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Unknown remnant state: 
BH? NS?

If it is a NS, what will 
be the EoS  

for the dense matter?
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Binary Neutron Star Coalescences  

Inspiral Merge+kilonova

ALIGO: Lack of sensitivity



BNS merger remnants: rich physics 

Engine of Short GRB 
Kilonova 

Multimessenger astronomy

“Cosmic Collider” 
Exploring extremal matter 

State

Metzger and Berger 
 ApJ 746, 48 (2012) 

    A. Bauswein et al,   
PRL 122, 061102 (2016)

N. Andersson et al,
GRG 43, 409 (2011)

Formation of BH
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Laser Interferometer GW detector 

Dual recycling configuration

Multi-stage suspension system

passive+active isolation

Low-loss coating

High power instability control

Interferometer/cavity locking system

…

Complicated machine!



Detector as a transducer 

Ks(f)
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Kn(f)
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Signal Noise
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Signal Noise

A stochastic quantity with a spectrum: 
“strain noise”
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n(f)
<latexit sha1_base64="Q7JkM9Y3oQMnwfSrXvywCbMLkUI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXspuK+ix6MVjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G07vM7z5RpVkkH80spr7AY8lCRrDJJFkNL4fliltzF0DrxMtJBXK0huWvwSgiiaDSEI617ntubPwUK8MIp/PSINE0xmSKx7RvqcSCaj9d3DpHF1YZoTBStqRBC/X3RIqF1jMR2E6BzUSvepn4n9dPTHjjp0zGiaGSLBeFCUcmQtnjaMQUJYbPLMFEMXsrIhOsMDE2npINwVt9eZ106jWvUas/XFWat3kcRTiDc6iCB9fQhHtoQRsITOAZXuHNEc6L8+58LFsLTj5zCn/gfP4AXouNyw==</latexit>

y(f) = Ks(f)h(f) +Kn(f)n(f)
<latexit sha1_base64="dYthVQYRXxVP6cTipOL5V0nHYvs=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahIpSkCroRim6EbirYB7QhTKaTduhkEmYmQggFN/6KGxeKuPUn3Pk3TtostPXA4R7OvZeZe7yIUaks69soLC2vrK4V10sbm1vbO+buXluGscCkhUMWiq6HJGGUk5aiipFuJAgKPEY63vgm63ceiJA05PcqiYgToCGnPsVIacs1D5KKf3LVcKUuI83Thst1yeiaZatqTQEXhZ2LMsjRdM2v/iDEcUC4wgxJ2bOtSDkpEopiRialfixJhPAYDUlPS44CIp10esMEHmtnAP1QaHIFp+7vjRQFUiaBpycDpEZyvpeZ//V6sfIvnZTyKFaE49lDfsygCmEWCBxQQbBiiRYIC6r/CvEICYSVjq2kQ7DnT14U7VrVPqvW7s7L9es8jiI4BEegAmxwAergFjRBC2DwCJ7BK3gznowX4934mI0WjHxnH/yB8fkDBImVMg==</latexit>

Output data

“Estimation” of the signal

ỹ(f) = h(f) +
Kn(f)

Ks(f)
n(f)

<latexit sha1_base64="qGCjr6o2M890WpBK8H6xRYi4eM0=">AAACFHicbVDLSsNAFJ34rPUVdekmWIRKoSRV0I1QdCO4qWAf0IQwmUzaoZNJmJkIIeQj3Pgrblwo4taFO//GSZuFtl6Yueeecy8z93gxJUKa5re2tLyyurZe2ahubm3v7Op7+z0RJRzhLopoxAceFJgShruSSIoHMccw9Cjue5PrQu8/YC5IxO5lGmMnhCNGAoKgVJSrN2xJqI+zNK8HJ5djdTXsgEOU3bpMFbnKoshF4eo1s2lOw1gEVglqoIyOq3/ZfoSSEDOJKBRiaJmxdDLIJUEU51U7ETiGaAJHeKgggyEWTjZdKjeOFeMbQcTVYdKYsr8nMhgKkYae6gyhHIt5rSD/04aJDC6cjLA4kZih2UNBQg0ZGYVDhk84RpKmCkDEifqrgcZQeSKVj1VlgjW/8iLotZrWabN1d1ZrX5V2VMAhOAJ1YIFz0AY3oAO6AIFH8AxewZv2pL1o79rHrHVJK2cOwJ/QPn8AcyudKg==</latexit>

Signal Noise

A stochastic quantity with a spectrum: 
“strain noise”

Shh(f) =

����
Kn(f)

Ks(f)

����
2

Snn(f)
<latexit sha1_base64="tRir7r9kVfl3Wo8znMjCER126qk=">AAACIHicbVDLSsNAFJ34rPVVdekmWATdlKQKuhGKbgQ3Fe0Dmhgm00kzOJmEmRuhpPkUN/6KGxeK6E6/xknbha8Lwz2ccy537vETzhRY1ocxMzs3v7BYWiovr6yurVc2NtsqTiWhLRLzWHZ9rChngraAAafdRFIc+Zx2/NuzQu/cUalYLK5hmFA3wgPBAkYwaMqrHF15WRjme8H+icNpACMnkJhkF57QVK67Kroj2SCE0U1du4Uo3F6latWscZl/gT0FVTStpld5d/oxSSMqgHCsVM+2EnAzLIERTvOykyqaYHKLB7SnocARVW42PjA3dzXTN4NY6ifAHLPfJzIcKTWMfO2MMITqt1aQ/2m9FIJjN2MiSYEKMlkUpNyE2CzSMvtMUgJ8qAEmkum/miTEOiHQmZZ1CPbvk/+Cdr1mH9Tql4fVxuk0jhLaRjtoD9noCDXQOWqiFiLoHj2iZ/RiPBhPxqvxNrHOGNOZLfSjjM8vWQCjFA==</latexit>

The lower, the better.



Strain sensitivity 

Design sensitivity (LoveLace et al, CQG 35 (2018) )
Frequency

<latexit sha1_base64="taicO3pLSy8xc9Q+RW50K0deXWU=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclZm60GVREJcV7EPaoWTSO21oMjMmGaEM/Qo3LhRx6+e4829M21lo64HA4Zx7yT0nSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSNsGG4EthOFVAYCW8Hoeuq3nlBpHkf3ZpygL+kg4iFn1Fjp4UbhY4oRG/dKZbfizkCWiZeTMuSo90pf3X7MUomRYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYGlGJ2s9mB0/IqVX6JIyVfZEhM/X3Rkal1mMZ2ElJzVAvelPxP6+TmvDSz3iUpMammn8UpoKYmEzTkz5XyIwYW0KZ4vZWwoZUUWZsR0VbgrcYeZk0qxXvvFK9q5ZrV3kdBTiGEzgDDy6gBrdQhwYwkPAMr/DmKOfFeXc+5qMrTr5zBH/gfP4AALOQiA==</latexit>

S
h
h
(f
)

<latexit sha1_base64="TCUfsdo4+OkXz1oucMLD2Z386I0=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUS9mtgh6LXjxWtB/SLiWbZruhSXZJskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rToA15UzSpmGG006iKBYBp+1gdDP1209UaRbLBzNOqC/wULKQEWys9Hjfz6JoUgnP+qWyW3VnQMvEy0kZcjT6pa/eICapoNIQjrXuem5i/Awrwwink2Iv1TTBZISHtGupxIJqP5sdPEGnVhmgMFa2pEEz9fdEhoXWYxHYToFNpBe9qfif101NeOVnTCapoZLMF4UpRyZG0+/RgClKDB9bgoli9lZEIqwwMTajog3BW3x5mbRqVe+8Wru7KNev8zgKcAwnUAEPLqEOt9CAJhAQ8Ayv8OYo58V5dz7mrStOPnMEf+B8/gA9hZAJ</latexit>

[Hz]
<latexit sha1_base64="nLrjweRqODOqe68VYSYVUyr9mRE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nqQY9FLz1WsB+QhrLZbtqlu5uwuxFq6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRWiHxDxW/RBrypmkHcMMp/1EUSxCTnvh9C73e49UaRbLBzNLaCDwWLKIEWxyyW89BcNqza27C6B14hWkBgXaw+rXYBSTVFBpCMda+56bmCDDyjDC6bwySDVNMJniMfUtlVhQHWSLW+fowiojFMXKljRoof6eyLDQeiZC2ymwmehVLxf/8/zURDdBxmSSGirJclGUcmRilD+ORkxRYvjMEkwUs7ciMsEKE2PjqdgQvNWX10m3Ufeu6o37Rq15W8RRhjM4h0vw4Bqa0II2dIDABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/e2o4e</latexit>

[1
/p

H
z
]

<latexit sha1_base64="E79mPqjN/zz0G+86lhwaV1BubT4=">AAAB+nicbVDLTsMwEHTKq5RXCkcuFhUSp5IUJDhWcOmxSPQhJVHluE5r1XaC7YBK6Kdw4QBCXPkSbvwNbpsDtIy00mhmV7s7YcKo0o7zbRVWVtfWN4qbpa3tnd09u7zfVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCccXU/9zj2RisbiVo8TEnA0EDSiGGkj9eyy55766k7qzJccNh4nQc+uOFVnBrhM3JxUQI5mz/7y+zFOOREaM6SU5zqJDjIkNcWMTEp+qkiC8AgNiGeoQJyoIJudPoHHRunDKJamhIYz9fdEhrhSYx6aTo70UC16U/E/z0t1dBlkVCSpJgLPF0UpgzqG0xxgn0qCNRsbgrCk5laIh0girE1aJROCu/jyMmnXqu5ZtXZzXqlf5XEUwSE4AifABRegDhqgCVoAgwfwDF7Bm/VkvVjv1se8tWDlMwfgD6zPH7/Qk6w=</latexit>

Shh(f) =

����
Kn(f)

Ks(f)

����
2

Snn(f)
<latexit sha1_base64="tRir7r9kVfl3Wo8znMjCER126qk=">AAACIHicbVDLSsNAFJ34rPVVdekmWATdlKQKuhGKbgQ3Fe0Dmhgm00kzOJmEmRuhpPkUN/6KGxeK6E6/xknbha8Lwz2ccy537vETzhRY1ocxMzs3v7BYWiovr6yurVc2NtsqTiWhLRLzWHZ9rChngraAAafdRFIc+Zx2/NuzQu/cUalYLK5hmFA3wgPBAkYwaMqrHF15WRjme8H+icNpACMnkJhkF57QVK67Kroj2SCE0U1du4Uo3F6latWscZl/gT0FVTStpld5d/oxSSMqgHCsVM+2EnAzLIERTvOykyqaYHKLB7SnocARVW42PjA3dzXTN4NY6ifAHLPfJzIcKTWMfO2MMITqt1aQ/2m9FIJjN2MiSYEKMlkUpNyE2CzSMvtMUgJ8qAEmkum/miTEOiHQmZZ1CPbvk/+Cdr1mH9Tql4fVxuk0jhLaRjtoD9noCDXQOWqiFiLoHj2iZ/RiPBhPxqvxNrHOGNOZLfSjjM8vWQCjFA==</latexit>

Feature:

Low f:

High f:

Force noise

Sensing noise (shot noise)

(⌦ = 2⇡f)
<latexit sha1_base64="6EI6WjQkivqebW7yuG7AybC83/U=">AAAB+HicbVBNS8NAEJ34WetHox69LBahXkpSBb0IRS/erGA/oAlls920SzebsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz84KEM6Ud59taWV1b39gsbBW3d3b3Svb+QUvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwehm6rcfqVQsFg96nFA/wgPBQkawNlLPLlW8u4gO8FXNSxgKT3t22ak6M6Bl4uakDDkaPfvL68ckjajQhGOluq6TaD/DUjPC6aTopYommIzwgHYNFTiiys9mh0/QiVH6KIylKaHRTP09keFIqXEUmM4I66Fa9Kbif1431eGlnzGRpJoKMl8UphzpGE1TQH0mKdF8bAgmkplbERliiYk2WRVNCO7iy8ukVau6Z9Xa/Xm5fp3HUYAjOIYKuHABdbiFBjSBQArP8Apv1pP1Yr1bH/PWFSufOYQ/sD5/AAQ8kgU=</latexit>

|Kn(f)|2Snn(f)
<latexit sha1_base64="LrhpO/XLvLMoVweoTPALj9fD6Zs=">AAAB/HicbZDLSsNAFIZP6q3WW7RLN8Ei1E1JqqDLohvBTUV7gbaGyXTSDp1MwsxECGl9FTcuFHHrg7jzbZy2WWjrDwMf/zmHc+b3Ikalsu1vI7eyura+kd8sbG3v7O6Z+wdNGcYCkwYOWSjaHpKEUU4aiipG2pEgKPAYaXmjq2m99UiEpCG/V0lEegEacOpTjJS2XLM4vnF52T8ZP1Tv3JTziWbXLNkVeyZrGZwMSpCp7ppf3X6I44BwhRmSsuPYkeqlSCiKGZkUurEkEcIjNCAdjRwFRPbS2fET61g7fcsPhX5cWTP390SKAimTwNOdAVJDuVibmv/VOrHyL3op5VGsCMfzRX7MLBVa0ySsPhUEK5ZoQFhQfauFh0ggrHReBR2Cs/jlZWhWK85ppXp7VqpdZnHk4RCOoAwOnEMNrqEODcCQwDO8wpvxZLwY78bHvDVnZDNF+CPj8wd4ZJQB</latexit>

= const
<latexit sha1_base64="H+j/OtevAN1O/1TLULxGEJllBM8=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKexGQS9C0IvHCOYB2SXMTibJkHksM71CWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dcSK4Bd//9gpr6xubW8Xt0s7u3v5B+fCoZXVqKGtSLbTpxMQywRVrAgfBOolhRMaCtePx3cxvPzFjuVaPMElYJMlQ8QGnBJwU3mShkZhqZWHaK1f8qj8HXiVBTiooR6NX/gr7mqaSKaCCWNsN/ASijBjgVLBpKUwtSwgdkyHrOqqIZDbK5jdP8ZlT+nigjSsFeK7+nsiItHYiY9cpCYzssjcT//O6KQyuo4yrJAWm6GLRIBUYNJ4FgPvcMApi4gihhrtbMR0RQyi4mEouhGD55VXSqlWDi2rt4bJSv83jKKITdIrOUYCuUB3dowZqIooS9Ixe0ZuXei/eu/exaC14+cwx+gPv8wcGB5Gt</latexit>

|Kn(f)|2Snn(f)
<latexit sha1_base64="LrhpO/XLvLMoVweoTPALj9fD6Zs=">AAAB/HicbZDLSsNAFIZP6q3WW7RLN8Ei1E1JqqDLohvBTUV7gbaGyXTSDp1MwsxECGl9FTcuFHHrg7jzbZy2WWjrDwMf/zmHc+b3Ikalsu1vI7eyura+kd8sbG3v7O6Z+wdNGcYCkwYOWSjaHpKEUU4aiipG2pEgKPAYaXmjq2m99UiEpCG/V0lEegEacOpTjJS2XLM4vnF52T8ZP1Tv3JTziWbXLNkVeyZrGZwMSpCp7ppf3X6I44BwhRmSsuPYkeqlSCiKGZkUurEkEcIjNCAdjRwFRPbS2fET61g7fcsPhX5cWTP390SKAimTwNOdAVJDuVibmv/VOrHyL3op5VGsCMfzRX7MLBVa0ySsPhUEK5ZoQFhQfauFh0ggrHReBR2Cs/jlZWhWK85ppXp7VqpdZnHk4RCOoAwOnEMNrqEODcCQwDO8wpvxZLwY78bHvDVnZDNF+CPj8wd4ZJQB</latexit>

Sxx(⌦) =

����
1

m⌦2

����
2

SFF (⌦)
<latexit sha1_base64="ZJhI9ojSjEE1l+7wtRYk1NmNlys="></latexit>



Strain sensitivity:

What about the signal response?

