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Axion and New Physics
• Particle Physics Motivation
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Neutrino Physics and Experiments
• Neutrino Physics related to New Physics 
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• Search long-range axion-ν coupling by ν experiments 

• Search non-ν axion couplings by reactor ν experiment RELICS

Outline
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ALP related to muon g-2

Δaμ = aexp
μ − ath

μ = (25.1 ± 5.9) × 10−10

• Positive value and a 4.2 σ (Fermilab + Brookhaven)

: cyclotron frequency 
: spin precession frequency
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Ultra-light ALP for Muon g-2

ℒint = ga∂αaψ̄γαγ5ψ + gsaN̄N

• The Lagrangian for ALP is

Non rela7vis7c limit

H = − ga
⃗∇ a ⋅ ̂ ⃗σ

Earth as source

da (r)
dr

= −
gs

r2 ∫
r

0
nN(ℓ)ℓ2dℓ

d ⃗S
dt

= ⃗ω × ⃗S ,
d ̂Si

dt
= i [H, ̂Si] Muon rest frame

δωj = − 2ga∂ja,

In lab frame: δω =
gsgaNE

2πγr2
E

P. Agrawal, et al. PRD 108 (2023), 015017 
H. Davoudiasl, et al. PRL 130 (2023), 181802

gags ∈ [4.6 × 10−29,1.7 × 10−28] GeV−1
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Spin dependent Scalar Force

CP violating coupling

ℒ = ∂μa (ν̄i
Lκij

ν ν j
L + ēi

Lκij
Lej

L + ēi
Rκij

Rej
R) + gsaN̄N

• This leads to a gradient interaction between neutrinos and matter

ΔH = κν ∇a ⋅ ⃗p / | ⃗p |

• The potential for the matter source (Sun/ Earth)
da(r)

dr = −
gs

r ∫ r
0

nN(ℓ)ℓ2dℓ
Fang, Guo, Liu, XPW, Phys.Rev.D 110 (2024), 035037 

κν = κL = − κR

ℒint = ga∂αaℓ̄γαγ5ℓ + gsaN̄N
Weak 

Symmetry
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Atmospheric Neutrino

1 N

A1 = e−iℋ1L1 AN = e−iℋNLN

A = AN⋯A1• Total time evolution:

• Oscillation probability: Pαβ = |AT
αβ |2

Preliminary reference Earth model (PREM) 
Adam M. Dziewonski, et al.

ν ν
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Solar Neutrino
Inside Sun: adiaba7city approxima7on  
each eigenstate evolutes independently.

i
dνj

dx
≈ ℋdiagνj

• From Sun to Earth: very long propagation length

Pαβ ≈
3

∑
j=1

Um
αj(r0)

2
Uβj

2

Only depends on produc7on posi7on

( : the matrix diagonalizes the total Hamiltonian)Um
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The oscillation probability

•  method for the atmospheric neutrino dataχ2

χ2(N, O) = 2∑
ijα (Nijα − Oijα + Oijα ln

Oijα

Nijα )
i and j refer to the bin indices for neutrino energy Eν and incoming angle cosθ
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Final Results for the Axion-𝛎 Coupling
• The 95% constraints from neutrino experiments

• Solar/ATM 𝛎 experiments exclude the 5th force solution to muon g-2 at 1σ
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• Search long-range axion-ν coupling by ν experiments 

• Search non-ν axion couplings by reactor ν experiment RELICS

Outline

12



RELICS Collaboration

• 6 Institutes, ~40 members.
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RELICS Experiment

• Sanmen Nuclear Power Plant, Zhejiang Province
• Thermal Power ~3.4GW, baseline ~22m

• Neutrino flux ~1e14 𝛎/cm2/s 
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RELICS Experiment
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Axion Production from Reactor 

Primakoff

Compton-like

Nuclear de-excitation

Inverse Primakoff
Inverse Compton-like

Nuclear excitation

Axio-electric process Axion decay 
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Reactor ALP flux at detector

• Photon from fission:
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=
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• ALP from Photon
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• ALP from Electron
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Electronic recoil energy spectrum
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= TNt
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• The energy spectrum for signal is 
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RELICS background

Cosmic muons
Cosmic neutrons

neutron,  from 
Reactor, environment

γ

neutron,  from 
detector materials

γ
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RELICS background

• We use Geant4 simulations for the background 
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RELICS Sensitivity

• RELICS sensitivity on ALP coupling with 20 kg year exposure⋅
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• Axion have the potential to solve strong CP problem.

• Neutrino oscillation experiments can be used to detect long-range muon spin 

force via ALP which can explain muon g-2.

• RELICS has rich physics, competitive in the search for axions, which can 

explore or close the Cosmological Triangle.
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Thank you!

Summary


