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correlators & Finite Temperature

What is finite t ? Wit
Is Ho

=> Don't know state of
system

=> Average over thermal (canonical) ensemble of possible states

Thermal density matrix :

p
= &H

↑
Hamiltonian ofsytem , ignoring

bath

Example : Electron in magnetic field

H =z (1- ) =

(88)
Ground State 10) = (4)

ExcitedState (1) = (v)

Heisenberg picture => z(t) = eiH+ eHt = (02)

x(t) = eiHt(xe
Ht

= Oct
=> (z(t)) = (0(z(t)(0) = 1



(X(t)) = 0

Tro-pt functions : (z(t) z(0)) = 1

(x(t)x(0)) =
e

-
int

X

Wightman function => (x(0) x (t)) = (x (t) x(0))+= eirt

Can analytically continue to Euclidean time : - - it

=> (x(t)x(0)) = e

- Ni

InQFT :

energy spectrum
unbounded

=> (0(t)0ld) = [En0ld (n) 1-> c for Eco

=> Endidean correlators mustbetime-ordered

(TEOG) 0(d) = (0(t) Plol) (i) + (0(0) O(t) Of i)

More generally :
Im(t) = t

-



(z(t))p
Partition function z(4)

=>
)

=
(x(t))p = 0

Thermal two-pt functions :

(E(t) z(0))
y

= 1

(x(t)x(0))=+Eit

Enclidean corrector : - - it => (X(t)x(0)p=
Shift
- -> + +

1 :

=> (x(5 +y(x(0)=wexlox
KMS condition

Alternative form : (x(t) x(0)) = (x(p-t)x(0))



=> Thermal correlators live on a finite-width strip in complex plane
Imb) = t E

#rect
Time-ordered correlators are predic in Euclidean Simaginary) time

Example: Harmonie oscillator

H = wate

X(t) = eiHt(a + a
+)
e

- iHt

=> (x(t)) = 0

(x(t)x(0)) = e

- int

p
= eCH = [e - P (n)(n)

=> (x(t))p
=xl

(x(t)x(0)p
=

-Doestat's = Fermi statistics)



continuous spectrum two equivalent

representationsInfinitevolume i(E)O(x) ... O()(E)
in I

= JdE ePY out(El O(x1) ... Okxu)lE)out

(E) in FE) out => Somatrix
=
ElElin

Thermal correlators are inherently "in-in" (or "out-out")=> Schwinger-Keldysh
No ambiguity in finite volume : (E) = (E) in = (E)out

#at
are in/out states?

H(4) = (Ho +V) (4) = E(4)

freeInteractions
thoory

"Lippmann-Schwinger"equation
=> (E - Ho)(4) = VIt)

Multiply by (E-Hol" to obtain It) 2)
=> (4) = 10)+otic(4)
- Y ~ Ambiguity in (4) if Ho has

Eigenstate of H
Eigenstate

of Ho an eigenstate (8) - eigenvalue E
H(t) = El4)

Hold) =Elp) => intent states


