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Outline

● GWs from metastable cosmic strings

● Spontaneous U(1)
B-L

 breaking as the
origin of the hot early Universe

● Ultra-high frequency Gws – a future probe?

radio telescope EDGES
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cosmic strings in a nutshell

● one-dimensional topological defects formed in an early Universe phase transition

● symmetry breaking pattern                produces cosmic strings iff 

● form cosmic string network, evolves through

• string (self-)intersection & loop formation

• emission of particles and gravitational waves
Allen & Shellard `90
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metastable cosmic strings

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

cosmic strings

no cosmic strings
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consider
Vilenkin `82; Leblond, Shlaer, Siemens `09;
Monin, Voloshin `08/09; Dror et al `19

cosmic strings

no cosmic strings

resolution: no topologically stable cosmic strings

generates monopoles

generates cosmic strings,

metastable
string & 
monopole 
network

cosmic inflation dilutes monopoles

decay via nucleation of monopoles

see also  David Dunsky‘s talk
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gravitational wave signal - SGWB

gravitational wave emission from integration over loop distribution function:

GW power spectrum of a single loop

# of loops emitting GWs 
observed at frequency f today

# of loops with length     at time t

with

cosmological history 

see eg. Auclair, Blanco-Pillado, Figueroa et al `19
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number density 
for stable strings

decay due to monopole 
production and GW 
emission

loop production only
in scaling regime

finite CS life time

GW contribution from loops > GW contribution from segments
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gravitational wave spectrum
stable cosmic strings
(highly constrained by PTA)

metastable cosmic strings
discovery space for LISA, LIGO & beyond

Buchmüller, VD, Schmitz `21

                                                          with                        can be tested with GWs!
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NANOGrav: A first glimpse of the SGWB?

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.“
      

 „However, we find no statistically significant 
evidence that this process has quadrupolar 
spatial correlations,  which we would consider 
necessary to claim a GWB detection 
consistent with General Relativity.“

NANOGrav collaboration `20
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Parkes Pulsar timing array

amplitude and spectral tilt 
compatitive with NANOGrav

no significant detection of
quandropolar spatial correlation

Maybe. Stay tuned for more data!

PPTA `21, 2107.12112
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metastable cosmic strings at PTAs ?
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Cosmological B-L breaking

extend SM by gauging U(1)B-L & adding 3 RH neutrinos:

U(1)B-L unbroken: hybrid inflation

U(1)B-L breaking: cosmic strings, tachyonic preheating

U(1)B-L broken: reheating, leptogenesis, DM

Buchmüller, VD, Schmitz `12,
Buchmüller, VD, Kamada, Schmitz `13+`14
Buchmüller, VD, Murayama, Schmitz `19
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leptogenesis
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parameter space
Buchmüller, VD, Schmitz `12,
Buchmüller, VD, Kamada, Schmitz `13+`14
Buchmüller, VD, Murayama, Schmitz `19

parameters:

observables:

viable parameter space well
constrained, in particular
B-L breaking scale ~ O(1) x 1015 GeV

metastable cosmic strings
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parameter space of metastable strings

metastable GUT- scale strings are testable

Buchmüller, VD, Schmitz `12
Buchmüller, VD, Murayama, Schmitz `20
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parameter space of metastable strings

metastable GUT- scale strings are testable

Buchmüller, VD, Schmitz `12
Buchmüller, VD, Murayama, Schmitz `20

PTA hint
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Prospects for GW searches

PTA hint will be probed with interferometers
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challenges in UHF GW detection

frequency

BBN bound

Theorists are joyful people

CMB/BBN bound constrains energy

early Universe
BSM physics
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challenges in UHF GW detection

frequency frequency

BBN bound

BBN bound

Theorists are joyful people
Experimentalists live 
on a slippery slope

CMB/BBN bound constrains energy experiments measure displacement

all talks available online:

1st workshop
http://indico.ictp.it/event/9006/

2nd workshop:
https://indico.cern.ch/event/1074510/

early Universe
BSM physics
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searching for UHF GWs
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Living Review on sources & detectors: https://arxiv.org/abs/2011.12414
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radio telescopes as UHF GW detectors?

Detection of cosmological sources at high frequencies (MHz – GHz) is challenging.

compensate small coupling with cosmologically big detector:

GW source

cosmic magnetic fields

radio 
telescope

VD, Garcia-Cely     
PRL 126 (2021) 2, 021104
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b) Cruise, Ingley ’06,
c) Akutsu et al ’08, 
d) Ito, Soda ’04,
e) Cruise '12

cosmological signals

● promising, but significant
improvements needed

● a lot of room for new ideas
(laboratory & cosmo)
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Conclusions & Outlook

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

testable with upcoming GW detectors

● Excess noise observed in NANOGrav and PPTA data may be the
first glimpse at a SGWB ?

● Cosmological B-L breaking can link hybrid inflation, reheating,
leptogenesis and dark matter production at GUT scale – testable !

● UHF GW frontier: challenging, plenty of room for new ideas
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Conclusions & Outlook

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

testable with upcoming GW detectors

● Excess noise observed in NANOGrav and PPTA data may be the
first glimpse at a SGWB ?

● Cosmological B-L breaking can link hybrid inflation, reheating,
leptogenesis and dark matter production at GUT scale – testable !

● UHF GW frontier: challenging, plenty of room for new ideas

Questions ?
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backup slides

21 / 24



Probing the GUT scale with GWs

 

Valerie Domcke - CERN

GWs from segments
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Prospects
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BBN bound

radiation energy after electron decoupling: photons neutrinos BSM

at BBN or CMB decoupling:

at BBN, CMB decoupling ~ 5 % GW energy density allowed

today:

today, energy fraction < 10-6  (for GWs present at BBN / CMB decoupling)

note: constraint
on total GW energy
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