Phase

Amplitude

C. Caves, Phys. Rev. D 23, 1693 (1981). 

Noise that limits the kiloHertz sensitivity

Suppression:  
Increase the power or use  “squeezed light”

Phase

Amplitude



Signal response 

Detector in a nutshell:

Linearly (mostly) interacting  
harmonic oscillators

Linearly (mostly) interacting  
harmonic oscillators

Amplitude

Frequency

Resonance at:
!c

c
L = n⇡

<latexit sha1_base64="yoAAx0f9IAkQtopfxoDp9jPHNRs=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrkpSBd0IRTcuXFSwD2hCmEwn7dB5hJmJUELc+CtuXCji1r9w5984bbPQ1gMXDufcy733RAklSrvut1VaWl5ZXSuvVzY2t7Z37N29thKpRLiFBBWyG0GFKeG4pYmmuJtIDFlEcScaXU/8zgOWigh+r8cJDhgccBITBLWRQvvAjyVEmS8YHsAQ5RnKby+5n5DQrro1dwpnkXgFqYICzdD+8vsCpQxzjShUque5iQ4yKDVBFOcVP1U4gWgEB7hnKIcMqyCbfpA7x0bpO7GQprh2purviQwypcYsMp0M6qGa9ybif14v1fFFkBGepBpzNFsUp9TRwpnE4fSJxEjTsSEQSWJuddAQmki0Ca1iQvDmX14k7XrNO63V786qjasijjI4BEfgBHjgHDTADWiCFkDgETyDV/BmPVkv1rv1MWstWcXMPvgD6/MHAOSXPQ==</latexit>

!c
<latexit sha1_base64="+TGUdgHI+5KSdCLvXHwyke04UfQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe6TfrniV/050CoJclKBHI1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvN7p+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8OMySS1VJLFojjlyCo0ex4NmKbE8okjmGjmbkVkhDUm1kVUciEEyy+vklatGlxUa/eXlfpNHkcRTuAUziGAK6jDHTSgCQQ4PMMrvHmP3ov37n0sWgtePnMMf+B9/gAGrI/1</latexit>

The key harmonic oscillator: optical cavity



Signal response 

Linearly (mostly) interacting  
harmonic oscillators

Linearly (mostly) interacting  
harmonic oscillators

Frequency

Resonance at:
!c

c
L = n⇡

<latexit sha1_base64="yoAAx0f9IAkQtopfxoDp9jPHNRs=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrkpSBd0IRTcuXFSwD2hCmEwn7dB5hJmJUELc+CtuXCji1r9w5984bbPQ1gMXDufcy733RAklSrvut1VaWl5ZXSuvVzY2t7Z37N29thKpRLiFBBWyG0GFKeG4pYmmuJtIDFlEcScaXU/8zgOWigh+r8cJDhgccBITBLWRQvvAjyVEmS8YHsAQ5RnKby+5n5DQrro1dwpnkXgFqYICzdD+8vsCpQxzjShUque5iQ4yKDVBFOcVP1U4gWgEB7hnKIcMqyCbfpA7x0bpO7GQprh2purviQwypcYsMp0M6qGa9ybif14v1fFFkBGepBpzNFsUp9TRwpnE4fSJxEjTsSEQSWJuddAQmki0Ca1iQvDmX14k7XrNO63V786qjasijjI4BEfgBHjgHDTADWiCFkDgETyDV/BmPVkv1rv1MWstWcXMPvgD6/MHAOSXPQ==</latexit>

!c
<latexit sha1_base64="+TGUdgHI+5KSdCLvXHwyke04UfQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe6TfrniV/050CoJclKBHI1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvN7p+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8OMySS1VJLFojjlyCo0ex4NmKbE8okjmGjmbkVkhDUm1kVUciEEyy+vklatGlxUa/eXlfpNHkcRTuAUziGAK6jDHTSgCQQ4PMMrvHmP3ov37n0sWgtePnMMf+B9/gAGrI/1</latexit>

!c + ⌦
<latexit sha1_base64="ggm0hJRDJ9pXDkNZzyVwi9Y1NT4=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARBKEkVdBl0Y07K9gLNKFMppN26FzCzESooU/ixoUibn0Ud76N0zQLbf1h4OM/53DO/FHCqDae9+2srK6tb2yWtsrbO7t7FXf/oK1lqjBpYcmk6kZIE0YFaRlqGOkmiiAeMdKJxjezeueRKE2leDCThIQcDQWNKUbGWn23EkhOhqiPz4K7HNyqV/NywWXwC6iCQs2++xUMJE45EQYzpHXP9xITZkgZihmZloNUkwThMRqSnkWBONFhlh8+hSfWGcBYKvuEgbn7eyJDXOsJj2wnR2akF2sz879aLzXxVZhRkaSGCDxfFKcMGglnKcABVQQbNrGAsKL2VohHSCFsbFZlG4K/+OVlaNdr/nmtfn9RbVwXcZTAETgGp8AHl6ABbkETtAAGKXgGr+DNeXJenHfnY9664hQzh+CPnM8fT8eS3A==</latexit>

!c � ⌦
<latexit sha1_base64="yRAVsTT/6tCiBgTDH+6ZRUU1d/w=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWAR3FiSKuiy6MadFewFmlAm00k7dC5hZiLU0Cdx40IRtz6KO9/GaZqFtv4w8PGfczhn/ihhVBvP+3ZWVtfWNzZLW+Xtnd29irt/0NYyVZi0sGRSdSOkCaOCtAw1jHQTRRCPGOlE45tZvfNIlKZSPJhJQkKOhoLGFCNjrb5bCSQnQ9THZ8FdDm7Vq3m54DL4BVRBoWbf/QoGEqecCIMZ0rrne4kJM6QMxYxMy0GqSYLwGA1Jz6JAnOgwyw+fwhPrDGAslX3CwNz9PZEhrvWER7aTIzPSi7WZ+V+tl5r4KsyoSFJDBJ4vilMGjYSzFOCAKoINm1hAWFF7K8QjpBA2NquyDcFf/PIytOs1/7xWv7+oNq6LOErgCByDU+CDS9AAt6AJWgCDFDyDV/DmPDkvzrvzMW9dcYqZQ/BHzucPUtuS3g==</latexit>

Sideband fields  
carrying GW signal

Detector in a nutshell:

The key harmonic oscillator: optical cavity
xGW(t)

<latexit sha1_base64="QGjDTSdShNeqqhOX7KQjGrmu5Lg=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9mtgh6LHvRYwX5Au5Rsmm1Dk+yaZItl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD4c3Ub46o0iySD2YcU1/gvmQhI9hYyX/qph0l0G1zUjJn3ULRLbszoGXiZaQIGWrdwlenF5FEUGkIx1q3PTc2foqVYYTTSb6TaBpjMsR92rZUYkG1n86OnqBTq/RQGClb0qCZ+nsixULrsQhsp8BmoBe9qfif105MeOWnTMaJoZLMF4UJRyZC0wRQjylKDB9bgoli9lZEBlhhYmxOeRuCt/jyMmlUyt55uXJ/UaxeZ3Hk4BhOoAQeXEIV7qAGdSDwCM/wCm/OyHlx3p2PeeuKk80cwR84nz/xC5GN</latexit>

Amplitude



The key harmonic oscillator: optical cavity

Signal response 

Detector in a nutshell:

Linearly (mostly) interacting  
harmonic oscillators

Linearly (mostly) interacting  
harmonic oscillators

Amplitude

Frequency

Resonance at:
!c

c
L = n⇡

<latexit sha1_base64="yoAAx0f9IAkQtopfxoDp9jPHNRs=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrkpSBd0IRTcuXFSwD2hCmEwn7dB5hJmJUELc+CtuXCji1r9w5984bbPQ1gMXDufcy733RAklSrvut1VaWl5ZXSuvVzY2t7Z37N29thKpRLiFBBWyG0GFKeG4pYmmuJtIDFlEcScaXU/8zgOWigh+r8cJDhgccBITBLWRQvvAjyVEmS8YHsAQ5RnKby+5n5DQrro1dwpnkXgFqYICzdD+8vsCpQxzjShUque5iQ4yKDVBFOcVP1U4gWgEB7hnKIcMqyCbfpA7x0bpO7GQprh2purviQwypcYsMp0M6qGa9ybif14v1fFFkBGepBpzNFsUp9TRwpnE4fSJxEjTsSEQSWJuddAQmki0Ca1iQvDmX14k7XrNO63V786qjasijjI4BEfgBHjgHDTADWiCFkDgETyDV/BmPVkv1rv1MWstWcXMPvgD6/MHAOSXPQ==</latexit>

!c
<latexit sha1_base64="+TGUdgHI+5KSdCLvXHwyke04UfQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe6TfrniV/050CoJclKBHI1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvN7p+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8OMySS1VJLFojjlyCo0ex4NmKbE8okjmGjmbkVkhDUm1kVUciEEyy+vklatGlxUa/eXlfpNHkcRTuAUziGAK6jDHTSgCQQ4PMMrvHmP3ov37n0sWgtePnMMf+B9/gAGrI/1</latexit>

!c + ⌦
<latexit sha1_base64="ggm0hJRDJ9pXDkNZzyVwi9Y1NT4=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARBKEkVdBl0Y07K9gLNKFMppN26FzCzESooU/ixoUibn0Ud76N0zQLbf1h4OM/53DO/FHCqDae9+2srK6tb2yWtsrbO7t7FXf/oK1lqjBpYcmk6kZIE0YFaRlqGOkmiiAeMdKJxjezeueRKE2leDCThIQcDQWNKUbGWn23EkhOhqiPz4K7HNyqV/NywWXwC6iCQs2++xUMJE45EQYzpHXP9xITZkgZihmZloNUkwThMRqSnkWBONFhlh8+hSfWGcBYKvuEgbn7eyJDXOsJj2wnR2akF2sz879aLzXxVZhRkaSGCDxfFKcMGglnKcABVQQbNrGAsKL2VohHSCFsbFZlG4K/+OVlaNdr/nmtfn9RbVwXcZTAETgGp8AHl6ABbkETtAAGKXgGr+DNeXJenHfnY9664hQzh+CPnM8fT8eS3A==</latexit>

!c � ⌦
<latexit sha1_base64="yRAVsTT/6tCiBgTDH+6ZRUU1d/w=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWAR3FiSKuiy6MadFewFmlAm00k7dC5hZiLU0Cdx40IRtz6KO9/GaZqFtv4w8PGfczhn/ihhVBvP+3ZWVtfWNzZLW+Xtnd29irt/0NYyVZi0sGRSdSOkCaOCtAw1jHQTRRCPGOlE45tZvfNIlKZSPJhJQkKOhoLGFCNjrb5bCSQnQ9THZ8FdDm7Vq3m54DL4BVRBoWbf/QoGEqecCIMZ0rrne4kJM6QMxYxMy0GqSYLwGA1Jz6JAnOgwyw+fwhPrDGAslX3CwNz9PZEhrvWER7aTIzPSi7WZ+V+tl5r4KsyoSFJDBJ4vilMGjYSzFOCAKoINm1hAWFF7K8QjpBA2NquyDcFf/PIytOs1/7xWv7+oNq6LOErgCByDU+CDS9AAt6AJWgCDFDyDV/DmPDkvzrvzMW9dcYqZQ/BHzucPUtuS3g==</latexit>

Borrowed from yesterday’s talk by Professor Ioka:


Modulation of the waves xGW(t)
<latexit sha1_base64="QGjDTSdShNeqqhOX7KQjGrmu5Lg=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9mtgh6LHvRYwX5Au5Rsmm1Dk+yaZItl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD4c3Ub46o0iySD2YcU1/gvmQhI9hYyX/qph0l0G1zUjJn3ULRLbszoGXiZaQIGWrdwlenF5FEUGkIx1q3PTc2foqVYYTTSb6TaBpjMsR92rZUYkG1n86OnqBTq/RQGClb0qCZ+nsixULrsQhsp8BmoBe9qfif105MeOWnTMaJoZLMF4UJRyZC0wRQjylKDB9bgoli9lZEBlhhYmxOeRuCt/jyMmlUyt55uXJ/UaxeZ3Hk4BhOoAQeXEIV7qAGdSDwCM/wCm/OyHlx3p2PeeuKk80cwR84nz/xC5GN</latexit>



Signal response 

Detector in a nutshell:

Linearly (mostly) interacting  
harmonic oscillators

Linearly (mostly) interacting  
harmonic oscillators

The key harmonic oscillator: optical cavity

Amplitude

Frequency

Resonance at:
!c

c
L = n⇡

<latexit sha1_base64="yoAAx0f9IAkQtopfxoDp9jPHNRs=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrkpSBd0IRTcuXFSwD2hCmEwn7dB5hJmJUELc+CtuXCji1r9w5984bbPQ1gMXDufcy733RAklSrvut1VaWl5ZXSuvVzY2t7Z37N29thKpRLiFBBWyG0GFKeG4pYmmuJtIDFlEcScaXU/8zgOWigh+r8cJDhgccBITBLWRQvvAjyVEmS8YHsAQ5RnKby+5n5DQrro1dwpnkXgFqYICzdD+8vsCpQxzjShUque5iQ4yKDVBFOcVP1U4gWgEB7hnKIcMqyCbfpA7x0bpO7GQprh2purviQwypcYsMp0M6qGa9ybif14v1fFFkBGepBpzNFsUp9TRwpnE4fSJxEjTsSEQSWJuddAQmki0Ca1iQvDmX14k7XrNO63V786qjasijjI4BEfgBHjgHDTADWiCFkDgETyDV/BmPVkv1rv1MWstWcXMPvgD6/MHAOSXPQ==</latexit>

