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Similarity of the Leading Contributions to
the Self-Energy and the Thermodynamics In

Two- and Three- Dimensional Fermi Liquids

D. Coffey and K. S. Bedell

L.os Alamos National Laboratory
Los Alamos, NM 87545, US.A.

ABSTRACT - We compare the self-ecnergy and entropy of a two: and three- dimensional
Fermi Liquids(FLx) using n model with a contact interaction between fermions. For a (wo
dimensional(2D) FL, we find that there are T? contributions to the entropy from interactions
separale from those due to the collective modes.  These T? contributions arise from non
analylic corrections to the real part of the sell-energy and are analogous to T*InT contribu
tions present in the entropy of a three-dimensional(3D) I'L. The difference between the 2D and

3D results arises solely from the diffc. ent phase space factors.
Keywords: 'T'wo Dimensions, Fermi Liquicds, Thermodynamics

The 2D nature of Lthe cuprate superconductors naturally leads to o FL model for
the normal state properties. The doping dependence of the magnetie susceepti

bility, the thermopower and the Hall resistivity have been successfully explained
on the bawis of FL theory hy Trugman|[1990] as has NMR data [Monthoux 1992]

Other experimental data is more diflicult to deseribe with the low temperatare
and energy expressions which are usually taken to eharneterise a FL. This has
lend to speculntions that the ground state of the electronie degrees of freedom
in the cuprate planes is not a FL. One proposal is motivated by 10 results in
which the ground state 15 o Luttinger Liquid(LL).[Anderson 1990] This tequires
that 1D results may be extended to 20, There has also heen developed o phe

nomenology which attempts to deseribe the apparently non F'L like experimental
results.|Varmn 1989 and Schmitt Rink 1989] There is as yet no micrscopie hasis
for this phenomenology on o inttice, These spectulntions have lead 1o a0 senreh
for the breakdown of FL in 2D [Serene 1991, Fuhayama 1991 and Engelbreeln
1992] 'To date no evicenee has been fonned,

In 3D it is well known that the leading, cortections ta FL behavior come from
long wavelenpgth fluctuntions. Here we investipate these eflfects for o 2D ).
Cnleulating, these terms for n 1D FL o porturbation theory one immedintely fineds
that the corrections are more important than the lending, licenr dependences i
the self enerpy and the specifie heat . This sigoals the brenhdown of the 1D L
which is consistent with the exnet results for 1D systems, One might expect then
that perturbation theory wonld show evidenee for a bneakdown of FLan 2D aleoif
there is one. ln gencval perturbation theory has heen novelinble paide o the pacd
to chupe and spin density: wave mstnhilities and the Coaper instability, This
point of view, which has heen genemnlly necepted, has recently been called ingo



question by Anderson[1992] who claims that perturbation theory is not valid for
many-body systems, at least in 2D. However we do not address this issue here
and calculate corrections to the leading behavior of a 2D FL in perturbation
theory.

In 3D the specific heat is known to have a T T correction which comes fram
the E,,alnﬁ,, correction to the self-encrgy, X(p, &;), where € = (p ~ pr)vr, pp is
the Fermi momentum, and vp = pp/m is the Fermi velocity. In the 1D system
the breakdown of the FL can be seen already in the 2" order perturbation theory
where the specific heat correction is given by 8Cy ~ Ty ) T IuT. In the 2D case
we find that Cy >~ 4 T + Ty T? +... where part of the T2 term comes from a
non-analytic correction to the self-energy of the form sgn(€, )E,.z.

