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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, I will discuss the mechanism we have proposed in order to explain the origin of the
space-time dimensionality, whilein the second part | will review formation and dynamics of cosmic superstrings.
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mwotivation

space-tme dimensionalitu remaains an nw question
P Y opén. q

d — 1 : wnwmber of spatial dimensions

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

butwhg d — 1 is not higher than 32




Framework

string theory
10-dum superstring theory

9-dum spatial torus, the tenth dumension betng tume

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

Raluza-klewn approach orane-worla approach




" Raluza-klewn approach

& extra dimensions are volled up tn a Calabi-Yau manifold
with a size given by the string scale vea!




" Raluza-klein approach

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

" brane-world approach

nLghey dimrnsional Fulle




" Raluza-klein approach:

T-duality:
coupling constant uwvariant up to radius-dependent rescaling

holds at each order of perturbation theory

target-space duality K — o'/ K

it velates string theories compactified on Large and small tori
by interchanging winding and raluza-klewn states




applications of the R — o /R summetry n cosmology

"‘""r{__J

brandenberger — vata scendrio : string gas cosmology

——— P Rl P e : T L | = - |
prandenperger & valiada, WL 316 1904a) S99l
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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 radius: use the dual
ﬁ@@ydim*‘l\:ﬂ, Le. the CCWjM@atﬂ variable to ‘ﬂJLM{fM@ W =mZR
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o scattering amplitudes for dual processes are equal




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

brandenberger — Vafa scendrio : string gas cosmology

brandenberger & vafa, NPB 316 (1983) 391

= distance has different interpretation tn the two dual regimes:

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

= distances smaller than the self-dual radius: use the dual
coordinate, i.e. the conjugate variable to winding W = mR
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applications of the R — o /R syummetry n cosmology

brandenberger — vata scendrio : string gas cosmology
brandenberger & vafa, NFB 316 (19839) 391

= distance has different interpretation tn the two dual regimes:

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

= distances smaller than the self-dual radius: use the dual
ﬂ@ﬂl’di«%ﬂtﬂ; L.e. the CCWjH@atﬂ variabole to ‘ﬂJLMiM@ W =mR
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applications of the R — o' /R summetry n cosmology

brandenberger — vata scendrio : string gas cosmology
a, NPB 316 (1989) 391

= distance has different interpretation in the two dual regimes:

= AamharTar . Iy
L LRSS L = S L - L 8
-

e L LA LB 4

large radius: position coovdinate is the conjugate variable to
momentum, p — n/H  as usual

" distances smaller than the self-dual radius: use the dual
coordinate, L.e. the EG%jH@atﬂ variaole to ‘#JLMLM@ W =mR
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Y standard BB cosmology standard BB cosmology

I+

(.}
v -T'r'r-]r"rf"l'P "
a

. i-bj-l-l-l-—l—l—l—-l—l‘ =

e

'W:ll
ol

. RS =7 s ey

e Il :LCDSF’.:-LYLM:

T W ——— —

Pirsa: 09090000

in B
0t R: T o 1 /R Winding modes trveleva

=00



applications of the R — o' /R summetry n cosmology

brandenberger — vata scendrio : string gas cosmology
brandenberzer & vafa, NPB 316 (19839) 381

=

* distance has different interpretation in the two dual regimes:

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

= distances smaller than the self-dual radius: use the dual
coordinate, L.e. the CQWjL&@atﬂ variable to ‘-"JLME-VL@ W =mR
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Y standard BB cosimology standara BB cosmology
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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 anti-winding ones
i 10 dim, a winding string will miss the anti-winding one

Y in a 4-dim hiypersurface the worldsheets of winding and anti-
unding modes can overlap, Leadung to annthilation and expansion
3 spatial dum

" e—-  iAALLG OCES DPrEvent & oﬂf the dim -.fmm 8&1351%01&@
d leave ovti.g 3 dum to expanda
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wunadung strungs

(periodic bouwndaru conditions)
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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 anti-winding ones
i 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 overlap, Leadung to annthilation and expansion
3 spatial dum

" —-  LAALAG MOCES Drevent & of the dim from expanding
d Leave only 3 dim to expand




A addition:

