 19, 2016

G Losurdo - INFN PI - AdV Project Leader



NOISE AND SENSITIVITY

o The noise has been mostly understood

o The 15t generation design sensitivities have been approached
closely (and somewhere exceeded upon detector upgrades)

o Excellent duty cycle (~80%): reliable instruments!
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NETWORK

A MAJOR STEP TOWARDS GW ASTRONOMY

Memorandum of Understanding
between

VIRGO

on one side

and the

Laser Interferometer Gravitational Wave Observatory (LIGO)

on the other side

Purpose of agreement:

The purpose of this Memorandum of Understanding (MOU) is to_ establish and define a
collaborative relationship between VIRGO om, the one hand and the Laser Interferometer

onal Wave Observatory (LIGO) on the otherhand in the use of the VIRGO, LIGO and
GEO detectors based on iterferometry to measure the distortions of the space between free
masses induced by passing gravitational waves

Scineghe, Oct 19, 2016 G Losurdo - INFN PI - AdV Project Leader

GW “TELESCOPES”
CANNOT BE POINTED

SOURCE LOCALIZATION
REQUIRES NETWORKING

SINCE 2007: LIGO, VIRGO, GEO
WORKING AS A SINGLE MACHINE

MOU RENEWED IN 2014.



NETWORK

LIGO - WA GEO600 -D

Scineghe, Oct 19, 2016 G Losurdo - INFN PI - AdV Project Leader 8
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VOLUME 1:
LIGO Science and Concepts

| IMPROVED RECYCLING

LLIGO PRrOJECT

Frequency f (Hz)

THE CONCEPT OF AN “ADVANCED” DETECTOR IS
ALREADY IN THE LIGO PROPOSAL TO NSF

Scineghe, Oct 19, 2016 G Losurdo - INFN PI - AdV Project Leader
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6 European countries
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o Advanced Virgo (AdV): upgrade of the clllihgltly SRilio
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.~ INFN Perugia
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||—PR, 25W. BNS range: 107 Mpc
|| —Dual rec., 125W, tuned SR. Range: 126 Mpc

10 II}| ——Dual rec., 125W, detuned SR. Range: 142 Mpc l

‘ced I E H N I | E — Virgo+ (Sept 13, 2011): BNS range: 13 Mpc
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h (1/VHz)

o Virgo Superattenuator already
compliant with 2"? generation
- Some upgrades to support heavier
payloads
- New control electronics!

o Improve monolithic suspension
o Prevent scattered light
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V —PR, 25W. BNS range: 107 Mpc
— Dual rec., 125W, tuned SR. Range: 126 Mpc

—Dual rec., 125W, detuned SR. Range: 142 Mpc
— Virgo+ (Sept 13, 2011): BNS range: 13 Mpc
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(@)= TECHNOLOGIES °

o Dominated by thermal noise of mirror
coatings
o Reduced by:

Improved optical configuration: larger

beam spot
Mirror coatings engineered for low losses
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EXTREME MIRROR TECHNOLOGY:
- Low losses

-  Low absorption

- Low scattering:

FEATURES:
42 kg, 35cm O, 20 cm thick
Flatness < 0.5 nm rms
Micro-roughness: O.1 nm rms
Optical apbsorption < 0.5 ppm

IMO2 futur HR side




(@)%~ TECHNOLOGIES

BEATING THE SHOT NOISE LIMIT

0 Increase of laser power 10x

o Requires:
-~ Heavier mirrors

- Low absorption optics
Compensation of thermal aberrations

a Alternative/complementary
approach: use of squeezed light

Scineghe, Oct 19, 2016

G Losurdo - INFN PI -
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(@)= MAIN INTEGRATION ISSUES
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BROKEN SUPERATTENUATOR BLADES BROKEN MONOLITHIC SUSPENSIONS

Scineghe, Oct 19, 2016 G Losurdo - INFN PI - AdV Project Leader 22
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TARGET O2 SENSITIVITY
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arXiv:1304.0670v1 [gr-qc] 2 Apr 2013

OBSERVING SCENARIO

Prospects for Localization of Gravitational Wave Transients by the
Advanced LIGO and Advanced Virgo Observatories

J. Aasil, J. Abadie!, B. P. Abbott!, R. Abbott!, T. D. Abbott2, M. Abernathy®, T. Accadia®,

F. Acernese®®, C. Adams®, T. Adams”, P. Addesso®, R. X. Adhikari!, C. Affeldt®1°, M. Agathos!!¢,

0. D. Aguiar'?, P. Ajith!, B. Allen®'310, A, Alloccal4?¢, E. Amador Ceron!3, D. Amariuteil®,

S. B. Anderson!, W. G. Anderson'®, K. Arai', M. C. Araya!, C. Arceneaux’®, S. Ast%%, S. M. Aston®,
P. Astone!”, D. Atkinson'®, P. Aufmuth'®?, C. Aulbert®!?, L. Austin!, B. E. Aylott!?, S. Babak??,
P. Baker?!, G. Ballardin??, S. Ballmer??, Y. Bao!®, J. C. Barayoga!, D. Barker!®, F. Barone®*¢, B. Barr?,
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Advanced Virgo

B Early (2016-17, 20 — 60 Mpc)
~ Mid (2017-18, 60 — 85 Mpc)

W Late (201820, 65 — 115 Mpc)
I Design (2021, 130 Mpc) !

