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We’ll discuss some features of time dependent fields
on the basis of kinetic approach.

The low-momentum problem in the 7-meson physics
will be considered as an example.



Some Kinetics of scalar filed with time dependent mass

The equation of motion

9,0" + m*(D)]p(e) = 0.
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Some Kinetics of scalar filed with time dependent mass

The equation of motion
[0,0" +m*(t)]p(z) = 0.

The Lagrange function is

L= 50,606 — sm*(1)”
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The equation of motion
[0,0" +m?()]p(z) = 0.

The Lagrange function is

L= % 90" P — %mQ(t)ng.

From the assumption of space homogeneity

1 ,
o(0) = 7= Zp: ePp(p, t).



The equation of motion
[0,0" +m*(t)]p(x) = 0.

The Lagrange function is

L= % L pO" ) — %mZ(tW?-

From the assumption of space homogeneity
1 .
€r) = —— esz p,t .
o) = 5 2 elp.t)

Then the oscillator-type equation of motion is follows
B + wi(p, ) =0,

where w(p,t) = \/m?(t) + p? is the one-particle energy. The symbols (+) correspond
to the positive and negative frequency solution, defined by its free asymptotics in the
infinite past (future)

Tiwst
Y

oH(p,t — Too) ~ e

where wy = /m2 + p? and asymptotic mass is ms = lim m(t).

t—Fo0



Some Kinetics of scalar filed with time dependent mass

Quasi particle representation

i {a(’)(p, t) + a*)(—p, t)}

1 1
=T e
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Some Kinetics of scalar filed with time dependent mass

Quasi particle representation

P {ap.t) +a(-p,)

1 1
A= \/VZP: \/ch(p,t)e

and the generalized momenta

m(x) = _\/L'V zp: \/ @eipx {a()(p, t) — a(+)(p, t)} :

where a™*(p, t) are the positive and negative frequency amplitudes.
This constraints are the basis of nonperturbative dynamics.



Some Kinetics of scalar filed with time dependent mass

Quasi particle representation

P {ap.t) +a(-p,)

1 1
A= \/VZP: \/Zcu(p,t)e

and the generalized momenta

m(x) = _\/L'V zp: \/ @eipx {a()(p7 t) — a(+)(p, t)} :

where a™*(p, t) are the positive and negative frequency amplitudes.
This constraints are the basis of nonperturbative dynamics.
The substitution into the Hamiltonian

1

Ht) = 5 [ E2{r@) + Do) + mi(0¢@)}



Quasi particle representation

m{aDp,1) + M (-p,)}

1 1
A= \/Vzp: \/2u)(p,t)e

and the generalized momenta

@) =52 AP o {4, 1) — a(p, 1)}

where a™*(p, t) are the positive and negative frequency amplitudes.
This constraints are the basis of nonperturbative dynamics.
The substitution into the Hamiltonian

1

Ht) = 5 [ E2{r@) + Do) + mi(0¢@)}

leads to diagonal form, which corresponds to the QPR,

H(D) = 5 3 w(p, 1) {aP(p, a0, 1) + O (p, 1) (p, 1)}



The relevant equations of motion

W(p,1) = SA(p, 1a™(~p, 1) F iw(p, ) (p. 1),
where
G(p,t) _ mt)in(t)
w(p,t) Wi (p,t)

1s the transition amplitude between states with positive and negative energies.

A(p,t) =



The relevant equations of motion

: 1 :
a(j:) (p7 t) — §A(p7 t)CL(:F)(—p, t) + ’LW(p, t)a’(i) (p7 t)v
where
w(p,t) _ mlt)m(t)
wp,t) W p,?)
1s the transition amplitude between states with positive and negative energies.
The canonical commutation relation

(), m(2")]i=p = id(x — 2)

A(p,t) =



The relevant equations of motion
() 1 ) - ()
@ (p,t) = AP, t)a (=P, t) Fiw(p, t)a™(p, ),
where
o(p,t) _ m(t)i()
wp,t) W p,?)
1s the transition amplitude between states with positive and negative energies.
The canonical commutation relation

(), m(2")]i=p = id(x — 2)

forms the standard commutation relation for time dependent creation and annihilation
operators