" scale invariant spectrum of adiabatic perturbations

e T T - = - R e —_ - = = |
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" entropy § horizown problewms solved without inflation
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LA addition:

= scale invariant spectrum of adiabatic perturbations
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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 ?

mam::gthmg

oven n LA th.-:orU

not? do wot consider a
heterotic tumpe theory
o J

1,5, 9w tgpc | th:org




A addition:

" scale uwvariant spectrum of adiabatic perturbations
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tgpe Il string theories:

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

non-BPS D-branes of even dim

’Ckﬂbd HA: BPS D-oranes :"‘C /e AL
Non-BPS D-oraneés c:“l‘C odd dim

type IB/ILA 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 - oranes and Dp—awti~bram£s of
all possible dimensions P

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

A

odd E.-u.nE.thmg

mm:’.r-..u,&thsmd

not? do not consider a

, heterotic tupe theory
1, 5, 9 in type | theory = o




*':gpe Il 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

non-BPS D-branes of even dim

’Cg‘PE IHA: BPS D-oranes 0'5 A A
non-BPS D-branes of odd dim

tgj'pe e/1A striwg thcond: non-BPS D-branes are unstable due to
e appearance of a tachyonic mode
sen, JHEP 9812 (13988) 021
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condition for generic intersection of two [) p-branes
evaloedded in a d-dim Spacc~um (bulk):

= = e i e B —
r}_L .-_ - - T e # #
AV SV Ll 2l e Viss

f"‘ ,-_-_j.r_:—_“. — __pJ _ d +1
2p+1>d—1
b ¥

v| two Dp -branes eventually
ateysect at some tuvae L @ Dot

otherwise, the two D p-branes will generically never intersect

jurrer, kunz & m.s., PLB 614 (2005) 125



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

= 'Dp—L'-” £S “EYSECT QT L
f—f —ch L of din 2}};'0{_}_1
2p+1>d—1

)

v| two Dp -branes eventually
ntersect at some time L a potnt

otherwise, the two D p-branes will generically never intersect

Ad=10: two Dp -branes will never intersect pr < 3 out
they will Evﬂntuﬂmg collide provided p = 4

I Trrar i & m .
atd L L oL o Eidlis - -

)

PLE 614 (2005) 12%



intersecting oranes are unstable and eventually evaporate

I P left with D3-branes (and any pervaitited Lower-dim
branes, D1-branes in ITB string theory)

D-strings
durrer, kunz & R.8., PLB 614 (2005) 12%




untersecting branes are unstable and avmmug evaporate

left with D3-branes (and any permutied lower-dim
branes, D1-branes in 1B string theory)

D-strngs
furrer, kunz & R.8., FLB 614 (Z200%) 125
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intersecting branes are unstable and eventually evaporate
nmmmd left with D3-branes (and any permitted lower-dim
oranes, D1-oranes in (B string theory)
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tural hypothesis: s

-

tate of many gravitons is entropieally favored

evaporation process leads to entropu production i the bulk
H ! i C‘-J 1



intersecting oranes are unstable and eventually evaporate
nmmmP> Left with D3-branes (and any permutied lower-dim
branes, D1-branes in 1B string theory)
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hupothesis:

it a Dp -brane interscets with another Dp-brane on a hypersurface
of dima p — 1, the branes reconnect 1mmmmp winding number is
reduced wntil they do not wind anymore and evaporate

for intersecting D-strings at an angle @ there is a tachyon mode
which represents instability to reconnectio
Dp _branes which intersect in P — 1 divections can be reduced to
this case by applying T-duality in the p — 1 common directions
m.S., NPB 468 (1996) 319
R.S., JCAP 004 (200¢
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*ﬂraer*im Oranes are wasta
e L«f

oranes, D1-branes in 1B string Lkeﬁru)
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3" huypothesis:
4

if two Dp-branes intersect on wmanifold 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

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

cructal assuwmption for the validitu of our scenario
1 L] .;_-.J L

study interaction potential, obtawned by the scatiering amplitude
of open strings ending on branes



4™ h_g_go*-‘:hasis:

total winding number of all branes of a given dim vanishes

not very Lportant

Lf wot satisfied, a few larger dim branes wmay remain

! L]




