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1. Introduction



Particle decay
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» Particle ID = mass, lifetime, charge, ... ?1073:_ 3
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» All particles, but e and p, eventually decay g 1079 Koo A .

= C S ]

R C T.;\Ab ]

. . . in-15F ¢ _

» Decay = identify particles [T e -
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Example: H — v
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» The Higgs boson was seen through H — ~~ for the first time

» Scan the phase space with do/dm~, to find a peak in v final state
» Can GW do a similar job to v7? e.g. H — X + hy,


https://cds.cern.ch/record/2736135
https://cms.cern/book/export/html/1188

Boltzmann equation for GWs from particle decay

» x — X + hy, for example = production rate of h,,: Ry_aw

» Boltzmann eq. for pgw:
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paw +4Hpow = Rysaw = paw(ao) = g / daﬁRxaGW
0 Ja;

» GW spectrum:
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» The differential rate is determined by the property of the decaying particle

» Consider the inflaton decay as an example



2. GW from the inflaton decay



Inflationary sector

V(¢)

» Starobinsky-type potential
2
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V(g) = %mgM,% <1 —e \/§MP>
» From In(10'°Ag) = 3.044 for
k. = 0.05 Mpc™! with N, = 50:
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GW from the inflaton decay
| 2 ¢ — ?f —+ h/u/ (GW bremSStrahlUng) [Nakayama, Tang, '18; Barman, Bernal, Xu, Zapan, '23].
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» The final state includes both radiation and GW = F( ) = Félrad + Ff;l)GW
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https://arxiv.org/abs/1810.04975
https://arxiv.org/abs/2301.11345

Distribution of the radiated GW
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GW spectrum from the inflaton decay

> r=afa, = H(z)=Ha 2 ps(x)=peax™>
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» Lesson from this: the integrand o< a’ = GW is enhanced for larger ¢

» GW spectrum in the present universe (Egw = 27 f(ao/ayen)):

1 dpew(aren) ( ap >4
0 — X
W)= iy (ren

redshift from a,e to ag



Result (inflaton)
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> GW spectrum:
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» Peak frequency:
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How about GWs from other particle decay?



3. GW from the Higgs decay



Setup

Consider the Higgs doublet:

P — 1 <X1 + Z‘><2>
V2 \ X3 +ixa
Suppose EW symmetry is unbroken during reheating:

1 A
V(x) = gmix® + xt (m3 > 0)

EW symmetry is broken at later times via, e.g., the radiative EW symmetry breaking
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. » Take m, as a free parameter
during reheating



Evolution of the Higgs boson

> Suppose ¢ — XX Via Lin = popdT®

2
BI‘X ~ 74F¢*>XX == y72/17
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Po » When m, > T, x is non-thermal
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10 » Distribution function:
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GW spectrum from the Higgs decay
» Boltzmann eq. for GW

saw + 4H pew = /E MORS (.5) TP qLIpS, Toew )
PGW PGW GW P 5 35,0 3 Boew X
x a-3/2
» y — ff is the main decay channel, so the associated GW production is
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» Compare with Ry_.qw o< a3 = production efficiency o (aren/ae)??



Result (Higgs boson)
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» GW spectrum:
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» Peak frequency:

Foeae = 1.2 1077 <10172née\/) (1(§J—¢10)_1 Hz

» yr =1 and Br, = 0.1 in the figure

» Large m, and/or small y, may be
excluded by BBN



4. Summary and prospect



Summary
» GWs from particle decay during reheating

» Typically GWs are high frequencies
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» Large h?Qqw if \/ i
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Prospect v : ik
. o J/ —-— inflaton (y, = 10717) i
» Other processes? (e.g. scatterings) oy s = g boson (1, ~ 10°Gev) | I
o ) e —— Higgs boson (m, = 10'? GeV) i
» Not limited to the Higgs boson decay W
IH]

» Particles in SUSY and GUT
» Other spins