A(p7 t) =

[a(i) (p7 t)? a(+) (p,7 t)] - 5PP/



The corresponding Hamilton operator will be equal

Zw p,t { \(p, t)a )(p,t)+%}

The equation of motion can be rewritten as the Heisenberg-type equation

d¥)(p,1) = ZA(p, )™ (—p.) +i [H(D),a®(p,1)]



The quasiparticle distribution function for the space homogeneous case

fp,t) =<0 aM(p,t)a(p,t) ] 0>



The quasiparticle distribution function for the space homogeneous case

f(@,t) =< 0| ™M (p,t)a(p,) | 0>
Using the equation of motion
: 1 B
fo.) = 580, {fO(p,0) + O p.1)},

where auxiliary correlation functions is introduced

fH(p,t) =< 0|aP(p,t)a(—p,t) | 0>,
fp,t) =< 0] a(~p,t)a(p,t) [ 0> .



The quasiparticle distribution function for the space homogeneous case

f(p,t) =< 0] aP(p,t)a(p,t) | 0> .

Using the equation of motion

: 1 -
fo.) = 580, {fD(p,5) + (1)},
where auxiliary correlation functions is introduced

[P p,t) =< 0] aP(p,t)a P (=p,t) | 0>,
FO P, ) =<0 a)(=p,t)a(p,t) | 0> .
Finally, the kinetic equation in integral form is
t

f(p.t) = %A(p,t)/dt'ﬁ(p,tﬂl +2f(p,t)] cos[20(p; ¢, )],

where the dynamical phase is equal
t

O(p;t,t') = /dTw(p,T).

t/



The following mechanisms are taken into account:



The following mechanisms are taken into account:

e o-mesons decaying into 27-mesons;



The following mechanisms are taken into account:
e o-mesons decaying into 27-mesons;

e inertial mechanism of o-meson vacuum produc-
tion stipulated by fast change of its masses;



The following mechanisms are taken into account:
e o-mesons decaying into 27-mesons;

e inertial mechanism of o-meson vacuum produc-
tion stipulated by fast change of its masses;

e and the cooling of the expanding system.



e inertial mechanism of o-meson vacuum produc-
tion stipulated by fast change of its masses;



We use the limitations:



We use the limitations:

- the masses of o-mesons are taken in framework
of NJLL model.



We use the limitations:

- the masses of o-mesons are taken in framework
of NJL model;

- the decay rate [, 1 1s calculated with zero den-
sity approximations in framework of o-mesons.



We use simple hydrodynamic model (based on the Bjorken’s scenario) for
description the evolution of the system from initial stage to freeze out.
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The kinetic equation for m-mesons:
 _ Tex o—TT
f7T _ [7r + Iﬂ' )
where
er __ freq
I = f1.

where £ is an equilibrium Bose-Einstein distribution and

dp1dp1 o
IUHWT — Fo—wmr 9 9 7t X
= f or(P1, Dwa(pa, ) o P2 P PLi)

Xfa(p27t)[1 =+ fﬂ'(pbt)][l + fﬂ(p7t)] X

x0{ws(P2,t) — wr(pP,t) — wr(pP1,t)}0(P2 — P — P1)

1s the coming term in m-mesons subsystem and

wa = V/M; + P}

where « = corn



The kinetic equation for o-mesons:

fa _ Igw + Ig—mmr 4+ ]ga07
where
J¢ — f'eq'

where f?is an equilibrium Bose-Einstein distribution and

dp1dp1
[77 = — To—rn(P, P1, P2i ) X
o /wﬂ(p]_;t)wﬂ'(p27t) o 7T7T(p P1; P2 )

Xfa(pa t)[l + fw(ph t)][l + fﬂ(p27 t)] X

><5{wa(p, t) T wﬂ(ph t) T wﬂ(p% t)}5(p — P1 = p2)7

1s the lost term in o-mesons subsystem



The last term /¢ in kinetic equation is the source term for the o-meson creation, stipu-
lated by its mass change

[5(5,1) = 380 (P.) | ' Au(p,t)[1+ 265 ()] cosl26(pit,t),
where

(1) _ Mo ()M (1)

AR t) = O m ) w2lpd

is the transition amplitude between states with positive and negative energies and

t
0,(p;t,t") = / dt"w, (p,t").
t/
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The difference between final distribution of the pions and Bose-Einstein distribution
with Bose-FEinstein initial distribution of the o-mesons.
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