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Q MQM experiment and “philosophy” of verification

a Time scales and precision of verification experiment
@ “White” noise
@ Non-“white” noise

a Conclusion
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What is MQM experiment? Why do we need verification?

Prepare, manipulate and observe quantum state of macroscopic test masses, thereby
testing quantum mechanics in macroscopic world, using interferometric gravitational
wave detectors
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What is MQM experiment? Why do we need verification?

Prepare, manipulate and observe quantum state of macroscopic test masses, thereby
testing quantum mechanics in macroscopic world, using interferometric gravitational
wave detectors

Why one needs verification?

To check by an INDEPENDENT EXPERIMENT whether the state preparation using
conditioning or control was successfull and QUANTITATIVELY VERIFY how successfull
it was
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What the success of verification depends on, and why do we believe in it?
@ On classical noise budget being below the SQL in the frequency band of interest;

@ Use of QND measurement techniques will allow to probe quantum state with
sub-SQL precision!
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Simple conceptual scheme of the MQM experiment

Linear Gaussian system coupled with light = Heisenberg equations:
Heisenberg equations for our system
m)é—l—va);(—i-wf,X = ad; +F™,

B A,

BQ AQ—F%(X-{-Xth).

light

A F(h

B

a = /hmS,: measurement strength,

test mass Qg ~ 1/74: measurement timescale. )

The answer depends on how strong is it coupled to the environment, i.e. how big are
thermal and quantum noises.
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“White” noise
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“White” noise
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Classical noise

Classical suspension and mirror
internal = white:

2h

- 0z = const ,
m x
Sfph = 2hmQ% = const,
th h, SE
Sew(Q) = S + eCTOrEN
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“White” noise

Total noise

Spectral density of the total noise
will be then:

SEW () = S&w () + Séw(Q) =

=SI(1+2¢) + St + %)

m204 ’
where
_Qq _ Qp
Cm_Qm and (r = 9,
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What do we mean by saying “quantum” and “classical” state?

Gaussian states < covariance matrix
3x=(V )"

12
(V)

LT 68 (0265)eym
V(t)‘[wﬁaawsym G5 ]

@ Pure quantum state = detV = h?/4
X @ Classical mixed state = detV > h*/4
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Scheme of state preparation

Preparation time:

State survival timescales <= noise budget. ™ < TF
Survival time = 77 ~ 1/Qp
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Scheme of state preparation

Evolution time:

State survival timescales <= noise budget. TE < TF
Survival time = 77 ~ 1/QF
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Covariance matrix of the test mass during verification has two parts

Vtot _ Vcond 4 Vadd

@ ve°rd corresponds to the test mass conditional state after preparation,
@ V44 reflects additional uncertainties due to verification process.

’!
«O0>» «Fr «E» « o>



Timescales of verification and survival of test mass state

Covariance matrix of the test mass during verification has two parts

Vtot _ Vcond + Vadd
@ Vveord corresponds to the test mass conditional state after preparation,
@ V244 reflects additional uncertainties due to verification process.

Order of magnitude estimate of entries of Veord
Let test mass be driven by "white" noises with constant spectral densities:
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Sht = 92 4 G — §3(1 4+ 2¢2) Skt = 8L 4 S = SI(1+ 2¢E)
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Timescales of verification and survival of test mass state

Covariance matrix of the test mass during verification has two parts

Vtot _ Vcond + Vadd

@ Vveord corresponds to the test mass conditional state after preparation,
@ V44 reflects additional uncertainties due to verification process.

Order of magnitude estimate of entries of Veord

Let test mass be driven by "white" noises with constant spectral densities:
Sit =53+8:" =S(1+23) SF' = SF + S = Si(1+2F)
Variance of test mass displacement at measurement time 7:

tot 3 qtot
2 _ yrcond __ S.’E T SF
o =V, "= —

T m2
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Timescales of verification and survival of test mass state

Covariance matrix of the test mass during verification has two parts

Vtot _ Vcond + Vadd

@ ve°rd corresponds to the test mass conditional state after preparation,
@ Vadd reflects additional uncertainties due to verification process.

Order of magnitude estimate of entries of Veond

Let test mass be driven by "white" noises with constant spectral densities:
Stet — 82 4+ ST = SI(142¢2) S®*=85L 4 S% = 8I(1+2¢%)
Estimate using inequality between arithmetic and geometric mean:

2_yeona _ 182 187 18 TPSE
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Timescales of verification and survival of test mass state

Covariance matrix of the test mass during verification has two parts

Vtot _ Vcond + Vadd

@ veord corresponds to the test mass conditional state after preparation,
@ V44 reflects additional uncertainties due to verification process.

Order of magnitude estimate of entries of Veord
Let test mass be driven by "white" noises with constant spectral densities:

St =81+ 5;" =821 +2¢2) S¥*=5%L+SF =811+ 2¢F)
Minimal displacement variance takes place at 7 = 7,:

Stot BStOt .
s = Vet = { ;%(% ~ (14 26)*/4(1 + 2¢) 4 (629)2
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Timescales of verification and survival of test mass state

Covariance matrix of the test mass during verification has two parts
Vtot _ Vcond + Vadd

@ veord corresponds to the test mass conditional state after preparation,
@ V244 reflects additional uncertainties due to verification process.
Order of magnitude estimate of entries of Veord
Similarly
E 1 3
Vot = 8p% ~ m?S3™ /77 + 7SE" 2 (8pg)” (1 +2¢2) ¥ (1 + 2¢F) 3

and
Vet ~ Sadp > h/2(1 4+ 2¢2) % (1 +2¢2)2 .
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Timescales of verification and survival of test mass state

Covariance matrix of the test mass during verification has two parts

Vtot _ Vcond + Vadd

@ veord corresponds to the test mass conditional state after preparation,
@ V44 reflects additional uncertainties due to verification process.
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QND methods in verification
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QND methods in verification
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QND methods in verification
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QND methods in verification

Order of magnitude estimate of V2dd
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Realistic noises = still sub-Heisenberg precision
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@ GW detectors can be used to study quantum mechanics of truly macroscopic test
masses, by using a two-staged process of preparation and verification;
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@ GW detectors can be used to study quantum mechanics of truly macroscopic test

masses, by using a two-staged process of preparation and verification;
experimental technology;

© Quantum state can be verified with sub-Heisenberg precision using plausible
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Conclusion

© GW detectors can be used to study quantum mechanics of truly macroscopic test
masses, by using a two-staged process of preparation and verification;

© Quantum state can be verified with sub-Heisenberg precision using plausible
experimental technology;

© Elaborated procedure can be also applied in small scale devices, with even more
ease;
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