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- Introduction

Landau’s Fermi liguid theory (1956):

excitations of strongly
Interacting system of fermions

N\

a liquid of weakly interacting quasiparticles

-—p eXxcitations of free Fermi gas

how well the quasiparticles are defined?
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iIure of perturbation theory in
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Dzyaloshinskii, Larkin (1973)

FL’s particles/holes are not ‘good’ quasiparticles in 1D




- Elementary excitations in 1D

1D: only collective excitations
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- waves of density (sound waves) - bosons

proper guantity Is now density-density cor. function
x(g,w) = (=i6(t) [o(x,1), p'(0,0)] )
dynamic structure factor:

S(q,w) = / dx dt €'~ (p(z,t)p(0,0)) = 2Imx(q,w)

q,w

at T =0 (FDT)
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. Interacting 1D fermions: RPA .
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Do bosons make ‘better’ quasiparticles in 1D
than quasiparticles/holes are in 3D Fermi liquid?




- Motivation

Challenge:
how to account for interaction and nonlinearity
of spectrum simultaneously?

Applications

Coulomb drag IV\
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x T ‘1/0 dw dq >V (q)e™ /T S (q,w)Sa(q, w)

PRL 91, 126805 (2003)




- Motivation

Challenge:
how to account for interaction and nonlinearity
of spectrum simultaneously?

Applications

Inelastic neutron scattering off antiferromagnetic spin chains

(maps to structure factor
of 1D spinless fermions)




- Free electrons

Lehmann (Golden rule — like) representation
S(a,w) o< Y (flo}l0)*5(w — €5 + o)
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- Free electrons
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e the peak is narrow- good news!

but... eitisnota Lorentzian
e dw ox 1/m (non-perturbative in curvature)



- Calogero-Sutherland model -
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quasiparticles [v| > u

elementary excitations _
quasiholes |v]| < u

plasma U — )\(ﬂpo/m)

i velocity

—U u

velocity




- Calogero-Sutherland model -

excited state with {v;, v, }:

P = E mu; — mu;

all quasiparticles are right-moving

V; > U

|R) = P.:];>0|0>

- i
Zk%ﬂwk (valid for YA)

not the case generically!




- Calogero-Sutherland model -

excited state with {v;, v;}: R) = pq>0|0

P = E mu; — mu;

momentum and energy conservation:

q= PRy, w=ELERp)
= bounds on w for a given ¢:

S#0 forw_ <w<wy wy =uq+ q*/2m

(like for free fermions) w_ =uq— \g*/2m



structure factor

S(q,w) = qQ/H dv;dv; F(...) 5(q — P|R)) 5(w — E|R})

form-factor F' = ({v;, v;}|p!|0)?

— known for CSM <

" Simons et al. (93)
Haldane (93)

_ Ha (94)



- Calogero-Sutherland model

W w
wy =uq+ q¢*/2m i"
W_ = uq — Aq2/2m S(gw)# 0
0 o q

at w — w4 almost all momentum and energy '
are carried by a single quasiparticle/hole

@ —
i velocity

U (for w — w4 )

- this observation allows the evaluation of the integral
S



- Calogero-Sutherland model -

A

W w
wy =uq+ q¢*/2m i"
0= q

power-law singularities at w — w4:
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see PRL 97, 036404 (2006)




- Calogero-Sutherland model -

weak interaction: |\ — 1| < 1

1/X—1

the exponents {
A—1

— F(A-1)

(exact for w — w4)
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the exponents are 1st order in the interaction strength




- Perturbation theory: bosons -

bosonization:
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nonlinearity as a perturbation: §H x — / d:cZ 0200)> C
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erturbation theory: fermion
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wi = vq £ q¢*/2m
S/Sy ~ 1 when w — w, ~ exponentially small

main spectral weight of S(q,w) is confined to

W< w < w4




erturbation theory: o.<o<®

So 1 — leading corrections (in V/v <« 1 and ¢/mv < 1)

. 2
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ck to Calogero-Sutherland mo
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Wmin W

core level (localized)

_I_ Mahan (1967)
R Nozieres & De Dominicis (1969)




- Back to structure factor -

”

— cf. edge singularity
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- Back to structure factor -

log-singularities at w — w4

Important states:




- Beyond perturbation theory -

Important states:

the idea: project all other states out!







PRl log. accuracy

0<w+—w<<(5w




Including the left-movers...

at w > wy

0 Qkp q>

perturbation theory — S/Sy ~ (U/v)? (L)Z ln[ ow ]

muv W — W4

R — L interaction




Including the left-movers (results;




FM spin chain - numeric-

_—ow(g)

\OCS(
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Coulomb drag

= no effect on Ryrag: Rarag < 77 at low T°

PRL 91, 126805 (2003)
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AFM spin chain

x T—2(q)
fixed g

max S(w, q)




Conclusions

e a challenge:

simultaneous account for S,
Interactions & nonlinear dispersion
In a system of 1D fermions

w_ Wy

V dynamic structure factor (density-density cor. function)

single-particle cor. function

PRL 97, 036404 (2006)
PRL 97, 196405 (2006)

more is coming soon...

fermions with spin
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