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Zwaartekrachtsgolven & Industrie 

Frank Linde, Nikhef programmaleider zwaartekrachtsgolven onderzoek, Big Science industriedag 27 september 2018, VDL-ETG, Eindhoven  

Samenwerking!  
technicians/engineers 

@ industry 
@ academia 

funding 
policy 

makers 
  funding 
authorities 

science 
   community 

   

       kans op 
orders afhankelijk 

    van betrokkenheid     
in de R&D fase! 

 

specificaties 
ervaring 
kostprijs 

   

 

 



27/09/2018 

2 

Preamble: waarom zo enthousiast? 

Einstein (1916): voorspelt bestaan zwaartekrachtsgolven: 
     rimpelingen in de ruimte-tijd structuur 

        LVC (2015): 1e directe meting zwaartekrachtsgolven: 
     rimpelingen in de ruimte-tijd structuur 

interference pattern 

mirror 

light detector 

 laser  
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laser quantum 

quantum 

  mirror   

poor alignment 
scattered light 

    
87 € 

Het Principe 



27/09/2018 

3 

De uitdaging 
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Het vrijwel onmogelijke gemeten! 
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14 september 2015 

Eerste detectie: zwarte gaten 

de details 

1,3 miljard jaar geleden 
= 

1,2  10 22 km 

  voor:      29 & 36 MZon   

      na:      62 MZon 

3 MZon ‘verbrand’ 
 in minder dan 1 s!  

14 september 2015 
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 200 km 

Een 30 MZon zwart gat in perspectief 

Neutronen sterren 
17 augustus 2017 
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Neutronen sterren 

Zwaartekrachtsgolven in de Prijzen! 

2017 Physics Nobel Prize 

2017 Physicaprijs 2017 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiY65eWktbdAhXJblAKHVbQBWgQjRx6BAgBEAU&url=https://physicsworld.com/a/kavli-prize-for-gravitational-wave-pioneers/&psig=AOvVaw3DEogSYJVya8INdpgQyIsU&ust=1537964432657577
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjF3d3dktbdAhXFbVAKHRevBIMQjRx6BAgBEAU&url=https://medium.com/starts-with-a-bang/the-nobel-doesnt-mean-gravitational-wave-astronomy-is-over-it-s-just-getting-good-f6b16f84dbc1&psig=AOvVaw0yIQg_OmEf0Lj4OoABKKFB&ust=1537964595438524


27/09/2018 

7 

Onderzoekspalet 

zon 

neutronenster 

zwartgat 

alleen zwaartekrachtsgolven 
zwaartekrachtsgolven 
& licht, neutrinos, kosmische straling 

Fundamentele 

fysica 
Algemene relativiteitstheorie 

Zwartegaten 

Quantum zwaartekracht 

Astrofysica 
Neutronensterren 

Populaties 

Ontstaan binaire systemen 

Multi-messenger astrofysica 

Kosmologie 
Hubble constante (uitdijen van Universum) 

Zwaartkrachtsgolven van prille Universum? 

Surprises! 

Politiek                  Funding  

ET ‘game changer’ ET 1 out of 13 ET 1 out of 33 
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Consortia in wording: B-D-NL & EU 

MoU met meeste Belgische universiteiten  

B-D-NL 

LoI voor Einstein Telescope:  nu  400 leden 

Europa 

Jo van den Brand 
Virgo spokesperson 

Kalender 

Einstein 
Telescope 

Virgo 

NL deel funded: 2018 NWO-Groot grant 

ETpathfinder 

Funded: 2018 Interreg Vlaanderen/Nederland grant 

Opportunities: 2018 NWA call (submitted) & Interreg EMR call (to be submitted in 2019) & NWO-Klein     

100 M€ (∑ afgelopen jaren)  
  30 M€ (komende upgrades) 

14,5 M€ (initiële fase, 3-4 jaar) 

1 G€ (constructie baseline ontwerp) 

INVESTERINGEN 



27/09/2018 

9 

Industrie (& maatschappij) 
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Relevante technologieën 
   

€€  Tunnels op 200-300 m diepte 
€    Vacuüm (109 mbar) 

• Cryogeen (125 K? of 10 K?) 

• Trillingsdemping 
• Optica 

 lasers, spiegels, quantum tricks, etc. 

• Materialen 
substraten, coatings, fused silica, etc. 

• Sensors 
seismisch, gravity, photodiodes, etc. 

• Algoritmen & Controls 

De weg naar extreme gevoeligheid 

I. 
Advanced 
Virgo+ 
 
2018-2024 
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NL expertise (voorbeeld) 
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NL expertise (voorbeeld) 
V 
i 
r 
g 
o 

NWO-Large site visit – Wednesday April 4, 2018 

Niet te onderdrukken: 

Newtonian Noise 

NL (Nikhef) expertise  spin-off  
V 
i 
r 
g 
o 
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Focus nu: tricking quantum noise 

frequency dependent squeezer 

optica 
trillingsdemping 

vacuüm 
 

(precisie) 
mechanica 

Installatie: 2020 

V 
i 
r 
g 
o 

300 meter lange cavity 

3 kilometer lange arm van Virgo 

ETpathfinder: de R&D facility voor ET 

II. 
ETpathfinder 
 
2019-2040+ 
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Initieel focus op: 
   

silicium spiegels 
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ideaal! 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjSkZmez9rbAhXPLFAKHbA_A1EQjRx6BAgBEAU&url=http://exciting-code.org/beryllium-phonon-and-thermal-properties-si&psig=AOvVaw3uU5KeNnDNWy5jbIJd6U_3&ust=1529322179355615
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ETpathfinder: de R&D facility voor ET 

II. 
ETpathfinder 
 
2019-2040+ 
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Initieel focus op: 
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beter! 

