


~ Introduction
f Qu.antum ﬂuctuatiens of scalar fields are one of the eornerstone?of modern cosmology. |

L In standard |anat|on the quantum fluctuatlons of the |anaton are responSIbIe for s
~the origin: of cosmologlcal perturbatlons 5 :

- nghtness (m << H) is the cruaal |ngred|ent any Ilght ﬂeld |nher|ts a scale |nvanant

i spectrum dunng inflation.

.. Purpose: study the quantum quctuatlons of a “Ilght” scalar field X whose mass vanes W|th ;
. time during inflation due to the coupllng to a heavier field ¢. : :

Precedlng reIated works: Preheatmg Quantum quctuatlons of a field yare -
ampllﬂed when |anaton oscillates after the end of: |anat|on



Scalar field quctuatlans durlng mflatlon

Evolutlon equat|on y +3Hy + mxy —0

2

- Fourier modes: (S'{L,JFBE(S%(AJF( +m )(m —gEEa
i . e

As an example”:of (non-realistic but simple) inflatidn we consider da Sitter spacétihje:
Ht

-~ Scale factor: a(t) =e"". Scale factor in conformal time_(dr=dty a): a(t) = 7
: : : : -
Canonical \:iafiabléi Up = adXki :

i ., 2—(m?/H?
Sy, + k? — ( ;/ )] ug = 0
T
After vacuim normalization on small scales (k>>aH) we can take two limits for the Al
power spectrum at late time: e i :
k'-)’ \'“-fc|2 E ( 2~) (k< aH)  massless scalar field m << H

P@X(L) 02 o2 . / - T i Tl i i

~0 (k<aH) massive scalar fieldm >>H



Two scalar ﬂelds taIe

“ECOI’ISIdeI‘ two f|elds during inflation: _oneis heavy and the other Ilght m >> mx
' " L= %(;) +iX2 -V (o xX), V (c) X) = m O? + m X

_Heavy field: e Light field:
G+ 3Hp+mPp =00 | X+ 3HX+mix =0
~ Initially H>>7r ¢ is frozen. R AR
ki B ___ H>>m,: Frozen field.
Practically m, = 0

2
B Eventually H<<m: ¢ starts 65ci||ating

| 3
: (-*') = e 2Hf C ua(mf)

i Damped OSCI||atI0nS ¢ a 32 exp( -3/2Ht)



The model

We add a coupllng between the two ﬂelds

|4 (() X) = mz”z + 5m2

" Heavy field:
() + 3H r) +- -?'n..2(_r") =0

- Initially H#>>m: ¢ is frozen

3
- Eventually H<<m: ¢ starts 6Sci||ating

L o= (De_%m C ua(mf)

i Damped OSCI||atI0nS b~a 3/2~ exp( 3/2Ht)

1 2,2 2
29 O X
‘coupling

mgﬁt field:
f(t) =g o°(t)

?T?

b Meft” = 92¢2 = contant:
i v is mltlally heavy!
x(t) quickly: rolls to zero; x(t) = o

Field with beeillating mass during inflation:

it r‘JY;‘JrE ()Y;Jr( Jrjf))f\“ﬂ_o

im —JZ(I) tcos?(mit)

4 later it .becomes light: m2 >0



Preheatlng

"_Th|s situation is S|m|Iar to the preheatlng scenario. After inflation an lnflaton ¢ is coupled to

_fa field X |nto whrch it decays If we neglect the expansmn of the unlverse

| dZ«uL 5 | 9 : canomcal vanable i .. n
72 (L + g P2 cos (?n T )) up = 05 " Y
| OSC/'//aZ'O:/‘: with a periocﬁca//:y chang/hg freq&ency L o
We can rewrite this into the well known Mathleu equatlon
iz i i
dup + (Ap + 2g0 005 22) up = 0, (i Here we are |nterested in the reglme where the _
dz? parameter 252 i
s
.2 ' u = 4?1’1
z=m7, Ar=— 240, ~ is large: broad resonance regime. In th|s regrme

we have an abundant partlcle productlon

 Particles a;re'_prbduced v'\'/nen_:adi'abati.city is violated:

1 = B i @
dr " ; ;
1| ppe ..':: : i . 2 1 é.':: 2 2 | ae il e i : b : 1L e 'E]j < . J_/}'é 1 i
using wi = k* + 4m?qq cos®(m7) Weobtain | k£ 5 mq,

F Sy



X fluctuatlons

In analogy to the preheatlng scenario we study the fluctuations of y. Our situation is however
i very d/ﬁ‘erent from preheat/ng because we are durmg |nflat|on : :

d2u.k, N . ] L ' Schrodmger like equatlon wrth potentlal U(r)
dr? ( Ul ))u'&‘: . )
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1" : '
T a o o i ] .60
Uiy = & _ 2®zaz ;
g
a
- 40
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et 2 i i 5 " i L
E — T—2+ PO’ Hr cos? I In(— H')] 2 20

: ! -20 |
; L ¢ oscillations ) I
= -In de Sitter: - e : B 407 | i ‘ : ' ;
i . ) = 1 L i) s —In(—Hr)
. H T S i : In this example ¢q = ¢*®?/(4m?*) = 10 and m/H = 2\/_
i We can write the equatlon in th|s form i i - "_I'Wo-parameter_s.
d2 B2 2 H m H | i | g P> m
— — — +4qp— Sl || —— . = 0 fliEs — a —
T2 2 {mQ = + 4qo —zcos [ 77 ( - Z)] } Uy, qo i and i

Z=mT
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DISCUSSIOI"I

It is instructive to attempt an anaIyS|s similar
4 _to the preheatmg scenario:

i dzu.;:

, 2 5 [T
3 -+ {A:‘ — — +4qpm” *HT cos [ﬁ ln(—HT)] } up =04
2 (i
wi(7)

- Subtle effects: two sources of partlcle productlon
sometlmes actlng in opp05|te way

dwy,

dr

5 Predlct when parametrlc resonance stops belng
~ important for particle production: after the

42
LA.f'l‘.:.

Adlabatlmty V|olat|on

= ]max OSC|IIat|on ]max being a functlon of g andmrn/H

'Ma_ximéi h10d__e 'am_p'lifi'_e'd': kmm = \f 2m (a( Tjrm qo)
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~ Observational "‘édhseq uences
If X is not the |nﬂaton is it relevant for cosmologlcal perturbatlons?.

'Cosmologlcal perturbatlons may have been generated by a Ilght field other than the mﬂaton
curvaton or modulated quctuatlons 5

The curvaton is light field which oscillates late after inflation -

and decays before nucleosynthesis. If during oscillations .
it dominates the universe, it imprints its perturbations.

v

Vg, x) = 2”?”2”2 T 192”2 (x — x0)* + %mi el
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