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A Different View of the Gap

inflation
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Set the stage for
Big Bang nucleosynthesis




A brief review of cosmic strings

Stochastic GW background from Cosmic Strings

Cosmic Archaeology

o GW frequency temperature relation
e Detection capabilities
e Non standard cosmologies

Conclusions



Cosmic String

e What are cosmic strings?
— Stable one-dimensional topological defects

@ The origins of cosmic strings:
— Prediction from Superstring theory:
(F-) string, D-string
— Vortex-like solutions in field theory
e.g. from spontaneously broken U(1) symmetry



Cosmic String

e What are cosmic strings?
— Stable one-dimensional topological defects

e The origins of cosmic strings:

— Prediction from Superstring theory:
(F-) string, D-string
— Vortex-like solutions in field theory
e.g. from spontaneously broken U(1) symmetry

o Charged complex scalar field
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Cosmic String formation (Kibble mechanism)

e Charged complex scalar field
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@ Horizon size at early time
(high temperature)
dy o< M,/T?

e we need a solution:
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Cosmic String solution

@ In the Abelian Higgs model

]' v
L=D,®D"'d" — 1 Fw " =2 TP — >

@ approximate solution

D= % (1 — exp(—r/r1)) exp(—if)
= (1 - exp(=r/ra))?

(®) = 0 at the origin
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@ tension of the string

(energy per unit length)

o< v?

Christophe Ringeval (Adv.Astron. 2010)



Cosmic Strings

Vilenkin and Shellard 94’



Cosmic String network

@ Static string network would red-shift as

Poc X a2

@ strings intercommute on collision

PSR

o overall energy density of the network scales with total energy
density




Cosmic String network

o We use a simplified loop distribution
lz‘ = Oéti, a~0.1

o After its creation each loop radiates energy at a constant rate

dE
— = _TGu%, T ~50
dt M?

@ The loop size decreases as
l=at; —TGp(t—-1t)
@ The final loop density reads

Ceff (tl) CL3 (tz)

n(l:t) = a?tt  ad(t)

where the factor Ceg depends on the background evolution.



Stochastic GW background from Cosmic Strings

@ the observed frequency f of GWs and time when emitting loop was

created
2 a(to) 1

2 . -
[= 7 a(f) t; = m (fa(t) + FGut)

@ The final estimate for GW density today, reads

Qaw (F)F° = hgl;*}rﬂgarwmu/ A (((o)))5<2(55))>3@(ti‘tp)

@ where the factor C.g depends on the background evolution H? o« ¢~




Stochastic GW background from Cosmic Strings
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Stochastic GW background from Cosmic Strings
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Stochastic GW background from Cosmic Strings
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Stochastic GW background from Cosmic Strings
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o GW frequency < temperature



Detection capabilities
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o slightly better numerical result

e (x) (260

fa = (8.67 x 107? Hz)



Extra DOF

o We add Ag, new degrees of freedom at Ta

gSM(T) for T <Ta

*T -
9(T) SM(T) + Agye for T >Ta

e An example with 7 = 200 GeV and Gy = 10711

2 x 10° " i L
Ag, =10° q o 1
1x10°F s e £ 1x10700 N J
H 9x 1071 E N
5 x 107 8x 10711} | Lo
7x 1071} e
2 x 102 A= 10 6x 1071} | b
T = | !
= i Ag.=10 = T s
= ; S 5x10 ] 1 R
1% 107 oM = | E |
N 1] ! ]
5% 10! 4x10 .: P
! Pl
2 x 101 3x 107 b
] M
] [ i =103
1x 10" b . . . . . 4 L L Sub bt . R
102 1070 10° 10' 10*° 10° 10* 107 10 102 100 109 10°

T[GeV] f[Hz]



Non standard cosmologies

o We will model the energy budget of the universe as

(t) pst<t) 5 t Z tA
= n
0= gt [25]" o<

@ examples:
Q standard radiation domination (n = 4)
@ ecarly matter domination (n = 3)
@ oscillating scalar field (for non-renormalisable potential n — 6)

Q ..
e experimental bounds: RD during BBN = T 2 5 MeV



Non standard cosmologie
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o at large frequencies



Conclusions

@ Cosmic strings could provide a unique and powerful tool for
probing the early history of the universe.

@ Any departure from a flat spectrum predicted by standard
cosmological evolution can be traced to the respective
temperature of cosmological modification.

@ This method could probe the cosmological evolution to time well
before the currently available BBN data.