!c
<latexit sha1_base64="+TGUdgHI+5KSdCLvXHwyke04UfQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe6TfrniV/050CoJclKBHI1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvN7p+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8OMySS1VJLFojjlyCo0ex4NmKbE8okjmGjmbkVkhDUm1kVUciEEyy+vklatGlxUa/eXlfpNHkcRTuAUziGAK6jDHTSgCQQ4PMMrvHmP3ov37n0sWgtePnMMf+B9/gAGrI/1</latexit>

!c + ⌦
<latexit sha1_base64="ggm0hJRDJ9pXDkNZzyVwi9Y1NT4=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARBKEkVdBl0Y07K9gLNKFMppN26FzCzESooU/ixoUibn0Ud76N0zQLbf1h4OM/53DO/FHCqDae9+2srK6tb2yWtsrbO7t7FXf/oK1lqjBpYcmk6kZIE0YFaRlqGOkmiiAeMdKJxjezeueRKE2leDCThIQcDQWNKUbGWn23EkhOhqiPz4K7HNyqV/NywWXwC6iCQs2++xUMJE45EQYzpHXP9xITZkgZihmZloNUkwThMRqSnkWBONFhlh8+hSfWGcBYKvuEgbn7eyJDXOsJj2wnR2akF2sz879aLzXxVZhRkaSGCDxfFKcMGglnKcABVQQbNrGAsKL2VohHSCFsbFZlG4K/+OVlaNdr/nmtfn9RbVwXcZTAETgGp8AHl6ABbkETtAAGKXgGr+DNeXJenHfnY9664hQzh+CPnM8fT8eS3A==</latexit>

!c � ⌦
<latexit sha1_base64="yRAVsTT/6tCiBgTDH+6ZRUU1d/w=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWAR3FiSKuiy6MadFewFmlAm00k7dC5hZiLU0Cdx40IRtz6KO9/GaZqFtv4w8PGfczhn/ihhVBvP+3ZWVtfWNzZLW+Xtnd29irt/0NYyVZi0sGRSdSOkCaOCtAw1jHQTRRCPGOlE45tZvfNIlKZSPJhJQkKOhoLGFCNjrb5bCSQnQ9THZ8FdDm7Vq3m54DL4BVRBoWbf/QoGEqecCIMZ0rrne4kJM6QMxYxMy0GqSYLwGA1Jz6JAnOgwyw+fwhPrDGAslX3CwNz9PZEhrvWER7aTIzPSi7WZ+V+tl5r4KsyoSFJDBJ4vilMGjYSzFOCAKoINm1hAWFF7K8QjpBA2NquyDcFf/PIytOs1/7xWv7+oNq6LOErgCByDU+CDS9AAt6AJWgCDFDyDV/DmPDkvzrvzMW9dcYqZQ/BHzucPUtuS3g==</latexit>

xGW(t)
<latexit sha1_base64="QGjDTSdShNeqqhOX7KQjGrmu5Lg=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9mtgh6LHvRYwX5Au5Rsmm1Dk+yaZItl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD4c3Ub46o0iySD2YcU1/gvmQhI9hYyX/qph0l0G1zUjJn3ULRLbszoGXiZaQIGWrdwlenF5FEUGkIx1q3PTc2foqVYYTTSb6TaBpjMsR92rZUYkG1n86OnqBTq/RQGClb0qCZ+nsixULrsQhsp8BmoBe9qfif105MeOWnTMaJoZLMF4UJRyZC0wRQjylKDB9bgoli9lZEBlhhYmxOeRuCt/jyMmlUyt55uXJ/UaxeZ3Hk4BhOoAQeXEIV7qAGdSDwCM/wCm/OyHlx3p2PeeuKk80cwR84nz/xC5GN</latexit>

⌦
<latexit sha1_base64="MmGWAoBhPaF+FUDckO1qYv+skhI=">AAAB7XicdVDJSgNBEO2JW4xb1KOXxiB4CjNR0GPQizcjmAWSIfR0apI2vQzdPUIY8g9ePCji1f/x5t/YWYS4PSh4vFdFVb0o4cxY3//wckvLK6tr+fXCxubW9k5xd69hVKop1KniSrciYoAzCXXLLIdWooGIiEMzGl5O/OY9aMOUvLWjBEJB+pLFjBLrpEbnWkCfdIuloOxPgf1f5MsqoTlq3eJ7p6doKkBayokx7cBPbJgRbRnlMC50UgMJoUPSh7ajkggwYTa9doyPnNLDsdKupMVTdXEiI8KYkYhcpyB2YH56E/Evr53a+DzMmExSC5LOFsUpx1bhyeu4xzRQy0eOEKqZuxXTAdGEWhdQYTGE/0mjUg5OypWb01L1Yh5HHh2gQ3SMAnSGqugK1VAdUXSHHtATevaU9+i9eK+z1pw3n9lH3+C9fQJh/48A</latexit>

Sideband



Signal response 

Detector in a nutshell:

Linearly (mostly) interacting  
harmonic oscillators

Linearly (mostly) interacting  
harmonic oscillators

The key harmonic oscillator: optical cavity

Amplitude

Frequency

Resonance at:
!c

c
L = n⇡

<latexit sha1_base64="yoAAx0f9IAkQtopfxoDp9jPHNRs=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrkpSBd0IRTcuXFSwD2hCmEwn7dB5hJmJUELc+CtuXCji1r9w5984bbPQ1gMXDufcy733RAklSrvut1VaWl5ZXSuvVzY2t7Z37N29thKpRLiFBBWyG0GFKeG4pYmmuJtIDFlEcScaXU/8zgOWigh+r8cJDhgccBITBLWRQvvAjyVEmS8YHsAQ5RnKby+5n5DQrro1dwpnkXgFqYICzdD+8vsCpQxzjShUque5iQ4yKDVBFOcVP1U4gWgEB7hnKIcMqyCbfpA7x0bpO7GQprh2purviQwypcYsMp0M6qGa9ybif14v1fFFkBGepBpzNFsUp9TRwpnE4fSJxEjTsSEQSWJuddAQmki0Ca1iQvDmX14k7XrNO63V786qjasijjI4BEfgBHjgHDTADWiCFkDgETyDV/BmPVkv1rv1MWstWcXMPvgD6/MHAOSXPQ==</latexit>

!c
<latexit sha1_base64="+TGUdgHI+5KSdCLvXHwyke04UfQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe6TfrniV/050CoJclKBHI1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvN7p+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8OMySS1VJLFojjlyCo0ex4NmKbE8okjmGjmbkVkhDUm1kVUciEEyy+vklatGlxUa/eXlfpNHkcRTuAUziGAK6jDHTSgCQQ4PMMrvHmP3ov37n0sWgtePnMMf+B9/gAGrI/1</latexit>

!c + ⌦
<latexit sha1_base64="ggm0hJRDJ9pXDkNZzyVwi9Y1NT4=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARBKEkVdBl0Y07K9gLNKFMppN26FzCzESooU/ixoUibn0Ud76N0zQLbf1h4OM/53DO/FHCqDae9+2srK6tb2yWtsrbO7t7FXf/oK1lqjBpYcmk6kZIE0YFaRlqGOkmiiAeMdKJxjezeueRKE2leDCThIQcDQWNKUbGWn23EkhOhqiPz4K7HNyqV/NywWXwC6iCQs2++xUMJE45EQYzpHXP9xITZkgZihmZloNUkwThMRqSnkWBONFhlh8+hSfWGcBYKvuEgbn7eyJDXOsJj2wnR2akF2sz879aLzXxVZhRkaSGCDxfFKcMGglnKcABVQQbNrGAsKL2VohHSCFsbFZlG4K/+OVlaNdr/nmtfn9RbVwXcZTAETgGp8AHl6ABbkETtAAGKXgGr+DNeXJenHfnY9664hQzh+CPnM8fT8eS3A==</latexit>

!c � ⌦
<latexit sha1_base64="yRAVsTT/6tCiBgTDH+6ZRUU1d/w=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWAR3FiSKuiy6MadFewFmlAm00k7dC5hZiLU0Cdx40IRtz6KO9/GaZqFtv4w8PGfczhn/ihhVBvP+3ZWVtfWNzZLW+Xtnd29irt/0NYyVZi0sGRSdSOkCaOCtAw1jHQTRRCPGOlE45tZvfNIlKZSPJhJQkKOhoLGFCNjrb5bCSQnQ9THZ8FdDm7Vq3m54DL4BVRBoWbf/QoGEqecCIMZ0rrne4kJM6QMxYxMy0GqSYLwGA1Jz6JAnOgwyw+fwhPrDGAslX3CwNz9PZEhrvWER7aTIzPSi7WZ+V+tl5r4KsyoSFJDBJ4vilMGjYSzFOCAKoINm1hAWFF7K8QjpBA2NquyDcFf/PIytOs1/7xWv7+oNq6LOErgCByDU+CDS9AAt6AJWgCDFDyDV/DmPDkvzrvzMW9dcYqZQ/BHzucPUtuS3g==</latexit>

xGW(t)
<latexit sha1_base64="QGjDTSdShNeqqhOX7KQjGrmu5Lg=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9mtgh6LHvRYwX5Au5Rsmm1Dk+yaZItl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD4c3Ub46o0iySD2YcU1/gvmQhI9hYyX/qph0l0G1zUjJn3ULRLbszoGXiZaQIGWrdwlenF5FEUGkIx1q3PTc2foqVYYTTSb6TaBpjMsR92rZUYkG1n86OnqBTq/RQGClb0qCZ+nsixULrsQhsp8BmoBe9qfif105MeOWnTMaJoZLMF4UJRyZC0wRQjylKDB9bgoli9lZEBlhhYmxOeRuCt/jyMmlUyt55uXJ/UaxeZ3Hk4BhOoAQeXEIV7qAGdSDwCM/wCm/OyHlx3p2PeeuKk80cwR84nz/xC5GN</latexit>

⌦
<latexit sha1_base64="MmGWAoBhPaF+FUDckO1qYv+skhI=">AAAB7XicdVDJSgNBEO2JW4xb1KOXxiB4CjNR0GPQizcjmAWSIfR0apI2vQzdPUIY8g9ePCji1f/x5t/YWYS4PSh4vFdFVb0o4cxY3//wckvLK6tr+fXCxubW9k5xd69hVKop1KniSrciYoAzCXXLLIdWooGIiEMzGl5O/OY9aMOUvLWjBEJB+pLFjBLrpEbnWkCfdIuloOxPgf1f5MsqoTlq3eJ7p6doKkBayokx7cBPbJgRbRnlMC50UgMJoUPSh7ajkggwYTa9doyPnNLDsdKupMVTdXEiI8KYkYhcpyB2YH56E/Evr53a+DzMmExSC5LOFsUpx1bhyeu4xzRQy0eOEKqZuxXTAdGEWhdQYTGE/0mjUg5OypWb01L1Yh5HHh2gQ3SMAnSGqugK1VAdUXSHHtATevaU9+i9eK+z1pw3n9lH3+C9fQJh/48A</latexit>

Sideband

Signal response at

kiloHertz is weak! 


This is why 

we have low sensitivity at


KiloHertz!



Outline

Detect gravitational waves at kiloHertz band

Method for improving the kiloHertz sensitivity

What limits the sensitivity at kiloHertz band

A possible design of the configuration



Methods for improving kHz sensitivity 

Upgrade to 3rd generation detector

A+
<latexit sha1_base64="fCP1J5JEIcumqQyynZhvjqt22Kg=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQknqQY9VLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqEccJ9yM6UCIUjKKVHq7Pe6WyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn80unZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G3SF5ozlGNLKNPC3krYkGrK0IZTtCF4iy8vk2a14l1UqvfVcu0mj6MAx3ACZ+DBJdTgDurQAAYhPMMrvDkj58V5dz7mrStOPnMEf+B8/gD53Iz8</latexit>

NEMO
<latexit sha1_base64="vf3Mk+rqoHd9JXI5W7KWWEwINJc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mtBz0WRfCiVrAf0C4lm2bb0CS7JFmhLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML7K/PYTVZpF8tFMYuoLPJQsZASbTLq7vr3vlytu1Z0BLRMvJxXI0eiXv3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dHbrFJ1YZYDCSNmSBs3U3xMpFlpPRGA7BTYjvehl4n9eNzHhhZ8yGSeGSjJfFCYcmQhlj6MBU5QYPrEEE8XsrYiMsMLE2HhKNgRv8eVl0qpVvbNq7aFWqV/mcRThCI7hFDw4hzrcQAOaQGAEz/AKb45wXpx352PeWnDymUP4A+fzB2zUjdM=</latexit>

ET<latexit sha1_base64="0AfcZRlgfc+aDx8xZUjwNi82tt8=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4Kkk96LEogscq/YI2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7a+sbm1Xdgp7u7tHxyWjo5bJk41400Wy1h3Amq4FIo3UaDknURzGgWSt4Px7cxvP3FtRKwaOEm4H9GhEqFgFK30eNfol8puxZ2DrBIvJ2XIUe+XvnqDmKURV8gkNabruQn6GdUomOTTYi81PKFsTIe8a6miETd+Nr90Ss6tMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07RhuAtv7xKWtWKd1mpPlTLtZs8jgKcwhlcgAdXUIN7qEMTGITwDK/w5oydF+fd+Vi0rjn5zAn8gfP5Az4jjSk=</latexit> CE-20km
<latexit sha1_base64="L3Vr2v0KuauSvMUBG5JyJGs51Es=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSTxoMdiETxWsB/QhrLZbtolu5uwuxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzwpQzbVz321lb39jc2i7tlHf39g8OK0fHbZ1kitAWSXiiuiHWlDNJW4YZTrupoliEnHbCuDHzO09UaZbIRzNJaSDwSLKIEWys1GncXfpuLAaVqltz50CrxCtIFQo0B5Wv/jAhmaDSEI617nluaoIcK8MIp9NyP9M0xSTGI9qzVGJBdZDPz52ic6sMUZQoW9Kgufp7IsdC64kIbafAZqyXvZn4n9fLTHQT5EymmaGSLBZFGUcmQbPf0ZApSgyfWIKJYvZWRMZYYWJsQmUbgrf88ipp+zXvquY/+NX6bRFHCU7hDC7Ag2uowz00oQUEYniGV3hzUufFeXc+Fq1rTjFzAn/gfP4AAfWOsQ==</latexit>

CE-40km
<latexit sha1_base64="MmeFmSvfRabEzEpYSFhL7vnSMPc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CnosFsFjBfsB7VKyabYNm2SXJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxLOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFaEtEvNYdQOsKWeStgwznHYTRbEIOO0EUWPmd56o0iyWj2aSUF/gkWQhI9hYqdO4u7hyIzEoV9yqOwdaJV5OKpCjOSh/9YcxSQWVhnCsdc9zE+NnWBlGOJ2W+qmmCSYRHtGepRILqv1sfu4UnVlliMJY2ZIGzdXfExkWWk9EYDsFNmO97M3E/7xeasIbP2MySQ2VZLEoTDkyMZr9joZMUWL4xBJMFLO3IjLGChNjEyrZELzll1dJu1b1Lqu1h1qlfpvHUYQTOIVz8OAa6nAPTWgBgQie4RXenMR5cd6dj0VrwclnjuEPnM8fBQOOsw==</latexit>

