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Introduction

e Particle production in oscillating field ®gsin(myt)
Enhancement by parametrical resonance
Matter creation at preheating stage after inflation
Kofman, Linde, Starobinskiy 94, 97
(hep-th /9405187, hep-ph /9704452)
Khlebnikov, Tkachev 96 (hep-ph/9608458)
Duffaeux et al 06 (hep-ph/0602144)

@ Particle production in intense plane wave ®qsin(wt — kx)
A.Arza. PRD 105 (2022) 3, 036004 (2009.03870)
Intense waves can be applied to new physical directions in
astrophysics.
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Toy model gpx?

Lagrangian

1 1
L= *( 0,9)° + ( 9ux)? _7m¢>¢2 2miX2—g¢X2,

Classical wave of ¢ in the initial state, ¢(X,t) = ®gcos(px — wt)
Vacuum of  in the initial state

Pertubative production if mg > 2m,

Non-pertubative production of x particles even if my < 2m, at high
amplitude ®q

Direct solution of Heisenberg equation on y amplitude
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Heisenberg equations

Equations of motion,

O+ m<z> )¢ = —gx?2, + neglect at early times
O+ mY)x = —2g¢x.
Fourier for x«

= [ A (G0 (o),
(2m)3 2 \ K k
where QE =/ k2 + m)2< and [XE? XE/] =0, [XE?XTE/] = (271')3(53(/:— E/)

Bogolubov transformation Ap = x + XT_;' equation in terms of Ag:

| Qﬁ
(82+Q2) — ( Qﬂ flw}—,—t_i_ k+p lu)——t)

— gd)o o g
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Approximation A.Arza, 2022

Yk = ax(t)e St Looking for the resonance in aj
—iQ-t R, Yo NP A . T i(Qa_E—wﬁ)t
e "k (ap — 2iQa )—aﬁfkaﬁ_ﬁe P ,
RWA &, — 0
I, Yo RS T I'(Q,:+Q-.7E7w5)t
2iQpa; = Ok, € P )
_ P¢/2 2 Q.
where o = g P, Tk = Wiy ot

Resonant solution a,;(t) =
e"ek“t/2(a,;(0)(cosh(s,; )—i /25 sinh(spt)) + i /2 -l -(0) sinh(s,;t)),

kP_

2
1 /%
5 6; —ekandek 5;—9;—!—957[;—(#5
EPRGYPED — alpkl
Boundary: o > p? - instability

Any solution for arbitrary o, u?

where Sp =
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Without approximation

Not neglecting ax

Ansatz: ay(t) = el5-it/2 az(0) (cosh(sﬁ_Et) —iG sinh(sﬁ_,;t)> _

T P
aﬁf/?(o) e smh(sﬁ,zt)]
Commutators — C2-C=-1
Solution

2 2 O -
¢ € 7;/4 Sz Qe i ¢ 05
S/B’—E(E”—E — 2QE) ’ 5,5—/?(6*—/? — 291?)7
62 -

2 Pk 502 Nl 2,2 4, 2 03

s =% ZQk—i-eﬁ_ka—i-\/leeﬁ_/:+4QE+Uﬁ_E b Q3.

a = p?— still boundary of instability for arbitrary o, i
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Dependence ()
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for k = p/2 a=p’u>1 —  a=p?forany k
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Occupancy number

Approximation

2 s 1270
0% -sinh?(s2t)
—K
£ 2(8) = Ola()ag(p]0) = 25 5

Without approximation

fx,l?(t) = <O|aj?(t)a/?(t)’0> _ Pk

The total density
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The contours for s =
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No symmetry k — p — k at @« > 1 — fall of 2 particle production

interpretation
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Particle production in condensate

Equation of motion for ¢(t) = ® cos(mgt) and p =0
Vi + (K2 + mi + 2g® cos(myt)) xk =0,
The Mathieu equation
Xk + (A +2qcos(2z)) xx = 0,
where ) )
4/( + my gd)

)

Ap = .
2 2
my my

The number of modes determines as,

nk = (0lak(t)al(£)0) = [x«(t)I?
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The Heisenberg equation for condensate, p = 0

e iht [5k — 2iQéx + 2aw? COS(mqﬁt)ak} +
+e 5 124", + 2aw? cos(myt)al ] =0
Solution

_62/4752 *Qkﬁk

ak(t) = lert/2 (ak(O) (cosh(st) — sinh(st)> _

S(QQk — €k)

awz

kis(QQk ) sinh(st)),

— iaT_

where

2
€
s = \/Qtz((2Qk - Ek)2 + a2m‘}¢ - Qk(2Qk - Ek) — Zk
In terms of the parameters of the Mathieu equation for s? = 0:
q= |Ak - 1‘7

2, 2
k +mX
mgp ’

where A, =4

_ 4289
q—4m—i.
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Stability diagram

nstability
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g < 1 - narrow resonance, q > 1 - broad resonance
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Conclusion

@ For a plane wave, resonance will occur if the initial wave has a
sufficiently high energy density. The threshold energy density

for any m,.

@ It can be concluded that the interpretation through particles is not
applicable to this case

@ There may be other solutions for condensate, since the Mathieu
equation has already been solved by mathematicians

@ For a plane wave, there may be other solutions that can increase the
instability region and will correspond to other peaks of the Mathieu
equation
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Thank you for your attention!
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