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How can we detect interactions in ARPES?

1

, . . G(K,E)= ST ST . o
Green'’s function: G(K,E) E-Ey -3(k.E) indicates how the binding energies are modified

| Im2(K, E
Spectral function: A(K,E) =— (k, £) indicates how the lines look
 [E - Ey - ReS(k,E) P+ [Im=(k, E) P

Self energy: X(k,E) = ReZ(k,E) + ImXZ(k,E) (zero for non interacting situation)
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Change in energy Change in lifetime (linewidth)



The carriers have a finite lifetime due to absorption and emission of phonons and other excitations

|
Aw,
w,-Aw 9 '
k.-q electron emits a phonon:
' phonon change of energy w and momentum k 4 electron emits and reabsorbs a

phonon: change of mass
the measured state is broader in

momentum and energy the mass of the carrier is increased

BSCCO Superconductor Results [1]

these processes are fundamental
to understand superconductivity

there is no direct way to probe
these processes except through
ARPES measurments
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[1] Koralek et al, Phys. Rev. Lett. 96, 017005 (2006)



Hydrogen and deuterium on W, influence on surface state

Binding energy %m, eV
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Yim(E) ~ ix™” [20]. We assume that YP"(E) is dominated by the Fan-Migdal self-energy [21] with negligible
momentum dependence in the range of the extracted self-energies, whereas in a treatment of the phonons up to second
order in the phonon displacements, the Debye-Waller term [21] is captured inside the bare band e(k). Subsequently,
a?F(w) is obtained from inverting the following integral [22]:

YPUE) = /000 dwo® F(W)K (B, w), (11)

where we use the following expression for the bosonic kernel [22]:

_ [T [ S tnw) o f) +nw)
K(E,w)_/ dV[E—w—V+in+E+w—u+in]’ (12)

o0

where 7 is an infinitesimal value from the analytic continuation [23] that we set to 1075 meV.
We reduce the integration range of Supplementary Eq. (12) by assuming that scattering only occurs from the band
bottom Eg — Eyo to an equivalent energy FEyo; + Fp:

Ko = [ [J el ]

(13)
Er—Enot

which can then be integrated to give the following analytic expression [24]:

1 E—FEp—w+i 1 E-E i E-E Epot + i
K(E,w):—iw+w< : P w+1n>_¢< : F+w+1"7>+ln< P +w+ bt+177>

2 T omkgT 2 T 2nkeT E — Ep +w + Byot + 17

FE — Ep — Fyor +1 FEF—-F FEro i
+n(W)[ln< F-wt bt+?n>+ln< Frwt “ﬂ")], (14)
FE—Ep —w— Ey +1in E—Er+w— Ey +1in

where () is the digamma function.
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What does optics can tell me?

The conductivity is non-Drude, not a simple Fermi liquid

' l ' !

y The SC gap is of thelorder of 60 meV
energy to break Cogper pairs, thus
energy that keeps them together.....
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All ARPES data shows nice Fermi
surfaces with well-defined bands

Clearly mettalic and Fermi liquid
In contrast to optical conductivity
What are these bands???
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d-wave superconducting gap
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