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• before the Hot-Big-Bang	
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• inflation	
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• direct detection of cosmological GWs	
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• Pre-Big-Bang	
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• the end of inflation	



• preheating	


• oscillons, Q-balls	
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• conclusions

Outline



• homogeneous	


• isotropic

the early Universe was:

CMB temperature fluctations are 1 : 105
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Fluctuations



• the Universe accelerates, and creates particles	


• analogue with Hawking effect	


• analogue with Schwinger effect

ESch ' 1018V m�1
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Direct Detection
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deSitter to radiation particle production:
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~deSitter inflation?
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when Hot Big Bang starts
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• Kofman, Linde, Starobinsky hep-th/9405187, hep-ph/9704452	
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• Klebnikov, Tkachev hep-ph/9701423	


• Dufaux, Bergman, Felder, Kofman, Uzan arXiv:0707.0875	


• Easther, Giblin, Lim arXiv:0712.2991
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• Gleiser hep-ph/9308279	


• Zhou, Copeland, Easther, Finkel, Mou, Saffin arXiv:1304.6094
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gravitational waves from oscillons
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gravitational waves from fragmenting condensates

Zhou arXiv:1501.01217

(Q-balls)



high frequency detectors:
• Goryachev, Tobar - acoustic cavities, MHz-GHz, arXiv:1410.2334	


• Arvanitaki, Geraci - optically levitated sensors, MHz, arXiv:1207.5320	


• Cruise, Ingley - 100MHz, Class. Quant. Grav. 23	


• INFN Genoa - 	


• Kawamura Japan - 100MHz	


• www.GravWave.com

rhcole.com/apps/GWplotter

http://www.GravWave.com
http://rhcole.com/apps/GWplotter


Conclusions

• we need to know the gravitational wave spectrum



Conclusions

• we need to know the gravitational wave spectrum	


• direct access to pre-hot-big-bang physics	


• spectrum not contaminated by scalars	


• discriminate between inflation and pre-big-bang	


• reheating (big bang) physics impacts the spectrum


