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Abstract: Collisions and subsequent decays of higher dimensional branes leave

behind three-dimensional branes, one of which could play the role of

our universe. This process also leads to the production of

one-dimensional branes, D-strings, and fundamental ones (F-strings),

known as cosmic superstrings. In the first part of this talk, | will discuss the mechanism we have proposed in order to explain the origin
space-time dimensionality, while in the second part | will review formation and dynamics of cosmic superstrings.
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" space-tme dimensionality
. rRaluza-klein approach (string gas scenario)

" orane-world scenario (brane intezractions)

" cosmic superstrings
. formation (brane inflation)
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cosmological consequences
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motLVatLon

space-time dimensionality remaans an open. question
P H i q

d — 1 : wnwmber of spatial dimensions

d — 1 > 3 : weak form of the anthropic principle

buttwhbt d — 1 is not higher than 32




framework

string theory
10-dum superstring theory

9-dim spatial torus, the tenth dimension being time

how the 10 dimensions from string theory can be
reduced to the 4 dimensions of the observed space-time ?

Raluza-klewn approach orane-world approach




" Raluza-rlewn approach

& extra dimensions are volled up tn a Calabi-Yau manifold
with a size given by the string scale (/o




" Raluza-kiein approach

& extra dimensions are volled up in a Calabi-Yau manifold
with a size given by the string scale /o’
o

" brane-world approach

higher disensional rulle




= Raluza-klewn approach:

T-dbtﬂl.it{l.}:
coupling constant wvariant up to radius-dependent rescaling

holds at each order of perturbation theory

target-space duality R — o/ R

it velates string theories compactified on Large and small tori
by wnterchanging winding and kRaluza-rlein states




applications of the R — o /R summetry tn cosmology

brandenberger — vata scendrio : string gas cosmology
brandenberger & vafa, NPB 316 (18339 391

LA cl

= distance has different interpretation in the two dual regimes:

large radius: position coordinate is the conjugate variable to
momentum, p =n/ R as usual

= distances SMLLC‘( thaw the self-dual radius: use the dual
coordinate, L.e. the uommaahﬂ variable to wunding W = mR




2 mass-shell condition:

-

2 __ n° RE ¢+ 28 Mg AT )

. W muomwmenbuowm winding charae associated with tie extra dimensions

N L5 N R : left and right oscillator numbers

spectrum FEVAALAS LAavariant wunder sumudtaneous emhaw@e:

/
R—.rR:; and n <> W

o scattering amplitudes for dual processes ave equal




applications of the R — o /R symmet try Ln cosmologu

brandenberger — vata scendrio : string gas cosmology
 vafa, NPB 316 (1989 391
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Large radius: position coordinate is the conjugate variable to
momentum, p =n/ R as usual

= distances smaller than the self-dual radius: use the dual
coordinate, L.e. the CO#‘U-..-{.QQH_U variaole to wim,dim-e:j W=mR




applications of the R — o /R symmetyy tn cosmology

brandenberger — vata scendrio : string gas cosmology
er & vafa, NFB 316 (1983) 391
= distance has different interpretation in the two dual regimes:
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Large radius: position coordinate is the conjugate variable to
momentum, p =n/ R  as usual

= distances smaller than the self-dual radius: use the dual
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orandenlberaer — vata scenario : string gas cosmolo, g

vafa, NPB 316 |
= distance has different interpretation tn the two dual regiws:

Large vadius: position coovdinate is the conjugate variable to
momentum, p =n/ R as usual

= distances smaller than the s,eL-?—dmL radius: use the dual
coordinate, L.e. the ¢ ”L*L‘u{ﬁﬂa.ﬂ variable to wundung W = mR

