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Recap: ab initio theory of polarons

Formation energy of a polaron in a BvK supercell (without self-interaction):
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Recap: ab initio theory of polarons

Formation energy of a polaron in a BvK supercell (without self-interaction):

. oV 1
Bi = [drwfiso+ [ delPo St SunCu
7'/<;
Variational minimization: \L
Hysv) + anKS = ey
Uy = fdraVKS [
Expansion in phonons and KS states: i/
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Ab initio theory of polarons in practice

Nlp qul/ Bqu;knny(ka Q)Ank—i—q — (gnk — 8)1471k
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1

Jon Lafuente-Bartolome 3 of 13



Ab initio theory of polarons in practice

Nlp qul/ Bqu;knny(ka Q)Ank—i—q — (gnk — 8)1471k
mnv k)
qu — NLp Zmnk Amk—f—qu((wq)Ank

1
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- /

Generalized eigenvalue problem (Davidson diagonalization)
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Polaron self-consistent loop

Initial guess for A,k init_plrn = 1
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Polaron self-consistent loop

Initial guess for A,k init_plrn = 1

v
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Atomic displacements and wave function

Atomic displacements:

Convergence: MAX UA ATi_lﬂ < A7t conv_thr plrn

7
Teap — Kap
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Atomic displacements and wave function

Atomic displacements:

Convergence: MAX UA T, ATi_lﬂ < A7t conv_thr plrn

ap Kap

Wave function:
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Polaron formation energy

Formation energy:

1 1
Ey = F Z ’Ank’2(5nk - €CB1\/I) - F Z ‘qu‘Qhqu
p nk D qu
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Figure from: Sio et al., PRL 122, 246403 (2019)
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Polaron expansion coefficients

h(r) = N, Zk:f‘lnlg%k(r)
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Introductory exercises (LiF)

Exercise 1: Hole polaron Exercise 2: Electron polaron

lpIIIP

33334
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Exercise 3: Polarons in non-diagonal supercells

As]

Ag2
As3

Jon Lafuente-Bartolome
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Reciprocal space (2pi/alat units)

Non-diagonal supercells can be obtained by solving the

polaron equations in non-uniform BZ grids!
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Exercise 3: Polarons in non-diagonal supercells
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Exercise 4: Polaron energy landscape

oVi 1
a:j Uy, + 511,,{0&,{/’&&

Br= [ dvo sy + [ arlup

Variational minimization w/r wave function only:

0Vks

Hysy(r) + Z P
Kap

Kap

ATmap?vb(r) = £ 7vb(r)

Polaron formation energy for a particular displacement configuration:

~ 1
L Ef =& — EepMm + ﬁ Z |Bqu|2hwa/ J
p qv
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Exercise 4: Polaron energy landscape

Displacement configuration A7,q, init _plrn = 6
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Exercise 4: Polaron energy landscape

Displacement configuration A7,q, init _plrn = 6
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Exercise 4: Polaron energy landscape

y (A)

Hl Liinitial displacements

Jon Lafuente-Bartolome
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Hopping barrier for hole polarons in LiF:

Initial

H6p

Final

y (A)

B Lifinal displacements
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