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DOS approach

Random-k approximation

1 2 . |
~ = jfi dE p(E )L)E dep(e)p(e+w)| M (w) |2

T 7
(o=E-E)

Constant matrix elements | M () |* = |M |?
but dependent on the character of the
bands
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DOS approach: Noble metals

* Simple description

T'=Mg(E-Ep)2 (E-Ep<m,)

T‘lmMii(E-EF)z
+M$ (E-Ep-,)2 (E-Ep>a,)

E-E,
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DOS approach: Cobalt

e Simple description

E -Ep <0y
Lo 4
T, = CO(E:;E*{)
Ty (B-E;32
.E'EF>(Dd
1 (E-F )2+C‘L (E-E.-;)2
e, = "o Eg 1 Eg- 04 = f(E)
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¢ LIFETIME

7= -2 [ drar's; (OIME(r, v/, Ky )i (1)

o LIFETIME-SCREENED INTERACTION
1 = —-QZ’fdr/dr'qbf(r)gb}(r')
f

< ImW(r, 1", w)ei ()¢ (r)

s SELF-ENERGQGY

Im>(r,r";¢; > Ep) = > qb’*]‘c(r’)
Ep<es<e;

x ImW(r,r’; e —ep)pp(r)



e SCREENED INTERACTION
W(r,r’;w) =v(r —r') 4+ fdridro v(ro —1r')

X [v(r —r1) + K*(r,r1;w)]  x(r1,r2;w)

e DENSITY RESPONSE FUNCTION
x(r,v’;w) = xo(r, r’;w) + [dridrs Xo(r,rl;w)

X [’U(I’l - r2) + ch(rla ro, UJ)] X(I‘Q, I",; UJ)

e DENSITY RESPONSE FUNCTION OF
NON-INTERACTING GAS

O/ /0 N 0(Ep —w;) — 0(Ep — w;)
x (r,r’;w) = 2 % ot ot
X ¢(r)or(r)d; ()] ()




PERIODIC CRYSTALS

e LIFETIME
11, B;(a+ G)B;s(a+ G
T f G G/ lq + G|

x Im [—Ea:}GI(Qaw — &k sk_Q:f)}

Bip(q) = (¢xil€" T |dx_q 1)

¢ RPA DIELECTRIC FUNCTION

47
eG,G’(qaw) - 5G,G' - lq+ G|2 X%’G’(qaw)

e DENSITY RESPONSE FUNCTION

x&.q (@ w) = Q! s dad Y (fin — fktqn’)
n n/

<¢k,n|e_1(q+G)'r’¢k+q,n’> <§bk+q,n’|ei(q+G’)TI¢k,?
£k,n — €k+q,n’ + (w+in)
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Hot electrons in Cu
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Holes in Cu
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Lifetime of localized states

Extended state WM

Big overlap => Short lifetimes

Localized stat ANVANN |\ NVANFA\
ocalized staie \/ \/\

Small overlap => long lifetimes
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E-E_(eV)

Cu(111) band structure

0 0.05 0.1 0.15 0.2 0.25

q (a.u.)



Experiments vs. theory

¢ HOlCS ( F ) Theilemann et al. (1997) ;
Kliewer et al. (2000)

Theoretical models (3D electron gas) predict
significantly longer lifetimes than are observed
with STM and photoelectron spectroscopy

FLT: longer lifetimes: factors of 4 1n Cu (111)

¢ Electrons ( I ): Burgi et al. PRL (1994)

“Experimental values are comparable to the
corresponding bulk electron lifetimes.

This indicates that electron-electron interaction
of hot surface state electrons with the Fermi sea
1s dominated by the underlying bulk electrons.”




New physical picture ‘

New physical picture to emerge has
two-dimensional decay channels
contributing in an important manner
(dominating in the case of holes) to
electron-electron interaction that

contribute to the decay, screened by

the electron states of the underlying

three-dimensional electron system




Imaginary part of screened interaction
g=0.5a.u; w=0.5eV
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Imaginary Part of the Screened Interaction
for Surface and Bulk Transitions
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Intrinsic surface state at I" point
(Model potential calculation *)
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Linewidth of intrinsic surface state
on Cu(111)

electron

>

N Exp.. W Birgi et al, (1999);
A [e-e] Theilmann et al, (1997);
V¥ [e-e] Kliewer et al. (2000).

culation and FEG (PW, 3D).
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Be(0001) Surface Band Structure

Surface State Linewidth at I in meV

Comment me Fintraband F

interband

1 dim. screening

?-;eia.e‘:l?ience of the 280 240 40

penetration of the
surface state

3 dim. screening
3 dim. wave

fn e 265 225 40
first principles




“First of all, image-potential states, because of
their simplicity, provide an extremely useful
model to study the interaction of excited surface
electronic states with the underlying substrate
directly in the time domain. This coupling 1 turn
governs the cross sections and branching ratios of
practically all electronically induced adsorbate
reactions at metal surfaces.

(The lifetime of the excited state is the most
important “unknown” in the Menzel-Gomer-
Readhead model that is commonly used to
describe electronically induced desorption and
dissociation processes at surfaces).

Second, there are numerous applications and
extensions that come to mind...”

Ward Plummer on Science (Sept. 1997),
on the paper of Hofer
(same issue of Science).



IMAGE STATES LIFETIMES (fs)

Cu(100) | 40+6 | U. Hofer et al. (1997)

120+15 | L.L. Shumay et al. (1993)
Cu(111) 18+5 | M. Wolf et al. (1996) |
15+5 { I.LL. Shumay er al. (1998) ¥
22+3 { E. Knoesel et al. (1998) |

" Resonance
Ag(100) | LL. Shumay et al. (1998) I8

| Au(100)

: Pd(100)

 Pd(111) 2 5.4 | A. Schifer et al. (2000)

Ru(0001) L | W. Berthold et al. (2000) |

| Li(110)




Cs/Cu(111) and Cs/Cu(100) Surface Band Structure

¢ = 4.62 eV

Linewidth (meV)

Experiment Theory
M.Bauer et al' §.0gawa et al’ Elastic® Inelastic
(100) 110 *22) 130 112 20
(111) 44 33 13 10 17

'M,Bauer, S.Pawlik, and M.Aeschlimann, Phys. Rev. B60, 5016 (1999).
’S.0gawa, H.Nagano, and H.Petek, Phys. Rev. Lett. 82, 1931 (1999).

*J.P.Gauyacq et al.
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