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Aula passada

Teoria de resposta linear:

A

HT(t):lf]Jr/d?’:z:gp(X,t)A(X) p(x,t) =0set <t
5(B()) (1) = / Bt DR (xt: K1) o (x, 1)
iDE s (xt;xX#) = 0 (t— ) (ol | Bur (x,1), A (X, 1) | |0)

Teoria de perturbacao pode ser usada para calcular:

iDpa (xt:x't") = (Ty| T [BH (x,1) A (¥, t’)} T,)



Aula passada

Usando a representacao de Lehmann, podemos relacionar as duas

guantidades:

(Wo| B (0) |nk) (nk| A (0) |Ty)

(To| A (0) |nk) (nk| B (0) [T) ]

Dpalkw) =V w— (B, — Ey) +1in

(| B (0) [nk) (nk| A (0) [¥o)

w+ (E, — Ey) —in |
(Wo| A (0) [nk) (nk| B (0) |¥p) ]

Dia(lw) = V3 w— (E, — Eo) + in

w+ (E, — Ey) +in

ReD% , (k,w) = ReDpya (k,w)

ImDE, (k,w) = sgn(w)ImDpgy (k,w)

Notem que os polos nos dao as excitacoes criadas pela atuacao

de A e B no estado fundamental.



¢ Aula passada

Uma carga estatica num gas de elétrons:

H,qp (t) = / Prp (x,1) 7 (x Zw
o (1) =~ = (ko) = 87;?66@)

5 (7 (x)) (1) = / B2/ dt DE. (x — X't — ') o (x, 1)
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Aula passada

Funcao de correlacao carga-carga:

1Dy, (xt;x't) = 60 (t —t') (Yo [ (x, 1), o (X, 1)] | W)
nx)=n(x)—n = D (xt;x't") = DZ (xt;x't')
A funcao de correlacao ordenada temporalmente:
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i Dy (x5 Xx'1)




Funcao de correlacao carga-carga
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Funcao de correlacao carga-carga
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Fig. 2. (A) Constant-current STM image (40 A by 40 A, | = 1.5 nA, V = 4 mV) of Be(0001) at 150 K. (B)
The 2D FT of the image in (A). (C) The 2D Brillouin zone of Be(0001) in which the circles (shaded region)
correspond to the surface states (projected bulk bands) at E.. The reciprocal space unit cell with the
corresponding 2k¢ “ring” is also shown.

(A) Imagem crua obtida com STM da superficie Be(0001)

(B) Transformada de Fourier de (A) mostrando 2k dos estados de
superficie (circulo menor do painel (C)).

(C) Superficie de Fermi 2D (bulk e superficie).

P. T. Sprunger, L. Petersen, E. W. Plummer, E. Laegsgaard, F. Besenbacher, Science
275, 1764 (1997).
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Figure 1| Distance dependency of pairwise RKKY interaction energy.
Measured (blue circles) and KKR-calculated (red triangles, renormalized by
a factor of 1/2) exchange energy J; in pairs of Fe atoms on Cu(111) as a
function of separation. The dashed line indicates a fit of the AFM
experimental data to a sinusoidal RKKY model, taking into account the
Fermi wavelength of the Cu(111) surface state. The inset shows the
renormalized KKR-calculated values for closer separations.

A. A. Khajetoorians, J. Wiebe, B.
Chilian, S. Lounis, S. Blugel & R.
Wiesendanger, Nature Physics 8, 497—-

503 (2012)



Fig. 1. (A) Constant current 130 A x 130 A image of an Fe adatom on
the Cu(111) surface (V = 0.02 volt, / = 1.0 nA). The apparent height of
the adatom is ~0.9 A. The concentric rings surrounding the Fe adatom
are standing waves due to the scattering of surface state electrons with

M. F. Crommie, C. P. Lutz, D. M. Eigler, Science 262, 218 (1993)



Curral quantico
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Fig. 2. Spatial image of the eigenstates of a quantum corral. (A) 48-atom Fe  defect-free region of the surface. (B) Solid line: cross section of the above
ring constructed on the Cu(111) surface (V= 0.01 volt, / = 1.0 nA). Average  data. Dashed line: fit to cross section using a linear combination of |5,0), |4,2),

diameter of ring (atom center to atom center) is 142.6 A. Theringenclosesa  and |2,7) eigenstate densities.

M. F. Crommie, C. P. Lutz, D. M. Eigler, Science 262, 218 (1993)



D, (k,w)

Dy (k,w)

Resumindo

7 (k,w)

= 7 (k,w) =

70 (k,w)
1 -V (k)7 (k,w)

Q

Da representacao de Lehmann:

Dy (k,w) = VY

D (k,w) = VZ

(Yol 72 (=K) [nk) (nk| 7 (k) |¥)

1 -V (k)7 (k,w)

se r, < 1
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Estrutura de polos da funcao de correlacao
densidade-densidade
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Fig. 4.3. electron—hole pairs of minimum energy (12 — k+ g — solid line) and maximum energy
(p — p + g —dashed line) for a given wave vector ¢. Notice that for zero energy excitations the sum

of the 1nitial and final wave vectors, that is, 2 (l_c) + %), is orthogonal to g.
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