3" hypothesis:

if two Dp-branes intersect on wmanifold 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

finally, intersection manifold has dimp — 1 and branes can
reconnect and separate agan

cructal asswmption for the validity of our scenario
1 L] ';-p‘J 5

stud Y uteraction potential, obtained b Y the scattering amplitude
of open strings ending on branes
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4™ hypothesis:

total winding number of all branes of a given dim vanishes

not very tmportant
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3 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

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

cructal assuwmption for the validitu of our scenario
| ' O J

study interaction potential, obtained by the scatiering amplitude
of open strings ending on branes
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DI-brawnes fill entive space (bulk):
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spatial dim orthelbul: d — 1 =0
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non-BPS Dp-brane with nonzero world volume electromagnetic
fields decays into a D (p-1)-brane with the electromagwnetic fields
conserved and localised on the brane

gauge fields are localised perpendicular to tachyon direction
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bouwund state decag
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non-BPS Dp-brane with nonzero world volume electromagnetic
fields decays into a D (p-1)-brane with the electromagwnetic fields
conserved and localised on the brane

gauge tields are localised perpendicular to tachyon direction

magwnetic fields aligned along g-directions on Dp-brane, Leaving
(p-q) directions for the non BPS D(p,q)-brane to decay along
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bound state decag
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non-BPS Dp-brane with nonzero world volume electromagnetic
fields decays into a D (p-1)-brane with the electromagwnetic fields

conserved and localised on the brane
gauge fields are localised perpendicular to tachyon direction

magwnetic fields aligned along g-directions on Dp-brane, Leaving
(p-q) directions for the non BPS D(p,q)-brane to decay along




condition for intersection between a Dp-brane and a Dg-orane:

p+qg+1>d-—1




D¥p  iseithera Dp -bvane or abound D(p, q) “orane

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

= collision. between a [DP'p -brane and an anti- D*p -brane
results i a non BPS D*(p — 1 ) -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

decag due to berng nonBPS, that results tn lower dium branes

end of a complicated J’lfh.?m chavna: ¢ D*"' -orane collidung with
an. antl- D 5 -OraAne "C,r’.w-._:.'}‘. D3 -0rQ hte ﬂZ’SELd,, NAaa

previously beew albsorbed by one of the Dg -Oranes

| - “nelson & m.S., PLB 674 (2009) 21C




D*p  iseithera Dp -bvane or abound D(p, q) “orane

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

= collision between a [D'p -brane and an anti- D*p -brane
results tn a non BPS D*(p — ) -Orane

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

+ D3 -branes do wot, QEMrLcaLLU collide with Lower divm branes

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

if @ bound D(5, g)-brane collides with anti D5 -brane ===

D(3,q) -orane

. process allowing for embedded lower dim branes to be present |
- L our universe as relics of earlier, higher dim collisions



D¥p  iseithera Dp -bvane or abound D(p, q) “orane

= coLLi.SLcn oetween o D*p -orane and o D‘q-bmnf, résults

to a (different) D'*'p -orane

= collision between a [D'p -brane and an anti- D*p -brane

results A a non BPS D*(p — 2) -brane

" anonBPS [Fp -brave 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 dium branes
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notz

+ D3 -branes do wot, QEMri,caLLg collide with Lower divma branes

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

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

D(3,q) -orane
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Lf string theory is the theory c*;fﬁuer%jthin@, one should be able
to find a natural inflationary scenario within string theory

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

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

achyow field: complex field with a non-trivial vacuwm manifold
- TOrVAAtLON Of Stable vortex configurations (NI()

these vortices are lower-dim branes, which would appear —
as cosmic strings to a 4-dum oboserver "
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D P pa Ly annthilation to form a daughter orane:
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D(p — 2k) -branes inside Dp “eranes

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

RLbble mechanism L Hmompﬂctiﬁcd AL —= e d = 1,2 3



cosmic superstring formation

Dp — Dp pair annihilation to form a daughter brane:
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D(p — 2k) -branes inside 3,7 35

