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Abstract: Cosmic strings arise as remnants of phase transitions in the early Universe, often related to theories of grand unification (GUTS). If such a
phase transitions occurs at high energies, the resulting cosmic string network generates a sizable amount of gravitational waves. Most work so far
has focused on the gravitational wave signal from topologically stable cosmic strings. In this talk | will introduce metastable cosmic strings, which
are a generic consequence of many GUTSs. | will discuss how this idea can be probed in various ongoing and upcoming gravitationa wave
experiments, from pulsar timing arrays to space- and ground-based interferometers.& nbsp;In the final part of my talk | will discuss arecent proposal
on using the radio telescopes to probe this and other sources of ultra high frequency gravitational waves.
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Hunting for gravitational waves

pulsar timing arrays interferometers

LIGO
nHz mHz kHz
[
frequency
-
mass (merging compact objects)
time (cosmological events)
Probing the GUT scale with GWs 3/20 Valerie Domcke - CERN/EPFL
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prelude: stochastic gravitational wave background

stochastic gravitational wave background (SGWB): analogous to:

CMB: Penzias, Wilson "64

probed by two-point (cross-) correlation
of detector time stream

g

observable quantity in direct detection:

i

1 dpaw(k,T) 1
C s e S TEEVIG gy w = ——{h;: (. TR (T, T
Probing the GUT scale with GWs 4120 Valerie Domcke - CERN/EPFL

Pirsa: 21060001 Page 7/26



Outline

* GWs from metastable cosmic strings

* Hunting for ultra high frequency GWs

Probing the GUT scale with GWs 5/20

radio telescope EDGES

Valerie Domcke - CERN/EPFL
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metastable cosmic strings

cosmic strings in a nutshell
© one-dimensional topological defects formed in an early Universe phase transition

© symmetry breaking pattern G — H produces cosmic strings iff TI;(G/H) # 1

+ form cosmic string network, evolves through

string (self-)intersection & loop formation

emission of particles and gravitational waves
Allen & Shellard "90

Prabing the GUT scale with GWs 6/20 Valerie Domcke - CERN/EPFL
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metastable cosmic strings

consider SO(10) —» Gsy x U(1)p—r — Gsm

M (Gsn x U(1)/Gsv) = L (U(1)) #1 == cosmic strings

I, (SO(10)/Gsum) = 1

el Nno cosmic strings

resolution: no topologically stable cosmic strings

80(10) — GSMF X U(I)B_L
cosmic inflation

Gsm xU(1)p—r, = Gsm

2

Py~ pexp(—7wx®), K*=m?/u

Probing the GUT scale with GWs

generates monopoles

dilutes monopoles

generates cosmic strings,

Vilenkin "82; Leblond, Shlaer, Siemens "09;
Monin, Voloshin "08/09; Dror et al "19

metastable
string &
monopole
network

decay via Schwinger production of monopoles

o~ vfg_L string Lension
M~ VT mMonopole nmass

7120 Valerie Domcke - CERN/EPFL
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gravitational wave signal - SGWB

see eqd. Auclair, Blanco-Pillado, Figuera et al '19

gravitational wave emission from integration over loop distribution function:

GW power spectrum of a single loop

3HZ # of loops emitting GWs
e observed at frequency f today
2 [Fmex  UIN(U(2),t(2 # of loops with length ¢ at time t
Cn(f) = _QszH(N( ) ( )2; p g . e la
' (2)(1+2) N,(£,1) = 0.18 t—¥/2(¢ + 50Gut) %/
' with £=2n/((1+2)f)
/' Blanco-Pillado, Olum, Shlaer ‘14
decay of cosmic string network at . :
- cosmological history
iy =5
evaluated analytically for ¢ < 50 Gut and £ > 50Gput : Buchmiller, VD, Murayama, Schmitz 19
a /8 » ' 107 1/2
Qew(f) =3.3-107% [ =) min[(f/£)%2,1], f.=3.0-10"% Hz e /4 [ ——
107 G

Probing the GUT scale with GWs 8/20 Valerie Domcke - CERN/EPFL
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metastable cosmic strings

VK ~ Usoa0y/vu()

stable cosmic strings metastable cosmic strings
(highly constrained by PTA) discovery space for LISA, LIGO & beyond
Gpr=2-10""rmA s LisA | ued| T extends to GHz, depending on

SSB scale and reheating model

107

solid: numericial
dashed: analytical

disclaimer: only GWSs from loops
considered, for segments see
Leblond, Shiaer, Siemens 09

J o ) Buchmiiller, VD, Murayama, Schmitz "19

10% 10* 10* 10° 10*
frequency [Hz]

vguT can be tested with GWs!

Probing the GUT scale with GWs 9/20 Valerie Domcke - CERN/EPFL

Pirsa: 21060001 Page 12/26



Pulsar timing array NANOGrav, Sept 2020:

“Our analysis finds strong evidence of a
stochastic process, modeled as a power-law,
with common amplitude and spectral slope
across pulsars.”

