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Spoiler alert : it’s small !
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« The fact that scientists can 
make measurements with such 
precision is a real testament to the 
techniques of modern science. »
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Clearly our 
motivations ! « The fact that scientists can 

make measurements with such 
precision is a real testament to the 
techniques of modern science. »
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Mass of the graviton: what does that mean?
The example of electromagnetism:
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Compton wavelength: give a “range” to the interaction

Maxwell:                                   : infinite rangem→0⇔λC→∞

m
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 < 10-18 eV/c² from experiments (Coulomb interaction) - Particle Data Group
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Mass of the graviton: what does that mean?

The example of the Weak nuclear force:

Mass W and Z bosons ~ 85 GeV/c2 → range ~ 10-18 meters

“It vanishes altogether beyond the radius of a single proton” CERN

mc
ℏ =

1
λC

Compton wavelength: give a “range” to the interaction

https://home.cern/science/physics/z-boson
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Mass of the graviton: what does that mean?

A bit more complicated to define for a space-time 

→ there exist several definitions of what a mass could mean for a space-time

From a phenomenological point of view, we considered same definition as Clifford Will:

The Newtonian potential simply gets 
an exponential decay 
(called a “Yukawa suppression”)

As if: Δ Φ+
1

λg
2 Φ=

4 πG

c 4 ρ

Nothing quantum!!
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Mass of the graviton: what difference?

It modifies the equation of motion according to : δ a⃗=
1
2
∑P

GM P

λC
2

x⃗− x⃗P
r

The difference on the propagation of light is negligible.
(→ same Shapiro delay)

Idea: use solar system observations to see how it can be consistent 
with the additional acceleration
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THE most common mistake in the 
community

Reasoning:

Planetary ephemeris are consistent with observations at the level X (say, residuals are of 
the order of a few meters)

Any effect of the additional acceleration beyond level X is ruled out by observation

Residuals: difference between best fit of the model to the observations and the observations
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THE most common mistake in the 
community

Reasoning:

Planetary ephemeris are consistent with observations at the level X (say, residuals are of 
the order of a few meters)

Any effect of the additional acceleration beyond level X is ruled out by observation

Residuals: difference between best fit of the model to the observations and the observations

Wrong: because the best fit is model dependent!!! 

i.e. parameters (masses, semimajor axes) take different values when the fit is done assuming 
another theory
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Correlations

Technically, the Compton wavelength is correlated to other parameters:

It means: any observational effect of a graviton mass can in part be obtained by the 
modification of several other parameters instead
It implies: one overestimates the visible effect of a graviton mass if the model is not adjusted 
properly → not many have the technology to do that, but we do: INPOP
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INPOP
Intégrateur Numérique Planétaire de l’Observatoire de Paris

Currently developed at IMCCE (Paris observatory) and GeoAzur (OCA)

Integrate equations of motion and fit to Solar System observations in order to minimize 
the difference between the integrated equations and the observations (the residuals).

We used INPOP17b:

● Data from 1914 to 2017
● All Solar System bodies up to 168 asteroids
● Better model of the Moon w.r.t. INPOP15a. 
● Can include the effect of a Yukawa suppression to the Newtonian potential
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Results: standard deviations w.r.t. Compton
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Results: chi² w.r.t. Compton

(Confidence levels 
given according to 
a Pearson test)
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Results at 90% C.L.

λg>1.83×1013 km∼122×103 AU

mg<6.76×10−23 eV /c2∼10−55 g

« …about one ten thousandth of a trillionth of a 
trillionth of the mass of the electron, which is 
both the lightest of the familiar subatomic 
particles and the lightest particle for which a 
mass has been reliably measured.  » (Don Lincoln in Forbes)
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What if we did the usual mistake?
Fit No fit

Spurious better accuracy:
 x 22 (90% C.L.) and x 27 (99.999999% C.L.)
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Comparison with LIGO-Virgo

mg<6.76×10−23 eV /c2

mg≤4.7×10−23 eV /c2

LVC (90% C.L.)

INPOP (90% C.L.)
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Soon… INPOP2019a
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THANK YOU!!
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INPOP
Intégrateur Numérique Planétaire de l’Observatoire de Paris
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