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Abstract Results

Bose-Einstein condensation (BEC) of the two-magnon bound state at the 
saturation field is found in Na₂BaNi(PO₄)₂: 
• The magnetic exchange model is established with inelastic neutron scattering 

experiments
• An exact solution of the model found stable two-magnon bound states and is 

further confirmed by an electron spin resonance (ESR) experiment
• Density Matrix Renormalized Group (DMRG) offer further evidence of the 

spin nematic (SN) phases below saturation field.
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Ø Crystal and splitting energy levels

Structure and Model

Ø Hamiltonian

Ø Phase diagram

Ø One-magnon dispersion

INS intensity 
• 	𝑇 = 60	mK, 𝐵 = 5	T 
• one-magnon BEC is below 

the experimentally observed 
critial point (𝐵! ≈ 1.8	T)

Ø U(1) symmetric Density Matrix Renormalization Group (DMRG)

• in-plane dipolar structure factor

• in-plane quadrupolar structure factor

• For 𝐵 < 𝐵"#	and 𝐵"$ < 𝐵 < 𝐵𝑠, 
the  ferroquadrupolar order is 
dominant in these SN phases,

• 𝐵"# (𝐵"$	) is a second (first) order 
transition,

• Extrapolation of critical fields 
agree well with the experiment.

• The first excitation agrees with 𝐸$(𝚪).,
• The second excitation along the line 𝐸$(𝐊) − 𝐸#(𝐊) , corresponding to a 

transition from the 1-magnon band to the 2-magnon bound state.

Ø Lippmann-Schwinger equation

• Triangular	lattice	(TL)
• 𝑆 = 1 
• In-plane dominant
• XXZ model
• Easy-axis 𝐽/𝐷~1/4 

Solution of the spin-1 model along with neutron, ESR and NMR data

low-energy effective model,
project to the hard-core Bose-Hubbard model
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Schematic 𝟎	𝐊 phase diagram
• 𝐵"#, 𝐵! : 2nd order transition
• 𝐵"$: 1st order transition

Temperature-field phase diagram • 9×6 TL torus for magnetization and structure factor,
• 6×4, 9×6, and 12×8 TL cylinder for extrapolation to the thermodynamic limit,
• U(1) tensor is used to improve the performance of the simulation,
• 𝐸 𝑆& , Q𝐻 = 𝐸 𝑆& , 0 − Q𝐻𝑆&, Q𝐻 = 𝑔"𝜇%𝐵.

Magnetization and in-plane dipolar and quadrupolar structure factors 
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