Australian’s NEMO:  
High Power+squeezing

Configuration beyond 
Michelson Interferometer

Long signal recycling cavity
Martynov et al, PRD 99, 102004 (2019) 

Zhang et al, PRX 13, 021019 (2023) 

K. Ackley et al., PASA 37, e047 (2020).  

Event rate is still low, see

Martynov et al, PRD 99, 102004 (2019) 

BNS Merger rate 1540 Gpc^-3yr^−1 is used



A possible new configuration 

Frequency

Resonance at:
!c

c
L = n⇡

<latexit sha1_base64="yoAAx0f9IAkQtopfxoDp9jPHNRs=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrkpSBd0IRTcuXFSwD2hCmEwn7dB5hJmJUELc+CtuXCji1r9w5984bbPQ1gMXDufcy733RAklSrvut1VaWl5ZXSuvVzY2t7Z37N29thKpRLiFBBWyG0GFKeG4pYmmuJtIDFlEcScaXU/8zgOWigh+r8cJDhgccBITBLWRQvvAjyVEmS8YHsAQ5RnKby+5n5DQrro1dwpnkXgFqYICzdD+8vsCpQxzjShUque5iQ4yKDVBFOcVP1U4gWgEB7hnKIcMqyCbfpA7x0bpO7GQprh2purviQwypcYsMp0M6qGa9ybif14v1fFFkBGepBpzNFsUp9TRwpnE4fSJxEjTsSEQSWJuddAQmki0Ca1iQvDmX14k7XrNO63V786qjasijjI4BEfgBHjgHDTADWiCFkDgETyDV/BmPVkv1rv1MWstWcXMPvgD6/MHAOSXPQ==</latexit>

!c
<latexit sha1_base64="+TGUdgHI+5KSdCLvXHwyke04UfQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe6TfrniV/050CoJclKBHI1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvN7p+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8OMySS1VJLFojjlyCo0ex4NmKbE8okjmGjmbkVkhDUm1kVUciEEyy+vklatGlxUa/eXlfpNHkcRTuAUziGAK6jDHTSgCQQ4PMMrvHmP3ov37n0sWgtePnMMf+B9/gAGrI/1</latexit>

!c + ⌦
<latexit sha1_base64="ggm0hJRDJ9pXDkNZzyVwi9Y1NT4=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARBKEkVdBl0Y07K9gLNKFMppN26FzCzESooU/ixoUibn0Ud76N0zQLbf1h4OM/53DO/FHCqDae9+2srK6tb2yWtsrbO7t7FXf/oK1lqjBpYcmk6kZIE0YFaRlqGOkmiiAeMdKJxjezeueRKE2leDCThIQcDQWNKUbGWn23EkhOhqiPz4K7HNyqV/NywWXwC6iCQs2++xUMJE45EQYzpHXP9xITZkgZihmZloNUkwThMRqSnkWBONFhlh8+hSfWGcBYKvuEgbn7eyJDXOsJj2wnR2akF2sz879aLzXxVZhRkaSGCDxfFKcMGglnKcABVQQbNrGAsKL2VohHSCFsbFZlG4K/+OVlaNdr/nmtfn9RbVwXcZTAETgGp8AHl6ABbkETtAAGKXgGr+DNeXJenHfnY9664hQzh+CPnM8fT8eS3A==</latexit>

!c � ⌦
<latexit sha1_base64="yRAVsTT/6tCiBgTDH+6ZRUU1d/w=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWAR3FiSKuiy6MadFewFmlAm00k7dC5hZiLU0Cdx40IRtz6KO9/GaZqFtv4w8PGfczhn/ihhVBvP+3ZWVtfWNzZLW+Xtnd29irt/0NYyVZi0sGRSdSOkCaOCtAw1jHQTRRCPGOlE45tZvfNIlKZSPJhJQkKOhoLGFCNjrb5bCSQnQ9THZ8FdDm7Vq3m54DL4BVRBoWbf/QoGEqecCIMZ0rrne4kJM6QMxYxMy0GqSYLwGA1Jz6JAnOgwyw+fwhPrDGAslX3CwNz9PZEhrvWER7aTIzPSi7WZ+V+tl5r4KsyoSFJDBJ4vilMGjYSzFOCAKoINm1hAWFF7K8QjpBA2NquyDcFf/PIytOs1/7xWv7+oNq6LOErgCByDU+CDS9AAt6AJWgCDFDyDV/DmPDkvzrvzMW9dcYqZQ/BHzucPUtuS3g==</latexit>

Step 1:  Shift the resonance by tuning the Signal recycling mirror

optical cavity
xGW(t)

<latexit sha1_base64="QGjDTSdShNeqqhOX7KQjGrmu5Lg=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9mtgh6LHvRYwX5Au5Rsmm1Dk+yaZItl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD4c3Ub46o0iySD2YcU1/gvmQhI9hYyX/qph0l0G1zUjJn3ULRLbszoGXiZaQIGWrdwlenF5FEUGkIx1q3PTc2foqVYYTTSb6TaBpjMsR92rZUYkG1n86OnqBTq/RQGClb0qCZ+nsixULrsQhsp8BmoBe9qfif105MeOWnTMaJoZLMF4UJRyZC0wRQjylKDB9bgoli9lZEBlhhYmxOeRuCt/jyMmlUyt55uXJ/UaxeZ3Hk4BhOoAQeXEIV7qAGdSDwCM/wCm/OyHlx3p2PeeuKk80cwR84nz/xC5GN</latexit>

Frequency

Resonance at:

!c
<latexit sha1_base64="+TGUdgHI+5KSdCLvXHwyke04UfQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe6TfrniV/050CoJclKBHI1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvN7p+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8OMySS1VJLFojjlyCo0ex4NmKbE8okjmGjmbkVkhDUm1kVUciEEyy+vklatGlxUa/eXlfpNHkcRTuAUziGAK6jDHTSgCQQ4PMMrvHmP3ov37n0sWgtePnMMf+B9/gAGrI/1</latexit>

!c + ⌦
<latexit sha1_base64="ggm0hJRDJ9pXDkNZzyVwi9Y1NT4=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARBKEkVdBl0Y07K9gLNKFMppN26FzCzESooU/ixoUibn0Ud76N0zQLbf1h4OM/53DO/FHCqDae9+2srK6tb2yWtsrbO7t7FXf/oK1lqjBpYcmk6kZIE0YFaRlqGOkmiiAeMdKJxjezeueRKE2leDCThIQcDQWNKUbGWn23EkhOhqiPz4K7HNyqV/NywWXwC6iCQs2++xUMJE45EQYzpHXP9xITZkgZihmZloNUkwThMRqSnkWBONFhlh8+hSfWGcBYKvuEgbn7eyJDXOsJj2wnR2akF2sz879aLzXxVZhRkaSGCDxfFKcMGglnKcABVQQbNrGAsKL2VohHSCFsbFZlG4K/+OVlaNdr/nmtfn9RbVwXcZTAETgGp8AHl6ABbkETtAAGKXgGr+DNeXJenHfnY9664hQzh+CPnM8fT8eS3A==</latexit>

!c � ⌦
<latexit sha1_base64="yRAVsTT/6tCiBgTDH+6ZRUU1d/w=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWAR3FiSKuiy6MadFewFmlAm00k7dC5hZiLU0Cdx40IRtz6KO9/GaZqFtv4w8PGfczhn/ihhVBvP+3ZWVtfWNzZLW+Xtnd29irt/0NYyVZi0sGRSdSOkCaOCtAw1jHQTRRCPGOlE45tZvfNIlKZSPJhJQkKOhoLGFCNjrb5bCSQnQ9THZ8FdDm7Vq3m54DL4BVRBoWbf/QoGEqecCIMZ0rrne4kJM6QMxYxMy0GqSYLwGA1Jz6JAnOgwyw+fwhPrDGAslX3CwNz9PZEhrvWER7aTIzPSi7WZ+V+tl5r4KsyoSFJDBJ4vilMGjYSzFOCAKoINm1hAWFF7K8QjpBA2NquyDcFf/PIytOs1/7xWv7+oNq6LOErgCByDU+CDS9AAt6AJWgCDFDyDV/DmPDkvzrvzMW9dcYqZQ/BHzucPUtuS3g==</latexit>

optical cavity
xGW(t)

<latexit sha1_base64="QGjDTSdShNeqqhOX7KQjGrmu5Lg=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9mtgh6LHvRYwX5Au5Rsmm1Dk+yaZItl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD4c3Ub46o0iySD2YcU1/gvmQhI9hYyX/qph0l0G1zUjJn3ULRLbszoGXiZaQIGWrdwlenF5FEUGkIx1q3PTc2foqVYYTTSb6TaBpjMsR92rZUYkG1n86OnqBTq/RQGClb0qCZ+nsixULrsQhsp8BmoBe9qfif105MeOWnTMaJoZLMF4UJRyZC0wRQjylKDB9bgoli9lZEBlhhYmxOeRuCt/jyMmlUyt55uXJ/UaxeZ3Hk4BhOoAQeXEIV7qAGdSDwCM/wCm/OyHlx3p2PeeuKk80cwR84nz/xC5GN</latexit>

!c +�

c
L = n⇡

<latexit sha1_base64="hA+j0Q377cw0MCUGAnX6JcieLJ8=">AAACCHicbVDLSsNAFJ3UV62vqEsXBosgCCWpgm6Eoi5cuKhgH9CEMJnetEMnkzAzEUrI0o2/4saFIm79BHf+jdPHQlsPXDiccy/33hMkjEpl299GYWFxaXmluFpaW9/Y3DK3d5oyTgWBBolZLNoBlsAoh4aiikE7EYCjgEErGFyN/NYDCEljfq+GCXgR7nEaUoKVlnxz3w0FJpkbR9DDPjl2r4EpnGckv73gbkJ9s2xX7DGseeJMSRlNUffNL7cbkzQCrgjDUnYcO1FehoWihEFeclMJCSYD3IOOphxHIL1s/EhuHWqla4Wx0MWVNVZ/T2Q4knIYBbozwqovZ72R+J/XSVV47mWUJ6kCTiaLwpRZKrZGqVhdKoAoNtQEE0H1rRbpY52M0tmVdAjO7MvzpFmtOCeV6t1puXY5jaOI9tABOkIOOkM1dIPqqIEIekTP6BW9GU/Gi/FufExaC8Z0Zhf9gfH5A/7emfQ=</latexit>

�
<latexit sha1_base64="rNMa/4G/kHYVeXpYJZcbK2LrjeQ=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuQpKGtu6KunBZwT6gDWUynbRjJzNhZiKU0H9w40IRt/6PO//GSVtBRQ9cOJxzL/feEyaMKu04H9bK6tr6xmZhq7i9s7u3Xzo4bCuRSkxaWDAhuyFShFFOWppqRrqJJCgOGemEk8vc79wTqajgt3qakCBGI04jipE2Urt/RZhGg1LZsc/rVc+vQsd2nJrruTnxan7Fh65RcpTBEs1B6b0/FDiNCdeYIaV6rpPoIENSU8zIrNhPFUkQnqAR6RnKUUxUkM2vncFTowxhJKQpruFc/T6RoVipaRyazhjpsfrt5eJfXi/VUT3IKE9STTheLIpSBrWA+etwSCXBmk0NQVhScyvEYyQR1iagognh61P4P2l7tluxvRu/3LhYxlEAx+AEnAEX1EADXIMmaAEM7sADeALPlrAerRfrddG6Yi1njsAPWG+fwemPQg==</latexit>

�
<latexit sha1_base64="rNMa/4G/kHYVeXpYJZcbK2LrjeQ=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuQpKGtu6KunBZwT6gDWUynbRjJzNhZiKU0H9w40IRt/6PO//GSVtBRQ9cOJxzL/feEyaMKu04H9bK6tr6xmZhq7i9s7u3Xzo4bCuRSkxaWDAhuyFShFFOWppqRrqJJCgOGemEk8vc79wTqajgt3qakCBGI04jipE2Urt/RZhGg1LZsc/rVc+vQsd2nJrruTnxan7Fh65RcpTBEs1B6b0/FDiNCdeYIaV6rpPoIENSU8zIrNhPFUkQnqAR6RnKUUxUkM2vncFTowxhJKQpruFc/T6RoVipaRyazhjpsfrt5eJfXi/VUT3IKE9STTheLIpSBrWA+etwSCXBmk0NQVhScyvEYyQR1iagognh61P4P2l7tluxvRu/3LhYxlEAx+AEnAEX1EADXIMmaAEM7sADeALPlrAerRfrddG6Yi1njsAPWG+fwemPQg==</latexit>

Step 1:  Shift the resonance by tuning the Signal recycling mirror

Amplitude Amplitude



A possible new configuration 

Step 1:  Shift the resonance by tuning the Signal recycling mirror

Frequency

Resonance at:

!c
<latexit sha1_base64="+TGUdgHI+5KSdCLvXHwyke04UfQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe6TfrniV/050CoJclKBHI1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvN7p+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8OMySS1VJLFojjlyCo0ex4NmKbE8okjmGjmbkVkhDUm1kVUciEEyy+vklatGlxUa/eXlfpNHkcRTuAUziGAK6jDHTSgCQQ4PMMrvHmP3ov37n0sWgtePnMMf+B9/gAGrI/1</latexit>

!c + ⌦
<latexit sha1_base64="ggm0hJRDJ9pXDkNZzyVwi9Y1NT4=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARBKEkVdBl0Y07K9gLNKFMppN26FzCzESooU/ixoUibn0Ud76N0zQLbf1h4OM/53DO/FHCqDae9+2srK6tb2yWtsrbO7t7FXf/oK1lqjBpYcmk6kZIE0YFaRlqGOkmiiAeMdKJxjezeueRKE2leDCThIQcDQWNKUbGWn23EkhOhqiPz4K7HNyqV/NywWXwC6iCQs2++xUMJE45EQYzpHXP9xITZkgZihmZloNUkwThMRqSnkWBONFhlh8+hSfWGcBYKvuEgbn7eyJDXOsJj2wnR2akF2sz879aLzXxVZhRkaSGCDxfFKcMGglnKcABVQQbNrGAsKL2VohHSCFsbFZlG4K/+OVlaNdr/nmtfn9RbVwXcZTAETgGp8AHl6ABbkETtAAGKXgGr+DNeXJenHfnY9664hQzh+CPnM8fT8eS3A==</latexit>

