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Detecting GWs with Interferometers

Effect of GWs: 
Squeeze and stretch the space in perpendicular directions:  strain 

h = ΔL/L

We’ll need:
A set of free test masses, far apart,
A means to measure their relative motion, and
Isolation of the masses from other causes of motion.

Here’s the challenge:
Even for the most tremendous events in Universe, h~10^-21
If test masses are separated by 3 km, that means a length 
change less than 10-18m! 
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Laser used to measure 
relative  lengths of 
two orthogonal arms  

As a wave 
passes,  the 
arm lengths 
change in 
different 
ways….

…causing the 
interference pattern to 

change at the 
photodiode

Arms are  few km 
Measure  difference in length 

to one part in 1021 or 10-

18 meters

4

Detecting GWs with Interferometers
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1st Generation and Advanced Detectors

LIGO and Virgo achieved the nominal sensitivity set 
more than a decade ago with good duty cycle during 
science runs but no detections were made

• A next generation of 
machines, was designed 
and constructed
• 10 x sensitivity 

improvement over 1st 
generation

• 1000 x increase of 
observation volume

• 1 day of AdV data  >> 
1 yrs of Virgo data
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A Bit of History
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The GW astronomy era has begun 
(and is awaiting for us…)

Franco Carbognani 7

GW150914 GW151226LVT151012

Credit to Ligo

Image credit: LIGO
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Sky location

0In the design LIGO-Virgo 
network, GW150914 
could have been localized 
to less than 20 deg2

0 deg2

8

GW laser interferometers 
are not pointing telescopes 

Sky location can be 
reconstructed through the 
time of arrival of GW 
radiation at the different 
detector sites, as well as 
the relative amplitude and 
phase of the GWs in 
different detectors

GW150914 sky 
location is with 
large uncertainty6

0 deg2

LVC - Living Rev. Relativity, 19, (2016),1
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Advanced Virgo

Franco Carbognani 9
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AdV Detector Design

MAIN CHANGES wrt Virgo
• larger beam

• heavier mirrors

• higher quality optics

• thermal control of 
aberrations

• thorough stray light control

• better vacuum 200W fiber laser
signal recycling
(postponed)
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• Last mirror (WE) suspended in July 2016
• November 2016, full ITF available for commissioning
• First lock at half fringe (December 30th)
• February 2017, ITF locked at dark fringe for 15 minutes
• June 2017, ITF operational and automated, noise 

hunting fully ongoing. Performed the first 3 days 
engineering run

AdV Commissioning Progress
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AdV Project Office: Safety Legislation “driven”

F. Richard
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AdV Project Office: Structure

• Lessons learned: Get 
ready as early as possible 
to deal with construction 
site(s) specific legislation, 
in particular for safety 
(hoping they are not 
changing it in the 
meantime…..) 
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AdV Management Chart
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AdV Project Management
w

w
w

.virgo.infn.it/advirgo/protected/project_m
anagem

ent.htm
l
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On Site Works coordination
For the most complex activities integrated detailed planning were 

drafted during the weekly coordination meetings, circulated and 
refined considering the feedback of all involved parties
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Work Breakdown Structure

WBS principles
Ideally 3 levels

1. Subsystem
2. Task
3. Subtask

4th level possible if needed for work attribution to laboratories. 
Everything that needs budget or manpower must be in the WBS. 
Include all tasks: design, prototyping, commissioning 
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Interface Management
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Interface Management

SS depends on 
task from other SS 

Other SS depends on 
task from this SS 

SS external dependencies Connections in global planning
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Risk Management
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Configuration Control
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Review Process (IPRB)

Internal Project Review Board
Chair: B. Mours
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Tools: Quality Control Tracking System

Spare - not coated yet

Available documentation

Not all documentation available yet

Example: BS03 mirror
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SS Title

Description

Location

WBS code

Involved persons / Virgo groups

Needed resources

Safety aspects
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Tools: Hardware Inventory

