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Outline

➢ Grand Unified Theories (GUTs) & 

Supersymmetry  (SUSY)

– candidates for a more   

fundamental particle theory 

➢ Metastable cosmic strings (MSCSs) 

– generated from symmetry breaking 

in some classes of GUTs, produce GWs 

2

➢ Probing GUTs and SUSY with 

gravitational waves from MSCSs
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The present theory of elementary 

particles: the "Standard Model" (SM)
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Forces 

between 

particles

Properties of 

particles 

Types of 

particles

➢ Guiding principle  

Symmetries:

GF= SU(3)c x SU(2)L x U(1)Y

         

                         → U(1)em

➢ Symmetry groups  forces: 

each generator of the group 

corresponds to a force mediator 

particle

➢ Different particles  different 

representations (charges)

under GF

{

SSB

*) SSB: spontaneous symmetry breaking
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➢ "Matter particles"

Quarks furthermore exist in

three "colours" (3 of SU(3))

➢ Forces and "mediator particles"

➢ Higgs particle
(SSB, masses 

for particles)

4

+ Gravity
(not part

of the SM)

electromagn. force weak force strong force

1 photon 3 bosons 8 gluons

}
SU(2)L x U(1)Y → U(1)em

SU(3)C 

H

*) Neutrinos: masses observed, but not explained by 

the "Standard Model"

SSB
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SM very successful – but also various open 

questions not yet resolved such as ... 

Neutrino masses: 

Which theory?

Unified description of forces?

Theory of the very early universe?

Resolution to the hierarchy problem?
Matter vs. Antimatter: 

Origin of asymmetry?

Dark matter: New 

elementary particle!?

Isotropy and flatness

of the universe? 

→ Cosmic inflation!?

Possible guidance 

towards a more 

fundamental theory 

of particles and 

cosmology! 
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What is the (more) fundamental 

theory of elementary particles?



Supersymmetric Grand Unified Theories 

(SUSY GUTs) "tick many of the boxes" ...
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with SUSY @ 3 TeV

Unification of 

SM forces

Georgi, Glashow (‘74), 

Fritzsch, Minkowski (‘75) 

Gauge couplings 

"meet" at high scale:

Unification possible!

[with SUSY, more later] 

GUTs: "Unification" of the SM symmetry 

in a larger group



SUSY GUTs "tick many of the boxes" ...
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... and matter

... RH neutrinos generate the observed 

small neutrino masses of right size 

(via so-called "seesaw mechanism")

SO(10) GUTs: For each generation 

→ all SM fermions + RH neutrino in 16-plet 

... explaining the quantised charges 

of the Standard Model fermions

Unification of 

SM forces

i

i

SUSY partner 

of RH neutrino 

can drive 

cosmic 

inflation, and 

explain "BAU")



SUSY GUTs "tick many of the boxes" ...
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Unification of 

SM forces

SUSY: 

important 

ingredient

... meeting of the gauge 

couplings

... stabilisation of the large 

hierarchy of scales (Higgs mass 

vs. Grand Unification scale)

... attractive candidate for dark 

matter particle

Theory predicts "partner particle" 

of each SM particle 

(heavier, spin differs by 1/2)



SUSY GUTs very attractive theories, but which 

version (if any) is the right one? How can we test it?



SUSY GUTs very attractive theories, but which 

version (if any) is the right one? How can we test it?

Key experimental signature (all 

GUTs): proton decay 

(current bound from 

Super-Kamiokande

on lifetime:

> 2.4 x 1034 years)
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Two types of signals:

1) Specific Astrophysical Events 

(merging black holes, 

LIGO/Virgo discovery 2015)

2) Stochastic Gravitational 

    Wave Background 

(first evidence from 

Pulsar Timing Arrays 2023)

New aspect: 

Gravitational waves
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2023 PTA results point at Stochastic 

Gravitational Wave Background (SGWB)

➢ What is its physics origin? Supermassive BH binaries? Or BSM physics?

13

Gabriella Agazie et al 2023 ApJL 951 L8 

NanoGrav, EPTA+InPTA, PPTA, CPTA

at nanohertz frequencies
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Among best fitting explanations: local 

Metastable cosmic strings

➢ MSCS provide a significantly better fit than SMBHB. Can arise in 

BSM scenarios with extended gauge symmetry (e.g. SO(10) GUTs) 

14

Adeela Afzal et al. (2023) 
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Cosmic strings ...

