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One of the most promising+widely studied
cosmological source of gravitational waves

Scalar field / bubble wall

® (Interacting)

® :0 Sound waves/ turbulence

® in plasma
o /V

\ (Non-interacting)
Feebly interacting particles
R.JINNO, B. SHAKYA, J. VAN DE VIS, 2211.06405
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 In the runaway case, bubble collisions also act as high energy

colliders that reach energy scales possibly far higher than any
temperature or energy ever reached in our cosmic history

Ewan = 'Ymax/le ~ MPl/('B/H)




Use the effective action formalism: Watkins+Widrow Nucl.Phys.B 374 (1992)
. ) . Konstandin+Servant 1104.4793 [hep-ph]
Probability of particle production: Falkowski+No 1211.5615 [hep-ph]

imaginary part of the effective action of the background field

P =2Im(l[¢])

— =9 6Pz, w)|* Tm [T (w? — p2)]

A

N / dp, dw

(2m)?

Efficiency at high p falls as ~1/p4 power law, independent of the details of the collision
B. SHAKYA, 2308.16224

H. MANSOUR, B. SHAKYA, 2308.13070



NONTHERMAL DARK MATTER PRODUCTION

G. GIUDICE, H.M.LEE, A.POMAROL, B.SHAKYA, 2403.03252
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LEPTOGENESIS

CATALDI, SHAKYA, 2407.16747

The simplest extension: couple N to FOPT field, mirroring the same interaction
LOypdXxN+y, LHN+ MyNN

B/H =100, a =1,yp =1, cy =0.4
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NEXT STEPS

- Efficient production of (heavy) particles from bubble collisions
provide a new source of gravitation waves, possibly with
distinct features

Work in progress w/ Kentaro Kasai, Marc Kamionkowski, Keisuke Inamoto

- Production of heavy particles in specific BSM setups, with
interesting phenomenological consequences

- Improvements to the formalism for calculating particle
production from bubble collisions



