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+ Planet 9 remains elusive to astronomers as the far distance

< Optical Lattice Clocks improve the stability by trapping causes the intensity of light reflected by its surface to be
multiple coupled sources in a laser field. The latest record greatly reduced. Furthermore, even with modern day
was set by a Sr optical clock in 2022, having a minimum powerful telescopes scanning potential areas of the Solar
frequency stability of 7.6x 10-21[2]. System for Plant 9 is like “looking through a straw” .
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/ Aim and Approach \T{ I. The Lagrange Points \

% The Restricted Three Body Problem reveals the 5

s200000

% We propose the idea of placing equilibrium points surrounding the orbit of 3 bodies of N
high-stability atomic clocks at mass, with the restriction that the third mass must be
the Earth-Sun Lagrange Points much smaller than the others.
to detect redshift signals from . . .
the solar system objects. % These Lagrange Points are crucial to the research as

they allow for clocks to be placed at points in space
without requiring large amounts of fuel to keep
them in a stable orbit.

% The resulting equation is chaotic, making it
impossible to solve for the points analytically. /

Fig.4. The Earth-Sun Lagrange Points
contour plot
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“ " The spacetime metric serves as a tool for measuring the distance between events. In

|“ 4‘4‘ A“ particular, the Schwarzschild metric describes the gravitational field outside a static,
Fig.3. Visualisation of the spacetime spherical symmetrical mass. Assuming that all solar system bodies are stationary, we treat
metric effects due to massive bodies[5]. each body as an individual Schwarzschild metric and calculate the redshift contributions

from each one. This given by
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noise to our simulation, allowing S T T rez g2tz (w* + Q“sin“ 6),

us to determine the level of

stability required to detect planet where the spherical coordinates (r,60,¢) are used, and (v, w,Q) are the corresponding velocity

9 in the outer solar system. components, G, M are the gravitational constant and the mass of the body. /

Results - can we find Planet 9?

/ Implications \

% In conclusion, our simulations
have shown that, theoretically,
given the current state-of-art of
atomic clocks, we may be able to
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Fig.5. The Fourier magnitude of the redshift Fig.6. Planet 9 redshift signal added with Planet 9 parameters.
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