In order to compare the properties of FLs in 2D and SD we first caleulate the
single-particle self-cnergy to second order in perturbation theory at zero tewm-
perature using the paramagnon model.[Doniach, 1968] For a 3D FL Blaizot and
Friman [1981] found
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The real part of X(5, &), determined from the Kramers: Kronig relation, is
ReN(PLEY) = Agpbp + Bap€* |6, b . (2)

The £, n€,| teem comes from the [ef* term in lnX(pL ¢) and so it is determined
by the long wavelength seattering. For a 2D FL we find
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for {; - 0. This reduces to the well known results of Hodpes ot al [1971] and
Bloom[1975] for lmMi(poe £,) ReMpl&,,) is
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Here we nre concerned with the corveetions to the linew tetme in §,. Both
By and 1y are dotermined by long, wavelenpth seattering. Comparing, the
corrections to the effective mass tets in ReXp 80 m 2D and 3D, one sees that
in 2D the correction = non analytie nnd comes from the lending, ¢ dependenee of
X poe) wherens in 30 the conection is nnnlytic bt comes from non analytic
terme i lmdi(p, o). 'This difference hetween the lending, corrections to the linem
Ep dependence in 21 and 3D s due solely to the differont phace spoee. o contined
to 1D there i oo indiention of o bireakdown of FL theory in 20 1o this andes



in perturbation theory. We now consider the thermodynamics of a 2D FL and
compare the results with 3D.

Using the RPA approximation the change in the quasiparticle contribution to
the entropy due to interactions is

ASy = 70T + TapT? + O(T?) (5)

T ge
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Axu— tan™'(24y)
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where A=s or a, 11,=1, 11,=3, aud
I =T
Ay= ——— Ay = T
1+1 11 (*)

A, nnd A, are the seattering amplitudes in the symmetrie(density ) and antisym
metrie(spin) channels, n s the density of particles, and Ty - vppp /2. The T?
termu in ASg, comes from the non-analytic term in Redi(5i, €,,).

Carrying out the caleulations in 3D one finds that

AS,”, = YT -} ]‘:u)’l'“ln'l‘ } ()('I"") (8)

These TT terms in 3D are the amnlog of the T2 terms in 2D, A dillerence
hetween 2D and 31D is that Iy depends on the seattering nmplitudes to al!
orders whereas Iy involves only the second and thivd powers of the seattering,
amplitudes.

The collective mode contribution in 2D is & 7 so that unlike 3D, where the con

tribntion from colleetive mode is o 79, the correction to the leading temperature
dependenee in the entropy is not solely from the quasipacticle renotmalization.
Collecting, the quasiparticle and collective mode contributions to the entropy
one sees that AS i 0 power series in temperntare in 2D an particular there
are no Il terms in AS which implies that, ot lepst to leading, order, i

particle domping effects do not conteilmte to thermodymmmie properties in this
approximation where the propagntors are unrenormaliied. Lifstime effects may
he estimanted using an expression derived by Caroeiro and Pethick[1977] in their
treatment of the thermaodynnmices of o FL usbing, fully renorialised propnpators
An overestitnnte for this expression, equation (23) of their papen[Carneivo 1957,
gives the contribution to the entropy associnted with finite quasipniticle lifetine.
on the entropy ~ THnT "This is higher order in temponeare than the 1 co

rec ions found above nnd nre el less important e thetmodyaamies than a
endeulntion of Yip, o) wonld suppent



Since we have used a particle-hole expansion in the symmetric and antisymmetric
channels our results may be easily extended to Landau’s Fermi liquid theory hy
considering Eq.(1) to describe quasiparticles with an effective mass interacting
via an cffective interaction f(p,p') which can be decomposed into two chanuels,
fa(B,p") and fo(p,p'). This effective interaction is a long wavelength limit of
the particle-hole irreducible four-point vertex and so deseribes long wavelength
properties. This leads to somewhat more complicated expressions when V, and
V. are substituted for by f,(j,77) anud fa(p,j"). The Landau functions are fune-
tions of the variabie s = q—:’; and may be expressed as cocfficients i a series
of Legendre polynomials in which s is the argument. These  efficients are the
Landau parameters. The cocflicients of the non-analytic terms in X(p.&,) and
their contribution to the T? in the entropy can be expressed in terms of Landan
parameters as was doue in 3D, [Pethick, 1973]

In conclusion there is no evidence that long wavelength interactions between
fermions, which give the leading corrections in 3D, lead to a breakdown of FL
in 2D, These efteets point to the breakdown of FL in 1D. We find that the
corrections to the leading linear dependence in YE(p, &) and €, for 21 and 3D
FL's are very similar.
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