1) Unbalanced Sideband Detection
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At the last LSC meeting, I proposed that unbalanced
sidebands might make homodyne detection possible.

This 1s a complementary talk about the unbalanced
sideband detection.
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Review 1
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Review 2
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Review 3
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*Radiation pressure noise disappears at particular frequency.
*We can beat the standard quantum limit.
*We can also change the shape of optical spring.



Review 4

How to realize the homodyne detection?
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We need an additional interferometer at signal port.
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Unbalanced Sideband Detection

What if there 1s only a single sideband?

(k —cotl') +1 . .
> h, = hgy, ; (§’=demodulation phase)
K

Y ou must notice C’ is not a

but a demodulation phase!

This fact shows we can realize the homodyne
detection only with a single sideband.

There are three questions.

1)Why the demodulation phase 1s important?
2)Why we can’t with dual sidebands?

3)What 1f there arecanbatanced dual sidebands?




Answer (1)
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Optimized demodulation phase is different

between wrdirrary-edse and squeezed case.



Answer (2)

Single Sideband Dual Sidebands

With dual sidebands, even 1f demodulation phase 1s set
to be optimized for one of the sidebands, the other make

SNR so worse as to be equivalent to the case ('=m/2.
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Answer (3)

If there are not a single but unbalanced dual
sidebands, SNR can be also improved with
defining the phase to be optimized for the
bigger sideband.

Result: (k —Aacotl) +1
hn — hSQL e

Here, Ao=|(UpperSB-LowerSB)/(UpperSB+LowerSB)|
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How to realize this detection?
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There is no other equipment than planned configuration.



Wonderful option!!

\

It requires no optical process!
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Conclusion and Discussion

We can realize QND (Quantum Non-Demolition)
detection easily with this Unbalanced Sideband
Detection which requires no additional optics other
than planned configuration for detuned RSE.

And also we can realize broadband QND detection
only with electrical process.

We need to remove common mode noise such as
L+ or lkse at the same port for L-. It would be a
problem for any QND detection.
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