. -'_‘nl.'rfq'.r ':: 3 y § - ¥ K, F ™ —rTve NG I - -ﬂ'.._{.:___ 3 _._A“/-_F 1

T = w D L PV F el Vvl e e S3 Wl vlid, wfe DO Y ¥ i ¥ L

et

l v Iﬂ]"".r -— i -~ Jr i .q-‘_,-‘; ,.: 1—-___.-.."]-._- — o 5 FRT, \ ‘.:Ir,.--.: :.:- .-; "'-I,-'r'".'-' § — L 3

i - = B i‘l ...-l"' = - (- — i T — —F L WLl e J L . 5 R L pa— L e U

- st . - ~ o . i
& =l #F< Ting —n P AITLAAL I ALl AYiT LA | ..--'*:-’]"".-*‘1
. s, W Bl e L, Sl i il b DWW Wl L il § i F ol L e & e O Wl .
—r




Y standard BB cosmology | standard BB cosmology

2

@
4 T}
. 1 g
A d - .
r - . il
L] i I 1
[ +
b 1 i
it 3 — A :
" - ..d .
F 4+ w H -~
+ b | | .
L 1 -’[
- — :
' ‘ i .
1 t
L J 1 : i
L / 1 ]:-{ :
23 —_— all \
!".l‘l 4 .
- -
.
4 2
g = = = _— ? L

L]
s B-s
-
-

-

(=]

:--v*-'r-'r"'r'fﬁ—r L I =1y 'r o

e B
Ot R: T o 1 /R winding modes tryeieva

-

Pirsa: 09090000

ol o e S



applications of the R — o' /R summetry tn cosmologu

brandenberger — vatfa scenario 5&5@ aas -:.«,*:-‘*SMZJ’QM
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* distance has different interpretation in the two dual regimes:

Large radius: position coordinate is the conjugate variable to
momentum, p =n/ R  as usual

= distances smaller than the self-dual vadius: use the dual
coordinate, L.e. the c&mua&t& variable to wunding W = mR
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explanation for the dimensionality of our universe
universe starts with all spatial dim of string size
winding wodes prevent corresponding dim from expanding

but, winding modes in general annthilate with anti-winding ones
ta 10 dim, a winding string will miss the anti-winding one

LYy in a 4-dim hiypersurface the worldsheets of winding and anti-
unding modes can overiap, Leading to annthilation and expansion
3 spatial dim

N e— /100 iw@ moades prevent & o-F the dim -fmm 8xpamd£m@
d leave OVLLS 3 dim to expand




WiLnarng startnds

(periodic bowwrndaru conditions)

—
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oppositte wouund

strings
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explanation for the dimensionality of our universe
universe starts with all spatial dim of string size

winding wodes prevent corresponding dim from expanding

but, winding modes in general annihilate with ant-winding ones
i 10 dim, a winding string will muiss the anti-winding one

LYy in a 4-dim hiypersurface the worldsheets of winding and anti-
unding modes can overiap, leading to annthilation and expansion
3 spatial dim

I — wi,wdi,m.@ modes prevent & Qﬂf: the dumm -;’:rom 8.xpawdi.m,@
d leave SWLEJ! 3 dum to 8}(’9&%&1
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Lt addition:

" scale invariant spectrum of adiabatic perturbations
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" entropy § horizow problems solved without inflation
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LA addition:

" scale invariant spectrum of adiabatic perturbations
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" entropy § horizow problewms solved without inflation
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" braneworid approach

start with space filled with Dp - branes and D p-anti-branes of
all possible dimensions P

what is the outcome of intersections between D p-branes of various
dimensionality p , embedded in a d -dim toroidal bulk ?

E

mam::gtmrg

not” do not consider a
heterotic tumpe theoru
F L &




A addition:

= scale bnvariant spectruvw of adiabatic perturbations

" entropy § horizow problewms solved without inflation
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tgpe Il string theories:

type IMB: BPS D-branes of odd dim of tangential spatial directions
Lwv/ariant wader half of space-time of supersynumetric ransformations
charged under a (p+1)-form gauge field
non-BPS D-branes of even dim

t&ﬂ:ﬂ HA: BPS D-oranes :?'f &vewn dim

=

non-BPS D-branes of odd dim

type IB/1ILA string theory: non-BPS D-branes are unstable due to
e appearance of a tachyonic mode
sen, JHEP 9812 (1988) 0Z1




" braneworld approach

start with space filled with Dp - branes and D p-anti-branes of
all possible dimensions P

what is the outcome of intersections between D p-branes of various
dimensionality p , embedded in a d -dim toroidal bulk ?

