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 Review of quantum statistical mechanics 

 Introducing imaginary time formalism 

 Free fields at finite temperature 

 Bosonic 

 Fermionic 

 Interacting fields at finite temperature 

 Finite temperature Feynman rules 

 Sample 1-loop calculation 









c. l. 



(Fermion) 

(Boson) 

(Radiation) 
www.aip.org 

images of ultracold lithium-atom clouds 





 Transition amplitude from a state φa to a state 
φa after tf : 

 

 Compare with partition function 

 

 Switch to an imaginary time variable τ=it 
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 Integrating by parts, and using the periodicity of φ, 

 

 Fourier expansion of field: 

 

 Constraint of periodicity, imposes that ωn = 2πnT,  



Vacuum  
contributions 
should be subtracted 
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 For  λφ4  theory: 



 

 

 

 

 

 

 

 ln Z1 will be zero by symmetric integration unless n3 = −n1,  

p3 = −p1 and n4 = −n2, p4 = −p2, or the other two permutations. 







  Draw all connected diagrams. 

  Determine the combinatoric factor for each diagram. 

  Include a factor T ∑n ∫d3p/(2π)3D0(ωn ,p) for each line. 

  Include a factor −λ for each vertex. 

  Include a factor (2π)3δ(pin − pout)βδ ωin,ωout for each vertex, 
corresponding to energy(frequency)–momentum 
conservation. There will be one factor β(2π)3δ(0) = βV left 
over. 
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 Setting p0 (−p0 )in the first integral, 



 

 

 

 

 When m = 0 and λ<<1 then, 



 Imaginary time formalism (β=itf) 

                                       

 Free fields at finite temperature 

 Interacting fields at finite temperature 

 Finite temperature Feynman rules 

 Sample 1-loop calculation 
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