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

RLObLe mechanism Lin uncompactified dime—3 mp d = 1,2, 3

D(p —2) -branes are seen as COSMIC SUPERSTRINGS to a 3-dim observer

D3 — D3 annihilation: vortices are D1-strings



cosmic superstring formation

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

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

RLDbOLe mechanism tn uncompactified dime—3 —p d = 1,2, 3

Di(p —2) -branes are seen as COSMIC SUPERSTRINGS to a 3-dum observer

D3 — D3 annihilation: vortices are D1-strings
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Dp — Dp pair annihilation to form a daughter brane:
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D(p — 2k) -branes inside DP ‘branes

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

RLObOLe mechanism tin uncompactified dim—3 p d = 1,2, 3

D(p —2) -branes are seen as COSMIC SUPERSTRINGS to a 3-dim observer

D3 — D3 anniulation: vortices are D1-stnngs
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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
[ 4

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
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superstring intercommutations form a trilinear vertex

- .

T T LA L L SeassseTTEEIEEN S

L bl
T L L

mean®

- .

- L
L

.........
LONOYR Yeach 5:2*.1..5-”"
] lictions Lneo

SLShent witia owr 0Gseyy "j ALY

J‘? ."'ﬁl
.-.llt .ll"'l‘-:.lﬂi-.
---------------------------------------------------------------------



differences between cosmic strings (tupe 1t Niglsen-Olesen

vortices in the Abelian Higgs model) and cosmic superstrings




diﬁ#wmgs oetween cosmic strings (tupe 1t Nielsen-Olesen
vortices in the Abelian Higgs model) and cosmic superstrings

Pcmmic strings 1 Pcmmc superstrings < 1
jackson, jones & polchinski, JHEP 0510 (200%5) 013




differences between cosmic strings (tupe 1t Niglsen-Olesen
vortices un the Abelian Higgs wodel) and cosmic superstrings

Pcmmic strings 1 pcmmic superstrings < 1

~kson, jones & polchinski, JHEP 0510
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differences between cosmic strings (tupe 1t Niglsen-Olesen
vortices un the Abelian Higgs model) and cosmic superstrings
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COSVALL Striwg evolution

" coswmic strings stretching across the horizown: the energy density scales Like 1/a
" cosmuic string Loops: the energy density (as for monopoles) scales Like 1/a°

- AALVELY, the cosmic string density s a problem
" however, their interactions substantially suppresses the density

" intercomumutation ;*-if':iwt:rs.c ting strings § decay of resulting string Lloops

reduces the density so that Lt decreases Like YﬂﬂLQLLDP‘u (meattey) dunn@ RDE (MDE

" the networke rapidl Y app roaches the scaling solution
Y
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evolution ot cosmuc suprstring networks

acne: ouild simple field theory wodel of bound states, in analogy
with Abelian Higgs model, and study it with lattice simulations




evolution of cosmic superstring networks

acne: ouild simple field theory model of bound states, in analogy
with Abelian Higgs model, and study it with lattice simulations
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evolution of cosmic Sumrstvin@ nebtworkes

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

characteristics:
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the wmodel

rajantie, m.5. & stoica, JCAP 0711 (2007) 021




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

attractive tnigractions oetween gloval
strings result Lin their 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 global strings

attractive inkeractions bebween gLDhaL pwnd states split as the global shn nos
strings result L their motion towards continue to move towards each other
the Local ownes

finally they collide and annintlate

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, ms. & stoica, JCAP 0711 (2007} N21




does the existence of bound states prevent a cosmic superstving
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

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




Apes the existrnce f*fé:'ﬂ.{na’ states prevent a cos il SUPEFS ‘nm
Mt}@mﬁ? YOV rgﬁcmm a Suﬁ?ﬁém solution?

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

coSMLE Superstrings tnteract with SM particles via gravity

- detection Lnvolves gravitational interactions of cosmic superstrings

® Ayt waves

— -
B pR/dilaton. evvuissLon
T aravitational LensLng

| juicro-lensung

" CME anisotyoples
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Aoes the existence of bound states prevent a cosmic supérstriing

NEEWOrRe j‘[ﬁf&"w{ reachie gas S::?'Zﬁnf solution?

field theory wmodel 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

attractive interactions between global bound states split as the global 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?

trnally they collide and annihilate

T o
el o

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

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




s B L A B R -
ST T

;*] Fichwer Edmon Affichage Insertion Format Ouwnils Diaporama Fenetre ! - X
Bradley Hand ITC :7' 24 - G I S 8§ |[=E== A A - ~ o Conception a

teere 5 At Sng tEir of Local awd onf vair oF __-_:'_ i Strimes

attrastiom Laderatices Loty owctin S shates suit o< tind owctan shrisos
strisos sl e Uatiy mctioe. Tegrds owtiveat = rcit el ek JBT
e sl s

Aot tre rormeatice. or Ecwed states g,
siep Hee mectiow oF the ool sirieos?

