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Nice to meet you!

• I’m Matteo Olivieri, a third-year undergraduate student at the
University of Padua

• I’m passionate about the physics of fundamental interactions
• Long-term goal of studying (B)SM phenomenology
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Why new light bosons?

LQCD ⊃ θ
g2

s
32π2 GµνG̃µν
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Modified Lagrangians

1. Pseudoscalar case (axions & ALPS):

L = −1
4FµνF µν + 1

2∂µϕ∂
µϕ− 1

2m2
aϕ

2 − 1
4gϕFµν F̃ µν

2. Scalar case:

L = −1
4FµνF µν + 1

2∂µϕ∂
µϕ− 1

2m2
aϕ

2 + 1
4gϕFµνF µν

3. Vector case (dark photons):

L = −1
4FµνF µν − 1

4XµνXµν + χ

2 XµνF µν + 1
2m2

γ′XµXµ
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Wave equation

(ω2 + ∂2
z

)
I +

2ω2(n⊥ − 1) 0 0
0 2ω2(n∥ − 1) gBω
0 gBω −m2

ϕ



A⊥

A∥
ϕ

 = 0

|n − 1| ≪ 1

i∂z

A⊥
A∥
ϕ

 =

ωI +

∆⊥ 0 0
0 ∆∥ ∆g
0 ∆g ∆ϕ



A⊥

A∥
ϕ


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Oscillation probability

1. "Spatial evolution" operator U(0, z) = eiHz

2. Oscillation amplitude:

Aγ→ϕ = ⟨ϕ|ψ⟩ = (0, 1) · ψ(z) = (0, 1) · U(0, z)
(

1
0

)

3. Oscillation probability:

Pγ→ϕ = |Aγ→ϕ|2 =
(gBL

2

)2
|F(qL)|2
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LSW experiments

Figure: Functioning scheme of an LSW experiment
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ALPS II @ DESY

Figure: Detected signal in first
ALPS II scientific run

Figure: Axion parameter space
and exclusion limits
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Back-up slides



Axion-Maxwell equations

• Bianchi identities:

∇⃗ × E⃗ + ∂B⃗
∂t = 0

∇⃗ · B⃗ = 0
• Maxwell equations:

∇⃗ · E⃗ = −gB⃗ · ∇⃗ϕ

∂t E⃗ − ∇⃗ × B⃗ = g
(
E⃗ × ∇⃗ϕ− B⃗∂tϕ

)
• Axion field equation of motion:(

□ + m2
a

)
ϕ = gB⃗ · E⃗
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ALPS II experiment

Figure: Experimental parameters of the ALPS II experiment
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ALPS II data analysis

1. Open shutter runs:

Popen = TMη
2βRPi (1)

2. Closed shutter runs:

Pγ = P2
γ→ϕη

2βRPi (2)

3. Determination of gϕγγ :

P2
γ→ϕ = TM

Pγ

Popen
(3)

Back-up slides 4 of 5



Exclusion limits

Figure: Exclusion limits set by first ALPS II science run
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