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primordial quantum fluctuations from inflation or alternatives
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primordial quantum fluctuations from intlation or alternatives

- BEIENSFEIINERE

HZ

2
aH=k ﬂ-gsrmpl

Pr(k) = or2 <\Rk:|2>

aH=Ek

- FEFRERIAI=RE

2

o =2 / " ki Pr (k) [Ti(o?  The Primordial Density
0

Perturbation
from inflation or alternative as
the origin of structure

v

obs

1 *
CE" = g7yq 2 O4m i



FHRE TR

X5 5] J) A b 6 A

The quest for small-scale power spectrum———The road less traveled
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The quest for small-scale power spectrum———The road less traveled

Yongping Li, FPH, Xiao Wang, Xinmin Zhang, Phys.Rev.D 105 (2022) 083527
Yongping Li, FPH, Xiao Wang, work in progress
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Xiao Wang, FPH, Xinmin Zhang, JCAP05(2020)045
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shell Bubble collision

Detonation mode Deflagration mode

E. Witten, Phys. Rev. D
30, 272 (1984)

C. J. Hogan, Phys. Lett.
B 133,172 (1983);
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Turner, Phys. Rev. D 49,
2837 (1994))

EW phase transition
GW becomes more
interesting and
realistic after the
discovery of

Higgs by LHC and
GW by LIGO.

Turbulence




False Vacuum
Sound Shell
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Xiao Wang, FPH, Yongping Li, Sound velocity effects on the
phase transition gravitational wave spectrum in the Sound
Shell Model, Phys.Rev.D 105 (2022) 103513

Details see Xiao Wang’s talk.
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hij (X, t) + SHhZJ (X,t) — Z—2 hij (X, t) — 167TGM

Possible sources of tensor anisotropic stress in the early universe

e Scalar field gradients Hij ~ [aLgb@] gb]TT eg. Collisions of bubble walls

e Bulk fluid motion Hij ~ [’yz (p + p)?}i?}j]TT eg. Sound waves and turbulence in the fluid

e Gauge fields II;; ~ [—EiEj — BiBj]TT

eg. Primordial magnetic fields (MHD turbulence)

e Second order scalar perturbations, II; from a combination of O;W¥, 0;P

. LI N ]
arXiv:1801.04268
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Xiao Wang, FPH, Yongping Li, Sound velocity effects on the phase transition gravitational wave spectrum
in the Sound Shell Model, Phys.Rev.D 105 (2022) 103513
Details see Xiao Wang’s talk.
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The amplitude and shape of GW spectrum are strongly related to phase

o o . JCAP 0809, 022 (2008); PRL112, 041301 (2014); PRD92, no. 12,123009 (2015); PRD96, no. 10,103520
transition dynamlcs° (2017); Phys. Rev. D 66, 024030 (2002), Phys. Rev. D 76 (2007) 083002, JCAP 0912, 024 (2009)
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Searching For Gravitational Waves From Cosmological Phase Transitions With The NANOGrav 12.5-year
dataset (The NANOGtrav Collaboration) arXiv:2104.13930 .

“We find that the data can be explained in terms of a strong first order phase transition taking place at
temperatures below the electroweak scale.”
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PTGW anisotropy and its implication for
primordial seeds of our universe
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