!c � ⌦
<latexit sha1_base64="yRAVsTT/6tCiBgTDH+6ZRUU1d/w=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWAR3FiSKuiy6MadFewFmlAm00k7dC5hZiLU0Cdx40IRtz6KO9/GaZqFtv4w8PGfczhn/ihhVBvP+3ZWVtfWNzZLW+Xtnd29irt/0NYyVZi0sGRSdSOkCaOCtAw1jHQTRRCPGOlE45tZvfNIlKZSPJhJQkKOhoLGFCNjrb5bCSQnQ9THZ8FdDm7Vq3m54DL4BVRBoWbf/QoGEqecCIMZ0rrne4kJM6QMxYxMy0GqSYLwGA1Jz6JAnOgwyw+fwhPrDGAslX3CwNz9PZEhrvWER7aTIzPSi7WZ+V+tl5r4KsyoSFJDBJ4vilMGjYSzFOCAKoINm1hAWFF7K8QjpBA2NquyDcFf/PIytOs1/7xWv7+oNq6LOErgCByDU+CDS9AAt6AJWgCDFDyDV/DmPDkvzrvzMW9dcYqZQ/BHzucPUtuS3g==</latexit>

optical cavity
xGW(t)

<latexit sha1_base64="QGjDTSdShNeqqhOX7KQjGrmu5Lg=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9mtgh6LHvRYwX5Au5Rsmm1Dk+yaZItl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD4c3Ub46o0iySD2YcU1/gvmQhI9hYyX/qph0l0G1zUjJn3ULRLbszoGXiZaQIGWrdwlenF5FEUGkIx1q3PTc2foqVYYTTSb6TaBpjMsR92rZUYkG1n86OnqBTq/RQGClb0qCZ+nsixULrsQhsp8BmoBe9qfif105MeOWnTMaJoZLMF4UJRyZC0wRQjylKDB9bgoli9lZEBlhhYmxOeRuCt/jyMmlUyt55uXJ/UaxeZ3Hk4BhOoAQeXEIV7qAGdSDwCM/wCm/OyHlx3p2PeeuKk80cwR84nz/xC5GN</latexit>

!c +�

c
L = n⇡

<latexit sha1_base64="hA+j0Q377cw0MCUGAnX6JcieLJ8=">AAACCHicbVDLSsNAFJ3UV62vqEsXBosgCCWpgm6Eoi5cuKhgH9CEMJnetEMnkzAzEUrI0o2/4saFIm79BHf+jdPHQlsPXDiccy/33hMkjEpl299GYWFxaXmluFpaW9/Y3DK3d5oyTgWBBolZLNoBlsAoh4aiikE7EYCjgEErGFyN/NYDCEljfq+GCXgR7nEaUoKVlnxz3w0FJpkbR9DDPjl2r4EpnGckv73gbkJ9s2xX7DGseeJMSRlNUffNL7cbkzQCrgjDUnYcO1FehoWihEFeclMJCSYD3IOOphxHIL1s/EhuHWqla4Wx0MWVNVZ/T2Q4knIYBbozwqovZ72R+J/XSVV47mWUJ6kCTiaLwpRZKrZGqVhdKoAoNtQEE0H1rRbpY52M0tmVdAjO7MvzpFmtOCeV6t1puXY5jaOI9tABOkIOOkM1dIPqqIEIekTP6BW9GU/Gi/FufExaC8Z0Zhf9gfH5A/7emfQ=</latexit>

�
<latexit sha1_base64="rNMa/4G/kHYVeXpYJZcbK2LrjeQ=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuQpKGtu6KunBZwT6gDWUynbRjJzNhZiKU0H9w40IRt/6PO//GSVtBRQ9cOJxzL/feEyaMKu04H9bK6tr6xmZhq7i9s7u3Xzo4bCuRSkxaWDAhuyFShFFOWppqRrqJJCgOGemEk8vc79wTqajgt3qakCBGI04jipE2Urt/RZhGg1LZsc/rVc+vQsd2nJrruTnxan7Fh65RcpTBEs1B6b0/FDiNCdeYIaV6rpPoIENSU8zIrNhPFUkQnqAR6RnKUUxUkM2vncFTowxhJKQpruFc/T6RoVipaRyazhjpsfrt5eJfXi/VUT3IKE9STTheLIpSBrWA+etwSCXBmk0NQVhScyvEYyQR1iagognh61P4P2l7tluxvRu/3LhYxlEAx+AEnAEX1EADXIMmaAEM7sADeALPlrAerRfrddG6Yi1njsAPWG+fwemPQg==</latexit>

�
<latexit sha1_base64="rNMa/4G/kHYVeXpYJZcbK2LrjeQ=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuQpKGtu6KunBZwT6gDWUynbRjJzNhZiKU0H9w40IRt/6PO//GSVtBRQ9cOJxzL/feEyaMKu04H9bK6tr6xmZhq7i9s7u3Xzo4bCuRSkxaWDAhuyFShFFOWppqRrqJJCgOGemEk8vc79wTqajgt3qakCBGI04jipE2Urt/RZhGg1LZsc/rVc+vQsd2nJrruTnxan7Fh65RcpTBEs1B6b0/FDiNCdeYIaV6rpPoIENSU8zIrNhPFUkQnqAR6RnKUUxUkM2vncFTowxhJKQpruFc/T6RoVipaRyazhjpsfrt5eJfXi/VUT3IKE9STTheLIpSBrWA+etwSCXBmk0NQVhScyvEYyQR1iagognh61P4P2l7tluxvRu/3LhYxlEAx+AEnAEX1EADXIMmaAEM7sADeALPlrAerRfrddG6Yi1njsAPWG+fwemPQg==</latexit>

Step 1:  Shift the resonance by tuning the Signal recycling mirror

Amplitude



A possible new configuration 

Frequency

Resonance at:
!c

c
L = n⇡

<latexit sha1_base64="yoAAx0f9IAkQtopfxoDp9jPHNRs=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrkpSBd0IRTcuXFSwD2hCmEwn7dB5hJmJUELc+CtuXCji1r9w5984bbPQ1gMXDufcy733RAklSrvut1VaWl5ZXSuvVzY2t7Z37N29thKpRLiFBBWyG0GFKeG4pYmmuJtIDFlEcScaXU/8zgOWigh+r8cJDhgccBITBLWRQvvAjyVEmS8YHsAQ5RnKby+5n5DQrro1dwpnkXgFqYICzdD+8vsCpQxzjShUque5iQ4yKDVBFOcVP1U4gWgEB7hnKIcMqyCbfpA7x0bpO7GQprh2purviQwypcYsMp0M6qGa9ybif14v1fFFkBGepBpzNFsUp9TRwpnE4fSJxEjTsSEQSWJuddAQmki0Ca1iQvDmX14k7XrNO63V786qjasijjI4BEfgBHjgHDTADWiCFkDgETyDV/BmPVkv1rv1MWstWcXMPvgD6/MHAOSXPQ==</latexit>

!c
<latexit sha1_base64="+TGUdgHI+5KSdCLvXHwyke04UfQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe6TfrniV/050CoJclKBHI1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvN7p+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8OMySS1VJLFojjlyCo0ex4NmKbE8okjmGjmbkVkhDUm1kVUciEEyy+vklatGlxUa/eXlfpNHkcRTuAUziGAK6jDHTSgCQQ4PMMrvHmP3ov37n0sWgtePnMMf+B9/gAGrI/1</latexit>

!c + ⌦
<latexit sha1_base64="ggm0hJRDJ9pXDkNZzyVwi9Y1NT4=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARBKEkVdBl0Y07K9gLNKFMppN26FzCzESooU/ixoUibn0Ud76N0zQLbf1h4OM/53DO/FHCqDae9+2srK6tb2yWtsrbO7t7FXf/oK1lqjBpYcmk6kZIE0YFaRlqGOkmiiAeMdKJxjezeueRKE2leDCThIQcDQWNKUbGWn23EkhOhqiPz4K7HNyqV/NywWXwC6iCQs2++xUMJE45EQYzpHXP9xITZkgZihmZloNUkwThMRqSnkWBONFhlh8+hSfWGcBYKvuEgbn7eyJDXOsJj2wnR2akF2sz879aLzXxVZhRkaSGCDxfFKcMGglnKcABVQQbNrGAsKL2VohHSCFsbFZlG4K/+OVlaNdr/nmtfn9RbVwXcZTAETgGp8AHl6ABbkETtAAGKXgGr+DNeXJenHfnY9664hQzh+CPnM8fT8eS3A==</latexit>

!c � ⌦
<latexit sha1_base64="yRAVsTT/6tCiBgTDH+6ZRUU1d/w=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWAR3FiSKuiy6MadFewFmlAm00k7dC5hZiLU0Cdx40IRtz6KO9/GaZqFtv4w8PGfczhn/ihhVBvP+3ZWVtfWNzZLW+Xtnd29irt/0NYyVZi0sGRSdSOkCaOCtAw1jHQTRRCPGOlE45tZvfNIlKZSPJhJQkKOhoLGFCNjrb5bCSQnQ9THZ8FdDm7Vq3m54DL4BVRBoWbf/QoGEqecCIMZ0rrne4kJM6QMxYxMy0GqSYLwGA1Jz6JAnOgwyw+fwhPrDGAslX3CwNz9PZEhrvWER7aTIzPSi7WZ+V+tl5r4KsyoSFJDBJ4vilMGjYSzFOCAKoINm1hAWFF7K8QjpBA2NquyDcFf/PIytOs1/7xWv7+oNq6LOErgCByDU+CDS9AAt6AJWgCDFDyDV/DmPDkvzrvzMW9dcYqZQ/BHzucPUtuS3g==</latexit>

Step 1:  Shift the resonance by tuning the Signal recycling mirror

optical cavity
xGW(t)

<latexit sha1_base64="QGjDTSdShNeqqhOX7KQjGrmu5Lg=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9mtgh6LHvRYwX5Au5Rsmm1Dk+yaZItl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD4c3Ub46o0iySD2YcU1/gvmQhI9hYyX/qph0l0G1zUjJn3ULRLbszoGXiZaQIGWrdwlenF5FEUGkIx1q3PTc2foqVYYTTSb6TaBpjMsR92rZUYkG1n86OnqBTq/RQGClb0qCZ+nsixULrsQhsp8BmoBe9qfif105MeOWnTMaJoZLMF4UJRyZC0wRQjylKDB9bgoli9lZEBlhhYmxOeRuCt/jyMmlUyt55uXJ/UaxeZ3Hk4BhOoAQeXEIV7qAGdSDwCM/wCm/OyHlx3p2PeeuKk80cwR84nz/xC5GN</latexit>

Frequency

Resonance at:

!c
<latexit sha1_base64="+TGUdgHI+5KSdCLvXHwyke04UfQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe6TfrniV/050CoJclKBHI1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvN7p+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8OMySS1VJLFojjlyCo0ex4NmKbE8okjmGjmbkVkhDUm1kVUciEEyy+vklatGlxUa/eXlfpNHkcRTuAUziGAK6jDHTSgCQQ4PMMrvHmP3ov37n0sWgtePnMMf+B9/gAGrI/1</latexit>

!c + ⌦
<latexit sha1_base64="ggm0hJRDJ9pXDkNZzyVwi9Y1NT4=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARBKEkVdBl0Y07K9gLNKFMppN26FzCzESooU/ixoUibn0Ud76N0zQLbf1h4OM/53DO/FHCqDae9+2srK6tb2yWtsrbO7t7FXf/oK1lqjBpYcmk6kZIE0YFaRlqGOkmiiAeMdKJxjezeueRKE2leDCThIQcDQWNKUbGWn23EkhOhqiPz4K7HNyqV/NywWXwC6iCQs2++xUMJE45EQYzpHXP9xITZkgZihmZloNUkwThMRqSnkWBONFhlh8+hSfWGcBYKvuEgbn7eyJDXOsJj2wnR2akF2sz879aLzXxVZhRkaSGCDxfFKcMGglnKcABVQQbNrGAsKL2VohHSCFsbFZlG4K/+OVlaNdr/nmtfn9RbVwXcZTAETgGp8AHl6ABbkETtAAGKXgGr+DNeXJenHfnY9664hQzh+CPnM8fT8eS3A==</latexit>

!c � ⌦
<latexit sha1_base64="yRAVsTT/6tCiBgTDH+6ZRUU1d/w=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWAR3FiSKuiy6MadFewFmlAm00k7dC5hZiLU0Cdx40IRtz6KO9/GaZqFtv4w8PGfczhn/ihhVBvP+3ZWVtfWNzZLW+Xtnd29irt/0NYyVZi0sGRSdSOkCaOCtAw1jHQTRRCPGOlE45tZvfNIlKZSPJhJQkKOhoLGFCNjrb5bCSQnQ9THZ8FdDm7Vq3m54DL4BVRBoWbf/QoGEqecCIMZ0rrne4kJM6QMxYxMy0GqSYLwGA1Jz6JAnOgwyw+fwhPrDGAslX3CwNz9PZEhrvWER7aTIzPSi7WZ+V+tl5r4KsyoSFJDBJ4vilMGjYSzFOCAKoINm1hAWFF7K8QjpBA2NquyDcFf/PIytOs1/7xWv7+oNq6LOErgCByDU+CDS9AAt6AJWgCDFDyDV/DmPDkvzrvzMW9dcYqZQ/BHzucPUtuS3g==</latexit>

optical cavity
xGW(t)

<latexit sha1_base64="QGjDTSdShNeqqhOX7KQjGrmu5Lg=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9mtgh6LHvRYwX5Au5Rsmm1Dk+yaZItl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD4c3Ub46o0iySD2YcU1/gvmQhI9hYyX/qph0l0G1zUjJn3ULRLbszoGXiZaQIGWrdwlenF5FEUGkIx1q3PTc2foqVYYTTSb6TaBpjMsR92rZUYkG1n86OnqBTq/RQGClb0qCZ+nsixULrsQhsp8BmoBe9qfif105MeOWnTMaJoZLMF4UJRyZC0wRQjylKDB9bgoli9lZEBlhhYmxOeRuCt/jyMmlUyt55uXJ/UaxeZ3Hk4BhOoAQeXEIV7qAGdSDwCM/wCm/OyHlx3p2PeeuKk80cwR84nz/xC5GN</latexit>

!c +�

c
L = n⇡

<latexit sha1_base64="hA+j0Q377cw0MCUGAnX6JcieLJ8=">AAACCHicbVDLSsNAFJ3UV62vqEsXBosgCCWpgm6Eoi5cuKhgH9CEMJnetEMnkzAzEUrI0o2/4saFIm79BHf+jdPHQlsPXDiccy/33hMkjEpl299GYWFxaXmluFpaW9/Y3DK3d5oyTgWBBolZLNoBlsAoh4aiikE7EYCjgEErGFyN/NYDCEljfq+GCXgR7nEaUoKVlnxz3w0FJpkbR9DDPjl2r4EpnGckv73gbkJ9s2xX7DGseeJMSRlNUffNL7cbkzQCrgjDUnYcO1FehoWihEFeclMJCSYD3IOOphxHIL1s/EhuHWqla4Wx0MWVNVZ/T2Q4knIYBbozwqovZ72R+J/XSVV47mWUJ6kCTiaLwpRZKrZGqVhdKoAoNtQEE0H1rRbpY52M0tmVdAjO7MvzpFmtOCeV6t1puXY5jaOI9tABOkIOOkM1dIPqqIEIekTP6BW9GU/Gi/FufExaC8Z0Zhf9gfH5A/7emfQ=</latexit>

