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Introduction

« For random spin order, the position dependent spin moment
can be expressed as :
S, =S(sing, cos¢,sin g, sing,,cosE,)

For helical spin order, the constraint is:
0=q- ¢=0
Propagating vector g defined
In reciprocal space
A-type helical spin g =¢(1,0,0)
G-type helical spin  d=¢(111) crystal structure of BaFeO,
For example,

Atype 1Y N NN N Z
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Helical spin order in AFeO,

« Hallmark of AFeO; (A=Ca, Sr, Ba):

Helical spin and the energy of p-orbital of oxygen is lower
than the energy of d-orbital of iron

Ty (K) q (2r/a)

SrFeO, 134 0.112(1,1,1)
BaFeO, 110 0.06(1,0,0)
Conducting band | 60
Fe 3d* )
Localized band ZLZg




Introduction-SrkeO,

* Recent experimental result, SrFeO, presents more

complicated phase diagram

« 40T magnetic field,
ferromagnetism (FM)

* Unknown Phases

1,1 ,11,1v, Vv
They are maybe related to
the formation of
domain wall, in which
helical spin exists
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Introduction-BaFeO,

 Lattice expansion.
* The size of Ba atom is larger than Sr.

« BaFeO; presents FM under 1T magnetic field.
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Model calculation

Double exchange (favor FM) plus superexchange model (favor AFM)
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Motivation and purpose

1. What is the origin of different stable helical structures

In SrFeO,; and BaFeO,? The most significant effect
may come from lattice parameter. Since ionic radius of
Ba’* is larger than Sr2*, BaFeQ, is expanded as
compared with SrFeQO,.

2. The specialized double exchange model plus
superexchange Joz with several empirical parameters
can describe SrFeO, and BaFeO, properly?

3. In order to include material information in theory, we
need to perform the first principles calculation of
magnetic structures in these compounds based on
density functional theory (DFT).



Calculation method

Density functional theory (DFT) calculation.

For 3d electron in transition element, local spin density
approximation (LSDA) is msufﬁment we need additional on-site
Hubbard interaction for correction.
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DFT calculation-LSDA

 Calculate the propagating vector-dependent total energy per
primitive cell

« FM state predicted by LSDA

Total energy respect to FM state:
AFE(o)= FElo)— E{io =0)

q = {Jfl 1 1:' X ‘fll.-"
q = o1, D D‘; 27 fasg
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For SrFeQ,: a; =3.85 A
For BaFeO,: a, =3.97106 A




DFT calculation-1L.SDA+U

Helical spin order predicted
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Density of State

* The density of state (DOS) of FM state in BaFeO, Is calculate
by LSDA+U, U=3.0eV and J=0.6eV

1.The present of O2p just below the
Fermi level is an indirect evidence of
small or negative charge transfer

energy A.

2. Both e, of iron and p orbital of
oxygen makes contribution to the
metallic conductivity

DOS(states/eV/Cell)




Model calculation

* Mostovoy’s dp-model

Considering the different
lattice parameter in
SrFeO; and BaFeO,,

the slater-Koster and

superexchange parameters is
reduced in BaFeO, because of

large lattice parameter.

« The results of the model calculatio
are qualitatively consistent with

the LSDA+U.
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1.

2.

3.

Conclusion

The energy difference between the minimum-energy state and
FM state is larger in SrFeO4 than in BaFeO,, consistent with
experimental observation that SrFeO, requires larger
magnetic field to achieve saturated FM state.

The difference of the two compounds is attributed to the
difference of lattice constant.

We have shown clear correspondence between the first
principles calculation based on LSAD+U and the double
exchange model implemented by superexchange interaction,
confirming the importance of the competitions between double
exchange and superexchange interactions. The correspondence
also implies that the characteristics of negative A is included in
the first principles calculations.