Totibit ot e and Qi

Ecuwd states do pot surdi tee wova-
Mo Latevarticss ot bl shisns

raimtis. ;s & stoiea. JCAP 0711 QUOT) @21

Jessin~ | .5 | Formes automatiques >~ ™\, QO Al 4z:2 8 - - A==+« @ 3 B
Pirsa: 09090@00 QSITIVE 44 Sur 535 Modele par defaut Andlas (Rovaume-Uni) Page 91/108

- - O 0 OO 00O




i |

2] FEichier Ed:tmn Affichage Insertion Format Ounils Daporama Fenetre - X
g
Bradley Hand ITC -4 - G I § 3 LEEIE = A A ot ~ o Conception H

raimtis. me & siniea. ICAP OTI1 Q0070 21

liquez pour ajouter des comment

i) W3 ite il 5 2 |
Dessin~ | ; | Formes automatiques~ N\~ [ 10D 24 4 ¢ A new versionof Javais ready to be installed h ]
Pirsa: 090@d@DOSive 43 sur 55 Mocele et Page 92/108




does the existence of bound states prevent a cosmic superstring
mfﬁh/ﬂﬂ@ rom reaching a scalting solution?

field theory wmodel to study effect of junctions in the evolution
of network composed by cosmic superstrings with bound states
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COSYALL s.ft.dfrsrn-ﬂw detection

CoSMLE Superstrings interact with SM particles via gravity

i detection Lnvolves gravitational interactions of cosmic superstrings

= "'*rﬂ 1'"' wiaves
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T arawvitationgl LensLng
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Sue Strungs i TLat space-time x(o. t)

constrawnt equations and string e.o.m.:

general solution to string e.o.m. :
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smie stings un Tiat space-time x(o, t)

constrawnt equations and string e.o.m.:

general solution to string e.o.m. :

x(o,t) = Ha'(o — t) — b'(o + )]
a'(o) and —b’(o) descrioe arbi,tmrg closed curves on wunlt Sphere

if the two curves intersect then: RECIIRED
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SMAOOTN LOOPS WILLL LIL O8nEriL /e sucn LLWALIUL POLANTS:. CUSES




NOW-DErLodLL Strings ending on Branes

a DBI string ending on two stﬂtf.omarg and parallel Dp~bran££.




non-periodic strings endng on branes

a2 DBl string endung on two stﬂtf.omvkj and parallel Dp-branes
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enericity of cusSps on non-periodie strinas ending on branes
--J > T - —

" 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 Fstring
between 2 D1-branes (to order g,)

‘sum—— g pair of tkrcc—striw.gjumﬁ.sws would have cusps

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




aenericity of cusps on non-periodic stvings ending on branes

e

" 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 g,)

‘su— g pair of three-string jumﬁaws would have cusps

davis, nelson, rajamanoharan & m.s., JCAP 0811 (2008) 022
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aravitational Lensing
= deficit angle:

galaxy behind Llong string wall
appear as double undistorted image

a M@

AN

Ly strings Lead to Local gravitational attractive force towards strings

elliptical distortion of background galaxies

= string Junctions will effect Lensing
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aravitational Lensing

= deficit angle:
gataxy behind long string wall
appear as double undistorted Lmage

= wiggly strings Lead to local gravitational attractive force towards strings
elliptical distortion of background galaxies
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CMEBE anisotropt
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- WMAP data constrain the contribution from cosmic strings to be at maost
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at most 10%

« Bsuwode polarisation signal from strings is expected to be much strongier
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Aravitia waves

- networke of strings produces a stochastic background of gravitational waves, withtn
sensitivity Wuwg range of Advanced LIGO / VIRGO and LISA

- such stochastic qwW also énﬁmmcs the very precise pulsar timing measwrements
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