&
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not> do wnot consider a
heterotic type theoru
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*':kﬂ:e It string theories:

type IMB: BPS D-branes of odd dim of tangential spatial directions
Lwv/ariant under half of space-time of supersynumetric ransformations
charged under a (p+1)-form gauge field

Nnon-BP.S D-0ranes :*J: even drma

t&ﬂbe HA: BPS D-oranes frf /e L
non-BPS D-branes t:‘f odd dim

type IB/1A string theory: non-BPS D-branes are unstable due to
e appearance of a tachyonic mode
sen, JHEP 9812 (1988) 021
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condition for generic intersection of two [)p-branes
evwbedded in a d-dim space-time (bulk):

2p+1>d—1
\\a_' two Dp -branes eventually
nteysect at somee tue Lin @ potink

otherwise, the two Dp-branes will generically never intersect




condition for generic intersection of two [)p-branes
embedded in a d-dim space-time (bulk):

v[ two Dp -branes eventually
Ltatersect at some time Lin @ potnt

otherwise, the two Dp-branes will generically never intersect

A=10: two Dp -oranes will never tntersect L—;":p *’_{ 3 out
theu will eventualiy collide provided P > 4
o/ L
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intersecting oranes are unstable and eventually evaporate

nmmmd Left with D3-branes (and any permitied Lower-dim
branes, D1-branes in 1B string theory)

D-strings
durrer, kunz & B.8., PLB 614 (2005) 125




intersecting branes are unstable and eventually evaporate

oranes, D1-branes in IR string thﬂcrg)

D-strings

durrer, kunz & m.8., FLB 614 (2005)
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intersecting branes are unstable and eventually evaporate

e Le{t with D3-branes (and any peﬂwtteai Lower-dim
oranes, D1-branes n (B string theoru)

D-strings
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wral hypothesis: state of many gravitons is entropically favored

Japoration process leads to Ewhrﬁpu production in the bulk
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intersecting branes are unstable and eventually evaporate
nmmmP Left with D3-branes (and any permutted lower-dim
branes, D1-branes in I string theory)

D-strings
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o g h;ﬁ:!‘_pﬁthfiﬂis:
if a Dp -brane interscets with another Dp-brane on a hypersurface
of dim p — 1, the branes reconnsct 1mmmp winding nuwmber is
reduced until they do not wind anymore and evaporate

. R :

for intersecting D-strings at an angle @ there is a tachuon mode

whlch represents unstaowlity to reconnectio
i )

Dp _branes which tntersectin 2 — 1 divections can be reduced to
this case ﬂg appLgim@ T—&imai,.itg wathe P — 1 common dirvections
R.S., NPB 468 (13996) 319
m.s., JCAP 004 (2005
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L:.mtrir;ec*im branes are unstable and evmwuu evaporate

nmmmP> Left with D3-branes (and any pemtt&d Lower-dim
branes, D1-branes in I8 string theory)
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D-strings
durrer, kunz & m.8., FLB 614 (2005) 125

- L.§ - -
7 . F s S8 ™ rLaaT gy P~ iy J - | =
vl LN _.._,_,"_‘:J....ru_/__,_,:; Ll W -_-;I_._.. ..,_,_?. v _:; Fvis

