
HAL Id: hal-05132768
https://hal.science/hal-05132768v1

Submitted on 27 Jun 2025

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

HAL Authorization

Shaping non-reciprocal caustic spin wave beams in magnetic
films

Vincent Vlaminck, Dinesh Wagle, Daniel Stoeffler, Matthieu Bailleul, Benjamin
Jungfleisch, Loic Temdie, Vincent Castel, Mojtaba T Kaffash, Yves Henry, Hicham

Majjad

To cite this version:
Vincent Vlaminck, Dinesh Wagle, Daniel Stoeffler, Matthieu Bailleul, Benjamin Jungfleisch, et al.. Shap-
ing non-reciprocal caustic spin wave beams in magnetic films. colloque Louis Néel 2025, Jun 2025, Vogüé,
Ardèche, France. 2025. ⟨hal-05132768⟩

https://hal.science/hal-05132768v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr


► Non-reciprocal magnonic devices                        
Miniaturizing isolator, circulator, delay lines

► Shaping spin-wave beams in extended layer 
Development of magnon interferometric devices [1-3]

► Diffraction model for in-plane modes
Efficient tool to map the Near-Field Diffraction (NFD) 

patterns of any shape of spin-wave antennas [4]

Shaping non-reciprocal caustic 

spin wave beams in magnetic films
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NFD model for in-plane magnetized films

Motivations

 Kalinikos’s approach to express 𝒎 𝒖, 𝒗, 𝒕 [5,6]
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• (x,y,z) 𝑴(𝒓, 𝒕) frame ⟹ Linearizing LLG

Concentrations of ℎ on the edges of the CPW, which extend 

further away from the constriction 

• (𝝃, 𝜼, 𝜻) SW propagation frame
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“Point-like” excitation + 𝒉𝒊𝒏, 𝒉𝒐𝒖𝒕 ⊥ 𝑯𝒆𝒙𝒕 ⟹ Chiral Caustic Beams
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• (u,v,𝝃) Lab frame - antenna orientation ⟹ 𝐹𝐹𝑇−1{𝑚(𝑘)}

Chiral Caustic beams from a nanoconstriction
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 “DE-like” configuration (𝒉𝒊𝒏 ⊥ 𝑴𝒆𝒒)
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 “BVW” configuration (𝒉𝒊𝒏 ∥ 𝑴𝒆𝒒)

Chiral excitation ⟹ propagation only on 

the right-hand side of 𝑀𝑒𝑞
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Single non-reciprocal beam 

upon reversal of 𝑯𝒆𝒙𝒕

Chiral coupling due to a significant

ℎ𝑣 at the corner of the constriction

Good agreement with MuMax and NFD 

BLS slightly thinner than simulations

⇒ difficulty to assess microwave field
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Beam steered toward equilibrium direction as f increases 

⇒ good agreement with theoretical 𝜃𝑐 =
𝜋

2
− ෣𝑣𝑔, 𝐻𝑒𝑥𝑡

Caustic amplitude peaks right

around FMR field-frequency ► NFD model: excellent agreement with MuMax3             

⇒ Efficient method to study spin wave beamforming

► Experimental demonstration of a direct excitation of 

non-reciprocal caustic beams

► Non-reciprocity governed by chiral coupling             

⇒ combination of 𝒉𝒊𝒏, 𝒉𝒐𝒖𝒕 both transverse to 𝑯𝒆𝒙𝒕

► Beamforming related to constriction shapes & sizes

► Steerable single beam throughout frequency range
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