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Laser relative intensity noise measurement 

Context: LAG & LAG-M

The Liquid Actuated Gravity (LAG) experiment is a real and innovative R&D project by the Italian National Institute 
for Nuclear Physics (INFN), primarily investigating precise gravitational measurements using a novel liquid-based 
field mass.

LAG uses a container whose liquid level is varied to modulate the 
gravitational field acting on a nearby test mass (suspended as a torsion 
pendulum). By pumping liquid in and out, the gravitational pull can be 
changed rhythmically—without moving massive solid parts near the 
sensitive mass—allowing precise, low-frequency modulation and 
coherent signal detection
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Rev. Sci. Instrum. 94, 114501 (2023)
https://doi.org/10.1063/5.0162604 
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Laser relative intensity noise measurement 

Need to measure TM-FM distance 
with ~10ppm accuracy

❑ A double modulation/demodulation of laser can be used to precisely determine the 
absolute length of an optical resonator

❑ Developed in GW community to tune the RF modulation to ensure a maximal 
transmission of sidebands through a mode-cleaner cavity, then applied to long 
baseline cavity length measurement in TAMA [1], LIGO [2], Virgo [3] 

❑ Field mass and test mass of the LAG/MAG experiment could host the two mirrors of 
a Fabry-Perot

❑ Propose to use in lab gravity experiment for the first time to my knowledge

[1] A. Araya et al. APPLIED OPTICS Vol. 38, No. 13 1 May 1999
[2] A. Staley et al. Opt. Express 23, 19417-19431 (2015) 
[3] “fModErr” - unpublished
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Need to know if there is any excess of RIN 
on the laser employed for the measurement

Need to measure TM-FM distance 
with ~10ppm accuracy
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Laser relative intensity noise measurement 
• Relative Intensity Noise (RIN):
Fractional fluctuation of laser power: 𝛿𝑃/𝑃.
Important in precision optics, communication systems, and laser stabilization.

• Traditional measurement:
Shine the laser on a single photodetector, record the current fluctuations, and interpret them as RIN.

• Detector noise is inseparable from laser noise
• The detector adds its own thermal noise, electronic noise, and 1/f flicker noise.
• Because you cannot turn the laser off, there’s no way to measure the detector noise alone under 

real operating conditions.
• Excess and parasitic noises don’t follow simple models

• Low-frequency noises (flicker, environmental drifts) do not obey clean theoretical laws, making it 
hard to subtract or predict them.

• Validation becomes impossible
• Since detector noise cannot be measured independently and reference sources are unavailable, 

you cannot check whether the measured spectrum truly represents the laser or is contaminated 
by the instrument.

• Consequence:
The single-channel method can give misleading RIN 
measurements where detector noise is mistaken for laser 
noise—especially at low frequency where flicker dominates.



Laser relative intensity noise measurement 

E. Rubiola, K. Volyanskiy and L. Larger, "Measurement of the laser relative intensity noise," 2009 IEEE International 
Frequency Control Symposium Joint with the 22nd European Frequency and Time forum, Besancon, France, 2009, pp. 50-
53, doi: 10.1109/FREQ.2009.5168140. 

averaged over a suitable number m of spectra samples
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❑ All hardware available in PLaNET
❑ You will learn:

▪ Basic laser operation
▪ Fiber optics manipulation
▪ Photodiode linearity measurement
▪ Balanced detection
▪ Cross-spectrum measurement
▪ Use of advanced Spectrum Analyzer

❑ Time scale of 3/4 afternoons for experimental work
❑ Probably one (?) more week of data analysis and report 
❑ Can start likely on the second week of December

Contact: Antonino.Chiummo@na.infn.it - room 1G22a
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