] - . § - W & ” i
& S L - & g pa 5 T. N aiahVr 7. - I - 7 a 3 = i P “", - L _‘f"'" L] A " ] .
...-_,:r_,:?- t_,.r';:_‘.r...-‘u:. V' AN uGA LY :‘Tf el LU vl ST Ve .:;.Ju_:'j:
e
a-;l’-"?-'-'hﬁ-‘: p _{_’-. Ir"" e B = 2 Fy W e { & #‘3 -:—.r 1'iu
ALS LAY CVALILWVIA LAYV IAVLC A= (Ll FALLL' VY
= -

natural nwpe‘chﬁs

evaporation process

state of many gravitons is entropically favored
4 ‘;J 4

leads to entvopu production tn the oulk
1 ¢ J 1



3 hupothesis:
WE

if two Dp-branes intersect on wmanifold of dim Lower
than p — 1, the open strings which switch between branes Lead
to alignment/ant-alignment of the directions with smallest

respective open angle

funally, intersection manifold has dimp — 1 and branes can
reconnect and separate agawn

crucial asswmption for the validity of our scenario

study wnteraction potential, cbtained by the scattering amplitude
of open strings ending on branes



4™ hypothesis:

total winding numlber of all branes of a given dum vanishes |

not very Lportant

A

LT 98 Eﬁti."iﬁﬂd, A {8‘-.»*} Larger AL branes M;A YEVAALA




2" hypothesis:

if two Dp-branes intersect on wmanifold of dim Lower
than p — 1, the open strings which switch between branes Lead
to alignwment/anti-alignment of the directions with smallest

respective open angle

ﬁwai.i.ld, untersection Mmifoi.d has dE.Vpr — 1 and branes can |
reconnect and separate agawn |

- ] - i S s ] - RS = 1 3 ~- ,
crucial asswwmption tor the vauldityy of our scenario
| & 1:-.-‘ |

study interaction potential, obtawned by the scattering amplitude
of open strings ending on branes
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4™ hypothesis:

total winding nuwmber of all branes of a given dim vanishes _

not very Liportant

Lt wot satisfied, a few larger dima branes mau remain
L 1 g u




3 1 upothesis:
A

if two Dp-branes intersect on manifold of dim lower
than p — 1, the open strings which switch between branes Lead
to alignment/anti-alignment of the directions with smallest
respective open angle

funally, intersection manifold has dimp — 1 and branes can
reconnect and separate agaun

cructal asswmption for the validity of our scenarto
, | Y 0

study interaction potential, obtained by the scattering amplitude
of open strings ending on branes
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non-BPS Dp-brane with nownzero world volume electromagnetic
fields decays into a D(p-1)-brane with the electromagnetic fields
conserved and localised on the brane

gauge tields are localised perpendicular to tachyon direction
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non-BPsS bp~bmw3 with nonzero world volume electromagnetic
fields decays into a D (p-1)-brane with the electromagnetic fields
conserved and localised ow the brane

gauge tields arve localised perpendicular to tachyon direction

magwnetic fields aligned along q-directions on Dp-brane, Leaving
(p-q) directions for the non BPS D(p,q)-brane to decay along
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non-BPS Dp-brane with nonzero world volume electromagnetic
fields decays into a D(p-1)-brane with the electromagnetic fields
conserved and localised on the brane

gauge fields are localised perpendicular to tachyon direction

magwnetic fields aligned along q-divections on Dp-brane, leaving
(p-q) directions for the non BPS D(p,q)-brane to decay along
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condition for intersection between a Dp-brane and a Dg-brane:
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D¥p  iseithera Dp -bvane or abownd D(p, q) “orane

collision between a pr “brawne and a DTQ*bYﬂM resulis
to a (different) D*p -brone

= collision between. a [D"p -brane and an anti- D p -orane
results tn a non BPS D*(p e ) -Orane

= a nonBPS [Fp -brane will decay into a D™*(p — 1 )-brane

note: it is only collisions between similar dim branes, or their self
decay due to being nonBPS, that results tn lower dim branes

e ¢ of o ::’“n-u,L.,’"!tf,'i aecau chawn: a D*D -Oroneé collLaduaga with
B |'A _,.- \_‘-__,.- D ) y ﬂ:.‘l - o = o

an ant- D-: -OrAne TOorvirs 4 3 - -orane, winich possiole haa

Prév u.,.f._E_.u* 0. ROSOVOER O DNE C of the Dj OYaAnes

[l ----lj

nelson & m.s., PLB 674 | 21C




D*p  is either a Dp -brane or a bound D(p, qg) -brane

= collision between a  D*p -brane and a  D*q-brane results
to a (different) [*p -brane