HW inventory for keeping track of installed components
Electronics, viewports, optics, ...
Location based 

Location Map

Items
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Tracking of individual items
Items can be modified, moved, ...: tracked in item’s history log
Connections between electronics parts are managed in the HW database

History worklog

Connections

Item

Tools: Hardware Inventory
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Keeps track of part history
Contains also documentation (link to documentation system)
Data sheets, photos, measurement results, …

Tools: Hardware Inventory

viewport characterization photo

Worklog of a viewport
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Tools: Documentation System (TDS)

Release control



‹#› 2017 SKA Engineering Meeting, Rotterdam, 15/06/2017F. Carbognani

Tools: Excel + MPP + VBA scripting 
Global AdV mpp planning was the reference for project data

• Global AdV WBS
• Cost

• Cost distribution over labs, subsystems,…
• Cost profile
• Cost statistics during project evolution

• Manpower estimate
• Assignment of tasks to labs
• Budget structure

• Heavy use of VBA scripting for automating work with planning

Excel macros 
+ mpp

Mpp
macro SS.xls from

SSM
SS.mpp

AdV.mpp

SS WBS mpp
macros for: 
plausibility 
checks, 
critical path, 
etc.

• Lessons learned: some of 
those tools have be less 
used than others. While 
introducing tools plan for 
long term sustainability
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Procurement Case: CB Scaffolding
• The Problem: a canonical (full permanent) scaffolding solution 

would have implied:
• A complete rebuilt of the platform impacting the AdV planning
• The creation of very strong infrastructural constraints for what concern 

foreseen or not yet foreseen CB equipment installation (Minitowers, 
Cryotraps, etc.) or others needs (towers displacement, etc.)
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Procurement Case: CB Scaffolding
Draft executive design

- Integrated into overall CB 3D Design and early feedback 
provided to contractor
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Procurement Case: CB Scaffolding

• Good example of M-CAD Model based Engineering with very tight 
collaboration with contractor including several visit to contractor 
production plant. 

• Lessons learned: take 
your time to wisely select 
contractors even under 
tight planning constraints. 
The time you may waste 
with not appropriate 
choices will be much 
larger 

• Lessons learned: the effort spent in 
building an integrated CAD design is 
well worth. Plan for the use of 3D 
laser scanners or photogrammetry
for creating the models of your 
buildings/laboratories/plants  in 
which the 3D CAD of the new 
components can be integrated. 

• Making those models interactive with 
Virtual Reality (VR) headset 
technology would be best. 

• We spent a non negligible time in 
correcting problems of mechanical 
incompatibilities that would have 
been immediately evident using VR 
walk troughs
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A Project “Crisis” Case: Monolithic Suspension Failure

From late 2015 to late 2016 we experienced 
several monolithic suspension failures

Temporary solution: steel wires

After long investigations all the events were 
found correlated with vacuum operations: fast 
dust particles, produced during 
pumping/venting cycles, hit the fibers and 
produce the initial fracture

33

Several improvements to reduce high-speed dust 
effect will be implemented:

- Protection structures for the fibers

- Different paths for chamber venting

- New multistage root pumps substituting scroll 
pumps
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Vent
Scroll
Pump

A Project “Crisis” Case: Monolithic Suspension Failure

• Lessons learned: Problem 
investigation could greatly 
speed up once we had been 
able to reproduce the failure 
events on a separate test 
chamber which was late in its 
setup at the site. Never let 
your testing facilities lacking 
behind  on the project 
schedule.
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Conclusions

• The scientific community is eagerly awaiting AdV
entering Science operations and join the international 
detectors network.

• Despite starting late and with less resources we have 
an operating detector and joining Ligo for the last part 
of the O2 Science Run is becoming a realistic goal

• We (The Virgo Collaboration and EGO) have been 
learning a lot during first and second generation 
detectors construction and we are ready for the third 
generation 
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For more information and for staying up to date on 
the VIRGO project:

https://www.virgo-gw.eu/

THANKS FOR YOUR ATTENTION!
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