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Direct vs. Inverse Phase Transtitions i

direct transitions: (exothermic)

plasma fluid pushed in front / dragged behind
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Direct vs. Inverse Phase Transtitions

direct transitions: (exothermic)

plasma fluid pushed in front / dragged behind

inverse transitions: (endothermic) s c. gamis i
Barni, Blasi, Vanvlasselaer (2024);
arXiv:2503.01951 [hep-ph]

plasma fluid sucked/pushed invards
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Sound Shell Model

semi-analytic model for sound wave component of GW Hindmarsh (2018);
. - Hindmarsh, Hijazi (2019);
spectrum in weak - moderate transitions (a < 1) Roper Pol, Procacci, Caprini (2024)

p fluid shells propagate as sound waves

— superposition of self-similar fluid profiles

d d
Qaw(k) ~ f il f ﬂ<H”(r1,k)n”(rz,k»coskm—rz)

Hij ~Nijk1 V1 Um
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Sound Shell Model

semi-analytic model for sound wave component of GW Hindmarsh (2018);
. - Hindmarsh, Hijazi (2019);
spectrum in weak - moderate transitions (a < 1) Roper Pol, Procacci, Caprini (2024)

p fluid shells propagate as sound waves

— superposition of self-similar fluid profiles

p Gaussian velocity field: (vvvv) ~ (vv){vv)

d d
Qaw(k) ~ f al f ﬂ<H”(n,k)n”(rz,k»coskm—rz)

Hij ~Nijk1 V1 Um

~fdpfdﬁf(p, P) Exin(P) Exin (D) A(K, p, P, 6TGw)
Exin ~ (vv) —T L time dependence
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Sound Shell Model

semi-analytic model for sound wave component of GW
spectrum in weak - moderate transitions (a < 1)

p fluid shells propagate as sound waves
— superposition of self-similar fluid profiles
p Gaussian velocity field: (vvvv) ~ (vv){vv)

d d
Qaw(k) ~ f al f ﬂ<H”(r1,k)n”(rz,k»coskm—rz)

Hij ~Nijk1 V1 Um

~fdpfdﬁf(p, P) Exin(P) Exin(P) A(k, p, D, 6TGw)

Hindmarsh (2018);
Hindmarsh, Hijazi (2019);
Roper Pol, Procacci, Caprini (2024)

log Qaw

bubble spacing

Eyin ~ (vv) —T L time dependence
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Gravitational Waves in the Sound Shell Model
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Gravitational Waves in the Sound SheII Model

<v,(r1,k)u (T2, P)) = 2m)°8 (k — p) Ekm(k)COS[sz(Tl—Tz)]

Exin (k) ~dev(T)T6|,Q¢(Tk//3)|2

collision time distribution
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Gravitational Waves in the Sound Shell Model

k > En(r1,72,k)
* oy 6 R n(T1, T2,
(M (r1, OIL}; (T2, P)) = (2m)°6 (k — p) S

En(k) ~ f dp ] dp f(p, P) Exin(p) Exin (9)

collision time distribution
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Gravitational Waves in the Sound Shell Model
Qgw(k) ~de1f@En(k T1,T2) cOs k(T —T2)

fdpfdpf(p, P) Exin (p) Exin (D) A(0T6in, k, p, D)

collision time distribution
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Gravitational Wave Spectra
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Gravitational Wave Amplitude
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Gravitational Wave Amplitude
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Double-Broken Power Law Fit




Spectral discrimination

spectral angle: 012 = arccosflogx Q1 (0)Q2(x) with Q(x) =
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Conclusion

p Tunneling away from the zero-temperature vacuum can lead to inverse PTs
p Inverse PTs can produce observable SGWB

p GW signal from inverse PTs similar to direct transitions

— should to be taken into account when analyzing data
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Thank you for your attention!
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