= collision between. a [D'p -brane and an anti- D*p -brane
results in a non BPs  [)*(p — 2) -brane

= anonBPS [Fp -brane will decay into a D*(p — 1 )-brane

note: it is only collisions between similar dim branes, or their self
decay due to being nonBPS, that results tn lower dim branes

enad of a complicated decau chavn: a D“’ -orane colliding with
—_— L L—

iRgiis = e S ble hao

an. anti- [*5 -brane forms a rane, which possible had

previousiu been albbsorbed bu one of the D5 pranes
It '..\_\_-.,l
“E (P q _T E 10
nelson & m.S., PLB 674 | L1l




notz

+ D3 -branes do wot, generically collide with Lower dim branes

+ still possible that bound states D(3, gHoranes (q<3) form

L{a bownd D(5. g)-brane collides with anti. D5 -brane ==

D(3,q) -brane

: | . r _ ; : ‘ E
- process allowing tor embedded Lower dim branes to be present |
-l - P ~ . . i - T # .
. LIV DY WALVEYSE AS FELLLS or EAVLLEY, m,@ her dum collisions



D*p  is either a Dp -borane or a bound D(p, q) -brane

= collision between a  D*p-brane and a  D*q-brane resudts
to a (different) D*p -orane

= collision between a D*p brane and an anti- D*p “brane
results in a non BPS  [*(p — 2) -brane

" anonBPS [Fp -brane will decay into a D*(p — 1)-brane

note: it is only collisions between similar dim branes, or their self
decay due to betng nonBPS, that results tn lower dum branes
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notz

+ D3 -branes do wnot, generically collide with lower dim branes

+ still possible that bound states D(3, gHoranes (q<3) form

if a bownd D(5, g)-brane collides with anti D5 -brane ==

D(3,q) -brane

. process allowing for embedded Lower div branes to be present |

- L our waiverse as relics of earlier, higher dim collisions



+ D3 -branes do wot, generically collide wi,th..*';{.xv- Q}iua
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LT string theory Ls the theory of everyt thing, one should be able

'f)

m&i a m’}{““m’ﬂL L..wﬂﬂtmwﬂru :r_,ew:{sf » within ::“YLM *ﬁeovw

* one will be able to identify the inflaton and its properties

cosmological measurements will help to determune the
precise stringy description of our universe




brane inflation

end inflation via brane—anti-brane annihilation

hen inter-brane separation decreases below a
critical value, the tachyon field (open string stretching between
brane—anti-brane) develops an instability, and the rolling of

the tachyon field signals the decay of the brane—anti-brane pair

tachyon field: complex field with a non-trivial vacuwm manifold
—- fOYVAALLOW Of StAble vortex configurations (NJl(1)

these vortices are Lower-dima branes, whitch would appear B
as cosmic strings to a 4-dim observer "







cosmic superstring formation

Dp — Dp pair annihilation to form a daughter brane:
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D(p — 2k) -oranes inside Dp “eranes

(3+1)-dim universe: either D3-branes or Dp-branes with (p-3)-dim compact

RLbbLE mechanism i uncompactified dim—3 —p o = 1,2, 3
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Dp — Dp pair annihilation to form a daughter brane:

- — -
- - —_— - e —_ P - - = il - -
i = 4 R ks 1o - 1 7 - e - ,ﬂ b4 ,E
- o = e, - e N B e R Y - o - - g LS —_ e 1 = —_
— s - - —
> var —
.Ir'
—_ - —_ — A e —_ - . —_ - - -~
1 o - P - K. - L 1 e - &5 5 - - -
o o - S L o+ e — - i —_ - i - = L K
- et
- - - = - - " S . - - - - - - - i -
o F 5" - . [ [ e R = LMy B o — o r= - - -~ ) - = &
- - - - R S S—— T B # — — - —— P = ¥ = - = - - =]
e

