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Abstract: Cosmic strings are a generic prediction of Grand Unified Theories that can leave a sufficient imprint in the Cosmic Microwave
Background anisotropies to open an observational window into an otherwise unreachable high energy domain. Being formed as topological defects
of aHiggsfield, they are also naturally coupled to various other fields, that can lead to superconducting-like currents, hence radically changing their
structure and properties. After having summarized the standard string network behaviour and its cosmological effects, | will concentrate on the
current-carrying properties and show how those can modify drastically the overall picture. In particular, I will exhibit the many current case,
including the special non abelian situation that requires more care to be fully understood.
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Not so exotic objects ...
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O~ 10° for E ~ 100 GeV

QO ~107°% for E ~ Egur
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A simple example: SO(10)
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Phase transition

Correlation length

(0|p(x)p(x + 7)|0) x e IT1/¢

Pirsa: 11110112 Page 12/84
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Localized energy / axis
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Reconnexion (intercommutation)

Simulations : P. Shellard (DAMTP - Cambridge)
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Not so exotic objects ...
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[nitial conditions: random phases
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Radiation
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Stl'iﬂg simulation D. Bennett, F. R. Bouchet & C. Ringeval
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Stl'iﬂg simulation D. Bennett, F. R. Bouchet & C. Ringeval

Pirsa: 11110112 Page 23/84




______________________________________________________________________________________________________

Gravitation: conical metric s~ dt= + dr® + dz* + = (1 InG U)« 16~
_/f/“’lf//1
O, B
2 - A B
N “‘““>
S C

Observer
|

26

Pirsa: 11110112 Page 24/84



€ fr),xt) = 1) siusisiieally isoiropie und sputiully homggenzois rundons fields

Correlators <‘9L- (k, )05, (K, '?F’::3> = 8(k — K")Cpupo (k, 17,797')
(Ensemble average over a large number of realisations)

(In-)Coherence Hypothesis Cuvpo(k,n,77) = > AWl (k, ek, )

G (!‘I
pr = -;;‘% exp(—k“n° Je(k),

P . Random variable ek
II* = —-'-l?]—ét\k"?j';:] exp(—k“n*)e(k) ek
Loop decay b6y = F, Heaviside

F" = —u@% with jn=TY(k-k,)

Transtered into the other tluids

Branching ratio )X Scale beyond which loops decay

D xp=1 | A

7 | Decay width

N\
\N

Pirsa: 11110112 Page 25/84



(One coherent mode ...
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Coherent = Incoherent
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(Old) CMB data ...
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Fraisse, Ringeval, Spergel & Bouchet (2008)
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Witten Superconducting String Model :
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Vortex configuration
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Equations of State
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Fermions = Quantization
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Current Stablllzmg Force =~ VORTONS
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Currents: Witten bosonic model
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Typical string configuration (neutral limit)
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Equation of state (B. Carter)
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Equation of state (B. Carter)
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State parameters

— uvxr v .. symmetric matrix of all possible Lorentz invariants
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, (scalars in the worldsheet)

+ Diagonalisation & Integration

0.000 0.000

0.005

- 0.005
i, x 10.0

1w, % 10.0
0.010 0.010
0.015 < 0,015

0.020 0.020

76

Pirsa: 11110112 Page 59/84



Pirsa: 11110112

5.0

Macroscopic modelling
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Macroscopic modelling
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Small coupling additive model
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Non abelian currents 2. & n Arbitrary gauge group
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Non abelian currents 2. & n Arbitrary gauge group

ﬁ Parameters such that there exists a condensate
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Non abelian currents 2. & n Arbitrary gauge group

3§ Parameters such that there exists a condensate

ﬁ Minimum energy state o, (1

by
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Non abelian currents 2. & n Arbitrary gauge group
3§ Parameters such that there exists a condensate

ﬁ Minimum energy state o, (1 | I

ﬁ exitations in the worldsheet
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Generator for £ oo /
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Non abelian currents 2. & n Arbitrary gauge group

f Parameters such that there exists a condensate
ﬁ Minimum energy state o (1

ﬁ exitations in the worldsheet
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Generator for £ o /
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Non abelian currents >, & n  Arbitrary gauge group

g Parameters such that there exists a condensate
ﬁ Minimum energy state o (1

ﬁ exitations in the worldsheet
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+ quantization = current algebra
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+ quantization = current algebra
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General nonabelian group = problem: B. CARTER

Fiber Fiber Bundle
Space X Space 73

Base Space M l._"_l,__{

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

a sphere cannot be projected on a plane ...
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General nonabelian group = problem:
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%3 0 I’ ¢!
A simple case: SU(2) 7" Pauli matrices — ¢'"%'7 = cosa + i - Tsina
Angular variables
n' = sinBsiny
Sapnn’” » 17 = sInffcosy
n’ = cosf
n,n® = = (9B)* - sin” B (0y)*
Perimeter Institute -Waterloo - 1% November 2011 84
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| OV
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a e sina sin B

)
V2 \ cosa —i sin@ cos 3

Special cases:

abelian sub-group U(1) € SU(2)
f = = - 0
J W - - -, W = . = — o —
> ( 2 ) x=p 5 | y f \ﬁ 0
oA | OV : .
Ao — (W) o= —— amplitude of the condensate
2 0o
2 d
< Ar e
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o dr
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biabelian U(1l) = U(l) ¢ SU(2)

2 1 [ e bid N
Y= ( - ) = 7( o ) no possible identification
~? P,

oHe't
2 2 .2 2 n
1 oy =0 sIn”asin”p
Wy =7v, Yo =—tan (cosftana)

) ) )

. ) )
o5 = 0" (cns‘u- + sIn” u-‘cns‘/)’)

Ultralocal hypothesis

Fields are to be evaluated at a single worldsheet point

0-a = /\'” iy — —w,

K== (o7 + 0 +wio] + wao3) = |0Z + |0,
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trichiral case @chiral = @ (I + £€27)
/),k‘llil'il| . /)’(f + £2)
Yehiral = Y (I + €2)

S { d°e \/71;""(.:', )

.

surface action over the wordsheet

LY = —m® = S Mo ,0

matrix Lagrange multiplier
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ULTRALOCAL CROOKED STRING ultralocal analysis

d-ao I da dor da 0 0 dp y . , | dy , ,
- f 2 + ,, = SINCcosa { f\;; Wy, sinarcosarsin” p b ke W, 0
dr rods dr dr dr ! ! s
d=g 1dg dor dp 2 [da dp dy! ‘
- 4 + 2 } /;H /JI[i, t b kokp — W,y sinffcosf t K w 0
ds rodi dr dr T tana N dr dr : di
d=y | dy _dody 0 0 2 [dady ' 2 (dBdy '
- 4 2 t 9 Y Fkoky = Wy | 4 . } /\I‘.-,-/\. (g, ()
dr rodr dr dr tana \ dr dr tangs \ dr dr '

field equations depend on all Lorentz invariant parameters up to 2nd order

Surface stress energy tensor Tap [ rdrdf T,

Fa . T A+B C
b I T C A-B

parameter matrix wij = kikj — wiw)
oari e - e 89
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Conclusions

ﬂ Cosmic strings are a generic prediction of GUT/string/high energy theories
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g Various cosmological consequences

& Often “superconducting”
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Conclusions

ﬁ Cosmic strings are a generic prediction of GUT/string/high energy theories
g Various cosmological consequences

g Often “superconducting”

ﬂ One current = well-defined one parameter worldsheet model

i:& Many current = Sum over one-current models

ﬂ Non abelian current?

g Cosmological consequences to be derived ...
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Thank you for your attention!
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