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Identify relevant interaction in each channel
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Identify relevant interaction in each channel
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Hubbard-Stratonovich transformation:
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After integrating out the fermions, we have
7 / dAge PV
where
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Now we need to minimize the free energy as a function of Ay.
At the minimum,
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Density-Density Interaction at the QCP (U + (2M;,; — K1,1) (w,0,0))
There is a peak at some finite frequency @
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If S has a single simple saddle point at an interior point z, of the
integration contour y, then the A — co asymptotic of F(A) is given
by

FQU) = | |2 A-112 gAStao (flz) +0(271)).
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Hence the saddle-point method consists of a topological part,
which is finding a suitable contour y which may not exist, and an
analytic part which involves the evaluation of the asymptotic
behavior of the Laplace transform F(A).



Applied to Hubbard-Stratonovich transformation we obtain
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where c e Rand y € C are arbitrary but only for an adequate
choice the integrals can be evaluated in saddle-point
approximation.



Action with a density-density interaction K:
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Integrating out the fermions leads to the free-energy,
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We make the following ansatz for @,
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So in addition to the static field @, at zero frequency the
free-energy depends on ®; and ®;, which incorporates a
dependence on K at the finite frequency @.

The free-energy now reads
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Let{ = |CD‘;,<TD(;,|1/2 at the saddle ]
point of the free-energy.
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The fermionic propagator is then given by the diagonal of
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Imaginary part of the Dyson self-energy computed for { = 0.5.
The plot shows only the low frequency regime when € = 0.

Numerical Results
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Close to the Fermi surface and for small frequencies the full
propagator behaves as

1
&~ iw—ep+isgn(w)r!

where 7 can be interpreted as the quasiparticle lifetime.



Inverse Fourier transform of the full propagator and the
self-energy
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Quasiparticle lifetime
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Summary

» NFLL self-energy suppresses gap formation

» Thereis a QCP in the 2D-Hubbard model at '/ ¢ = 0.341 at
vHF

» Mean-field approximations in the density-density channel
require some special considerations.

» The frequency dependence of the density-density
interaction leads to short quasiparticle lifetime.



