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- I Introduction \ 4 Step II - Faber Expansion Ve ™
'Mesoscopic transport 1s desc.:ribed by the Caroli We expand th§ retarded (advanced) Green function in 5.2 Step II - Transmission with Faber expansion
formula 1n terms of Green functions. Faber polynomials —J
eSemi-infinite leads result in energy-dependent self- N
energies, demanding a new calculation for each . d ~
energy. G (E) ~ 2 ,gn(E)Fn(H) "
*We propose a two-step approach: n=0 1.0 '._
1- Replace the leads by finite buffers with a smooth
absorbing potential, yielding energy-independent self- *Coefficients depend only on energy
energies *Matrices are computed once and reused for all energies ™ 0.8
2 - Expand Green functions in a Faber polynomial =
series, allowing the evaluation of the transmission for = - Buffer Reference
many energies simultaneously. Compute once Many enersies = 0.6
(matrix operations) (e relision) £
| o = ———- Np=1024
Result: accurate transmission with a highly — v c o4l
efficient, energy-separable algorithm F(H). F.(H Fo(H ! Lo
K j ()( )9 1( )9 KXY NF( ) # E2 |_
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- 2 Model and Caroli Formula } E,
We consider a 1D tight-binding chain with Hamiltonian 0.0 | |
One expansion — transmission for —2 -1 0 1 2
H = ‘\ /3 '\ /3 AWE many energies simultaneously! Energy E/t
= 2 &liil =1 2 (1)U + /)G 0o
i (.])
Transmission 1s given by the Caroli formula k J 10-1k
e A f —
n
— r a = 10-2L
T(E) = Tr [T (E)G(E)TRE)GUE)| || 5 Resulis
- J § 10—3 -
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_1 5.1 Step I - Smooth Absorbing Potential I S 1041
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- G"(E) = |[EI - H— Z(E) — Zg(E)|
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- Tp(E) = i |Z]p(E) — Zf p(E))| . . . .
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1.0 e o Expansion order Ng
k J = ‘ o Fig. 4 - Top Transmission with finite buffers expanded for different
: polynomial numbers Bottom relative error with expansion order
: : 08I E :
/ 3 Step I - Smooth Absorbing Potential U ;
S 06l — Exact Faber expansion converges rapidly and
a | F o Buffer (n=8.1, Lp=16) issi
Semi-infinite leads are replaced by finite buffers with a g Buff L _81 1, =32 accurately reproduces the transmission over
smooth absorbing potential N ---- Buffer (n=8.1, L, = 32)
s 0.4 J
LeadL  BufferL Central Region BufferR  LeadR = / .
(WBL) (WBL)
orele o o o0 00 0seee o0 0ol / 6 Conclusions | \
. 0.0 ! ! ! , .
Buffer | Sert . Buffer ) _q 0 1 > *Energy-independent self-energies: no need to
' Region R) Energy E/t recompute X, »(E) for each energy;
' Fig. 2 - Transmission obtained with buffer zoen *Large speedup for dense CNCIgy grid;
eControlled accuracy via buffer size L,, power
R g = The power law absorbing buffer reproduces the order n and expansion order Ny
_ , Lb exact transmission with good accuracy.
The absorbing potential: A scalable and reliable framework for
quantum transport calculations

W = ﬂ(x%bx())’;, x € left buffer _ j o
ﬂ(x XN)» x € right buffer ~ 7 References |
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