D(p — 2k) -branes inside DP oranes

(3+1)-dim universe: either D3-branes or Dp-branes with (p-3)-dim compact

RLObLe mechanism tin uncompactified dime—3 —mp o = 1,2, 3

Dip —2) -branes are seen as COSMIC SUPERSTRINGS to a 3-dim observer

D3 — D3 annihilation: vortices are p1-strings
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Dp — Dp pair annihilation to form a daughter brane:
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D(p — 2k) -branes inside Dp “eranes

(3+1)-dim universe: either D3-branes or Dp-branes with (p-3)-dim compact

RLbbLe mechanism tin uncompactified dim—3 —mp d = 1,2, 3

Dip —2) -oranes are seen as COSMIC SUPERSTRINGS to a 3-dim observer

D3 — D3 annihilation: vortices are D1-strings
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cosmic superstring formation

Dp — Dp pair annihilation to form a daughter brane:

- - -
- - - - = = —_ - - - - —_ - - - B
= 2 3 - i - I - i = 5 - d b4 F_
e | i =, sin - o | i L il | & o i o F = T i Lok =l — e Bl B ey = b =
— — - — —
r - —
; i

- - —_ - o e = —_ - —_ - —_ =
I Yt I et e i T e i i - - -~ - 7
P 1- = g L P8 g B N e i s & ot e Ll Sl o g i ¥ il Ve LAEL

- et

— - = - A <l . - - = - - -
ek i~ ~ . - o o, oy, W, - sty o P o —= g = re= Y e i - e -~
S = o - - PR - J———— = ¥ — - —— —— I = & - W =y L4 - _——
e

D(p — 2k) -branes inside DP “oranes

(3+1)-dim universe: either D3-branes or Dp-branes with (p-3)-dim compact

RibbLe mechanism in uncompactified dim =3 —mmp d = 1,2, 3
Dip —2) -branes are seen as COSMIC SUPERSTRINGS tp a 3-dim observer
D3 — D3 ananihilation: vortices are D1-strings
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extra brane/anti-orane pairs in the early Universe




oranes/anti-branes come together and annihilate. .

.. producing topological defects such as cosmic strings that then evolve




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

collisions of F-strings § D-strings produce 7D bound states

superstring intercommutations form a trilinear vertex




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

collisions of F-strings § D-strings produce 7D bound states

4
e

superstring intercommutations form a trilinear vertex
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jLMrﬁM: DEEWELA COSWALL Jnm’:&" L*upe I Nielsein-Olesen

vortices un the Abelian Higgs model) and cosmic superstrings




dbﬁfruws DetwWeELn COSALE strings (*"MPE [l Nielsewn-Olesen

vortices in the Abelian Higgs mast) mwt cosmic superstrings

Pﬂmmiﬂ strings — 1 pcmmc superstrmga < 1
nes & polch P 0510

Fo-strings: SRR




differences between coswmic strings (tupe it Niglsen-Olesen

vortices in the Abelian Higgs wodel) and cosmic superstrings
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differences between cosmic strings (tupe I Niglsen-Olesen

L
vortices wn the Abelian Higgs wmodel) and cosmic superstrings

Pcmmic: strings 1 Pcmmic superstrings <1

~hinski. JHEP 0510
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cosmic string evolution

" cosmic strings stretching across the horizon: the energy density scales Like l/a
" cosmic string loops: the energy density (as for monopoles) scales Like 1/a’

- AQLVELY, the cosmic string density is a problem
* however, their interactions substantially suppresses the density

= intercomumutation of tntersecting strings § decay of resulting string Loops
reduces the density so that it decreases Like radiation (matter) durtng RDE (MDE
Y o

