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Introduction

Motivation

Superstring Theory has been extensively studied in the past decades.

How do we know it is the theory that describes all of nature ?
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Superstring Theory has been extensively studied in the past decades.

How do we know it is the theory that describes all of nature ?

The best way to test is undoubtedly a direct detection of superstrings.

Although all particles are supposedly strings (string modes), their string
features are too small to be observed directly.

On the other hand, it is entirely possible (likely ?) they’ll also appear as cosmic
strings; that is, superstrings stretched across the sky. Detecting them will
surely be revolutionary.

Cosmic strings have been proposed earlier as a source to generate density
perturbation for structure formation. That has been ruled out by 2000.
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Introduction

rorme String Theory
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) - String theory has
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our universe.
The other 6 dimensions are very
} small, compactified into a Calabi-
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Introduction

Cosmic superstrings are very different from standard cosmic strings.

There are two types of strings : fundamental strings (F1-strings or F-strings),
and D1-branes (D1-strings or D-strings)

Example :
M=5

t
A baryon with mass ~ Mg/QhA/v o
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Introduction

Brane World

Dozens to hundreds of
Warped Throats

Cosmic superstrings at
the bottoms of throats
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Cosmic Super
Superstrings in the Galaxy
Production of Cosmic Superstrings a 1al Waves
Summary

A simple inflationary scenario

Brane inflation:
D3-brane attracted towards
anti-D3-brane

hA= warping at
bottom of
throat

¢= inflaton

o0
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Production of Cosmic Superstrings 2
Summary

Brane inflation:

D3-anti-D3-branes tensions provide the vacuum
energy that drives inflation

D3-brane and anti-D3-brane
annihilate at the end of inflation:

All energy released
goes to strings:

fundamental strings
and D1-strings
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Cosmic Super
Superstrings in the Galaxy
Production of Cosmic Superstrings 2 1al Waves
Summary

Cosmic superstrings produced towards the end of inflation

Simplest version of D3-D3-Brane Inflation

6472 b 41
V(#) = Va+ Vpp = 57 Zﬁ(l_A

ns = 0.967, re~10"°
F-strings and D-strings were produced towards the end of inflation.
The tension of Fl-strings is Gu ~ 1071°
The bound from pulsar timing was

Gp<107°

— Gu <1074
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Cosmic Superstring Network
Hunting Cosmic Superstrings in the Galaxy

Production of Cosmic Superstrings Gravitational Waves
Summary

Presumably, cosmic superstrings are produced in other stringy inflationary
scenarios.

2 strings matter radiation
H < A + p 2g + p 3 + p
a at

— Qstrings = rG,u ~ SOGM

e Besides fundamental F-strings, only "defect" produced is D-strings.

e D-strings and F-strings can form bound states, with junctions and beads. So
we have a tension spectrum that depends on the throat they are in.
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Cosmic Superstring Network
Hunting Cosmic Superstrings in the Galaxy

Production of Cosmic Superstrings Gravitational Waves
Summary

(Cosmic strings approaches a scaling network, dictated mostly by the string
tension Gpu.)
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Cosmic Superstring Network

Hunting Cosmic Superstrings in the Galaxy
Production of Cosmic Superstrings Gravitational Waves
Summary

e Cosmic superstrings in different throats evolve independently. Multiple
throats (Nt ~ 10 — 10%), each throat with Gyu; < 107 and a spectrum of
bound strings (Ns ~ 1 — 3).

e The inter-commutation probability P, = 1 for ordinary strings, but P <1
for superstrings. It can be as small as P ~ 1073, (

)

e A superstring loop can oscillate at the bottom of a throat : varying tension
along the loop and in time.

quperstn'ngs ~ ngtring =~ (NTNSPVZI/Z)(I—GM)
e 10*> G >1s0G ~10? is easy. [ ~ 50.