�
<latexit sha1_base64="rNMa/4G/kHYVeXpYJZcbK2LrjeQ=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuQpKGtu6KunBZwT6gDWUynbRjJzNhZiKU0H9w40IRt/6PO//GSVtBRQ9cOJxzL/feEyaMKu04H9bK6tr6xmZhq7i9s7u3Xzo4bCuRSkxaWDAhuyFShFFOWppqRrqJJCgOGemEk8vc79wTqajgt3qakCBGI04jipE2Urt/RZhGg1LZsc/rVc+vQsd2nJrruTnxan7Fh65RcpTBEs1B6b0/FDiNCdeYIaV6rpPoIENSU8zIrNhPFUkQnqAR6RnKUUxUkM2vncFTowxhJKQpruFc/T6RoVipaRyazhjpsfrt5eJfXi/VUT3IKE9STTheLIpSBrWA+etwSCXBmk0NQVhScyvEYyQR1iagognh61P4P2l7tluxvRu/3LhYxlEAx+AEnAEX1EADXIMmaAEM7sADeALPlrAerRfrddG6Yi1njsAPWG+fwemPQg==</latexit>

�
<latexit sha1_base64="rNMa/4G/kHYVeXpYJZcbK2LrjeQ=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuQpKGtu6KunBZwT6gDWUynbRjJzNhZiKU0H9w40IRt/6PO//GSVtBRQ9cOJxzL/feEyaMKu04H9bK6tr6xmZhq7i9s7u3Xzo4bCuRSkxaWDAhuyFShFFOWppqRrqJJCgOGemEk8vc79wTqajgt3qakCBGI04jipE2Urt/RZhGg1LZsc/rVc+vQsd2nJrruTnxan7Fh65RcpTBEs1B6b0/FDiNCdeYIaV6rpPoIENSU8zIrNhPFUkQnqAR6RnKUUxUkM2vncFTowxhJKQpruFc/T6RoVipaRyazhjpsfrt5eJfXi/VUT3IKE9STTheLIpSBrWA+etwSCXBmk0NQVhScyvEYyQR1iagognh61P4P2l7tluxvRu/3LhYxlEAx+AEnAEX1EADXIMmaAEM7sADeALPlrAerRfrddG6Yi1njsAPWG+fwemPQg==</latexit>

Step 1:  Shift the resonance by tuning the Signal recycling mirror

But…
Amplitude Amplitude



Gain-bandwidth trade-off 

a simple driven Harmonic oscillator

Near resonace response:

x(!) / 1

�i(! � !m) + �m/2
f(!)

<latexit sha1_base64="ifT4PJgFyGGAeaJI3Kym9Rjq0Vw=">AAACKnicbVDNS8MwHE3n15xfVY9eikPYkM12CnqcevE4wX3AWkqapVtY0pQkFUfZ3+PFf8XLDsrw6h9itlXQ6YOQx3u/R/J7QUyJVLY9NXIrq2vrG/nNwtb2zu6euX/QkjwRCDcRp1x0AigxJRFuKqIo7sQCQxZQ3A6GtzO//YiFJDx6UKMYewz2IxISBJWWfPP6qeRyhvuw7MaCx4q7oYAodcZphWROZXH5rHzq9iFjmp3VxuF3zjeLdtWew/pLnIwUQYaGb07cHkcJw5FCFErZdexYeSkUiiCKxwU3kTiGaAj7uKtpBBmWXjpfdWydaKVnhVzoEylrrv5MpJBJOWKBnmRQDeSyNxP/87qJCq+8lERxonCEFg+FCbUUt2a9WT0iMFJ0pAlEgui/WmgAdVdKt1vQJTjLK/8lrVrVOa/W7i+K9Zusjjw4AsegBBxwCergDjRAEyDwDF7BG3g3XoyJMTU+FqM5I8scgl8wPr8ACW6m/Q==</latexit>

Higher peak response, 
Narrower bandwidth!

Similar for optical cavity
xGW(t)

<latexit sha1_base64="QGjDTSdShNeqqhOX7KQjGrmu5Lg=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9mtgh6LHvRYwX5Au5Rsmm1Dk+yaZItl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD4c3Ub46o0iySD2YcU1/gvmQhI9hYyX/qph0l0G1zUjJn3ULRLbszoGXiZaQIGWrdwlenF5FEUGkIx1q3PTc2foqVYYTTSb6TaBpjMsR92rZUYkG1n86OnqBTq/RQGClb0qCZ+nsixULrsQhsp8BmoBe9qfif105MeOWnTMaJoZLMF4UJRyZC0wRQjylKDB9bgoli9lZEBlhhYmxOeRuCt/jyMmlUyt55uXJ/UaxeZ3Hk4BhOoAQeXEIV7qAGdSDwCM/wCm/OyHlx3p2PeeuKk80cwR84nz/xC5GN</latexit>

a(⌦) / 1

�i(⌦��) + �
h(⌦)

<latexit sha1_base64="sDxqmX1SnjXnuK2OX4zprZ/erUk="></latexit>

!c
<latexit sha1_base64="+TGUdgHI+5KSdCLvXHwyke04UfQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe6TfrniV/050CoJclKBHI1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvN7p+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8OMySS1VJLFojjlyCo0ex4NmKbE8okjmGjmbkVkhDUm1kVUciEEyy+vklatGlxUa/eXlfpNHkcRTuAUziGAK6jDHTSgCQQ4PMMrvHmP3ov37n0sWgtePnMMf+B9/gAGrI/1</latexit>

!c + ⌦
<latexit sha1_base64="ggm0hJRDJ9pXDkNZzyVwi9Y1NT4=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARBKEkVdBl0Y07K9gLNKFMppN26FzCzESooU/ixoUibn0Ud76N0zQLbf1h4OM/53DO/FHCqDae9+2srK6tb2yWtsrbO7t7FXf/oK1lqjBpYcmk6kZIE0YFaRlqGOkmiiAeMdKJxjezeueRKE2leDCThIQcDQWNKUbGWn23EkhOhqiPz4K7HNyqV/NywWXwC6iCQs2++xUMJE45EQYzpHXP9xITZkgZihmZloNUkwThMRqSnkWBONFhlh8+hSfWGcBYKvuEgbn7eyJDXOsJj2wnR2akF2sz879aLzXxVZhRkaSGCDxfFKcMGglnKcABVQQbNrGAsKL2VohHSCFsbFZlG4K/+OVlaNdr/nmtfn9RbVwXcZTAETgGp8AHl6ABbkETtAAGKXgGr+DNeXJenHfnY9664hQzh+CPnM8fT8eS3A==</latexit>

!c � ⌦
<latexit sha1_base64="yRAVsTT/6tCiBgTDH+6ZRUU1d/w=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWAR3FiSKuiy6MadFewFmlAm00k7dC5hZiLU0Cdx40IRtz6KO9/GaZqFtv4w8PGfczhn/ihhVBvP+3ZWVtfWNzZLW+Xtnd29irt/0NYyVZi0sGRSdSOkCaOCtAw1jHQTRRCPGOlE45tZvfNIlKZSPJhJQkKOhoLGFCNjrb5bCSQnQ9THZ8FdDm7Vq3m54DL4BVRBoWbf/QoGEqecCIMZ0rrne4kJM6QMxYxMy0GqSYLwGA1Jz6JAnOgwyw+fwhPrDGAslX3CwNz9PZEhrvWER7aTIzPSi7WZ+V+tl5r4KsyoSFJDBJ4vilMGjYSzFOCAKoINm1hAWFF7K8QjpBA2NquyDcFf/PIytOs1/7xWv7+oNq6LOErgCByDU+CDS9AAt6AJWgCDFDyDV/DmPDkvzrvzMW9dcYqZQ/BHzucPUtuS3g==</latexit>

a(⌦)
<latexit sha1_base64="uoXItzGFhDHD9AZbxk0+Y701frU=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYhDiJexGQY9BL96MYB6SLKF30psMmZldZmaFEPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dYcKZNp737aysrq1vbOa28ts7u3v7hYPDho5TRbFOYx6rVggaOZNYN8xwbCUKQYQcm+HwZuo3n1BpFssHM0owENCXLGIUjJUeodS5E9iHs26h6JW9Gdxl4mekSDLUuoWvTi+mqUBpKAet276XmGAMyjDKcZLvpBoToEPoY9tSCQJ1MJ4dPHFPrdJzo1jZksadqb8nxiC0HonQdgowA73oTcX/vHZqoqtgzGSSGpR0vihKuWtid/q922MKqeEjS4AqZm916QAUUGMzytsQ/MWXl0mjUvbPy5X7i2L1OosjR47JCSkRn1ySKrklNVInlAjyTF7Jm6OcF+fd+Zi3rjjZzBH5A+fzB+OLj88=</latexit>

⌦
<latexit sha1_base64="IsbWWcn7AobB6BJEGJIx2e8+NYQ=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk2a1EpxXqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGB/jv8=</latexit>

x(!)
<latexit sha1_base64="M1CzpTXrh3AFbpv7iI2ssqIUQ8g=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHBC9lFEz0SvXjEREADGzI7zMKEeWxmZo2E8BVePGiMVz/Hm3/jAHtQsJJOKlXd6e6KEs6M9f1vL7eyura+kd8sbG3v7O4V9w+aRqWa0AZRXOn7CBvKmaQNyyyn94mmWESctqLh9dRvPVJtmJJ3dpTQUOC+ZDEj2Drp4ancUYL28Wm3WPIr/gxomQQZKUGGerf41ekpkgoqLeHYmHbgJzYcY20Z4XRS6KSGJpgMcZ+2HZVYUBOOZwdP0IlTeihW2pW0aKb+nhhjYcxIRK5TYDswi95U/M9rpza+DMdMJqmlkswXxSlHVqHp96jHNCWWjxzBRDN3KyIDrDGxLqOCCyFYfHmZNKuV4KxSvT0v1a6yOPJwBMdQhgAuoAY3UIcGEBDwDK/w5mnvxXv3PuatOS+bOYQ/8D5/ADhOkAY=</latexit>

!
<latexit sha1_base64="tlCosEe7acB15WG/y1yAvFPNxVY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5id9CZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ7V6SsCQ9MsVv+rPgVdJkJMKytHol796A0VTAdJSTozpBn5iw4xoyyiHaamXGkgIHZMhdB2VRIAJs/m1U3zmlAGOlXYlLZ6rvycyIoyZiMh1CmJHZtmbif953dTG12HGZJJakHSxKE45tgrPXscDpoFaPnGEUM3crZiOiCbUuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKKHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPkX+PHw==</latexit>

aout(⌦) /
p
2�

�i(⌦��) + �
h(⌦)

<latexit sha1_base64="Tn/OyDwDFMxJceAB6iBz1i8hYbY="></latexit>

aout
<latexit sha1_base64="l6tMha1kQWWDqHyV48dSjQDR20Q=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHoxWME84DNEmYns8mQeSwzvUJY8hlePCji1a/x5t84SfagiQUNRVU33V1xKrgF3//21tY3Nre2Szvl3b39g8PK0XHb6sxQ1qJaaNONiWWCK9YCDoJ1U8OIjAXrxOO7md95YsZyrR5hkrJIkqHiCacEnBSSft4zEusMpv1K1a/5c+BVEhSkigo0+5Wv3kDTTDIFVBBrw8BPIcqJAU4Fm5Z7mWUpoWMyZKGjikhmo3x+8hSfO2WAE21cKcBz9fdETqS1Exm7TklgZJe9mfifF2aQ3EQ5V2kGTNHFoiQTGDSe/Y8H3DAKYuIIoYa7WzEdEUMouJTKLoRg+eVV0q7Xgsta/eGq2rgt4iihU3SGLlCArlED3aMmaiGKNHpGr+jNA+/Fe/c+Fq1rXjFzgv7A+/wBawKRVw==</latexit>

a
<latexit sha1_base64="wqZLPcGml9Og5FDdUdFUNWEF4FE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxKuM6Q==</latexit>



Gain-bandwidth trade-off 

a simple driven Harmonic oscillator

Near resonace response:

x(!) / 1

�i(! � !m) + �m/2
f(!)

<latexit sha1_base64="ifT4PJgFyGGAeaJI3Kym9Rjq0Vw=">AAACKnicbVDNS8MwHE3n15xfVY9eikPYkM12CnqcevE4wX3AWkqapVtY0pQkFUfZ3+PFf8XLDsrw6h9itlXQ6YOQx3u/R/J7QUyJVLY9NXIrq2vrG/nNwtb2zu6euX/QkjwRCDcRp1x0AigxJRFuKqIo7sQCQxZQ3A6GtzO//YiFJDx6UKMYewz2IxISBJWWfPP6qeRyhvuw7MaCx4q7oYAodcZphWROZXH5rHzq9iFjmp3VxuF3zjeLdtWew/pLnIwUQYaGb07cHkcJw5FCFErZdexYeSkUiiCKxwU3kTiGaAj7uKtpBBmWXjpfdWydaKVnhVzoEylrrv5MpJBJOWKBnmRQDeSyNxP/87qJCq+8lERxonCEFg+FCbUUt2a9WT0iMFJ0pAlEgui/WmgAdVdKt1vQJTjLK/8lrVrVOa/W7i+K9Zusjjw4AsegBBxwCergDjRAEyDwDF7BG3g3XoyJMTU+FqM5I8scgl8wPr8ACW6m/Q==</latexit>

Higher peak response, 
Narrower bandwidth!

