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Basics

@ Bogoliubov transformation

™ = oy + Bl T
'l = afaf T+ prdf
with
|ow® F |Bel* = 1.
and
e = <Oin|Nk|0in> — <Oin|o§ufTa;uT|oin> — V|3k|2~

It seems that if 8, = O particles are not produced.
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Basics

@ Bogoliubov transformation

out __ in in f
A" = ] + Beag

"t = ajal "+ B

with
|ow® F |Bel* = 1.

and
ne = (0"[N™) = (0" Ta20") = VI3[

It seems that if 8, = O particles are not produced.

o Adiabadticity
Particles can be produced only when the background varies rapidly in time
(WKB approximation is broken) - in the non-adiabatic region where wy / w,f > 1.
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Method (koman et al., arxivhep-h/o403001)

V= 302X
e asymptotically: (¢) = vt +ip., (x) =0 Im ¢ A )
e non-adiabatic region: |¢| < \/v/g b S
Re ¢
@ background field in non-adiabatic region:
X particles are produced
Imt A
@ produced particles induce a new linear potential
dak Ret
in out
= [ ——=nV/Kk2+ |12 = H|n
= [ amyare/FF IR = el

and an attractive force ("’ oscillations™)
@ each fime the occupation number of produced x particles is:

W+&ﬁ)

nf=v. |ef"ff df’(.dk(f’)|2 =V.-exp ( - o
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e non-adiabatic region: |¢| < \/v/g b S
Re ¢
@ background field in non-adiabatic region:
X particles are produced
Imt A
@ produced particles induce a new linear potential
dak Ret
in out
= [ ——=nV/Kk2+ |12 = H|n
= [ amyare/FF IR = el

and an attractive force ("’ oscillations™)
@ each fime the occupation number of produced x particles is:

W+&ﬁ)
av
We investigate the superpotential of the form: W = §¢X2.

Olga Czerwinska (University of Warsaw) Particle production Warsaw, 06.12.2015

nf=v- |efiffdf’wk(f’)|2 = V-exp ( -

3/6



Role of interactions

So far:

produced particles just propagate and cause backreaction (induced potential) but
they do not inferact.
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Role of interactions

So far:

produced particles just propagate and cause backreaction (induced potential) but
they do not inferact.

Adding interactions gives us the generalized Bogoliubov transformation:

out

a2 = oyl + B I -iVZ / d“xe*"?'% — BN () + akw*;*(XO))J(x).
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Role of interactions

So far:

produced particles just propagate and cause backreaction (induced potential) but
they do not inferact.

Adding interactions gives us the generalized Bogoliubov transformation:

out

a2 = oyl + B I -iVZ / d“xe*"?'% — BN () + akw*;*(XO))J(x).

Occupation number is now

o VIBZ + ... (B« #0)
k 0+ Z\f délxefil?«)?wip *J‘Oin>‘2 (ﬁk _ O)

Particles are produced even if 5, = 0.
How big is that effect?
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Role of interactions
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Non-negligible production of massless particles.
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Summary

Conclusions:

e general method of investigating nonperturbative particle production
is presented (in the suitable limit we recover parametric resonance -
see the talk by S. Enomoto)

e number density of produced massless particles coming from the
intferaction effects is non negligible
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Summary

Conclusions:
e general method of investigating nonperturbative particle production
is presented (in the suitable limit we recover parametric resonance -
see the talk by S. Enomoto)

e number density of produced massless particles coming from the
intferaction effects is non negligible

Our current interests

@ models with more than one coupling
the case of (x) # 0
higher-order interactions

applications
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Back up slides
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Adiabadticity

What is the condition under which particle production occurs?
We choose adiabatic vacuum as it gives us the minimal production: particular set of modes v, is chosen.

Mode functions have tfo fulfill the equation of motion

VE + w%(f)v,; =0.

It can be solved in two regimes:

@ adiabatic region: wy / w,f <1 slowly varying background

n (1) = const

@ non-adiabatic region: wy / wf > 1 rapidly varying background

n (1) # const particle production occurs
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Simple supersymmetric models

Superpotentials:
o W=120X  (then: Vicaar = Z|x|* + FI0[X?

o W=9dXx>+ hdwx
Once again we can choose: {(¢) = vi + if.

