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

field mass.
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Sketch of the LAG experiment Sketch of LAG for WEP test
(for ISL test)
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The TM has the same shape and size as the one for ISL, so that

we can go from one measurement to the other by simply
«/<\4“4 Grav Va replacing the TM

(/’\/\N\/\/\AM\ (From L. Di Fiore — LAG meeting)

vey = (e alg] 1] o)



Laser relative intensity noise measurement

Context: LAG & LAG-M

Expected results: ISL INFN
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Figure 7 - a-/ exclusion plot in the .0001 to 1 m range. We also show the area potentially excluded by LAG
(blue solid line) assuming 25 ppm accuracy and the limitation due to metrology accuracy at 200, 100 and 10
ppm (dashed lines form up to down)

* We can potentially improve upper limits in the range from 2 mm to 300 mm

* A detailed error budget indicates that we can reach ~ 25 ppm)

» We can improve limit on strange modulus mass from ~ 3:10*eV down to 10 eV
» Limits on dilaton-like particles will be discussed together with WEP results
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Figure 9 — a-. plots for the hypothetical WEP violating charges B=N+Z (upper
plot), N-Z (middie piot) and B-L (lower plol)

Need to measure TM-FM distance

with ~10ppm accuracy
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Possible source of violation on ISL. and WEP that can be tested with LAG

Moduli: very light (mass below 10-3 eV) supersymmetric particles suggested by
string theory, like gluon modulus, strange modulus and heavy quark moduli = ISL

see: S. Dimopoulos and G.F. Giudice, Physics Letters B 379 (1996) 105-114

dimensions and are light dark matter candidates. = ISL & WEP

see: T. Damour and J.F. Donoghue, Phys. Rev. D 82 084033 (2010)
T. Damour and J.F. Donoghue, Class. Quant. Grav. 27 202001 (2010)
C.G. Qin, et al., Phys. of the Dark Univ. 44, 101481 (2024)

(From L. Di Fiore — LAG meeting)
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Need to measure TM-FM distance
optical liquid with ~10ppm accuracy

level sensor

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

O 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 measurementin TAMA [1], LIGO [2], Virgo [3]

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

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

[1TA. Araya et al. APPLIED OPTICS Vol. 38, No. 13 1 May 1999
[2] A. Staley et al. Opt. Express 23, 19417-19431 (2015)

( f\/\/\/\/\/\/ W‘/\ [3] “fModErr” - unpublished
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How it works (Fabry-Perot basics):
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Need to measure TM-FM distance

with ~10ppm accuracy

Resonance condition: phase changes by (a multiple of) 21T per round-trip, ‘ ‘
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Light in the cavity experiences a round trip phase of ¢. On
RESONANCE

O = 2n7m orequivalently f = ZLL"”

ESR

Finesse of the resonator is the ratio
between FSR and cavity width

Free Spectral Range: distance between
two consecutive resonances of the optical
resonator

Completely determined by cavity length

FSR=c/2L

» Measurement of FSR directly translates
in measuring the cavity length

A.Chiummo — Opt Cav length — LAG/MAG 11/12/24
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Context: LAG & LAG-M

(Main) sources of uncertainty: |Q Error in the measurement of the probe RF Need to measure TM-FM distance
frequency fMod directly translates into length .
error with ~10ppm accuracy
O GPS timing synch provides accuracy up to
10ppb

FSR

O Sensing error is a combination of shot noise on Need to know If there iS any excess Of R|N

the sensor and Finesse of the cavity

P 1= R U EEAG R EEERGEREREUER JE NN ON the laser employed for the measurement
1l > the error signal
AViLF4 U We will probably be limited to F < 100 by golden
mirror reflectivity

IMC Cavity

O Inref. [1]A. Araya et al. APPLIED OPTICS Vol.
38, No. 13 1 May 1999 they claim an accuracy
of up to 1e-10

O Inref. [2] A. Staley et al. Opt. Express 23,
19417-19431 (2015) they obtained an accuracy
of ~ 2e-7

O In Virgo, unpublished result of an accuracy of ~
2e-7 for the IMC was obtained

A Chiummo — QOpt Cav length — LAG/MAG 11/12/24
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Laser relative intensity noise measurement
* Relative Intensity Noise (RIN): E
Fractional fluctuation of laser power: 6P/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 isinseparable 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

<l GaTte measurements where detector noise is mistaken for laser

,\, noise—especially at low frequency where flicker dominates.
ANl
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| a(t) instr. noise P S o
ct) | —-=——-=—=—==—=-- ! _‘c% =
¢ |dea: Use two independent detectors measuring the same laser beam DUT |—— © Es
iout | e =
 Each detector sees: ;?gpnual , instrument B /i\ 1 y=b+ec q i
e Signal (the laser’s fluctuations) + its own noise : b(t) instr. noise \‘-/ :
e Formulas (Egs. 3-4): R !
¢ 2(0) =) + alt) Fig- 1. Baic cossspecrum messurement.
« y(t) =c(t) +b(t) I i
e Compute the cross-spectrum (Eq. 2): laser [=——m ~— D_D—
o Sy(f) = (Y(f)X\*(f))m averaged over a suitable number m of spectra samples uzr;i?r 40 dB E ;’%
* Because detector noises a and b are uncorrelated, they average out as 1/+/m P : G
. . . monitor | power
¢ What remains is the true laser noise (Eq. 5) &calib | meter :
e See Figure 1in the paper Fig. 3. Basic RIN measurement method.

AJM Grav Na 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-

AL
(/\_/‘\/_\/\/\; \\jﬂ:‘:"‘;p 53, doi: 10.1109/FREQ.2009.5168140.
I
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Fig. 1. Basic cross-spectrum measurement.
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Fig. 3. Basic RIN measurement method.
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