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Séminaire:



Outline:

• Motivations/Phenomenology – some classic 
examples

• Quasiparticles and the (N+1)-body problem
• Quasiparticles and Green’s function
• Probing quasiparticles by photoemission
• Why are quasiparticles long-lived: phase-

space constraints
• Landau theory of Fermi liquids
• The RG viewpoint



1. Motivations
• Quantum fluids of interacting fermions 

often display, at low enough temperature, 
physical properties which are qualitatively 
similar to those of a free Fermi gas. 

• For example:
- Specific heat linear in temperature C~γT
- Constant (Pauli-like) susceptibility χ
• However, quantitative changes from free 

gas, e.g. γ/γ0   χ/χ0 can be very large. 
• Also, deviations found as temperature is 

increased



1.1 Helium 3: the historical 
prototype of a Fermi liquid

• For many decades, this has been the ~ 
only available Fermi liquid available in the 
lab w/out the additional complications of partially 
broken translation invariance due to crystal lattice as for 
electron gases in solids.

• [Aside from neutron stars…]
• A byproduct of the Manhattan project ! 

no surprise focus was in the early 50’s
(cf. JG Daunt, Science, 26 Feb 1960)

*   Situation now changed with cold gases of 
fermionic atoms (6Li, 40K) 



Helium3 : phase diagram
Solifidification: ~ 34 bars ; Pomeranchuk minimum
Remains a liquid down to T=0 (`normal’ above a few mK)



Helium 3: specific heat

DS Greywall, 
Phys Rev B 27 (1983) 2747

-T-linear at low-T
- Slope enhanced from ~ 3 (p=0)
to ~ 6 (p ~ ps)

- Plateau at ~ 300 mK
(compare TF gas ~ 5K at p=0)
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Effective degeneracy 
temperature << TF

0 :



T=0 comparison to free gas

From D.Vollhardt Rev Mod Phys, 1984



1.2 Heavy fermion compounds:
enormous renormalizations, 

robustness of Fermi liquid theory !



Phys Rev Lett 35 (1975) 17779



Probing quasiparticles by 
angular-resolved photoemission 

spectroscopy (ARPES)

• Introductory review:
• A.Damascelli Phys.Scripta T109 (2004) 61

http://www.physics.ubc.ca/~quantmat/ARPES/PEOPLE/damascelli.html



Schematic view of an ARPES measurement:





In practice …



Quasiparticles: 
waves associated w/ low-energy excitations 

acquire a finite lifetime 
(Landau Fermi-liquid theory)

Long-lived excitations with:
-Dispersion relation modified by interactions
-Finite spectral weight
- Finite lifetime

Landau: lifetime diverges as 1/(energy)^2 as FS is reached



ARPES on `model’ systems
- quantitative analysis of lineshape -

• TiTe2 (2D metal w/ weak-moderate correlations)
- Claessen et al. PRL 69 (1992) 2008; PRB 54 (1996) 

2453; PRB 74 (2006) 195125
- Perfetti et al. PRB 64 (2001) 115102
• Mo(110) surface state
- T.Valla et al. PRL 83 (1999) 2085

• Sr2RuO4
- Ingle et al. PRB 72 (2005) 205114
- Wang et al PRL 92 (2004) 137002
- Kidd et al. PRL 94 (2005) 107003







Quasiparticles are destroyed above 
some coherence scale (low in strongly 

correlated materials)

T.Valla et al. Nature 417 (2002) 628
Wang et al PRL 92 (2004) 137002



Fermi liquids with a single scale ?
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