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Density Functional Theory for Itinerant Magnets:

Itinerant magnetism: the system is magnetic and metallic (e.g. NizAl, Fe pnictides)

Stoner model for ferromagnetism: simple model for describing itinerant systems.
Under the effect of an external potential gz Hspin up and spin down bands split by AE and a
finite magnetic moment m persists even at zero applied magnetic field.

NE) majority
minority | is called Stoner parameter and
| AE =ml | governs the magnetic interaction
E

Problem: DFT implementations (LSDA, magnetic GGA) overestimate m in near critical
itinerant systems due to the effect of non local spin fluctuations (SF) which tend to destroy the
magnetic order over distance ¢ leading to an effective reduction of the Stoner parameter 1.

r: | —Const-§2| One needs to account for this effect within DFT
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M Reduced Stoner Theory (RST): a simple method for correcting the magnetic properties
calculated in standard DFT approximations based on the
SCR Moriya theory.

M Ferro-magnetic-paramagnetic transition in Ni;Al under pressure: application to a
prototypical example of itinerant ferromagnet.

M Explaining the puzzling behavior of the temperature dependence of local moment in
rare earth-doped and P-doped Cal22 family of Fe pnictides.

M Conclusion and outlook
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The Reduced Stoner Theory (RST)

Idea: Introduce a simple method to simulate the effect of spin fluctuations
(beyond LSDA) on the magnetic properties of near critical itinerant systems.

|I =sl =1 —const-§2|

- In practice: scale the Stoner kernel in V,.by a constant factor s. I LDA<—>LSDA|
- 5§ is a measure of the average amplitude of spin fluctuations &

Link to other approaches

- s can be calculated by using the fluctuation dissipation theorem [ ©x (g w)].
T. Moriya (1985); G. G. Lonzarich, L. Taillefer JPC (1985).

- s can be estimated through ¢ from the band parameters (Fermi velocity, DOS).
A. Aguayo et al. PRL (2004).

Test case: Ni;Al archetypal weak itinerant FM.

L. Ortenzi, I.I. Mazin, P. Blaha, and Lilia Boeri PRB (2012).
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ST APPLIED TO Ni Al IEC st
A prototypical example) complessi

Bl [SDA|
Expt.

OO'Q‘0'20‘30'40 &

P (GPa)
T s | Experiment:
0.25 . Exp_; P. G. Niklowitz et al. PRB (2005).

0.2 "-\'\,_ 4] | Standard LSDA calculations:
_ \.\ SO overestimate both P, and m(0)
=015 I
= Pere RST calculations:

0.1 Bl RST 0s |- .

— %P ]| 1 With one parameter s=0.88 for

all pressure we manage reproduce
] the m(P) curve and the critical
«—a | exponent ¥ of T,

L.Ortenzi et al. PRB (2012).

SAPIENZA

UNIVERSITA DI ROMA




istituto
dei sistemi
complessi

HAT ABOUT PNICTIDES?

IeC

Large thermal expansion coefficient of
the c-axis lattice parameter

Fe local moment increase with temperature
in rare earth-doped CaFe,As,

T R S ] LI U N B S CL ) N ST O T R T TP L IR A
o.oe—c[ncd WFe As, ] 11.6 - --5:::8::::$5_,_5_
i i 1.0 s 114 o ’;Eé- go- 2 cooling =l
0.05F % Cayqolag ) Fe s, : < 112 ﬁ -
2004 O(‘aw5 OISFch ------ z © O]l— E? a
= : o : 1 T :| ¢ p o
. [ TS ] = 102—~i--3Egam R MR Lo
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< 002: C ' m#0 5 = Temperature (K)
'm=0 ! i _ _ . _ o
0.01F ; B Possible explanation: “Spin state transition
0 .Ea .1...a|;...|aa5.1...a|:0 ™ inFe_pniCtideS”aS
0 T30 100 150 200 250 300 M) in LaCoO3? = 3 State Model
Temperature (K) S=0  S=1 S=>
d../ d)"z o ?— ?11
HOWEVER: N " s
dxy Tv | T
B The experimentally measured bandwidth are large
dordey BE RRE  RE

B The system is a metal H. Gretarsson et al. PRL (2013).