 BNS-optimized (145 Mpc)

G Losurdo - INFN PI - AdV Project Leader
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TOWARDS O2

a Short-term goal: join LIGO in
O2b (~03/17)

o Starting data taking will mark ;
the official end of the AdV L1

project

Scineghe, Oct 19, 2016

Joint Run Planning Committee

Working schedule for O2
(G1501561- v10)

Virgo

GEO

Vent/Commissioning

Integration/Commissioning

~75% observing mode

Detector in observing
mode for a fraction of the time
during Engineering Runs (ERs),
EM alerts possible

A4

ER10 02AI 02A

v

Detector operational,commissioning mode
(small fraction of observing mode time)

2016 2017
T T T T T T T T T T T
Jul | Aug | Sep | Oct | Nov ! Dec | Jan | Feb | Mar | Apr | May | Jun | Jul
: : : : ; - DeciswonI point ! : : ;
| | | | | on VIRGO joining O2B, | | |
! | | | ! ER11 dates and ! ! !
| | | | : configuration, | !
1 I 1 I I duration$he run 1 S)zt?ee;:c%aetg
| | ! | | | ! ! .
HA1 Vent/Commissioning ER10 02AI 0O2A EFiﬁ 02B

EFi11 02B

1
| H1/L1 sensitivity projections

EFi11 02B

. T1600302

I |
Virgo sensitivity TBC
20-50 Mpc

I I
Detector not producing data
(Downtime)

24/7 observing mode
(Observing Run, EM alerts)

G Losurdo - INFN PI - AdV Project Leader
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BUDGET

93% of project cost committed

25.000

AdV progress data from planning

Advanced Virgo (excl. contingency)
Ref. planning 1: 16/10/12 (p) 2: 11/09/16 (E)
Last planning date 11/09/16 (E)

20.000 | Total: 134452 days work; 20542 k€ cost
Status: 127455 days work; 19148 k€ committed
Nikhef cost data not included
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G Losurdo - INFN PI - AdV Project Leader

PROJECT BEING COMPLETED ON BUDGET
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THE NEED FOR ADV

Even with“early”
sensitivity, Advanced

© awmsoots Virgo can fundamentally
a5 BNS with 1 same SN \ transform the character

| of GW observations.

Area GW
(deg?) 150914 AL NSNS

20h

from L SINGER, G1601468

Scineghe, Oct 19, 2016 G Losurdo - INFN PI - AdV Project Leader 28



GLOBAL FRAMEWORK

Category*

Core optic coating pathfinder
Core optic production

FC facility mods

FC vacuum

FC seismic isolation

FC suspensions

Balanced homodyne readout
Sensing & control

Other equipment

Labor

Contingency (25%)

ROM
Estimate
(FY’17k$)*

LIGO-G1601435

Referee CSN2, Sep 8, 2016

LIGO-G1601435

A+

An incremental upgrade to aLIGQ that leverages
existing technologv and infrastructure, with
minimal new investment and moderate risk

Target: factorof 1.7% increase in range over aLIGQ.
=»About a factor of 5 greater event rate

Stepping stone to future 3G detector technologies

Link to future GW astrophysics and cosmology

Could be observing within < 6.5 years (mid-2022)

— with prompt funding (FY’19 or earlier)

“Scientific breakeven” within 1/2 year of operation

Incremental cost: a small fraction of aLIGQ.

*BBH 20/20 My 1.64x

*BNS 1.4/1.4 M5 1.85x
A+  LIGO DAWN Il WORKSHOP  ZUCKER

G Losurdo - AdV Project Leader 29



AdV: WHAT NEXT?

Goal for the next decade: maximize the scientific output of AdV

- Maximize data taking

- Minimize downtime

PHASE 1 (2017):
Post-O2 upgrades

PHASE 2 (2018-2022):
pushing toward the nominal sensitivity of AdV

PHASE 3 (>2022)

Actions to further enhance the AdV sensitivity, exploiting the limits
of the present infrastructure and useful in view of a new 3G
infrastructure

Scineghe, Oct 19, 2016 G Losurdo - INFN PI - AdV Project Leader
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Signal
Recycling

Squeezing
frequency

independent

Squeezing
frequency
dependent

Heavier Mirrors

\l4

Suspension
change

3 step to progress with AdV

F Ricci

R&D for Better
Mirrors

Newtonian
Noise cancellation
Test

. Parametric
Higher Power Instability

Laser Control

. Reduction
Implementation of of the

Newtonian
Noise cancellation

—

Larger Beams

Magnetic Alignment
noise

suspension ol Control
u o
thermal Noise
noise

Different beam
profile

4 \l

Review of
Improved the

TCS squeezing
strategy

Long
recycling
Cavities

Better
coatings



o A "Vision Document”, to present the strategy for the Virgo
upgrades is being released to the agencies

o Itis crucial to restart a significant R&D program with a ~10 yrs
perspective to keep the pace of the 2G network progress

o In parallel, plans for 3G being pursued in Europe and US (see talk by
M Punturo later)

Scineghe, Oct 19, 2016 G Losurdo - INFN PI - AdV Project Leader
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Scineghe, Oct 19, 2016

G Losurdo - INFN PI - AdV Project Leader
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Credit: NASA/Hubble
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— L1 observed
I H1 observed (shifted, inverted)
1

Scineghe, Oct 19, 2016

G Losurdo - INFN PI - AdV Project Leader
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- L1 observed
I H1 observed (shifted, inverted)
1

Scineghe, Oct 19, 2016

G Losurdo - INFN PI - AdV Project Leader

37



