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Field-induced Bose-Einstein condensation
• A common and widely studied phenomenon out of spin-singlet compounds after 

external magnetic field is applied.

• The basic mechanism is that after 𝐻𝑐, the sub-band of triplet bands with 𝑆𝑧 = +1
will close the gap, leading to an effective condensate of spin bosons.

• This has been discovered in many materials such as TlCuCl3 or CsFeBr3.

Ferromagnetic

S. Kimura, The International Workshop on Quantum 
Magnets in Extreme Conditions, ISSP (2021)
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Ba2NiO2(AgSe)2

• A recent studies upon an infinite-layer nickelate, 
Ba2NiO2(AgSe)2 (BNOAS), has shown that the 
formation of an off-diagonal singlet can explain its 
peculiar magnetic susceptibility.

• They proposed a possible many-body Hamiltonian 
that can be used for this material, the Kondo-sieve 
model:

1D:

HKN

H.-S. Jin, W. E. Pickett, and K.-W. Lee, 
Phys. Rev. Research 2, 033197(2020) 



Previous studies

4

1D:
Doniach, Physica B&C 91B, 231 (1977)
Zhang et al., Physical Review B 62, 69
Essler et al., Physical Review B 76, 115108

.

.

2D:
Kotov et al., Physical Review Lett. 80, 5790
Zhang et al., Physical Review B 62, 69
Wang et al., Physical Review B 73, 014431
Brenig, Physical Review B 73, 104450
Brenig, Int. J. Mod. Phys., 21, 2245

.

.
3D:

Zhang et al., Physical Review B 62, 69
Thalmeier et al., Physical Review B 75, 174426

.

.

• Field-induced properties?

• In this work, we utilize 2D tensor 
network ansatz as our numerical 
tool.
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Tensor network
• Tensor network ansatz, by its construction, fulfills the area law of entanglement. 

• In this work, we choose the 2D tensor network ansatz in the thermodynamic limit, 
iPEPS, to probe our 2D Kondo-necklace model.

1D:
Matrix product state

2D:
Entangled projected-pair state

Bond dimension D

For a fixed D it contributes at most
log(D) to the EE:

𝑆 𝐴 = 𝑐𝑜𝑛𝑠𝑡
Again each bond contributes log(D):

𝑆 𝐴 ~𝐿log(D) ∝ 𝐿

Physical indices



6

Infinite projected entangled-pair states

• iPEPS is, by construction, a variational 
ansatz that fulfills the area law for 2 
dimension. 

• Therefore it is suitable for the 
construction of ground state.

• In this work we variationally optimize 
the ansatz with the automatic 
differentiation.
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h=0 Phase diagram

• Using iPEPS for various θ, 
we located the area for 
spin-singlet phase, at 
around 0.305π~0.725π.

Δ=1

WLT, E.-G. Moon, K.-W. Lee, W. E. Pickett, and H.-Y. Lee, 
arXiv:2107.11936(2021) 7

Effective analysis[1] 0.2993π

QMC[2] 0.3013π

Series expansion[3,4] 0.3026π

iPEPS ~0.305π

Transition point:

[1]Kotov et al., Physical Review Lett. 80, 5790
[2]Wang et al., Physical Review B 73, 014431
[3]Brenig, Physical Review B 73, 104450
[4]Brenig, Int. J. Mod. Phys., 21, 2245



Field-induced BEC

Triplon density order:

Condensate density:

• θ=0.4π

• ℎ𝑐~0.58
WLT, E.-G. Moon, K.-W. Lee, W. E. Pickett, and H.-Y. Lee, 
arXiv:2107.11936(2021) 8



Field-induced supersolid

Δ=3:

WLT, E.-G. Moon, K.-W. Lee, W. E. Pickett, and H.-Y. Lee, 
arXiv:2107.11936(2021) 9



Phase diagram

• Empty circles indicate second–order 
phase boundaries while solid circles 
are of the first order.

• Spin supersolid lies in a narrow area 
between z-AFM and Mott phases.

• The table of symmetry for each 
phase:

WLT, E.-G. Moon, K.-W. Lee, W. E. Pickett, and H.-Y. Lee, 
arXiv:2107.11936(2021) 10



Emergent superconductivity

• Upon doping BNOAS, the superconductivity is expected to appear. 

• Since BNOAS is a layered materials with spin dimer/AFM as the ground state in 
half-filling, its micro-mechanism of superconductivity could be very much similar 
to that of high-Tc copper-oxide (cuprate).

• An effective model for doped BNOAS can be written as:

• For t-J-like Hamiltonians, there are very rich 
underlying physics for it. Many of them can 
be used for explaining the experimental 
observations. 

• Thus, we expect that by further exploiting 
the t-J-K model, we might be able to make 
some prediction in advance.

WLT, E.-G. Moon, K.-W. Lee, W. E. Pickett, and H.-Y. Lee, 
arXiv:2107.11936(2021) 11



Summary

• BNOAS is a layered nickelate compound with spin singlet as its possible 
ground state, whose micro-mechanism can be possibly explained by 
Kondo-sieve model.

• Tensor network ansatz is an effective tool capturing the ground state of 
many-body lattice models.

• Numerical results for h=0 predict the accurate phase transition point.

• By turning on the magnetic field, we see that a field-induced BEC can be 
triggered.

• With XXZ anisotropy, a field-induced supersolid can be created.

• We proposed the t-J-K model for explaining its superconducting phase, 
which is our future work. 

WLT et al., arXiv:2107.11936 (2021)
12



Theoretical analysis

For the translational symmetry breaking, 
𝑆𝑖
𝑧 = 1 triplon density demonstrate long-

range staggered order

WLT, E.-G. Moon, K.-W. Lee, W. E. Pickett, and H.-Y. Lee, 
arXiv:2107.11936(2021) 

Triplon density:

Singlet density:

Assume the local state on each site is:
ψ >= 𝑎 𝑆𝑖

𝑧 = 1 > +𝑏|𝑆𝑖
𝑧 = 0 >

+𝑐|𝑆𝑖
𝑧 = −1 > +𝑑|𝑠𝑖𝑛𝑔𝑙𝑒𝑡 >

For U(1) symmetry breaking, we define

Thus, we can obtain proper physical 
observables for our scenario.


