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We study the Cr3+ systems which are S = 3/2

J1-J2 model
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I Pyrochlore (AB2X4)⇒ Breathing Pyrochlore (AA′B4O8)
I Size mismatch between A and A′

I Fd3̄m→ F4̄3m (Symmetry reduction)
I Spin-3/2 Cr3+ spinels

I Oxides:1,2
I LiInCr4O8
I LiGaCr4O8

I Sulphides3,4

I LiInCr4S8
I LiGaCr4S8
I CuInCr4S8

I Selenide5

I CuInCr4Se8

1Phys. Rev. Lett. 110, 097203 (2013)
2Phys. Rev. B 91, 174435 (2015)
3Phys. Rev. B 97, 134117 (2018)
4J. Phys. Soc. Jpn. 87, 034709 (2018)
5Phys. Rev. B 77, 035207 (2008)
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PFFRG

Fermionic Hamiltonian:

H =
∑

ij Jij~Si · ~Sj→ 1
4
∑

ij Jij
∑

µ(f †i σ
µfi)(f †j σ

µfj)

Diagrammatics in the fermion:

propagator: G0(iω) = 1
iω =

interaction vertex: Γ0 = ∼ J

Phys. Rev. B 83, 024402 (2011)
Phys. Rev. B 96, 045144 (2017)
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0 (iω) = Θ(|ω|−Λ)
iω

Vertex functions become Λ-dependent

Σ = → ΣΛ

Γ = → ΓΛ
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Magnetic response (static susceptibility):

= χΛ(k)
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MODEL HAMILTONIAN

Material J (K) J′ (K) J2 (K) J3a (K) J3b (K)
LiInCr4O8 59.8(2) 22.0(2) 0.3(1) 1.9(1) 0.9(1)
CuInCr4S8 14.7(1) −26.0(1) 1.1(1) 6.4(1) 4.5(1)
CuInCr4Se8 −25.4(2) −31.0(1) 0.3(1) 4.8(1) 3.9(1)
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OXIDES

(a) (b) (c)
LiInCr4O8

I J′/J = 0.37
I J2/J = 0.004
I J3a/J = 0.03
I J3b/J = 0.015

Ordering pitch vector
q = 2π

a (2, 1, 0)⇒
I FM J2

6

I AFM J3

For strong AFM NN interactions, J2 in an ideal pyrochlore
lattice is equivalent to a J3a with opposite sign7.
J3a/J → (J3a − J2)/J = 0.026

6Phys. Rev. B. 81, 224413 (2010)
7Phys. Rev. B, 78, 144418 (2008)

LiInCr4O8
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OXIDES

(a)

(b)

LiInCr4O8

T = 30 K

T = 150 K

Experimental data from J. Phys.
Soc. Jpn. 84, 043707 (2015)

I Temperature dependent
Hamiltonian

I absorption cross section in
barns of In: 193.8

I absorption cross section in
barns of Ga: 2.75

I Experiments on LiGaCr4O8
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SULFIDES

(a) (b) (c)
CuInCr4S8

I J′/J = −1.49
I J2/J = 0.07
I J3a/J = 0.39
I J3b/J = 0.27

I Ordering pitch vector: 2π
a (1, 0, 0)

I Pattern of almost degenerate line⇐ AFM NN FCC⇒
“spiral spin liquid”

I Strong FM J′⇒ S ≈ 6 FCC
I Jfcc

1 = (J + 4J2 + 2J3a + 2J3b)/16

CuInCr4S8
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SULFIDES

(a) (b) (c)
CuInCr4S8

I Intersection of q = 2π
a (1, δ, 0) and q = 2π

a (1, 0, δ)
I “Order by disorder” selects q = 2π

a (1, 0, 0)

CuInCr4S8
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SULFIDES

(a)

(b)

CuInCr4S8

T = 40 K

T = 85 K

Experimental data from J. Phys.
Colloques 32, C1-324 (1971) and
Phys. Lett. 60A, 431 (1977).

I absorption cross section in
barns of In: 193.8(1.5)

I absorption cross section in
barns of Ga: 2.75(1.5)

I Experiments on LiGaCr4S8

I Experiments on LiInCr4S8
and CuInCr4S8
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SELENIDE

(a) (b) (c)
CuInCr4Se8

I |J′|/|J| = 1.18
I J2/|J| = 0.016
I J3a/|J| = 0.2
I J3b/|J| = 0.16

I FM J and J′

I Ordering pitch vector: q = (0.521278, 0, 0)

I Observed for the pyrochlore material ZnCr2Se4
8

I “spiral spin liquid”?

9Phys. Rev. B. 81, 224413 (2010)

CuInCr4Se8
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(a) (b) (c)
CuInCr4Se8

“Inarticulated” matching with
the unpolarized neutron
scattering data
MAGNETIC ORDERING IN
THE NORMAL SPINEL
Cu0.5In0.5Cr2Se4
R. Plumier and M. Sougi
Solid State Communications,
Vol. 69, No. 4, pp.341-345, 1989.
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CONCLUSIONS

I We have studied six Cr3+ breathing pyrochlore systems.
I The physics of these systems can be grouped in to: Oxides,

Sulfides, and Selenide.
I We have presented the systems as a display of different

types of model pyrochlore Hamiltonians to explain their
completely different ground states.

I We also present comparisons with experimental data and
also proposing further studies of these systems.

I The temperature dependence of these systems?
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