
Massive scalar and pseudoscalar production
in electron-laser collisions

Ben King, Barry Dillon

b.king@plymouth.ac.uk

SQED Workshop, DESY

22-08-2018



Outline

Why massive pseudoscalars?

Why massive scalars?

Envisaged experimental set-up and parameters

Scalars vs Pseudoscalars

Coherent and mass reach enhancements (scalars)

Conclusion



Why massive pseudoscalars?



Why massive pseudoscalars? strong CP problem

Problem:

I CP-violating terms in Electroweak and in QCD sectors
I Electroweak: CKM phase δ = 69◦ ± 5◦ (δ ≈ 1.2c)

I QCD: LCP = −θ g2
s

16π2 trF · F̃ and strong-CP phase θ < 10−10.

Solution:

I New field φ(x), such that LCP →
(

φ(x)
fA
− θ
)

g2
s

16π2 trF · F̃
I φ(x) Goldstone boson from a anomalous spontaneously-broken U(1)

(Peccei-Quinn) symmetry.

Axions:

gφγγ φ trF · F̃ gφe φψγ5ψ
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Why massive scalars?

Generalisation:

I Axion just one example of Weakly Interacting Slim Particle (WISPs)

I String Theory extensions of SM: axion-like-particles (ALPs)

I Astrophysics: transparency of universe to TeV photons

Scalars:

I Cosmology: inflaton, quintessence fields

I Dilaton, composite Higgs, etc.

gφγγ φ trF · F gφe φψψ
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Envisaged experimental set-up and parameters

P ∝ g4
φγγ(BLλ̄)4 P ∝ g2

φeg
2
φγγ(ξΦ)2(BLλ̄)2

η =
κ · p
m2

, ξ (or: a0),
[
χ = ξ η

]
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Mass effects
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Scalar vs Pseudoscalar production
ξ � 1 perturbative regime

Sfi ∼
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gφe = 1, ξ = 0.1, κ0 = 2.33 eV, Φ = 100 (16 cycles, 22 fs)



Scalar vs Pseudoscalar production

ξ � 1 non-perturbative regime
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Scalar vs Pseudoscalar production

ξ ∼ 1 all-order regime
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gφe = 1,mφ = 1meV



Scalar vs Pseudoscalar production

Scalar: ψψφ ∼
[
ψLψL + ψRψR

]
φ

Pseudoscalar: ψγ5ψφ ∼
[
ψLψL − ψRψR

]
φ

η =
~κ · p
mc2

; ~→ 0 ⇒ η → 0

Low light-front momentum = classical limit = pseudoscalar suppression



Coherent enhancements (scalars)

P1 ∼

PN ∼

PN ∼
∣∣∣P1

∣∣∣ ∣∣∣eik1·x+eik2·x+. . . eikN ·x
∣∣∣2{ N P1 if λi � Lbunch

N2 P1 if λi � Lbunch

e.g. FIREFLY, 5µm coherently emission, Lbunch = 600µm.



Coherence enhancements (scalars)
Tail-on collision: Head-on collision:

gφe = 1, ξ = 0.1, κ0 = 2.33 eV, mφ = 1meV
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Mass reach enhancements (scalars)
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Conclusion: ALP e−-laser collisions
− Number of “seed” particles lower than in LSW experiments

− Pseudoscalar (axion) production only possible at high energy

+ Coherence effects can drastically enhance low-energy scalar ALP production

+ Competitive lab-bounds can be put on heavier mφ > 1 eV ALPs

+ Relatively unexplored BSM production mechanism, possible further
enhancements
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Spectra

Pseudoscalar spectra, CCF

Scalar spectra, CCF
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