0.030 .
heavier, g=h=1

0.025 ) L . )
“““““ lighter, g=h=1 Conclusion: heavier states are

0020 heavier, g=1, h=2 L.

stz s lighter, g=1, h=2 produced more efficiently.

0.010 heavier, g=2, h=1

lighter s/f, g=2, h=1

0.005

Why supersymmetry?
@ natural way of introducing fermions

@ cancellation of UV divergences
@ it’'s simple but still nontrivial (2 scalars + 2 fermions, 2 massive + 2 massless)
Warsaw, 06.12.2015 9/6
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Yang-Feldman equation

A scalar field W has equation of motion of the form

(a? + M2(x)) W(x) + J(x) = 0.
Its solution is called Yang-Feldman equation

0

V(x) = ﬁ\llc’s(x)fiz / dy® / APy [V (x), W=(y)]JU(y),

fos

where the integral part plays the role of retarded potential and

W, %) = VZUS (1, %),
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Calculation

We consider the simple supersymmetric model with superpotential
w = Jox2.
2

Plan of calculation

Yang-Feldman equations for all the species ¢, X, V4. 1y

relation between "in" and "out" fields (Bogoliubov transformation)

identifying (3, coefficients what leads to number density estimation

for massive particles (. wx): fully analytical

for massless particles (¢, 14): WKB approximation and numerical analysis
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Results: one transition

1.0E-02 10
/|
1.0E-03 -8 .
Z ¢
v -
5 6 oy — N,
S 10E04 o
— | -~ —_—n
£ 4 N
1.0E-05 —
> -2 Ty
— (o)
1.0E-06 = ; . 0
0 10 ;2 30

Olga Czerwinska (University of Warsaw) Particle production Warsaw, 06.12.2015 12/6



Distribution functions for massless particles
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Distribution functions for massless particles
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Distribution functions for massless particles
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Simple supersymmetric models

Superpotential: Potential:

g

2
g
W= 7¢X2 Vicalar = 7|X|4 + 92|¢‘2‘X|2
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Simple supersymmetric models

Superpotential: Potential:

W= g dx2 & 20 112],12
= E Vicalar = 7|X| +g |¢‘ ‘X|
Why supersymmetry?
@ natural way of infroducing fermions
@ cancellation of UV divergences

@ it's simple but still nontrivial (2 scalars + 2 fermions, 2 massive + 2 massless)
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Simple supersymmetric models

Superpotential: Potential:

9 i 2 g
W= E(DX Vicalar = 7|X|4 + 92|¢‘2‘X|2

Why supersymmetry?
@ natural way of infroducing fermions
@ cancellation of UV divergences

@ it's simple but still nontrivial (2 scalars + 2 fermions, 2 massive + 2 massless)

Once again we can choose: (¢) = vt + ip.

After one transition:

2.2, 2
broken before __ r (gv)*/2 W(guiﬁm)
on¢%0,nw¢%0 °nX _2(271')ae g
3/2 2
(g ) e~ oK /v broken affer _ (9v) e~ Tk /v
© ny, = 2o ° 2y ©
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Simple supersymmetric models

Superpotential: Potential:

9 i 2 g
W= E(DX Vicalar = 7|X|4 + 92|¢‘2‘X|2

Why supersymmetry?
@ natural way of infroducing fermions
@ cancellation of UV divergences

@ it's simple but still nontrivial (2 scalars + 2 fermions, 2 massive + 2 massless)

Once again we can choose: (¢) = vt + ip.

After one transition:

2 2 2
broken before __ (9 )3/2 W(g“ivm)

on¢%0,nw¢%0 °nX _2(271')ae g

3/2 2
(gn)*? e ™ % broken affer __ r (9v) e~ Tk /v
oan_Q( s an?/ o ny 72(2)
Cut-off momentum (for larger k we leave the non-adiabatic region):
v
kr%mx = _ ln V) Q2N
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