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Spin susceptibility

(a) General definition

We are considering only the spin response (no orbital magnetization)
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Spin susceptibility

(b) Why to compute it?

* Forsmall gand w it gives the excitation spectrum
... magnons, spin (charge) density waves, etc.

FIG. 3. Calculated Im[ y(q, )] (Ry ) for Cr.

S. Savrasov Phys. Rev. Lett. 81 2570 (1998)
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Spin susceptibility

(b) Why to compute it?

* Second principles (Multibinit!)

» Fit effective Hamiltonian parameters (Heisenberg Hamiltonian etc.)

Phonons Spin waves
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Spin susceptibility

(b) Why to compute it?

* Second principles (Multibinit!)

» Fit effective Hamiltonian parameters (Heisenberg Hamiltonian etc.)

Frozen magnon SSSDW DFT DFPT

' exp(—i % q-r) u{?y(r)
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Phys. Rev. B 88, 134427 (2013)
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Spin susceptibility

(c) How to compute from perturbation theory?
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Spin susceptibility

(c) How to compute?

.0 ~ n
e Sternheimer/Variational 1§(p;£1)(r, ) = HI,({{Q[H(O}](I')@;EU(J', 1) + [ngs}[n](r, ) + uég(r, r)] qaim(r, r)

Conceptually simple + already implemented in Abinit
TD-DFPT deneralization
(Variation of the action “S” functional)
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Time dependent variational principle
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Time dependent variational principle

(d) Bibliography

Reviews
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Implementations and theory (spin response) Paramagnetic case, HEG, transverse spin susc.

K. L. Liu, S. H. Vosko, Can. ]. Phys. 67, 1015 (1989) /(‘ “it is easy to show” style, implementation
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Time dependent variational principle

(d) Bibliography

_ Paramagnetic case, HEG, transverse spin susc.
* K. L. Liu, S. H. Vosko, Can. J. Phys. 67, 1015 (1989)

« S.Y.Savrasov, Phys. Rev. Lett. 81, 2570 (1998) “it is easy to show” style, LMTO implementation
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Action is stationary 15t order density
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Time dependent variational principle

(d) Bibliography

* K. L. Liu, S. H. Vosko, Can. J. Phys. 67, 1015 (1989)
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Action is stationary

Causality: which functional is stationary?!
e.g. G. Vignale, Phys. Rev. A. 77, 062611 (2008)

2" order action is stationary w.r.t
15t order density

action quasienergy

Time dependent response to AR perturbation
R. Requist, O. Pankratov, Phys. Rev. A 79, 032502 (2009)
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Time dependent variational principle

(d) Bibliography

Time translational invariance
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Time dependent variational principle

(d) Bibliography
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Time dependent variational principle

(d) Bibliography

oA n] ovln;rf] 5A[n] P
on(r,1) on(r',t")  én(r,t)én(r',t') .

vln;r.tf] =

(9)



Time dependent variational principle

(d) Bibliography

vln:r.t] =

OA[n]
on(r,1)

ov[n:r.t] B 5A[n]

on(r',t")  én(r.f)én(r',t")

all OK for
Adiabatically
ramped harmonic
perturbations

Physical meaning

of the stationary
functional changes
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Time dependent variational principle
(d) Bibliography

R. Requist, O. Pankratov, Phys. Rev. A 79, 032502 (2009)
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Assumptions
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Spin susceptibility

General considerations
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Spin susceptibility

General considerations

0Bp(r,t) = (ezwtﬂqr + c.c.) Z Age'™" Ag = A* - 1s not zero for one single G value

S (r,t) = (27)? ()\Geiwtei(quG)rXag(r, G+ q,w) + \ge WlematOr X o(r —G — q,w))

(13)



Spin susceptibility

General considerations

0Bg(r,t) = (emﬂq?ﬁ + c.c.) Z Age'" Ag = A\ 4 1s not zero for one single G value
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Periodic part

Monochromatic dma(r,t) = e x (periodic function)

Incommensurate part

(13)



Spin susceptibility

General considerations

S (r,t) = e x (periodic function)

/dg’r/dt (dmq (r,t)e "t 1) e G = Xop(G' =G, G+ q,w)
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Spin susceptibility

General considerations

/dgr/ dt (me (r,t)e” ™) e G = Xop(G'—G,G+q,w)
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Euler Lagrange equations
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Euler Lagrange equations
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Euler Lagrange equations
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* Solution for two different frequencies for each point of (w,q) grid
* Phase factorization works in the same way as in the static case
» First order external potential is a constant matrix:
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(w# 0,9 #0)

L 4

Physics (+ tests of xc flavors)






Implementation strategy

Physics [+ tests of xc flavors)

 rfmagn=1

ipert = natom +5 rfuser:

* Febcc

2.1775

2.1765

2.1760

natom + 6

natom + 7

ff - x=31.75107

rf - x=31.76 10

(18)



Implementation strategy

(w=0,g=0)
(w:OaQ#O)
(w#0,q#0)

Physics [+ tests of xc flavors)

rfmagn =1

ipert = natom +5 rfuser:

Cr,0;

x| =0

natom + 6
natom + 7

OK
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Implementation strategy

* (Cr,05transverse susceptibility

m_x
Density —4.851e+00

—2.2456+00

—5.005e-01
5.001e-01
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Implementation strategy

 rfmagn=1

(w=10,¢g=0)
ipert = natom+5 rfuser: natom + 6
natom + 7
(w=10,q#0) * NC + only longitudinal response is OK
* Many things can be probed even in this simplest
case
(w#0,q #0)

Dynamic magnetic charges (spin part)

Phonon induced first order magnetization

Physics [+ tests of xc flavors)
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Implementation strategy

(w:an:O)
(w=0,9#0)
(w#0,q9#0)

Physics [+ tests of xc flavors)

Many people believe that if it

ain't broke, don't fix it...

... if it ain't broke, it doesn't
have enough features yet

(18)



Implementation strategy

(w:()aq:())
(w=0,9#0)
(w#0,q9#0)

Physics [+ tests of xc flavors)

"‘ PAW?

NC LDA+U?
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XC functionals

LSDA/GGA Kettle principle:

use collinear xc functionals

— 7
{}Lfﬂ} — {”ﬂ:a]’:ts]/mixefj:ev‘_”i}

[. W. Bulik et al. Phys. Rev. B 87, 035117 (2013)
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XC functionals

Other approaches Ketteprineiple

week ending
PRL 98, 196405 (2007) PHYSICAL REVIEW LETTERS 11 MAY 2007

First-Principles Approach to Noncollinear Magnetism: Towards Spin Dynamics

S. Sharma,'*>* J.K. Dewhurst.”* C. Ambrosch-Draxl.>* S. Kurth.” N. Helbig,'” S. Pittalis.” S. Shallcross.”
L. Nordstrom,” and E. K. U. Gross

week ending

PRL 111, 156401 (2013) PHYSICAL REVIEW LETTERS 11 OCTOBER 2013

Transverse Spin-Gradient Functional for Noncollinear Spin-Density-Functional Theory

F.G. Eich"*™* and E. K. U. Gross'
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Thank you for your attention

Other developments: Hybrid MC
(better sampling, faster than MMC, equilibrium properties?)