15

➢ Cosmic string production: spontaneous symmetry breaking H → K with 

nontrivial homotopy group 𝜋1 of H/K (vacuum manifold with "unshrinkable 
loops"), e.g. 
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... can be metastable when the theory 

allows for monopoles

➢ Important: After monopole production the monopoles have to be diluted by 

inflation in order not to overclose the universe (more later)  

16

➢ Monopole production: spontaneous symmetry breaking G → H with nontrivial 

homotopy group 𝜋2 of G/H (vacuum manifold with "unshrinkable spheres"), e.g. 
when compact simple group G breaks into H that contains a U(1) factor 

monopole 

mass:
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Metastable cosmic strings

➢ Appear in multi-step SSB, when e.g. the U(1) from CS generation is involved 

in monopole formation: CS can decay via monopole-antimonopole production 

17

P. Langacker, S.Y. Pi (1980)

➢ Lifetime depends on

monopole

production Inflation
cosmic string

production 

Γd: decay rate per string unit length 

Vilenkin ('82), Preskill, Vilenkin ('92), Monin, Voloshin ('08), Leblond, Shlaer, 

Siemens ('09), Chitose, Ibe, Nakayama, Shirai, Watanabe (arXiv:2312.15662) 
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Gravitational waves from metastable CS
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→ Characteristic GW spectrum

Cosmic string network forms 

Cosmic strings decay

0. Monopoles diluted

away by Inflation

... and enters scaling regime 

4. CS loops wiggle and 

oscillate → GW
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Characteristic SGWB spectrum 

➢ MSCS explanation will be confirmed/dismissed at (future) GW observatories! 
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plot from: S.A, K. Hinze, S. Saad, J. Steiner (arXiv:2307.04595)

Cosmic string scale: vS ~ 1015 GeV

Constraints 

from LIGO-

Virgo-Kagra 

(LVK)!

➢ Spans over large frequency range!
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Preferred metastable CS parameters 

from PTA results 

➢ PTA data points at CS generation scale vs ~ vm close to the (typical) GUT scale  

20

Adeela Afzal et al. (2023) 

Constraints 

from LVK

Preferred range for G𝜇: 

10-8 – 10-4

→ vs: 5x1014 – 5x1016 GeV

Preferred range: 

(kappa)1/2 ~ 8
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What can we learn 

about GUTs

and SUSY?

If MSCSs are the origin of the 2023 PTA signal: 
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Which "promising SO(10) model routes" can 

explain the PTA results? 

22

S.A, K. Hinze, S. Saad, J. Steiner arXiv:2307.04595

S.A, K. Hinze, S. Saad, arXiv:2406.17014

We use these criteria

to "single out" 

"promising" classes of

SO(10) GUT models ... 

➢ Superpotential:

(without large tuning)

Our criteria:
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Which "promising SO(10) model routes" can 

explain the PTA results? 

23

➢ SO(10) breaking by two 45-plets (in B-L & I3R direction) + 16 16: 

These are the only breaking

chains that allow for

"promising" (with our

criteria) SO(10) models with

metastable cosmic strings

−

Cosmic inflation linked to the

final SSB step:

→ dilution of the monopoles

→ production of (metastable) 

cosmic strings
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GW spectra for MSCS parameters preferred by 

gauge coupling unification (model case a)

➢ In simplest scenario: SGWB from MSCS within sensitivity of HLVK (05)

24

preliminary

S.A, K. Hinze, S. Saad (arXiv:2406.17014)
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Imprint of SUSY on the GW spectrum

25

20% drop

due to extra 

SUSY DOF

NP DOF lower the "plateau" at 

high frequencies:

plot from: S.A, K. Hinze, S. Saad, J. Steiner, arXiv:2405.03746

MSSM: Minmal 

Supersymmetric 

Standard Model
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Discovery reach for signs of SUSY

➢ Signal-to-noise ratio analysis: Sensitivity to the SUSY scale

➢ From Fisher analysis: uncertainty of 10% for the # of DOF and 5% for 

the scale of NP (i.e. for mSUSY) possible with ET and CE

26

Best reach to high 

NP masses by ET 
and CE: O(104 TeV)  

S.A, K. Hinze, S. Saad, J. Steiner, arXiv:2405.03746
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Summary

27

➢ PTA signal can be explained by "promising" SO(10) GUT scenarios

• Preferred values of cosmic string scale cs = v16 from gauge coupling unification 

matches well with preferred string tension from PTA results

... which also works nicely with neutrino masses via the seesaw mechanism 

➢ Fantastic reach for NP with significant extra DOF (such as SUSY)

• Best reach by Einstein Telescope (ET) and Cosmic Explorer (CE):

Can detect signs of extra DOF up to O(104 TeV), with uncertainty of 10% 

for the # of DOF and 5% for the scale of NP

When the MSCS explanation of PTA result gets confirmed ...

Exciting times ahead ...
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Thanks for

your attention!
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