ETpathfinder: de R&D facility voor ET 
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Eerste stap: 

Twente 
Nikhef 
AMOS 
    

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjggP_Pz9rbAhXIKlAKHb48DFoQjRx6BAgBEAU&url=http://www.ioffe.ru/SVA/NSM/Semicond/Si/thermal.html&psig=AOvVaw17gvmXvq7BL27uwgftDoja&ust=1529322279004590
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ETpathfinder: de R&D facility voor ET 
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Fase 1: 
• grote/hoge cleanroom 
• 125 K interferometer 
•    10 K interferometer 
• trillingsdempers 
• cryogenics 
• optics: laser, spiegels,     

• controls (lang project)! 

  Conceptueel ontwerp    

10-15 m 

ET 10 beter  103 meer +  

III. 
Einstein 
Telescope 
 
<2011-2075? 

E 
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3e generatie observatorium: 

GROTER ONDERGRONDS KOUD 

L 

L minder trillingen betere 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwikza-e0NjdAhWKyKQKHUTPBBEQjRx6BAgBEAU&url=https://www.123rf.com/photo_30562486_stock-vector-vector-illustration-of-surprise-starburst-icon-on-white-background.html&psig=AOvVaw0PacisLgNsh8rLZ4YbbTIf&ust=1538049822737576
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ET 10 beter  103 meer +  
ruwe indicatie kostenverdeling 

civil 
engineering 

vacuüm 
systeem 

‘high-tech’ 

vereist 
update 

 
work in 
progress 

2011 

(1 G€) 
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ET 10 beter  103 meer +  
site qualificatie 

 f [Hz] 0.1 1 10 

specification 

Virgo 0 m 

EUregion  -10 m 

Mátra -400 m 

Sardegna -185 m 

offset (m) 
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m

e
 (s

) 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwikza-e0NjdAhWKyKQKHUTPBBEQjRx6BAgBEAU&url=https://www.123rf.com/photo_30562486_stock-vector-vector-illustration-of-surprise-starburst-icon-on-white-background.html&psig=AOvVaw0PacisLgNsh8rLZ4YbbTIf&ust=1538049822737576
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwikza-e0NjdAhWKyKQKHUTPBBEQjRx6BAgBEAU&url=https://www.123rf.com/photo_30562486_stock-vector-vector-illustration-of-surprise-starburst-icon-on-white-background.html&psig=AOvVaw0PacisLgNsh8rLZ4YbbTIf&ust=1538049822737576
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ET 10 beter  103 meer +  
civiele techniek blast & drill 

 1,000,000 m3 excavated 

The bored section is 5,940 metres (6,500 yd), extended by 
covered sections of respectively 177 and 388 m. Dozens of 
geological layers of differing hardness had to be tunnelled 

through, lime layers needing to be blasted through with 
dynamite. The tunnel reaches a depth of 127 m in some 

areas; it has an average ramp height of 1.7%, with a 
maximum of 2% at the entrance in Soumagne. 

Tunnel HSL Liège–Aachen 

Dimensions: 
 Length  5,94 km 
    Area   69 m2 

Excavation: 
 Tunnel     670,000 m3 
 Concrete 210,000 m3 
 proofing 140,000 m3 

(in volume  vergelijkbaar met ET) 

Enorme  
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ET 10 beter  103 meer +  
vacuüm systeem 

enorme uitdaging 
kosten & logistiek 

(60+ km ‘pijp’) 

• RVS (binnenkant) 
• Kans op R&D 

met LIGO-India 
• Tata Steel? 

• Kleppen? 
• Cryotraps? 
• Pompen? 
•        

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwikza-e0NjdAhWKyKQKHUTPBBEQjRx6BAgBEAU&url=https://www.123rf.com/photo_30562486_stock-vector-vector-illustration-of-surprise-starburst-icon-on-white-background.html&psig=AOvVaw0PacisLgNsh8rLZ4YbbTIf&ust=1538049822737576
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwikza-e0NjdAhWKyKQKHUTPBBEQjRx6BAgBEAU&url=https://www.123rf.com/photo_30562486_stock-vector-vector-illustration-of-surprise-starburst-icon-on-white-background.html&psig=AOvVaw0PacisLgNsh8rLZ4YbbTIf&ust=1538049822737576
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ET 10 beter  103 meer +  
cryogene systemen & trillingsdempers 
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ET 10 beter  103 meer +  
optica 

+1
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m
 

-1
 n

m
 

rms0.1 nm 

polijsten 3D metrologie coatings 

silicium 
spiegels 
+ veel meer 
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https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjXsfqAgNndAhVSKewKHUDFCF0QjRx6BAgBEAU&url=https://www.spiedigitallibrary.org/conference-proceedings-of-spie/9912/991247/Euclid-mirrors-and-test-collimator-AMOS-developments/10.1117/12.2234265.full&psig=AOvVaw15E5iSssjeIWBNqqSw43Lv&ust=1538062633247577
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Nieuwe technologieën/business kansen? 
Uniek: 
niemand anders meet 0,000000000000000001 meter variaties 
Unieke combinatie: optica, mechanica, controls, analysis code + talent 

Spin-off (soms speculatie maar ongetwijfeld meer): 
• Seismische sensoren (NL) 
• Accelerometers (speculatief zowel in NL als in UK) 
• Artefacts/noise analyses (algoritmes)   quality assurance (UK) 
• M.b.v. nm-schaal trillingen volwassen stamcellen  botcellen (UK) 
• Spiegel coatings (speculatief    )  

Knowledge base: 
Kleine 2000 wetenschappers wereldwijd – zeer breed technologie palet 

talent 

NWO-Large site visit – Wednesday April 4, 2018 

Zwaartekrachtsgolven in de media 


