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Non exponential quasiparticle decay and phase
relaxation in low dimensional conductors
Gilles Montambaux and Eric Akkermans

problem:
How dephasing and phase decoherence due to

electron-electron interaction in disordered system occur?
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There are many times. . .
Life time of the excitations in the Landau Fermi liquid
theory, or inelastic time: Let P(t) be the probability for
a quasiparticle to stay in its initial state. Then 7, Is the
characteristic scale of P(t).

relaxation of the phase coherence: if ®(t) = phase differ-
ence between time reversed trajectories [1], then 7, is the
time scale of (exp [¢®(t)]).

time of the relaxation of the distribution function to the

equilibrium:
e __fo I

at Tf

All times are of the same order(?)
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Why 74 and 7, are important in mesoscopics?

dephasing kills the interference effects like:

weak localization correction to the conductivity

negative magnetoresistance in small Ly > Ly = /5%

magnetic fields, see
B. L. Altshuler & A. G. Aronov, JETP letters, 33, 499.

- so that 7, gives temperature dependence of these effects.

T Serves as a cut-off, e.g. during the calculation of weak
localization correction to conductivity in 2D [4].



Known results

Landau IX: In the Fermi liquid 1/7, o (€ — Ex)?.

B. L. Altshuler & A. G. Aronov,

JETP letters, 30, 482 (1979):
Landau theory ignores the finitness of the electron

free path.
In the disordered system 1/7, « (€ — E¥)
that the quasiparticles’ damping is stronger.
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Common point:
the decay is exponential o exp|—t/my)|



The key point

Why the decay is supposed to be exponential?
- because, like in a nuclear decay, every act of inelastic
collision is independent from the others.

Montambaux & Akkermans:
this Is not true because of the time-energy uncertainity
AwAt > k in the Fermi golden rule; in other words, the

energy conservation during inelastic collisions Is not exact
for finite t.



The derivation of 7,

Writing the kinetic equation for fg in Keldysh technique and linearising
it, one obtains (see pp.348-349 [6])
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then we say that in the integral w ~ Dgq? so that [d%q ~ (w/D)%/2.
The upper limit in [ dw is not important because it never diverges. Let
us look on the lower limit. In 3D neither the lower limit diverges and no
cut-off is required. Let us consider quasi-1D case, d = 1,
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usually they say that the lower cut-off is 1/7,, obtaining constant decay
—2/3

rate with 74 oc T=</°. In [1] they say: the lower cut-off is 1/¢, not 1/7,!



Conclusions

phase and excitations’ relaxations in 2D are not exponential.

the reason for this is taking into account the time-energy
uncertainty in the Fermi golden rule.

both 7, and 7, have the same temperature dependence;
also the corresponding relaxation laws are the same.

this presentation has been prepared using only free software;

see for details.
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