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Basics of domain walls

Consider the potential

V=—pu*:+

There are two minima with the same value



Basics of domain walls

V=—uv:+

A solution to the equation of motion is obviously when we solve the Euler Lagrange
equations

A%
d”dﬂv = —
dv

y)
We have the usual boring solutions v = * L
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Basics of domain walls

We have the usual boring solutions v = &=

2
24
We also have a solution which continuously goes from one vacuum to another

b P tanh[zu]
\/ 24

Three of the derivative terms in the Euler Langrange equations vanish

0%y 0%y 0%y

= = — = O
dr’>  dx? dy?
v oV
This leaves just 2
dz?  ov

\/5 u>sech[zu]*tanh[zu]

Subbing in our Tanh solution we find both sides equals —

Vi



Basics of domain walls

So what is this weird Tanh solution?

When we put it into the Lagrangian it gives a localized energy distribution

o i ()

. u tanh[zu] : [ i = J o m*(—1 + 2sech[zu]*)
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The energy is clumpy! It looks like a wall
of energy in space

This is why we call it a domain wall




Basics of domain walls

Contribution to energy density from strings and domain walls

initial

The energy density of radiation dilutes as a‘4, so the fraction of the total energy density

of the Universe will grow as the Universe expands

If domain walls have no way of annihilating they will dominate the Universe!
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Basics of domain walls

Making domain walls metastable

1) Local discrete symmetry - need to be eaten by strings
2) Global discrete symmetry - need to be annihilated
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Making domain walls metastable

2) Global discrete symmetry - need to be annihilated




Basics of domain walls

Making domain walls metastable

1) Local discrete symmetry - need to be eaten by strings

V=—uv:+ v+




Basics of domain walls

Gravitational waves, let’s do some scaling relations

dpGw dpgw!df
g = — ngwPow> Low =1
4 Pc

Start with the power

P GW.,dw ~ GoMpy
M = oR?

2p2
PGW,dWNGO-R’



Basics of domain walls

Gravitational waves, let’s do some scaling relations

dpGw dpgw/df
Az — ~dw , Qgw =1 ’
Next the number density Pgw aw ~ Go*R?,
d
ny, =R3 LGV g3 ~H




Now put it together PGw H

dt




Basics of domain walls

Gravitational waves

dpGw dpgw!df

d = ndefectP GW> QGW =f
t Pe

dpl/dt 1

N m—

Prad H

Finally convert from time to frequency

For radiation domination a ~ tl/z,frv a ' H ~ a?



Basics of domain walls

Gravitational waves

dpGw dpgw/df

d = ndefectP GW> QGW =f
t pe

Finally convert from time to frequency

For radiation domination a ~ tl/z,ffv a !,

d
This implies Ef ~ 12 g3
t
~1
Using chain rule L dpgw — (ﬂC ~a2d ~a~ ]
Prad df dt

And this is exactly what we find in simulations

( - - -1 - - 3)

QGW(f ) — Qmax ®(f _fpeak) L + ®(f1‘)eak _f ) i

fea
\ PR
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Why | hated global domain walls
1
V=—mu’p? + 1p* + X¢5

How small is the bias?

5 —1/2 V.. 1/2
T, ~3.41x1072GeV bias
TeV3 MeV4

V5

3 9 V
GNV’VbiasN__)Tanano
A VA

If you just wanted to get rid of them just set 7
scale separation

ann — v Yyou already have an unnatural




Why | hated global domain walls
1
V=—mup>+ \p* + quS

How small is the bias?

—1/2 1/2
] g Vbias
Tn ™ 3.41 X 107°GeV
TeV3 MeV+4

V5 1%

6~V Viias ~ X — Logn ~ 109ﬁ

If you just wanted to get rid of them just set 7. = v you already have an unnatural




Are other operators better?




Yuck yuck yuck yuck
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(the above is violated if you are allowed to have a continuous global charge)

2) Empirically true of every discrete global symmetry in specific string theory
compactifications

3) Can be proven in the case of AdS/CFT for both discrete and continuous
symmetries



AQG =€ WhMPI

Where S, is the action evaluated for

a wormhole solution




What scale do visible domain walls like the scale of QG to be?

f, ~3.75 x 107 Hz O {2 A~ Y2512y, /2
O, h? ~ 5.3 x 10720 €A*C2 54V 2

bias ?

ann bias ?

107
100.000

0.001

1078

v(GeV) f(Hz)

This corresponds to Agg = MpleSwh with 23 <S8, <35



A/ \J v L 9

symmetries common enough



This is pretty darn plausible

1) Unlike Peccei Quinn, which requires S = 100, my stringy

collaborator tells me this is a pretty plausible range
2) If string theory is true -> zillions of “moduli”’. Approximate discrete

symmetries common enough

Phase transitions -> require a very strong transition to be visible
Cosmic strings -> debate over field theoretic treatments perhaps not settled

SIGWs -> requires a period of matter domination to last long enough and end
abruptly enough






So what can we do with Domain walls

1) test quantum gravity (qualitatively)
2) Producing dark matter

¢ New Physics
{  New Physics + SMBHB

107

1x107? 2x107? 5%x107? 1x10°®% 2x10°% 5x10°8

f/Hz




1) test quantum gravity (qualitatively)

c. Might be able to get an independent measure of QG



* Need an observable sensitive to physics above the Planck
scale






1) CMB polarization power spectrum can be sensitive to incredible decay
times 7 ~ 10%%s
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3) Diffuse background (x/y ray)



So what can we do with Domain walls

Need an observable sensitive to physics above the Planck scale
1) CMB polarization power spectrum can be sensitive to incredible decay

times 7 ~ 10°%s
2) Ovff decay

Lbreak = E

-1

102474 9673

10MeV\°® /sinf\ 2 10MeV\°® /sinf\ 2
~ 1.8 x 107 ~ 2.4 x 10%°
8x 107" s ( mpM ) (10_8) X107 s mpwMm 10-8

.2 -1 2
9agM sin“ 0 ¢, sin“ @
2. 5 o 2. 5
Tx—vy = (GFmDM Ty—ete—v = GFmpm




So what can we do with Domain walls

Need an observable sensitive to physics above the Planck scale
1) CMB polarization power spectrum can be sensitive to incredible decay
times 7 ~ 10%°s

2) Ovff decay

mpy = 10MeV mpy = 100GeV
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So what can we do with Domain walls

1) test quantum gravity (qualitatively)

e Domain walls can induce production of primordial black holes
e Superhorizon size domain walls must grow as R~a due to

causality
e Their schwarzchild radius can exceed their radius at annihilation

forming a pbh

Particle DM
from PBH evap.
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Quantum gravity makes domain walls a compelling source of gravitational waves
in the early Universe

This is because the relevant QG process is nhon-perturbative and effective
opperators are suppressed by a scale above the Planck scale

Can use GWs to qualitatively test QG

Can cross check the scale (assuming 1 QG scale!)

Domain walls can explain NANOGrav and DM




