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From Nima Arkani-Hamed’s talk, modified 

?

LHC Gravitational wave 
detectors ?



Indirect detection via gravitational waves

New frontier of probing particle physics models

LIGO interferometer



The energy at each point in 
space is determined by the 
minimum of the potential

Gravitational waves from the early Universe



The energy at each point in 
space is determined by the 
minimum of the potential

As temperature decreases,
a lower minimum can appear

Gravitational waves from the early Universe



First order phase transition 
(FOPT) to the lower minimum 
corresponds to forming a 
bubble

The dynamics of the bubbles 
generates gravitational waves

The energy at each point in 
space is determined by the 
minimum of the potential

As temperature decreases,
a lower minimum can appear

Gravitational waves from the early Universe



Symmetry nonrestoration – toy model

See, e.g., Meade and Ramani, PRL 122, 041802 (2019)

Higgs thermal mass

can become negative! 

Formation of new vacuum states may result in a FOPT 
at high temperatures! 



D-term contribution to the potential

Assuming that all the left-handed squarks and only 
the right-handed          and          are at the PeV scale, 
and all other right-handed squarks are heavy: 

In the Mini-Split MSSM a similar feature occurs! 



Effective potential

Tree-level

One-loop

Finite temperature:



At temperatures ~ few PeV

Thermal contribution to 
the effective potential:

with 

results in 
SO(2) symmetric vacuum



Lifting the SO(2) vacuum degeneracy

Flavor-changing 
soft mass terms

A-terms

SO(2) breaking natural 
within the framework 
of MSSM alone via:

SO(2) symmetry broken



First order phase transition ( i ) 

T ~ 10 PeV

T ~ 1 PeV



Effective potential

B.F. , B. Shams, J.-H. Yu, Y. Zhao, arXiv:2104.00747



First order phase transition ( ii ) 



Relevant parameters

Bubble wall velocity 

Nucleation temperature

PT duration               where

Strength of the transition 



Gravitational waves from phase transition

Sound waves provide the leading contribution

where



Gravitational wave signature

B.F. , B. Shams, J.-H. Yu, Y. Zhao, arXiv:2104.00747





Thank you!


