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ds” = dt” —a’(t) m +r2d0%+ r’sen’0dp?| .

) K =1 . close umverse .
e K= 0, spatlally flat unlverse |
ges e —1 , open unlverse

e e ()ls the scale factor measures the
. Boumani(2022) expansmn Lol the unlverse o @
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INFLATION

An accelerated expansion era in the early universe...
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NFLATIO 3

After the end of mﬂatlon the unlverse |s Ieft empty requmng
- areheatlngera ' W e | '
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5 ‘H _______‘ [E the Hubble parameter |t measures the
Seats IR velouty ofexpansmn e '

3M2H2'-—'— Pe:;s = —qf’ + (Wﬁ) (cb)* L




. L]
-
»
.
"
-
-
.
.
-
-

™

"

.

*

.




- L]
L]
. i :
; L]
. L ] : o : :
: L] .
. L
" ; \. . :
| : ; » L S »
Sy ; ‘ “ ; E
: v
. h : I ; : ’
L . '
. -
: »
f
L]
- L
v ; i y : :
¢ '
: " .
- - . l j
. . , : o : o *
L ] A s ¥ - .
v » . v, . . i . E . .
" : :
. g ’ ;
- , ) % |
. 3 : .
L] . : :
- ' . :
I I 5 g e . . :
X s . L J L] "
A 3 L) L] 2 7 :
A L]
- . 3 : ; ; '
& ;
- % . . i 3
.
- b .' ; ;
7 . : - - :
» | ' : . |
L ] - : :
. . : : ‘ . :
- . & G v :
- ! - * : : ’ |
. 3 . ¥ »
. L] L Lg ] s o
. - . 3 : " i
. 0} 7 . g 3 g :
- - b
- . : |
' . : ; : :
. ¥ -
- 3 ; .
L " |
v
4 . .
- ¥ ¥
L ]
. .
L] . 3 : ;
L] 3 : . |
¥
-
: -
"
2 8
—
- . 3 -
- % ‘ X
: . . .
.. 3 :
. .
: . .
. : : . :
: .
L -
- e : :
L]
. " - 3 .
- . : | |
L] - % | |
| N
L] : : : |
2 .. 2
L ] ; : ‘ ‘ ;
- - : |
. 5 . : i
“ > . A
- L] -~ ¥ ¥ .‘ ‘
: "
.
. L] = 4 - ; .
: M
[] ; : -
: ‘
' v
- ; - i 2 ; ;
: : \ . -
L
- * L ] .. 5 | |
- . ; .
; . b ; : : |
- . - » . > : 5 ‘ .
L L & : :
" - : X i i 1 .
L 2 . g : ! : ; : ;
- » | - | ‘ ;
"
L] ; ’ ; ' |
; - Ly 5
g ‘
. I : ‘ .
f
» g .
. : . . '
- ) ; ‘ : ;
» b
L]
LS » L : : 7 .
L ] : :
L]
L ]
. L]
» . : ’ 3 Sin X : 5
G .
. N 2 % L = % y "
4 L




L] .
L ]
-
—
‘
’ -
5. .
a
L]
-
-
»
-
L
a®
»
e -
4 & -
a
-
&
L] -
L
.
. 1 5
.
- ‘e
»
. »
i -
- 3
L
» »
L J
»
»
»
.
” -
L] - -

»

ks




‘a.j(tt)' ‘ Lo T |

Parker time

) =

o ‘.dg e
dﬁQ Xk _|' kak = 0

wi(9) = a~4<'ﬁ-,>k?-1+ aﬁw->~{mi‘+' os(0)°]

e | Parker& Toms (2009)



EARLY PARTIC LE PRODUCTION

Particle productlon occurs when the qwckly change in the e

frequency does not aIIoW the modes to adJust to th|s :

'vanatlon e | e '

5 _When the Iatter occur, the vacuum deflned in one moment

b does not co|nC|de with later t|mes th|s maladJustment
manlfests as partlcle creatlon ”

e -Birre//&Da\}jes (1982)
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GRAVITATIONAL WAVES ~ ©

 Propagating perturbations of the spacetime metric’




GRAVITATIONAL WAVES ~ ©

 Propagating perturbations of the spacetime metric’

“Domignech 021)- e e s A TR _?ab {8 XC%X}




GRAVITATIONAL WAVES =
Energy density of produced gravitational waves

: < “ e

= Maggiore (2007). -
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GRAVITATIONAL WAVES -

. & I\/Iaster Formula. Cow G s
QGW(k N) j(k N) (k). L
Contalns aII the Contalnsall the spectral.
temporal dependence “information of the field
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CONCLUSIONS

e The GWs are fundamental to study the early unlverse L
o We study two scenarios of early partlcl'e productlon e
o' We developed a method to compute GWS spectral
~ with the Master. Formula .
5 e The Master FormuIa factorles the tlme dependence i
“ from the partlcle productlon mechanlsm e




CONCLUSIONS

e The grawtatlonal spectrum ofa scalar flelds mlnlmally 7
~ coupled to gravity is. Qew(f) ~ f?, on saper horizon scales .
e The computed S|gnals are not |nS|de of any senS|b|I|ty
- curve .,.'I<..".--t:" i e
e Th|s motivates the search of HFGWs W|th new experlments

*
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PRODUGCIUN TEMPHANA I]E PARTIGUI_AS

Produccmn Grawtacmnal

Exutauon del vac:|o 3 estados de multlpartltulas en eI ‘ %
~marco de una teorla cuantlca de campos en espacms curvos e

- Vacio = Creacionde = -

. - Expansién -



PRODUGGIUN TEMPHANA I]E PARTIGUI_AS

Precalentamlento
' Etapa no perturbatlva despues deI ﬂnal de La |nﬂac:|on
* ConS|ste una producuon eﬂuente de part|culas que sruge

- - .pOr [E} amphﬂcacmn de exutauones |mpulsada por l
o ;,acoplamlentos entre eI mﬂaton y otros campos
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