=
S ;
2
g i
S 00f 2 .However, we find no statistically significant
= B N . .
= i 1 evidence that this process has quadrupolar
2 o5k . spatial correlations, which we would consider
E : ] necessary to claim a GWB detection
1okl Co E consistent with General Relativity."
T0 50
€ (deg)
NANOGrav collaboration 20
Probing the GUT scale with GWs 10/ 20 Valerie Domcke - CERN/EPEL
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metastable cosmic strings

VK ~ Usoa0)/Vu(1)

stable cosmic strings

_ : metastable cosmic strings
(highly constrained by PTA)

discovery space for LISA, LIGO & beyond

T T

T T T T T T T L) T ¥ T T ’|_.' v | |I h
G‘}.{-ZQ‘IU_‘IP?A SKA LISA | ueg
10? | \‘ i

T LT T —

extendé to GHz, depending on
SSB scale and reheating model

= 10t
()
,9 solid: numericial
& dashed: analytical
10—11
disclaimer: only GWs from loops
considered, for segments see
A Leblond, Shiaer, Siemens 09
103+ py )

» i
Il | i L Il I I 1

Buchmiiller, VD, Murayama, Schmitz "19

10 10°% 10* 10° 10°
frequency [Hz]

- vquT can be tested with GWs!

Probing the GUT scale with GWs 9/20 Valerie Domcke - CERN/EPFL
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Has NANOGrav seen metastable strings?

CMB excluded

Buchmiiller, VD, Schmitz "20

107 ¢
: - LIGO O3
excluded
I 2101.12130
1078L 2101.12248
& ;
e
e & :
R [
11010
-05 0.0 0.5 1.0 1.5
Probing the GUT scale with GWs 11/ 20 Valerie Domcke - CERN/EPFL
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Has NANOGrav seen metastable strings?
CMB excluded Buchmdiller, VD, Schmitz “20
107
: - LIGO O3
excluded
2101.12130
2101.12248
ny
Maybe. Stay tuned for more data!
Probing the GUT scale with GWs 11/20 Valerie Domcke - CERN/EPFL

Pirsa: 21060001 Page 16/26



Has NANOGrav seen metastable strings?
CMB excluded Buchmdiller, VD, Schmitz “20
107
: - LIGO O3
excluded
2101.12130
2101.12248
k
ny
Maybe. Stay tuned for more data!
Probing the GUT scale with GWs 11/20 Valerie Domcke - CERN/EPFL

Pirsa: 21060001 Page 17/26



Outline

e GWSs from metastable cosmic strings ®e

* Hunting for ultra high frequency GWs

radio telescope EDGES

Probing the GUT scale with GWs 12/20 Valerie Domcke - CERN/EPFL
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challenges in HFGW detection

BBN bound \._,"'; '\'-\‘__/":'
N S .
% /\\\
SN SN By
/ '// // \ 7 /, \\\ \_\I\II i . 88/\/
i . . e Ouf?d
Experimentalists live ==
Theorists are joyful peogﬂe on a sliopery slope
frequency frequency

N QGW X fzhg

CMB/BBN bound constrains energy experiments measure displacement
Challenges and

Opportunities of @
- frequencies >> 100 Hz are very challenging Wave Detection

- laser interferometers seem impossible

Prabing the GUT scale with GWs 14/ 20 Valerie Domcke - CERN/EPFL
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a cosmological high frequency GW detector

(inverse) Gertsenshtein effect Gertsenshtein “62; Boccaletti et al “70

VD, Garcia-Cely 20

inhomogeneities in B and n_set
coherence length of oscillation

S

b’/
Zini <1—‘ >
- ; — Ry
probability of conversion: P= (Dpege it = / ———dz
l.o.s. 40 (1+2)H
similar to neutrino oscillations, or axion-photon oscillations
Probing the GUT scale with GWs 15/20 Valerie Domcke - CERN/EPFL
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Froposed socsitivity | Progused sansitivity White Paper:
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Conclusions & Outlook

* Metastable cosmic strings are a fairly generic byproduct of GUTs
with large stochastic GW signals possible at NANOGrav, LIGO or LISA

© UHF GWs are an exciting but challenging window to the Early Universe
- UHF GW initiative taking shape

- radio telescopes can probe UHF GWs

Prabing the GUT scale with GWs 19/ 20 Valerie Domcke - CERN/EPFL
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Conclusions & Outlook

© Metastable cosmic strings are a fairly generic byproduct of GUTs
with large stochastic GW signals possible at NANOGrav, LIGO or LISA

© UHF GWs are an exciting but challenging window to the Early Universe
- UHF GW initiative taking shape

- radio telescopes can probe UHF GWs

such detectors tlaser interferometers) have so low sensifivity that they are
of liftle experimental inferest* [Misner, Thorne, Wheeler 1974]
- nobel prize 2016 for deteltion of GWs with LIGO
Probing the GUT scale with GWs 19/20 Valerie Domcke - CERN/EPFL
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