dynamics of cosmic superstiing networks

rRajantle, Sakellariadou, Stoica (JCAP 2007)

Sakellariadou, Stolea (JCAP 2008)
Davis, Nelson, Rajamawommw, Sakellartadou (2008)

Matri Sakellariadou
King's College London




Fundamental (F) strings and 1-dim Divichlet branes (D-strings)
are generically produced at the end of brane inflation

collisions of F-strings § D-strings produce FD bound states
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evolution of cosmic superstring networks
aine: build a simple fleld theory wodel of bound states, in

analogy with the Abelian Higgs model, and study its properties
using lattice stimulations

characteristics:

bound states have different tension than single-charge strings

set long-range interaction of each species of strings tndividually;

different components of the Fp-string are expected to exhibit
different types of long-range interactions
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the model

two different species of cosmice strings:

include two sets of flelds of the Abelian Higgs model

formation of bound states:

introduce a coupling of the scalar fields via a potential

one non -BPS species of strings (such strings have long
range interactions):

consider the second type of string to be the topological
defect of a scalar field with a global L (1) symmetry

rRajantie, Sakellariadou, Stoica (JCAP 2007)
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Lf both species of strings are BPS:

§ = [d'adt] =35 ~HD,0) (D) — J(po* 1)

— 1 —3(Dx)(D'X)* = 360" (xx* — 13)°

@ the Higgs field X the axion field

in the case of @ non-BPS species of string: set 9 =0
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splitting of a bound state as a result of the long-range interactions between strings

the total physical volume of the simulation box oceupied by
the axlon strings, and thetr
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only one patr of and one patr of strings

attractive interactions between global bound states split as global strings
strings result tn thetr motion towards continue to move towards each other
the Local ones

aves the formation of bound states can
stop the motion of the global strings?

ﬁwaLLg theg collide and annthilate

global strings wove towards Local ones bound states oo not survive the Long-
and cross thew, forming bound states range interactions of global strings

Raj antle, Sakellariadou, Stotea (JCAP 2007)
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does the existence of bound states prevent a cosmic superstring
network from reaching a scaling solution?

use a fleld theory model to study the effect of junctions in the
evolution of a network composed by F, B and FD-strings

we have control over the initial population of bound states
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correlation Length as function of thme in a Local-global network
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scaling of 7B, Fb-strings is robust and tnoependent of tnitial
conflgurations

the existence of bound states effects the evolution of the network

theve Ls suppLemewtarg energy loss mechanisme, Ln additlon to
chopping off Loops

new meehanism: formation of bownd states with inereasing Llength

the overall network does not freeze because the string length of the
wunbound states decreases faster

Sakellariadou, Stoica (JCAP 2008)
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the th Y@@—Strf,l/\,@\j wnctilon

BPS saturated Tlpg) = \/[pT(l,O)]Q + [qT(O,l)]Q

formudla

solutiow: 7-(

p.q p q
................................................................ ( H)tngXl
where  tana = Q/(pgs) I
I )
I X
Vd Ye Vd I
balance conditions for three strings "N
Fovin
D-string KeL London
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F-string: T1 = 1

D-string: T = 1/gs
: _ 1 1 s 2
Fp-bound state: T3 = , /1 + s -5 O(g?)
@ the angle o
in the small gs -Limit: Q- goesto /2 in

s S SO the Llinit 07[ZKFO
(1,0) string coupling

Length of F-string remains constant (D

Length of D-string decreases and Llength of FD-bound state increases
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cosmie superstring detection

cosmic superstrings tnteract with SM particles via gravity

*
................. *

HIIIIE oletectlon nvolves the gravitational tnteractions of

cosmie superstrings

> gravitational lensing
» micro-lensing

> CMB aw’usotropies

> gravity waves

>RR/ dilaton em’uss’uoﬂyy--”j
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cosmic strings in flat space-time

x(o,t)
constraint equations and string e.o.m.:

..................................................................................

contlnuons arbitrary {uwétéov"\is which satisty:
a/2 _ b/2 — 1
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LUSDS
property of Loop solutions:

points along the string can reach the velocity of light

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

.
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

the satisty: fOL a'do = fOL b'do = 0

but otherwise are arbitra Y

, , . 2
Uf the two curves intersect then: X (O’, t) =1

swooth Loops will tn general have such Luminal points: cusps
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non-periodic strings ending on branes

a DB string ending on two statlowarg ancl parallel DPn-branes

from BC, &' and b’ curves are related by inversion through a
surface of identical dimension and ortentation to the D-branes,

that passes through the center of the wnit sphere

CUSPS: if a’ and b’ intersect

Plane of
reflection
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D1-branes

a’ and b’ intersect whenever the Line through which they ave
Lnverted is enclosed by the closed curves

whew the angle between
the 2 vectors perpendicular
R to the inversion Line and
N ending on the curve is

Conlesa. 0 equalto w the Dnverted
~. [1. * Inversion line Lo,
ML curve WLl Lintersect

the ortginal one

Davis, NeLsow, R&U'amawommw, Sakellartadouw (2008)
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genericlty of cusps on non-periodic strings ending on branes

" cusps are generle features of an F-string ending on two parallel
D-strings

= an F-string stretched between 2 three-string junctions behaves as
an F-string between 2 DL-branes (to order g )

BRI o patr of three-string junctions would have cusps

Davis, Nelsown, Rajamawommw, Sakellartadou (200%)
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gs — 0 Limit: the heavy D/FD string behaves as a single string
unatfected by dynamics of light Fstring

cusps are stgnificant if the typieal separation of the heavy strings
must be small w.rt. length of the F-string stretehed between them

as heavy strings move apart, F-strings streteh tnereasing the
distance and the importance of cusps gets reduced

under S-duality the role of 7 and D strings is reversed.
F-strings and bound FD-strings are the heavy ones

cusps exist on light D-strings ending on three-string junctions
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> cosmlc strings
" cusps can be formed on simwooth closed string Loops
" lntercommutation leads to kinks, which may reduce cusp formation

" W and SM fields can be emitted

» cosmic superstrings

" CUSPS exsit Ln mon-periodic strings ending on D-branes
" cusps in Loops may be Less limportant

" intercommutation Leads tojuwctiows

" qW and SM fields + dilaton/RR/modull/gravitines/stable SUSY
particles can be emitted
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concluslons

towards the end of brane inflation cosmic superstrings are produced

thelr properties and subsequent cosmological evolution tnto a scaling
network open up thelr posstble detections tn the near future, via
cosmological, astrophysieal and gravitational wave measurements

finding distinctive stringy signatures in observations will reveal

the particular brane tnflationary scenario and validate string theory
and the brane world scenario

cL Lond
cosmo 2008 ICL Lonsion

dynamics of cosmic superstring networks 26.08.2008 mairl sakellariadou