Henry Tye Gravitational Wave Bursts from Cosmic Superstrings 11/18



Cosmic Superstring Network
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Production of Cosmic Superstrings Gravitational Waves
Summary

e Cosmic superstrings in different throats evolve independently. Multiple
throats (Nt ~ 10 — 10%), each throat with Gyu; < 107 and a spectrum of
bound strings (Ns ~ 1 — 3).

e The inter-commutation probability P, = 1 for ordinary strings, but P <1
for superstrings. It can be as small as P ~ 1073, (

)

e A superstring loop can oscillate at the bottom of a throat : varying tension
along the loop and in time.

quperstn'ngs ~ ngtring =~ (NTNSPVZI/Z)(I—GM)
e 10*> G >1s0G ~10? is easy. [ ~ 50.

e The string loops decay via gravitational radiation. Low tension (G < 107!*)
string loops live long and their relativistic motions get damped. So they cluster,
just like dark matter.

String density in galaxy is enhanced via clustering by up to about 2 x 10° for
Gu <107,

Henry Tye Gravitational Wave Bursts from Cosmic Superstrings 11/18



Cosmic Superstring Network
Hunting Cosmic Superstrings in the Galaxy

Production of Cosmic Superstrings Gravitational Waves
Summary

Lensing of objects :
If the tension is low, it can lens only stars.

If we cannot resolve them, then we can only find that the luminosity doubles.
This is mocro-lensing.
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Production of Cosmic Superstrings

Micro-Lensing

Lensing by a straight string
segment :

» Double images but not
resolved.
» Can reach Gy~ 107

> Exoplanet search may
reach G ~ 107,

> Fingerprint: Achromatic,
repetitive flux doubling.
Lensing duration — Gp.

Lensing repetitions — /,.

Direction!
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Cosmic Superstring Network

Hunting Cosmic Superstrings in the Galaxy
Gravitational Waves

Summary

Flux
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Cosmic Superstring Network
Hunting Cosmic Superstrings in the Galaxy

Production of Cosmic Superstrings Gravitational Waves
Summary

2 Key Points :

e String density is enhanced:

quperstring =~ ngtring
where 1 < G < 10*
Below, we choose G = 1 or 100.
Some of the superstring enhancement effects have already been incorporated
into estimate of detection event rate.

e Low tension strings loops live long and their relativistic motions get damped.
So they cluster, just like dark matter.

String density in galaxy is enhanced by about 2 x 10° for G < 107°.
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Cosmic Superstring Network
Hunting Cosmic Superstrings in the Galaxy

Gravitational Waves
Summary

Detectable range for LIGO-VIRGO-KAGRA : 107 %% < Gu < 10713

Gravitational wave bursts from cusps for Gy = 10~ for aLIGO

Production of Cosmic Superstrings

-14. Cusp LIGO
Logio(pdR/dp)
10-

CusP

h(t) ~ 111"

Figure: Gu = 107 - The estimated gravitational wave burst rate from cosmic superstring cusps
versus the signal to noise ratio Q(p) = p — 1 where p = S/N. The solid blue curve is for G = 1.
The purple curve is for G = 100. The pink curve assume a /3 improvement in S/N. The dashed
curve is for distant cosmological events (outside our galaxy), the dotted curve is for a
homogeneous universe (i.e., without clustering in our galaxy).
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Cosmic Superstring Network
Hunting Cosmic Superstrings in the Galaxy

Production of Cosmic Superstrings Gravitational Waves
Summary

Detectable range for LISA-TAIJI : 1071 < Gu < 1078

Gravitational wave from cusps for Gu = 107" for LISA-TAIJI

-13. Cusp LISA
Logio(pdR/dp)
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Cosmic Superstring Network
Production of Cosmic Superstrings

Hunting Cosmic Superstrings in the Galaxy
Gravitational Waves
Summary

Gravitational wave from Kinks for Gu = 107 for LISA

-13. Kink LISA
Logio(pdR/dp)
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Cosmic Superstring Network
Hunting Cosmic Superstrings in the Galaxy

Production of Cosmic Superstrings Gravitational Waves
Summary

Remarks :

e Cosmic string network has been extensively studied.

e Cosmic superstrings are very different from the standard cosmic strings.

e Cosmic superstrings have also been intensively studied in recent years.

e Micro-lensing and gravitational wave bursts are best ways to detect them.

e |f cosmic superstrings are discovered, that will be the smoking gun for string
theory.

THANKS
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