Similar for optical cavity
xGW(t)

<latexit sha1_base64="QGjDTSdShNeqqhOX7KQjGrmu5Lg=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9mtgh6LHvRYwX5Au5Rsmm1Dk+yaZItl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD4c3Ub46o0iySD2YcU1/gvmQhI9hYyX/qph0l0G1zUjJn3ULRLbszoGXiZaQIGWrdwlenF5FEUGkIx1q3PTc2foqVYYTTSb6TaBpjMsR92rZUYkG1n86OnqBTq/RQGClb0qCZ+nsixULrsQhsp8BmoBe9qfif105MeOWnTMaJoZLMF4UJRyZC0wRQjylKDB9bgoli9lZEBlhhYmxOeRuCt/jyMmlUyt55uXJ/UaxeZ3Hk4BhOoAQeXEIV7qAGdSDwCM/wCm/OyHlx3p2PeeuKk80cwR84nz/xC5GN</latexit>

a(⌦) / 1

�i(⌦��) + �
h(⌦)

<latexit sha1_base64="sDxqmX1SnjXnuK2OX4zprZ/erUk="></latexit>

!c
<latexit sha1_base64="+TGUdgHI+5KSdCLvXHwyke04UfQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe6TfrniV/050CoJclKBHI1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvN7p+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8OMySS1VJLFojjlyCo0ex4NmKbE8okjmGjmbkVkhDUm1kVUciEEyy+vklatGlxUa/eXlfpNHkcRTuAUziGAK6jDHTSgCQQ4PMMrvHmP3ov37n0sWgtePnMMf+B9/gAGrI/1</latexit>

!c + ⌦
<latexit sha1_base64="ggm0hJRDJ9pXDkNZzyVwi9Y1NT4=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARBKEkVdBl0Y07K9gLNKFMppN26FzCzESooU/ixoUibn0Ud76N0zQLbf1h4OM/53DO/FHCqDae9+2srK6tb2yWtsrbO7t7FXf/oK1lqjBpYcmk6kZIE0YFaRlqGOkmiiAeMdKJxjezeueRKE2leDCThIQcDQWNKUbGWn23EkhOhqiPz4K7HNyqV/NywWXwC6iCQs2++xUMJE45EQYzpHXP9xITZkgZihmZloNUkwThMRqSnkWBONFhlh8+hSfWGcBYKvuEgbn7eyJDXOsJj2wnR2akF2sz879aLzXxVZhRkaSGCDxfFKcMGglnKcABVQQbNrGAsKL2VohHSCFsbFZlG4K/+OVlaNdr/nmtfn9RbVwXcZTAETgGp8AHl6ABbkETtAAGKXgGr+DNeXJenHfnY9664hQzh+CPnM8fT8eS3A==</latexit>

!c � ⌦
<latexit sha1_base64="yRAVsTT/6tCiBgTDH+6ZRUU1d/w=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWAR3FiSKuiy6MadFewFmlAm00k7dC5hZiLU0Cdx40IRtz6KO9/GaZqFtv4w8PGfczhn/ihhVBvP+3ZWVtfWNzZLW+Xtnd29irt/0NYyVZi0sGRSdSOkCaOCtAw1jHQTRRCPGOlE45tZvfNIlKZSPJhJQkKOhoLGFCNjrb5bCSQnQ9THZ8FdDm7Vq3m54DL4BVRBoWbf/QoGEqecCIMZ0rrne4kJM6QMxYxMy0GqSYLwGA1Jz6JAnOgwyw+fwhPrDGAslX3CwNz9PZEhrvWER7aTIzPSi7WZ+V+tl5r4KsyoSFJDBJ4vilMGjYSzFOCAKoINm1hAWFF7K8QjpBA2NquyDcFf/PIytOs1/7xWv7+oNq6LOErgCByDU+CDS9AAt6AJWgCDFDyDV/DmPDkvzrvzMW9dcYqZQ/BHzucPUtuS3g==</latexit>

a(⌦)
<latexit sha1_base64="uoXItzGFhDHD9AZbxk0+Y701frU=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYhDiJexGQY9BL96MYB6SLKF30psMmZldZmaFEPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dYcKZNp737aysrq1vbOa28ts7u3v7hYPDho5TRbFOYx6rVggaOZNYN8xwbCUKQYQcm+HwZuo3n1BpFssHM0owENCXLGIUjJUeodS5E9iHs26h6JW9Gdxl4mekSDLUuoWvTi+mqUBpKAet276XmGAMyjDKcZLvpBoToEPoY9tSCQJ1MJ4dPHFPrdJzo1jZksadqb8nxiC0HonQdgowA73oTcX/vHZqoqtgzGSSGpR0vihKuWtid/q922MKqeEjS4AqZm916QAUUGMzytsQ/MWXl0mjUvbPy5X7i2L1OosjR47JCSkRn1ySKrklNVInlAjyTF7Jm6OcF+fd+Zi3rjjZzBH5A+fzB+OLj88=</latexit>

⌦
<latexit sha1_base64="IsbWWcn7AobB6BJEGJIx2e8+NYQ=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk2a1EpxXqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGB/jv8=</latexit>

x(!)
<latexit sha1_base64="M1CzpTXrh3AFbpv7iI2ssqIUQ8g=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHBC9lFEz0SvXjEREADGzI7zMKEeWxmZo2E8BVePGiMVz/Hm3/jAHtQsJJOKlXd6e6KEs6M9f1vL7eyura+kd8sbG3v7O4V9w+aRqWa0AZRXOn7CBvKmaQNyyyn94mmWESctqLh9dRvPVJtmJJ3dpTQUOC+ZDEj2Drp4ancUYL28Wm3WPIr/gxomQQZKUGGerf41ekpkgoqLeHYmHbgJzYcY20Z4XRS6KSGJpgMcZ+2HZVYUBOOZwdP0IlTeihW2pW0aKb+nhhjYcxIRK5TYDswi95U/M9rpza+DMdMJqmlkswXxSlHVqHp96jHNCWWjxzBRDN3KyIDrDGxLqOCCyFYfHmZNKuV4KxSvT0v1a6yOPJwBMdQhgAuoAY3UIcGEBDwDK/w5mnvxXv3PuatOS+bOYQ/8D5/ADhOkAY=</latexit>

!
<latexit sha1_base64="tlCosEe7acB15WG/y1yAvFPNxVY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5id9CZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ7V6SsCQ9MsVv+rPgVdJkJMKytHol796A0VTAdJSTozpBn5iw4xoyyiHaamXGkgIHZMhdB2VRIAJs/m1U3zmlAGOlXYlLZ6rvycyIoyZiMh1CmJHZtmbif953dTG12HGZJJakHSxKE45tgrPXscDpoFaPnGEUM3crZiOiCbUuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKKHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPkX+PHw==</latexit>

We need a large bandwidth but still keep the peak SNR!

How to solve this problem?

aout(⌦) /
p
2�

�i(⌦��) + �
h(⌦)

<latexit sha1_base64="Tn/OyDwDFMxJceAB6iBz1i8hYbY="></latexit>

aout
<latexit sha1_base64="l6tMha1kQWWDqHyV48dSjQDR20Q=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHoxWME84DNEmYns8mQeSwzvUJY8hlePCji1a/x5t84SfagiQUNRVU33V1xKrgF3//21tY3Nre2Szvl3b39g8PK0XHb6sxQ1qJaaNONiWWCK9YCDoJ1U8OIjAXrxOO7md95YsZyrR5hkrJIkqHiCacEnBSSft4zEusMpv1K1a/5c+BVEhSkigo0+5Wv3kDTTDIFVBBrw8BPIcqJAU4Fm5Z7mWUpoWMyZKGjikhmo3x+8hSfO2WAE21cKcBz9fdETqS1Exm7TklgZJe9mfifF2aQ3EQ5V2kGTNHFoiQTGDSe/Y8H3DAKYuIIoYa7WzEdEUMouJTKLoRg+eVV0q7Xgsta/eGq2rgt4iihU3SGLlCArlED3aMmaiGKNHpGr+jNA+/Fe/c+Fq1rXjFzgv7A+/wBawKRVw==</latexit>

a
<latexit sha1_base64="wqZLPcGml9Og5FDdUdFUNWEF4FE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxKuM6Q==</latexit>



Surpass gain-bandwidth trade-off 

xGW(t)
<latexit sha1_base64="QGjDTSdShNeqqhOX7KQjGrmu5Lg=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9mtgh6LHvRYwX5Au5Rsmm1Dk+yaZItl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD4c3Ub46o0iySD2YcU1/gvmQhI9hYyX/qph0l0G1zUjJn3ULRLbszoGXiZaQIGWrdwlenF5FEUGkIx1q3PTc2foqVYYTTSb6TaBpjMsR92rZUYkG1n86OnqBTq/RQGClb0qCZ+nsixULrsQhsp8BmoBe9qfif105MeOWnTMaJoZLMF4UJRyZC0wRQjylKDB9bgoli9lZEBlhhYmxOeRuCt/jyMmlUyt55uXJ/UaxeZ3Hk4BhOoAQeXEIV7qAGdSDwCM/wCm/OyHlx3p2PeeuKk80cwR84nz/xC5GN</latexit>

a(⌦) / 1

�i(⌦��) + �
h(⌦)

<latexit sha1_base64="sDxqmX1SnjXnuK2OX4zprZ/erUk="></latexit>

!c
<latexit sha1_base64="+TGUdgHI+5KSdCLvXHwyke04UfQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe6TfrniV/050CoJclKBHI1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvN7p+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8OMySS1VJLFojjlyCo0ex4NmKbE8okjmGjmbkVkhDUm1kVUciEEyy+vklatGlxUa/eXlfpNHkcRTuAUziGAK6jDHTSgCQQ4PMMrvHmP3ov37n0sWgtePnMMf+B9/gAGrI/1</latexit>

!c + ⌦
<latexit sha1_base64="ggm0hJRDJ9pXDkNZzyVwi9Y1NT4=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARBKEkVdBl0Y07K9gLNKFMppN26FzCzESooU/ixoUibn0Ud76N0zQLbf1h4OM/53DO/FHCqDae9+2srK6tb2yWtsrbO7t7FXf/oK1lqjBpYcmk6kZIE0YFaRlqGOkmiiAeMdKJxjezeueRKE2leDCThIQcDQWNKUbGWn23EkhOhqiPz4K7HNyqV/NywWXwC6iCQs2++xUMJE45EQYzpHXP9xITZkgZihmZloNUkwThMRqSnkWBONFhlh8+hSfWGcBYKvuEgbn7eyJDXOsJj2wnR2akF2sz879aLzXxVZhRkaSGCDxfFKcMGglnKcABVQQbNrGAsKL2VohHSCFsbFZlG4K/+OVlaNdr/nmtfn9RbVwXcZTAETgGp8AHl6ABbkETtAAGKXgGr+DNeXJenHfnY9664hQzh+CPnM8fT8eS3A==</latexit>

!c � ⌦
<latexit sha1_base64="yRAVsTT/6tCiBgTDH+6ZRUU1d/w=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWAR3FiSKuiy6MadFewFmlAm00k7dC5hZiLU0Cdx40IRtz6KO9/GaZqFtv4w8PGfczhn/ihhVBvP+3ZWVtfWNzZLW+Xtnd29irt/0NYyVZi0sGRSdSOkCaOCtAw1jHQTRRCPGOlE45tZvfNIlKZSPJhJQkKOhoLGFCNjrb5bCSQnQ9THZ8FdDm7Vq3m54DL4BVRBoWbf/QoGEqecCIMZ0rrne4kJM6QMxYxMy0GqSYLwGA1Jz6JAnOgwyw+fwhPrDGAslX3CwNz9PZEhrvWER7aTIzPSi7WZ+V+tl5r4KsyoSFJDBJ4vilMGjYSzFOCAKoINm1hAWFF7K8QjpBA2NquyDcFf/PIytOs1/7xWv7+oNq6LOErgCByDU+CDS9AAt6AJWgCDFDyDV/DmPDkvzrvzMW9dcYqZQ/BHzucPUtuS3g==</latexit>

a(⌦)
<latexit sha1_base64="uoXItzGFhDHD9AZbxk0+Y701frU=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYhDiJexGQY9BL96MYB6SLKF30psMmZldZmaFEPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dYcKZNp737aysrq1vbOa28ts7u3v7hYPDho5TRbFOYx6rVggaOZNYN8xwbCUKQYQcm+HwZuo3n1BpFssHM0owENCXLGIUjJUeodS5E9iHs26h6JW9Gdxl4mekSDLUuoWvTi+mqUBpKAet276XmGAMyjDKcZLvpBoToEPoY9tSCQJ1MJ4dPHFPrdJzo1jZksadqb8nxiC0HonQdgowA73oTcX/vHZqoqtgzGSSGpR0vihKuWtid/q922MKqeEjS4AqZm916QAUUGMzytsQ/MWXl0mjUvbPy5X7i2L1OosjR47JCSkRn1ySKrklNVInlAjyTF7Jm6OcF+fd+Zi3rjjZzBH5A+fzB+OLj88=</latexit>

⌦
<latexit sha1_base64="IsbWWcn7AobB6BJEGJIx2e8+NYQ=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk2a1EpxXqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGB/jv8=</latexit>

aout(⌦) /
p
2�

�i(⌦��) + �
h(⌦)

<latexit sha1_base64="Tn/OyDwDFMxJceAB6iBz1i8hYbY="></latexit>

aout
<latexit sha1_base64="l6tMha1kQWWDqHyV48dSjQDR20Q=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHoxWME84DNEmYns8mQeSwzvUJY8hlePCji1a/x5t84SfagiQUNRVU33V1xKrgF3//21tY3Nre2Szvl3b39g8PK0XHb6sxQ1qJaaNONiWWCK9YCDoJ1U8OIjAXrxOO7md95YsZyrR5hkrJIkqHiCacEnBSSft4zEusMpv1K1a/5c+BVEhSkigo0+5Wv3kDTTDIFVBBrw8BPIcqJAU4Fm5Z7mWUpoWMyZKGjikhmo3x+8hSfO2WAE21cKcBz9fdETqS1Exm7TklgZJe9mfifF2aQ3EQ5V2kGTNHFoiQTGDSe/Y8H3DAKYuIIoYa7WzEdEUMouJTKLoRg+eVV0q7Xgsta/eGq2rgt4iihU3SGLlCArlED3aMmaiGKNHpGr+jNA+/Fe/c+Fq1rXjFzgv7A+/wBawKRVw==</latexit>

a
<latexit sha1_base64="wqZLPcGml9Og5FDdUdFUNWEF4FE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxKuM6Q==</latexit>

SNR /
Z

d⌦

2⇡

1

Shh(⌦)
<latexit sha1_base64="fzfoDpY8qOVozpZSNJmete5s9aY="></latexit>

With

If: âout(⌦) /
p
2�

�i(⌦��)
h(⌦)

<latexit sha1_base64="YP3HGw5tx+xqWsZgTyhvnumqVdI="></latexit>

Ks(⌦)
<latexit sha1_base64="qHrutgPLz6eGBxz3dOTQ0EfjLxY=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2W3CnosehE8WMHawnYp2TTbhibZJZkVytKf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprKyurW8UN0tb2zu7e+X9g0cTp5qyFo1FrDshMUxwxVrAQbBOohmRoWDtcHQ99dtPTBseqwcYJyyQZKB4xCkBK/m3PVPt3kk2IKe9csWtuTPgZeLlpIJyNHvlr24/pqlkCqggxviem0CQEQ2cCjYpdVPDEkJHZMB8SxWRzATZ7OQJPrFKH0extqUAz9TfExmRxoxlaDslgaFZ9Kbif56fQnQZZFwlKTBF54uiVGCI8fR/3OeaURBjSwjV3N6K6ZBoQsGmVLIheIsvL5PHes07q9XvzyuNqzyOIjpCx6iKPHSBGugGNVELURSjZ/SK3hxwXpx352PeWnDymUP0B87nD1FYkJ8=</latexit>