B Both crystal field and Hund's rule coupling J are small compared to the bandwidth.
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0.5 1 1.5 2 2.5 3
Fe-Magnetic Moment (L)

T. Yildirim PRL (2009).

Fe magnetic moment is tuned by
As-As interaction and in the cT
phase m=0 but local moment are too large
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J. Chaloupka and G. Khaliullin PRL (2013).

pressur¢ ——»

- No localized bands are present
- Fine tuning is needed: cTand T
phase need different parameters.
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lllllll I"""'llIII""""']'Ill...lII: 1.0 11.8_""""Il-c'l:";"["()"I"I'-Ql""""'l""""'l_
| T é EOxthorhoml : ! = E
= 2 11.6F o—@r o1 _4 3
l : { § _E 114 E—Temgol ; '.| s | CaFe (As,_P) ]
:‘Z.; :_@' | = < ol [ § X=
T , | 2 s L x=0033 E
: ; THE" “care(as_P), - = 1f | 1 1 8 x=0055 4
= - | | 2 1—x ) = — - | | ‘ e 1
‘&003-% | | |§ =0 . - Lo 3
E C [ | 1T * 2 L 10.8 -Collapsed. L ¥ Cao.7sLao.22F°2Asz—:
Somf, I | (FeGE ¢ N
R - : : : § x=0.055 3 Tempgrature (K)
- I (I E
0.01F 1 1 b CagplagFeAs, S
- . b): M Large c-axis thermal expansion
D Lot g o (NM ici
0 100 200 300 pro i coefficient
Temperature (K )
P ®) M Strong dependence of m on doping

x and temperature T
One needs RST calculations in order to capture
the connection between the structural and
magnetic properties in this system .

M The moment is strongly coupled to
the lattice.

L.Ortenzi et al. arXiv:1408.4058 (2014).
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P ( M Strong dependence of m on doping

x and temperature T
One needs RST calculations in order to capture
the connection between the structural and
magnetic properties in this system .

M The moment is strongly coupled to
the lattice.

L.Ortenzi et al. arXiv:1408.4058 (2014).
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- We simulate the temperature by changing the structure.
- Magnetism is corrected by choosing the “correct” value of s.

15FCa _ La | Fe As 1.5F O‘O—_O—O__O_O—___O—_S
0187022~ :312 , O Calc. [s=1] q
s=1.00 LSDA B [ Q Calc. [s=0.85] |
~. /s=0.00 LDA 4 = R D
S  pe-eeeee--- 300K O] S| «
I e - 200K O  § ]
1L S Il sx X SO o b SR
- xaicy 3 L A O gty gaqe iy o] 1.5F
07 075 08 0.85 09 095 1 : O Cale. [s=1]
) _ [ O Cale. [s=0.85]
. . . £ B !
- LSDA calculations overestimate the magnetic s | ﬂ
moment 0.5
- LSDA moment does not change with T unless iRt B b) |
] [ aFe (As, s |
cT phase is reached 0 e
0 100 200 300

Temperature (K)

RST manages to reproduce M(T) both in La-doped
and P-doped compound with only one value of s L.Ortenzi et al. arXiv:1408.4058 (2014).
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M New simple method (RST) for treating non local spin fluctuations effectively in DFT

B The method allows to describe ab-initio the pressure phase diagram of Ni,Al

B New experiment on CaFe,(As,P,), showing general M(T) behavior

B RST calculations perfectly reproduce M(T) both for the La-doped and P-doped
compounds using only one parameter

B | ocal moment are large but soft and strongly coupled to the lattice

B No thermal excitation BUT thermal expansion.
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