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Fig. 1. (color online) (a) Scheme of the balanced vacuum noise detection (PBS, polarization beam-splitter;

HWP, half wave plate; PHD, photoelectric detector); (b) circuit schematic of self-substraction homodyne

detector (PD, photodiode; R, resistance; C, capacitance).
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Fig. 2. (color online) Diagram of experiment setup
(HR, high reflective mirror).
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Fig. 3. (color online) Theoretical and experimental noise levels below 1 MHz. The parameters of the spectrum
analyzer for D1 exp and D3 exp in the regime of 10 Hz to 1 kHz are: RBW = 1 Hz, VBW = 300 mHz and Avg = 16,
while in the regime of 1 kHz to 1 MHz: RBW = 300 Hz, VBW = 100 Hz and Avg = 16. We have normalized the
noise spectrum in the regime of 1 kHz to 1 MHz to the regime of 10 Hz to 1 kHz, and the D1 exp and Dz exp in the

regime of 10 Hz to 1 MHz are obtained. The inset shows the normalization noise level of D2 to Dj.
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Fig. 4. (color online) CMRR of the detector in the regime of 10 Hz to 400 kHz. The inset shows the CMRR
of the homodyne detectors at 100 Hz with parameters of the spectrum analyzer: RBW = 3 Hz, VBW = 1 Hz

and Avg = 16.
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Fig. 5. (color online) Noise spectra of the homodyne detectors at different frequencies. The

parameters of the spectrum analyzer in the regime of 10 Hz to 1 kHz are: RBW = 3 Hz, VBW = 1 Hz

and Avg = 16. Other parameters and the data processing are the same as in Fig. 3. The inset shows

the vacuum noise level when the incident light is 400 uW, which is about 11 dB above the electronic

noise level at the frequency of 80 Hz.

PRI GHAE LA % (0 AR A B 2200 81 1) 31025
BV B HICRE G P 2 A & A BN | X S R4
FEA W E R B TP R R
GOt PRI (WA AT 2R Psh) 48
g _E X R AR SR 5 B R A 19,
FHA NG S BT AT AR, PRINES 5 A
PRI 1) PR R B BRI 25 P9 BRI S R AR A SRR
AT B 75 PRI 25 I 5 M i P A A A T
SR I S PLah e 5 LA ARE) SR I 2k 483k T
FEL P 6 PR AR R 55 6T R0 45 i 2% ) P E A o B 22
(RIS 122 S eI A~ AR A A e 75 R S 5
P AZ I B A T R I ) EEOR RAG. Sk
B I R, R 25 PR R A B i IOR B o E T
WM HIVERE. BEARE T BWOL IR A€ 45 55 12
SE T B, HR B0 AR AR IS BN B ARG E TEATS
REE. BRILZ AL, PIN G AR HUA 1k 5T AN
T 7 [ 2 810 MR P S T BT I LR AR 1/ f
FERTRFE, P A P AR 2 e b R A8 SRR
&%, 1/ f MRS AR SRR IE SO T K A T SN B

PR b F % T AP i DR ) MR 7 5 ST B AT A ) M
FEPEAE T WS RS2

T . 50 I_IIZ T T T T T
12 [ — 50 Hz ZMUE, BEDE £470.93587
B 80 Hz
= — 80 Hz ZMEIE, HIFUE £%£0.99993
g m 500 Hz
© 8 — 500 Hz Ll HOERGER$0.99998
a
~
A
® 4
e,
=
0 — Il Il Il Il Il Il
0 500 1000 1500 2000 2500 3000

ANEDEDR /nW

6 (WIFIR ) 5 A% T e 75 T 22 BN S Dl B AR Ak
Mo, S EN: RBW = 3 Hz, VBW = 1 Hz,
P e AN S Lo B KT AR SE S T BRI S T (2
MR T2 I HH 30 IRIN39ME), SELNEIE
HHR

Fig. 6. (color online) Noise power for different input
light intensities at specific frequencies. The parame-
ters of the spectrum analyzer are set as RBW = 3 Hz,
VBW =1 Hz. Each solid data point is the measured
net shot noise power after 30 times measurements and

the solid lines are the linear fittings.
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Abstract

Vacuum fluctuation at audio frequencies is very important and interesting in many research fields, such as the
gravitational wave detection, ultra-weak magnetic field measurement, and the research of quantum metrology, etc.
Since the generation of squeezed light in 1985, most of the squeezed light have been generated and measured at radio
frequencies (~MHz) as there has not been much technical noise at higher frequencies. In the Michelson-interferometer-
based gravitational wave detection, the detection band has frequencies from a few to tens of thousands Hz. Measuring
vacuum noise at such low frequencies is a challenge since we have to stabilize and control all the audio noises and the
interferences from a variety of mechanical and electronic noises, therefore a very high classical noise suppression is needed
when the measurement time increases. In order to measure the squeezed light of low frequencies, the standard vacuum
noise at audio frequencies must be measured. In this paper, a balanced homodyne detection system for measuring
the low-frequency quantum vacuum noises is reported. It is not trivial to extend the detected frequency to very low
analysis frequencies. Through a self-made self-subtraction balanced homodyne configuration, which can eliminate the
DC component of each photocurrent from the photodiode and the classical common-mode technical noise, the standard
vacuum noise has been detected. The linearity of the vacuum noise power has been validated by varying the local
oscillator power, showing that the saturation power of light incidence is about 3.2 mW. When the incident-light power
is 400 pW, the standard vacuum noise is 11 dB higher than the electronic noise at 80 Hz. In the regime of about 80 Hz
to 400 kHz, the linearity of the standard noise power as a function of incident laser power is verified. However, when
the measurement is carried out at even lower frequencies, for example, 50 Hz, we may encounter some excess and non-
stationary noises and find that the measured noise power is not proportional to the incident light power any more. These
non-stationary noises are the main technical obstacle at low frequencies. The average common mode rejection ratio in
the test frequency range from 10 Hz to 400 kHz is 55 dB and its maximum 63 dB at 100 Hz is obtained, implying a high
suppression of the technical noise. This self-made homodyne vacuum noise detector can be widely used for precision

measurement in quantum metrology and quantum optics.

Keywords: low frequency, quantum vacuum noise, balanced homodyne detection, common mode

rejection ratio
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