Signal response

1

Shh(⌦)
/ |Ks(⌦)|2

<latexit sha1_base64="GjmM5ZgLPmGBTMqDPQDYhSEaF3I=">AAACGHicbVDLSsNAFJ34rPUVdekmWIS6qUkVdFl0I7iwon1AE8NkOmmGTjJhZiKUNJ/hxl9x40IRt935N07bCNp6YOBwzr3cOceLKRHSNL+0hcWl5ZXVwlpxfWNza1vf2W0KlnCEG4hRxtseFJiSCDckkRS3Y45h6FHc8vqXY7/1iLkgLLqXgxg7IexFxCcISiW5+rHtc4hSK0vv3DQIsrJ9E+IePMrsmLNYMmN47YofcfhQdfWSWTEnMOaJlZMSyFF39ZHdZSgJcSQRhUJ0LDOWTgq5JIjirGgnAscQ9WEPdxSNYIiFk06CZcahUrqGz7h6kTQm6u+NFIZCDEJPTYZQBmLWG4v/eZ1E+udOSqI4kThC00N+Qg0VeNyS0SUcI0kHikDEifqrgQKompKqy6IqwZqNPE+a1Yp1UqnenpZqF3kdBbAPDkAZWOAM1MAVqIMGQOAJvIA38K49a6/ah/Y5HV3Q8p098Afa6BuDZKAJ</latexit>

SNR can have a significant boost

New Signal response



Time domain: 

optical cavity
xGW(t)

<latexit sha1_base64="QGjDTSdShNeqqhOX7KQjGrmu5Lg=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9mtgh6LHvRYwX5Au5Rsmm1Dk+yaZItl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD4c3Ub46o0iySD2YcU1/gvmQhI9hYyX/qph0l0G1zUjJn3ULRLbszoGXiZaQIGWrdwlenF5FEUGkIx1q3PTc2foqVYYTTSb6TaBpjMsR92rZUYkG1n86OnqBTq/RQGClb0qCZ+nsixULrsQhsp8BmoBe9qfif105MeOWnTMaJoZLMF4UJRyZC0wRQjylKDB9bgoli9lZEBlhhYmxOeRuCt/jyMmlUyt55uXJ/UaxeZ3Hk4BhOoAQeXEIV7qAGdSDwCM/wCm/OyHlx3p2PeeuKk80cwR84nz/xC5GN</latexit>

a(⌦) / 1

�i(⌦��) + �
h(⌦)

<latexit sha1_base64="sDxqmX1SnjXnuK2OX4zprZ/erUk="></latexit>

✓
d

dt
+ i�+ �

◆
â(t) = ↵h(t)

<latexit sha1_base64="rkj+R9ng1tA9ewj+hVPKKYLd8tY="></latexit>

Couples to 
other modes

a
<latexit sha1_base64="wqZLPcGml9Og5FDdUdFUNWEF4FE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxKuM6Q==</latexit>

✓
d

dt
+ i�

◆
Â = ↵h(t)

<latexit sha1_base64="lKLION/DPbPdPV/h2BDdrR6fpn0="></latexit>

✓
d

dt
+ i�+ �0

◆
â = ��0ĉ† + ↵h(t)

<latexit sha1_base64="vynYClY9r8rTb+wGBEWSFR2M7aA="></latexit>

✓
d

dt
� i�� �0

◆
ĉ = �0â†

<latexit sha1_base64="xggLB6B0nvsYUX5SwaxmM7ikkIw="></latexit>

Step 2: Couple the cavity mode to a new mode

⇠ e�i�t��0t
<latexit sha1_base64="0HoptDOzbI3L1dm3j+Y28p3rvJI="></latexit>

⇠ ei�t+�0t
<latexit sha1_base64="3SZD4IVpwu82f1xsVTK1tJl/s+o="></latexit>

``time reversal”

Combine Â = â+ ĉ†
<latexit sha1_base64="e8FigPuntHHdE5i4ZCXXxC+7GyA=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCIJSkCroRqm5cVrAPaGK5mUzaoZMHMxOhhOLGX3HjQhG3foU7/8ZJmoW2Hhju4Zx7mXuPGzMqpGl+a6WFxaXllfJqZW19Y3NL395piyjhmLRwxCLedUEQRkPSklQy0o05gcBlpOOOrjO/80C4oFF4J8cxcQIYhNSnGKSS+vqePQRpXF7kBY7zgu9tDwZ9vWrWzBzGPLEKUkUFmn39y/YinAQklJiBED3LjKWTApcUMzKp2IkgMeARDEhP0RACIpw0P2FiHCrFM/yIqxeqFTL190QKgRDjwFWdAcihmPUy8T+vl0j/3ElpGCeShHj6kZ8wQ0ZGlofhUU6wZGNFAHOqdjXwEDhgqVKrqBCs2ZPnSbtes05q9dvTauOqiKOM9tEBOkIWOkMNdIOaqIUwekTP6BW9aU/ai/aufUxbS1oxs4v+QPv8AWYAlic=</latexit>

✓
d

dt
+ i�

◆
Â = ↵h(t)

<latexit sha1_base64="lKLION/DPbPdPV/h2BDdrR6fpn0="></latexit>

Not just a math game!



Configuration 

â
<latexit sha1_base64="D061VKhATQYLksCwrL+Pa7zDL5c=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oUy2m3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKrd4IDcF+ueJW3TnIKvFyUoEcjX75qzeIaRoxaahArbuemxg/Q2U4FWxa6qWaJUjHOGRdSyVGTPvZ/NopObPKgISxsiUNmau/JzKMtJ5Ege2M0Iz0sjcT//O6qQmv/YzLJDVM0sWiMBXExGT2OhlwxagRE0uQKm5vJXSECqmxAZVsCN7yy6ukVat6F9Xa/WWlfpPHUYQTOIVz8OAK6nAHDWgChUd4hld4c2LnxXl3PhatBSefOYY/cD5/AB9qjtQ=</latexit>

b̂
<latexit sha1_base64="K9LZDf3zeDKTIbQr+DYwuZDRkVE=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVm9EkQT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ACDujtU=</latexit>

ĉ
<latexit sha1_base64="b6WNN1H9pJ0vldkMqftyxQvoS1E=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48VbFpoQ9lsN+3azW7Y3Qgl9D948aCIV/+PN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uGRr2WqCG0TyaXqhlhTzgRtG2Y47SaK4jjktBNObnO/80SVZlI8mGlCgxiPBIsYwcZKfn+MDSKDas2tu3OgVeIVpAYFWoPqV38oSRpTYQjHWvc8NzFBhpVhhNNZpZ9qmmAywSPas1TgmOogm187Q2dWGaJIKlvCbs/V3xMZjrWexqHtjLEZ62UvF//zeqmJroOMiSQ1VJDFoijlyEiUv46GTFFi+NQSTBSztyIyxgoTYwOq2BC85ZdXid+oexf1xv1lrXlTxFGGEziFc/DgCppwBy1oA4FHeIZXeHOk8+K8Ox+L1pJTzBzDHzifPyJyjtY=</latexit>

â
<latexit sha1_base64="D061VKhATQYLksCwrL+Pa7zDL5c=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oUy2m3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKrd4IDcF+ueJW3TnIKvFyUoEcjX75qzeIaRoxaahArbuemxg/Q2U4FWxa6qWaJUjHOGRdSyVGTPvZ/NopObPKgISxsiUNmau/JzKMtJ5Ege2M0Iz0sjcT//O6qQmv/YzLJDVM0sWiMBXExGT2OhlwxagRE0uQKm5vJXSECqmxAZVsCN7yy6ukVat6F9Xa/WWlfpPHUYQTOIVz8OAK6nAHDWgChUd4hld4c2LnxXl3PhatBSefOYY/cD5/AB9qjtQ=</latexit>

h(t)
<latexit sha1_base64="P9pyXhC+MfPDDBWVJrki8NQV2Ew=">AAAB63icbVBNS8NAEN3Ur1q/qh69LBahXkpSBT0WvXisYGuhDWWz3TRLdzdhdyKU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmBYngBlz32ymtrW9sbpW3Kzu7e/sH1cOjrolTTVmHxiLWvYAYJrhiHeAgWC/RjMhAsMdgcpv7j09MGx6rB5gmzJdkrHjIKYFciupwPqzW3IY7B14lXkFqqEB7WP0ajGKaSqaACmJM33MT8DOigVPBZpVBalhC6ISMWd9SRSQzfja/dYbPrDLCYaxtKcBz9fdERqQxUxnYTkkgMsteLv7n9VMIr/2MqyQFpuhiUZgKDDHOH8cjrhkFMbWEUM3trZhGRBMKNp6KDcFbfnmVdJsN76LRvL+stW6KOMroBJ2iOvLQFWqhO9RGHURRhJ7RK3pzpPPivDsfi9aSU8wcoz9wPn8AaqeN0w==</latexit>

1：Main interferometer recieves GWs

2：Signal slosh into the auxillary cavity

3：Pair creation happen inside the cavity

4: Extract the signal from the output of auxillary cavity 

Auxillary cavity 

Main interferometer

Condition: !s = g
<latexit sha1_base64="FPRJl0J7x0fPFnPk6/ujfkv9j/g=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6EUIevEYwTwwWcLspHczZB7LzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrSjkz1ve/vZXVtfWNzcJWcXtnd2+/dHDYNCrTFBpUcaXbETHAmYSGZZZDO9VARMShFQ1vp37rCbRhSj7YUQqhIIlkMaPEOumxqwQkpGeuk16p7Ff8GfAyCXJSRjnqvdJXt69oJkBayokxncBPbTgm2jLKYVLsZgZSQockgY6jkggw4Xh28QSfOqWPY6VdSYtn6u+JMRHGjETkOgWxA7PoTcX/vE5m46twzGSaWZB0vijOOLYKT9/HfaaBWj5yhFDN3K2YDogm1LqQii6EYPHlZdKsVoLzSvX+oly7yeMooGN0gs5QgC5RDd2hOmogiiR6Rq/ozTPei/fufcxbV7x85gj9gff5A2gckL0=</latexit>

Wang et al,  Phys. Rev. D 106, 082002 (2022); Li et al, Phys. Rev. D 103, 122001 (2021)

!s(â
†b̂e�i�t + âb̂†ei�t)

<latexit sha1_base64="pPL91yZ18/6iEcGMavuNcPmtH+Y=">AAACM3icbVDLSgNBEJz1bXxFPXoZDIIihl0V9CjqQTwpGBWyMfROOsmQ2QczvUJY8k9e/BEPgnhQxKv/4GQT8FkwUFRV09MVJEoact0nZ2R0bHxicmq6MDM7N79QXFy6NHGqBVZErGJ9HYBBJSOskCSF14lGCAOFV0HnqO9f3aI2Mo4uqJtgLYRWJJtSAFmpXjz14xBbUDfrfhuIw43fgFZOA4432Zb0j1ERcOptDgIDL4/1A1/+Rr1YcstuDv6XeENSYkOc1YsPfiMWaYgRCQXGVD03oVoGmqRQ2Cv4qcEERAdaWLU0ghBNLctv7vE1qzR4M9b2RcRz9ftEBqEx3TCwyRCobX57ffE/r5pSc7+WyShJCSMxWNRMFaeY9wvkDalRkOpaAkJL+1cu2qBBkK25YEvwfp/8l1xul72d8vb5bungcFjHFFthq2ydeWyPHbATdsYqTLA79she2Ktz7zw7b877IDriDGeW2Q84H5/5Xanl</latexit>

g(b̂†ĉ†ei�t + b̂ĉe�i�t)
<latexit sha1_base64="XUV2DIieVtmLBFWKUemjDbikqJM=">AAACLHicbZDLSgNBEEV7fMb4irp00xgERQwzKuhSzMalglEhE0NNTyVp7HnQXSOEIR/kxl8RxIUibv0Oe5KAz4KGw71VdNUNUiUNue6rMzE5NT0zW5orzy8sLi1XVlYvTZJpgQ2RqERfB2BQyRgbJEnhdaoRokDhVXBbL/yrO9RGJvEF9VNsRdCNZUcKICu1K/Xult8D4sGNH0J3iGKIHG9y6YeoCDgNdkZNI7+wdr+87Xal6tbcYfG/4I2hysZ11q48+WEisghjEgqMaXpuSq0cNEmhcFD2M4MpiFvoYtNiDBGaVj48dsA3rRLyTqLti+02hfp9IofImH4U2M4IqGd+e4X4n9fMqHPUymWcZoSxGH3UyRSnhBfJ8VBqFKT6FkBoaXflogcaBNl8yzYE7/fJf+Fyr+bt1/bOD6rHJ+M4SmydbbAt5rFDdsxO2RlrMMHu2SN7Ya/Og/PsvDnvo9YJZzyzxn6U8/EJYN+nEw==</latexit>

� = ��
<latexit sha1_base64="zpAlHE98rzhTYkJQ6Dn4FvnRjpM=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwY0lqYJuhKIuXFawF2hCmUwm7dDJhZmJUEOfxI0LRdz6KO58GydtFtr6w8DHf87hnPm9hDOpLOvbKK2srq1vlDcrW9s7u1Vzb78j41QQ2iYxj0XPw5JyFtG2YorTXiIoDj1Ou974Jq93H6mQLI4e1CShboiHEQsYwUpbA7Pq3FKuMLo6dfwcBmbNqlszoWWwC6hBodbA/HL8mKQhjRThWMq+bSXKzbBQjHA6rTippAkmYzykfY0RDql0s9nhU3SsHR8FsdAvUmjm/p7IcCjlJPR0Z4jVSC7WcvO/Wj9VwaWbsShJFY3IfFGQcqRilKeAfCYoUXyiARPB9K2IjLDAROmsKjoEe/HLy9Bp1O2zeuP+vNa8LuIowyEcwQnYcAFNuIMWtIFACs/wCm/Gk/FivBsf89aSUcwcwB8Znz+4VZJ7</latexit>

This is an ideal concept, while many imperfections (losses,  
instability…) needs to be considered.



Key noise budget & improvement 

Wang et al,  Phys. Rev. D 106, 082002 (2022); Li et al, Phys. Rev. D 103, 122001 (2021)



Summary 

Detect gravitational waves at kiloHertz band:

Method for improving the kiloHertz sensitivity:

What limits the sensitivity at kiloHertz band:

A possible design of the configuration:

signal response+shot noise

is very important

 improving signal response/reduced shot noise

Surpassing the gain-bandwidth trade-off at kiloHetz

Thank you for your attention!


