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Figure 6.17: (color) The ImΣ (open circles), obtained by multiplying the MDC
half-width by the measured band velocity, is plotted versus temperature for 4
different binding energies. Linear fits (solid lines) to the temperature dependence
are used to obtain the value ξ = 4.4± 0.5.
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Figure 6.18: (color) Comparison of MFL fits (black lines) and FL fits (purple
lines). For both sets of fits, the theory parameters were constant, with only
intensity and peak position as free parameters.
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6.9 Summary of EDC fitting

The sharply peaked EDCs from laser ARPES are easily fit with Lorentzian,

FL, and MFL lineshapes. The quality of the fits from these lineshapes is quanti-

tatively summarized in table 6.1 which compares χ2 values for the most difficult

EDCs to fit. These χ2 values were computed with all EDCs peak-normalized to 1,

and with no confidence weighting. Because of this, the absolute values have little

meaning, but the relative values are significant since we are comparing fits to the

exact same data. The quality of the fits may be better observed in figure 6.18,

which shows the residuals from the EDC fits of table 6.1. The difference is most

notable for the high binding energy peak, where the Fermi liquid fit produces the

smallest residual.

Table 6.1: Summary of typical χ2 values for the 25 K data. Represented here
are the EDC at kF and the highest binding energy peak from figure 6.19. The
EDCs were all peak-normalized to 1, and no confidence weighting was used in the
calculation.

EDC peak binding energy Lor FL MFL

0 meV 0.01 0.0066 0.008
63 meV 0.015 0.01 0.1

In order to reach a decisive conclusion about the applicability of FL and

MFL theories in the high Tc cuprates, a more rigorous analysis of the energy

and temperature dependence of the self-energy is required. With laser ARPES

now producing incredibly detailed images of the cuprate spectral function, the

possibility to distinguish between these (and other) theoretical scenarios directly

from the lineshape is a realistic possibility in the near future.
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Figure 6.19: (color) Comparison of residuals from Lorentzian, Fermi liquid, and
Marginal Fermi liquid EDC fitting. The top panel shows the residuals from fits to
the EDC at the Fermi energy (shown on the upper axis of the plot). The bottom
panel is similar, but shows results from the EDC peaked at 63 meV binding energy
(the deepest energy fit shown in figure 6.13).
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6.10 Summary

In this chapter I presented a thorough study of Bi2212 at optimal dop-

ing, the material we have most heavily studied with laser ARPES. The 6 eV

data was observed to be in overall agreement with higher energy APRES. This

is viewed both as an indication that laser ARPES experiments are in the sudden

limit for the near-Fermi states, and as strong support for the vast body of more

surface sensitive ARPES experiments. The nodal ARPES spectra were found to

be Kramers-Kronig consistent, and in good agreement with bulk-sensitive optical

transport measurements. The resolution improvements of laser ARPES enabled us

to observe spectral peaks that are sharp on the scale of their energy - the clearest

evidence yet for normal state quasiparticles state. The EDCs were then fit with

the ARPES lineshapes predicted by Fermi liquid theory and marginal Fermi liq-

uid theory, both of which showed considerable improvement over the Lorentzian.

Although the FL lineshape produced lower χ2 values than the MFL lineshape,

I feel that more data is required at more temperatures and doping levels. This

is a task ideally suited for our new flowing-helium sample cryostat/manipulator,

which promises to reach lower temperatures with improved stability.


