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Phonon unfolding

I What is phonon unfolding? Get the
phonon band structure in the primitive
cell from that in a supercell.

I Why do we need it?.
- Magnetic structure.
- structure with defects.
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Real space method (1)

I Calculation of phonon band structure.

DSR
uα,vβ(~q) =

1√
MuMv

∑
R

CSR
uα,vβ(~ru,v + ~R)e−i~q·(~ru,v+~R)

Duα,vβ(~q) = DSR
uα,vβ(~q) + DDD

uα,vβ(~q)

- DDD : Ewald summation method

D(~q)|Ψ~qJ〉 = ω2
~qJ |Ψ~qJ〉



Real Space Method (2)
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The short range part of IFC’s

CPC
u1α,v1β(~ru1,v1 + ~Rab) = CSC

uiα,vjβ(~ru1,v2 + 0)

CPC
u1α,v1β(~ru1,v1 + ~Rab) = Average[CPC

u1α,v1β(~ru1,v1 + ~Rmn)]

, where ~Rmn = ~Rab

DPC
u1α,v1β(~q) =

1√
MuMv

∑
R

CPC
u1α,v1β(~ru1,v1 + ~R)e−i~q·(~ru1,v1

+~R)



Real Space Method (Example: without defect)
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Real Space Method (Example: with defect)
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with defect 1/4 (method: real space average)
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with defect 1/32 (method: real space average)



Reciprocal Space Method (1)
I Reciprocal method: find the phonon modes which has the

translation symmetry of the primitive cell. (Ref: P. B. Allen et al.
Phys Rev B 87, 085322 (2013))

~R =
∑

i mi
~Ai ~r =

∑
i ni ~ai

~Ai · ~Bj = 2πδij ~ai · ~bj = 2πδij
~G =

∑
i mi

~Bi ~g =
∑

i ni
~bi

T̂ (~ri )ψ~K+~G = ψ~K+~Ge
i(~K+~G)·~ri



Reciprocal Space Method (2)
I Reciprocal method:

Weight Function. W~K ( ~G ) =
〈ψ~K+~G |ψ~K+~G 〉
〈Ψ~K |Ψ~K 〉

=
〈Ψ~K |P̂(~K→~K+~G)|Ψ~K 〉

〈Ψ~K |Ψ~K 〉

Ψ~K =
∑
G

ψ~K+~G

P̂( ~K → ~K + ~G ) =
1

N

N∑
i=1

T̂ (~ri )e
−i(~K+~G)·~ri



Reciprocal Space Method (Example: with defect)


