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 Potential from Interaction
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• Standard model extensions are flooded with new particles like scalars, pseudo-
scalars, bosons, fermions etc.

•  Axions or Axion Like Particles (ALPs) are pseudo scalars which gain much 
attention for its ability to address several SM limitations.

• Axions and ALPs have same characteristics like low mass and weak couplings 
with SM particles.

Axions and ALPs
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Potential Due to Axion Exchange Phys. Rev. D 30, 130 
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ℒint = gs (ψ̄1ψ1) a + gp (i ψ̄2γ5ψ2) a
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• Need at least one polarised source to measure

• Only lab experiments available for the measurement of gS gP

• No Astrophysical bounds : as the sources are considered unpolarised

• P and CP violating potential

Vm−d =
gS gP

4π mψ2

(s2 ⋅ ̂r) (
mϕ

r
+

1
r2 ) e−mϕ r
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• Hybrid bounds

•  and  obtained gS gP

from two different

Phys. Rev. D 102, 115026 

Observations



8Phys. Rev. D 111. 015015 

DOI: 10.1126/science.1227460

https://doi.org/10.1126/science.1227460


9

• Used the Earth as a spin polarised source

• There are almost  electrons are 
polarised inside the Earth due its 
magnetic field antiparallel to its 
rotation axis

1042

• When intergrated over a spherical volume, 
net spin is zero

• In reality, Earth is not a sphere (oblate spheroid)

• For a non-spherical Earth, at least  electrons remain 
polarised antiparallel to the Earth’s rotation axis 

∼ 1039

Phys. Rev. D 111. 015015 Earth as a spin polarised source … 
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Perihelion precession due to the Vm−d
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Light Bending due to Vm−d
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Shapiro Time Delay due to  Vm−d
• Trajectory of light 

t = ∫
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RESULTS

Perihelion	Shift

Light	Bending

Shapiro	Delay

g
S
g
P

10−15

10−10

10−5

1

ma	(eV)
10−22 10−21 10−20 10−18 10−17 10−16

Bounds on monopole-dipole interaction strength from single astrophysical observation
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RESULTS
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Bounds on monopole-dipole interaction strength from two different astrophysical observations
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Conclusion
• It is the first attempt to study  from a single Astrophysical ObservationgS gP

• Perihelion precession gives the strongest bound on  as gS gP

gS gP ≲ 1.75 × 10−13 for ma ≲ 10−18 eV

• In the case of hybrid bound, obtained  gives three order magnitude strong 
bound  than the proposed -Wash experiment and one 
magnitude stronger than current hybrid bound.

gS gP
(5.61 × 10−38) E··ot

• Only order of magnitude calculations considered.

•  The bounds can be significantly improved or relaxed by accurate incorporation 
of the number of polarized spins at each layer of Earth from geochemical and 
geological surveys.



THANK YOU      🙏

16



BACK UP SLIDES
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Axions ALPs

• Axions              proposed for      

• Low mass, μeV ≲ ma ≲ meV

“ Strong CP Problem”
( Absence of observable CP Violation in      
Strong Int.)

• ALPs arises in several BSM (String 
theories) to address DM,DE etc

• Masses can vary over a wide range, 
model dependent 

• ma ∝
1
f 2
a

• Mass and symmetry breaking scale is 
independent

Symmetry breaking scale

ma → Mass of axion ,

fa →

18
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Compositions:

Core:
•Fe-Ni alloy

• No magnetization

Mantle, crust:

•Fe with partially 
filled d shell in 
oxides and 
silicates

•Other elements 
e.g. Al, Mg, Si

•Fe dominates 
the 
paramagnetism



Perihelion Precession of Earth
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• For Mercury, 42.999 arcs/century is observed 
which can’t be explained by classical newtonian gravity

• The discrepancy can be explained by GR

Δϕ =

• A slight change in the perihelion position observed 
after it revolves around the Sun

MP ( d2 xμ

dτ2
+ Γμ

αβ
dxα

dτ
dxβ

dτ ) = 0 gμν = {1 −
2GM

r
, (1 −

2GM
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−1

, r2, r2 sin2 θ}
u(ϕ) =

GM
L2 (1 + ε cos [(1 − α)ϕ]) Δϕ = 2πα =

6 π G M
a(1 − ε2)

•  is predicted by GRΔϕ ≈ 43.03′ ′ /century

 is eccentricity of 
the orbit
ε



• Increase  gravitational potential due to the Mass

Gravitational Light Bending
• massive objects distort the space time

• Reduces speed of light and it bends 

d2xμ

dλ2
+ Γμ

αβ
dxα

dλ
dxβ

dλ
= 0 gμνdxμdxν = 0 (Null geodesic)  (Light-like) 

1
2 ( dr
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2
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u(θ) =
sin θ

b
+
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−
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 r → − ∞, θ ≈ − ψ1 and r → + ∞, θ ≈ π + ψ2

Δϕ = ψ1 + ψ2 =
4GM

b 21
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• In GR,

tN = r2
p − r2

0 + r2
e − r2

0

gμνdxμdxν = 0

• M → 0, t = tcl and M ≠ 0, t = tGR

( dr
dt ) = 1 − ( r0

r )
2 1 − 2GM

r

1 − 2GM
r0

(1 −
2GM

r )

t = ∫
r0

r
dr (1 −

2GM
r )

−1

1 −
r2
0

r2

1 − 2GM
r

1 − 2GM
r0

−1/2

• Δt = tGR − tcl = 4GM (1 +
rerv

r2
0 )

• Δtth ≈ 246 μs• Δtme ≈ 200 μs

Shapiro Time Delay
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• For large ,   is multipliedma exp (−
ma L2

GM )
to incorporate large mass suppression


