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Problem statement |

@ Consider general nonequilibrium field theory
1 e .
Stol = 5 [ (6740 + T Bo+ 676+ o7C0)

¢! — fields, I = (x,7) — multi-indices, A, B, C — time-dependent
operator coefficients (A = Ar;(1),...).
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Problem statement |

@ Consider general nonequilibrium field theory
1 e .
Stol = 5 [ (6740 + T Bo+ 676+ o7C0)

¢! — fields, I = (x,7) — multi-indices, A, B, C — time-dependent
operator coefficients (A = Ar;(1),...).
o Field equations read

d d d rd
F=—"As —2B+B 40,

and imply Klein-Gordon type inner product

(61, 02) = idl (W) —i(We1)iga, W =A— +B
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Problem statement I

e Goal is to calculate in-in Green's correlation function generating
functional
210, Ja) = tr |05,(T,0) 501, (T,0)].

where the Hamiltonian was modified by source term —J7T (t)(t).
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Problem statement I

e Goal is to calculate in-in Green's correlation function generating

functional R R
210, Ja) = tr |05,(T,0) 501, (T,0)].

where the Hamiltonian was modified by source term —J7T (t)(t).
@ Density matrix is general Gaussian density matrix, definied in
coordinate space

N 1 ]
(p4|ple—) = const x exp {—2¢TQ¢ +JT¢} 7

e-[z] il e[S R

where
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Formal result |

@ Result of functional Gaussian integration reads
i (T
21) = const x expd / dtdt’ JTOG )T (1)
0

- [ wreen;+ Lirao o>j},
0

=[]

where the source reads

N. Kolganov Nonequillibrium Schwinger-Keldysh September 6, 2024 4/14



Formal result Il

@ Green’s function has block-matrix form

N G (t,t/) G<(t’t/)
G(t,t)— [Gz(tat,) GT(t,t’):| ’
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Formal result Il

@ Green’s function has block-matrix form

N G (t,t/) G<(t’t/)
G(t,t)— [Gz(tat,) GT(t,t’):| ’

@ and satisfy inhomogeneous equation
FG(t,t')=T16(t—1t),
supplemented by boundary condition

(I I|WG(tt)|,_, =0,

(W + 2)G(t,1)|,_, =0, [I ~I]G(t,1)|,_p =0

where
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Basis functions |

@ Explicit form of Green’s functions can be expressed through basis
functions

Fv(t) =0,
I] Wv"'(t)‘t:T = 0,

. _o U
(WH+Dv-0Olo=0 11 o), —o.
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Basis functions |

@ Explicit form of Green’s functions can be expressed through basis
functions

Fv(t) =0,
I] Wv"'(t)‘t:T = 0,

. _o U
(WH+Dv-0Olo=0 11 o), —o.

@ We will construct it using the simpler ones
. w 0
Fv(t) =0, (W — w)"’(t)|t:0 =0, w = [ ] .

having block-diagonal form

U_v() v*_v*O
0 vt 0w |
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Basis functions |l

@ Desired basis functions are obtained through Bogolyubov
transformation

iv |V V" 10 1
v+—v+vX—[v v*]’ X_[I 0],
U

1 1
= (2+w)
_ k7 T 2‘Qre 2‘-‘Jre
v_=v'U —vV", 1 . 1
V= (2 —w")
282 2Wre
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Basis functions |l

@ Desired basis functions are obtained through Bogolyubov
transformation

iv |V V" 10 1
v+—v+vX—[v v*]’ X_[I O]’
1
U =

1
——(2+ w) ;
_ * T T 2Qre 2wre
v_=v'U —vV", 1 . 1
V= (2 —w")
282, 2Wre

e Answer for G(t,t’) has following final form
iG(t,1) = iGo(t,t) + vy (t) v ol (),
iGo(t,t) = vy () v (') O(t — t') +v*(t) L () Ot —t)
—1
v = [I+ X—V2w.e X (w+9)71X\/2wre] - X.

which has no “good” block structure.
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Basis functions |11

e How to choose w?
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Particle interpretation

@ Decompose Heisenberg field operator
o(t) = v(t)a + v*(t)al
define non-anomalous and anomalous averages

v=tr[pa'al, k=tr[paal,
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Particle interpretation

@ Decompose Heisenberg field operator
o(t) = v(t)a + v*(t)al
define non-anomalous and anomalous averages
v=trpata), k=tr[paal,
@ Demand k = 0 which gives equation on w

w=RY?>\/I—02R'? &=R'V2SR1/2
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Particle interpretation

@ Decompose Heisenberg field operator
o(t) = v(t)a + v*(t)al
define non-anomalous and anomalous averages
v=trpata), k=tr[paal,
@ Demand k = 0 which gives equation on w
w=RY2\/T—2RY2 o =RV25R"1/2
@ Non-anomalous average v reads

V= —-x ( L-o — 1) P » = [wl/QR_lwl/2]1/2w_1/2R1/2
I+o
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Particle interpretation

@ Decompose Heisenberg field operator
o(t) = v(t)a + v*(t)al
define non-anomalous and anomalous averages
v=trpata), k=tr[paal,
@ Demand k = 0 which gives equation on w
w= R1/2MR1/2, o=R 2SR/
@ Non-anomalous average v reads

V= —-x ( L-o — 1) P » = [wl/QR_lwl/2]1/2w_1/2R1/2
I+o

@ Block-matrix components G(t,t') have simple form, in particular

G (t,t) = v(t) (v+ 1) o (') + v (t) vol (¢).
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Euclidean density matrix |

o Consider the particular type of the density matrix, defined by the
Euclidean action

pelorostel = | D¢exp{ Seld] - /Oﬁdwwwf)},
¢(7':i:) o+

where Sg is Euclidean action

iS[ot)]|,__,. = —SElés(T)).
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Euclidean density matrix |

o Consider the particular type of the density matrix, defined by the
Euclidean action

pelorostel = | D¢exp{ Seld] - /Oﬁdwwwf)},
¢(7':i:) o+

where Sg is Euclidean action

iS[ot)]|,__,. = —SElés(T)).

@ Operator coefficients of the Euclidean action are defined by the initial
one as

Agp(1) = A(—iT), Bg(1) = —iB(—it), Cg(t) = —C(—it),
and hermiticity implies

Ap(B—7) = Ap(1), Be(f—7)=-Bp(1), Cp(f-7)=Cg(7)
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Euclidean density matrix |l

@ This arise in the context of spatially closed cosmology

=a
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Euclidean density matrix |l

@ This arise in the context of spatially closed cosmology

ol N
@ Density matrix is Gaussian, which parameters read

— — — —
0_ —WgGp(B,8)Wr  WgGp(B,0)WEg
= — — — —
WeGp(0, B)Ws —WpGp(0,0)Ws
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Euclidean density matrix Il

@ Special choice of w implies following properties of basis functions

o(t — iB) = v(t)y—:j, V(= i) = 0" (1)
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Euclidean density matrix Il

@ Special choice of w implies following properties of basis functions

o(t — iB) = v(t)y—:j, V(= i) = 0" (1)

o that lead do famous Kubo-Martin-Schwinger condition
Go(t—iB ) = G(t,V)

despite non-stationary nature of system!
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e Generating functional of in-in Green's functions for general
non-equilibrium system and initial state was calculated

@ Special choice of basis functions, allowing particle interpretation was
made

@ For Euclidean initial state analytic structure of basis functions was
examined and KMS condition was derived
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Thank you for your attention!
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