" the network rapidly approaches the scaling solution
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evolution of cosmie superstrung networks

acne: build simple field theory model of bound states, in analogy
with Abelian Higgs model, and study it with Lattice stmudations
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evolution o1 cosmuic suptrstring networks

aine: build sivaple field theory model of bound states, in analogy
with Abelian Higgs model, and study it with lattice simulations
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evolution ot cosmic superstring networks

acne: ouild simeple field theory model of bound states, in analogy
with Abelian Higgs model, and study it with lattice stmudations

CRAracteristics:
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the model

rajantie, m s. & stoica, JCAP 0711 (2007) 021




the model
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there is only one pair of Local and one pair of alobal strings

attractive interactions between global
strings result Lin thelr motion towards
the local ones

does the formation of Bound states can
stop the motion of the global strings?

global strings move towards Local ones
and cross them, forming Bound states

rajantie, m s. & stoica, JCAP 0711 (2097} 021




there is only one pair of Local and one pair of alobal strings

attractive interactions between global cownd states split as the gloval strings
strings result L their motion towards continue to move towards each other

the Local ones
does the formation of bound states can
stop the motion of the global strings?

g
o

finally they collide and annihilate

global strings move towards Local ones
and cross them, forming Bound states

rajantie, ms. & stoica, JCAP 0711 (2097} 021




Adoes the existence of bound states prevent a cosmic supérstring
networke from reaching a scating solution?

field theory wodel to study effect of jJunctions in the evolution
of network composed by cosmic superstrings with bound states

m 5. & stoica, JCAP 0808 (2008) 038




Aoes the existence of bound states prevent a cosmic superstring
NEEWOrKe ffﬂm f#ﬁcm;m a Euﬁkﬁm splution?

field theory wodel to study effect of jJunctions in the evolution
of network composed by cosmic superstrings with bound states
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LOSMALE SsuDfrsimng dretection

T Tt

coSMLE Superstrings tnteract with SM particles via gravity

- detection Lnvolves gravitational interactions of cosmic superstrings

R Ay Atia wWaves
_— A

B R /dilaton. fPyuiLssSLon

" CME anisotropres
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does the existence of bound states prevent a cosmic superstring
networke from reaching a scating solution?

field theory wodel to study effect of junctions in the evolution
of network composed by cosmic superstrings with bound states

B s &% stoica, JCAP 0808 (2008) 038




there is only one pair of Local and one pair of alobal strings

athractive inigractions between global townd states split as the gloval strings
strings result L their motion towards continue to move towards each other

the local ones
does the formation of bownd states can
stop the motion of the global strings?

finally they collide and annihilate

global strings move towards Local ones
and cross them, forming Bound states

rajantie, m.s. & stoica, JCAP 0711 (2097} 021
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does the existence of bound states prevent a cosmic superstring
networke from réaching a scating solution?

field theory wmodel to study effect of junctions in the evolution
of network composed by cosmic superstrings with bound states

ua addition to Loops
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coSMLE Superstrings tnteract with SM particles via gravity

- detection Lnvolves gravitational interactions of cosmic superstrings

B araitia waves
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constramnt equations and string e.o.m..:

general solution to string e.om. :
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SLe strings wn TLat space-time x(o.t)

constrawnt equations and string e.o.m.:

general solution to string e.o.m. -

x*(0,t) = {fa'(e — t) —b(e + 1)
a'(g) and —b’(o) describe aroitrary closed curves on unit sphere

Lf the two curves intersect then: il
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NONn-periodic strinas ending own Branes

a DBl string endung on two statiowar{l,j and parallel Dp-branes




non-periodic strings endung on Branes

a DBl string ending on two stationary and parallel Dp-branes
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aenericitu of CUSPS O wm—pﬂn.ﬂdr.‘.. strinas ending o branes

o

" cusps are generic 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 D1-branes (to order 9 )

‘sum— g nair of three-string junctions would have cusps

davis, nelson, rajamanoharan & m. s., JCAP 0811 (2008) 022
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