Journal Club by Oleg Chalaev

Nonequilibrium Luttinger Liquid:
Zero-Bias Anomaly and Dephasing

D. B. Gutman, Yuval Gefen, and A. D. Mirlin

23.09.2008
Phys. Rev. Lett., 101, 126802

best viewed with Acrobat Reader® version > 6


http://theorie5.physik.unibas.ch/shalaev/
http://link.aps.org/abstract/PRL/v101/e126802
http://www.adobe.com/products/acrobat/

Possible experimental setup
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General idea and methods

» We all know that tunneling DoS has a dip due to
electron-electron interaction.

» We strongly expect that there will be two dips in case of
a 2-step distribution (known for diffusive systems).

» Let the expectations come true. ..

Methods of calculation: Keldysh technique in path-integral
formulation [Kamenev'04].



Evolution over the closed contour
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Evolution operator:/h = H,Uc(t, ty), Uc(to, to) =1,

Ucl(t,
ot
Trlic = [ DIA(E)o(0) exp 1575 ] = det (i),
where, e.g., for N =4
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Keldysh action |

The expectation value of a physical quantity o)
O - TI” |:16t©:| - Tr |:ﬁt0©t:| - TC {TI” [Ucﬁt0©:| } P
O, =UL(t, t)OUc(t, to).
The density matrix p;, may be non-equilibrium.

We split the integration over the contour ¢ dt in two usual
integrations:

¢f(fi)d:f¢i> ¢b(fi)d:f¢2/v+1—i:>
és[ﬂga 9] =ipG o= / [ngﬂgb + igpHbp — dror — I'QEfHGﬁf] dt.

— This is how we get Keldysh matrix structure.



Keldysh action Il

For free fermions:
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With the interaction:
1 _ -
Sint - §%dt/drdr/U(r - r/)¢fwr'¢r¢r’7
Introducing real Stratonovich-Hubbard field:

Lgde [drdr’ U(r—r" )b, iprap,s i §dt[L [drdr' ¢, U} g+ [ drgeidrid,
o $dt [drdr' U(r—r"Ybr e, :/D¢e:§ t[3 [drdr'e, U o+ [ r¢>ww]7

so now we can integrate over the Grassmann variables (¢, 1))
and forget them forever.



Keldysh action Il

After integrating away the fermions:

S= /dt/drdr'gzﬁU_lalgzﬁ + Trlog [l + G (p100 + ¢01)]

Now we expand the log up to the 2nd order in ¢ and call the
result RPA:

Swpald] = / dede’ / drdr' [¢ (U0, — ) 6],

where [1 is the bare polarization matrix.



In the 1D case
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where the non-equilibrium polarization is [1 = Nz + 1, with
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Density of states |

Without interaction:
6xix) = (50)0(x) = [ DlFwlexp [13624] Tx)u(x).
In the presence of interaction:
66 x) = (()0(x) =
= /D[¢] exp [ipV1¢] /D[@ﬁ] exp [i(G™ + 0)y] (x)i(x)

We denote G, = [ D[¢y)] exp [i( G2 + ¢)p] ¥h(x)yp(x).
In 1D G! contains vp0r instead of A = we get rid of ¢ in
action by

Vy(x, £) = Uy(x, t)ei@n(xﬂ)’ ©, = oof + 010, "&7977 _ q;
Gn¢(X, t; X/, t/) = e"@w(t) GnO(X;X/; t— tl)e_,'@"(t/)‘



Density of states ||

Vn = /dteiE(“l) (Tr[o3Gpol)

Crucial: © depends linearly on ¢, so the action remains
quadratic in ¢ and the integration can still be performed:

0y = Goo.
The rest of the calculation is straightforward:
exp [i©] = 00 cosf + ioysin ] exp [if] =
= e [i(F+6)] + e [i (7 6)] } oot

+; {exp[i (0+06)] +exp i (0—0)]} o1



Density of states IlI

The result of the Gaussian integration:

=1+ Zi/ dtn,(t) exp (—4,%”) sin(la(g)),
iy (1) = / (dw)(dq)(1 — cos(wt))(08) eI/,
) _ . o

by = 2/(dw)(dq) sin(wt)(00) 1) e~ I<I/N

where A is an ultraviolet cutoff.



Non-perturbative correction to DoS

In equilibrium:
Veq(€) ~ 1o (¢/N)".

For a two-step energy distribution:
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Conclusion

» Two steps in the distribution function result in two
DoS-dips.
» The way itself is the goal. ..
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