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The Cosmic Gravitational Wave Background (CGWB)

the lightest species: —>C|\I/IB, v —>C|\IIB, graviton/GW —)CGVIVB?
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Recently recalculated by
Camilo Garcia-Cely, Andreas Ringwald, PRL
[2407. 18297]
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The solar gravitational radiation power is then

Po~6X10" erg/sec. 4.24
e B/56 107 Watt 2
Although this is not much more power than used by

the city of Berkeley, it nevertheless compares favorably

with the gravitational radiation from previously con-
sidered classical sources like planetary motion. A
planet of mass m moving in a circular orbit of radius R
around a star of mass M emits gravitational radiation
with power

P=(32/5)Gc—*m*R*(GM /R%)3. (4.25)

For the Jupiter-Sun system this is 7.6)X 101 erg/sec.
Venus and the Earth radiate comparable amounts, and
the other planets considerably less, so the thermal
gravitational radiation (4.14) from the Sun appears to

be the dominant source of gravitational radiation from

the solar system. A binary star like Sirius A and B
radiates more classically—in this case Eq. (4.25) gives
8X 10" erg/sec—but it also radiates more thermally.
Thus thermal collisions possibly may provide the most
important source of gravitational radiation in the
universe. I have no idea what it is good for.
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Gravitational wave background from Standard Model physics: Complete leading order ~ #1

J. Ghiglieri (SUBATECH, Nantes), G. Jackson (U. Bern, AEC), M. Laine (U. Bern, AEC), Y. Zhu (Munich, Tech.

U.) (Apr 23, 2020)
Published in: JHEP 07 (2020) 092 « e-Print: 2004.11392 [hep-ph]

pdf @ pol [4cite [ claim [ reference search %) 89 citations
Gravitational wave background from Standard Model physics: Qualitative features #2

J. Ghiglieri (U. Bern, AEC), M. Laine (U. Bern, AEC) (Apr 10, 2015)
Published in: JCAP 07 (2015) 022 - e-Print: 1504.02569 [hep-ph]

pdf @ Dol [4cite [ claim [ reference search %) 95 citations
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Gravitational Waves as a Big Bang Thermometer

Andreas Ringwald (DESY), Jan Schiitte-Engel {(Hamburg U. and lllinois U., Urbana), Carlos Tamarit (Munich,
Tech. U.) (Nov 9, 2020)

Published in: JCAP 03 (2021) 054 - e-Print: 2011.84731 [hep-ph]
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N‘v

ultimate DECIGO

1026
o g
o~ -36
R :
1046 F
10756 F

1073107210~110° 10! 102 103 10% 10° 108 107 108 10°10'010'110'2
f [Hz]




igh-frequency

— axion experiments
. way above expected signals

— cosmo. probe: Neg, BBN

— no lab. bounds exceed cosmo.

Carlos Tamarit's talk, 2021.
https://indico.cern.ch/event/1074510/contributions/4519382/
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How high has T ever reached?

"7 ... should think about inflation ...

At very high T'...

: .. still SM th | pl ?
pa A inflation | reheating : R domination >t ermat plasma

| ¢ oscillation | |
: | |
| —— R€e?  ReSM |

w [ Py X @ : :

o/ 1

IS | |

I | |
| S0(10), SUG), | :

& | MSSM, Seesaw
Q o I |
i | |
I ' ' >
:a[ Qyh asm GBBN a
V(o) A ; .
1
: ' J. Ghiglieri, M. Laine, et al, JHEP07(2020)092
|
\
| S —
: l\F_ulI—_S_p_eEt_rL_lr_r])Analysis of Gravitational Wave
! Production from Inflation to Reheating
| \/ XJX, Y. Xu, Q. Yin, J. Zhu, JHEP10(2025)141.
: _ >
inflation ¢e  reheating o






L] iVh3.m * - Wolfram Mathematica 12.0

File Edit Insert Format Cell Graphics Evaluation Palettes Window Help

Functions v ‘ | Sections v ‘ i Q update |

(+ Created with the Wolfram Language

: www.wolfram.com »

(2+I)+x«FV[phl, e]«FV[phl, f]«MT[a, d]«MT[b, c] +

((3%I)/2) xx+FV[phl,

f1«FV[ph2, e]«MT[a,

d]«MT[b, c] +

((3xI)/2)+xxFV[phl, e]«FV[ph2,
(2+I) +x«FV[ph2, e]*FV[ph2,
I«x+FV[phl, f]«FV[ph3, e]«MT[a,
I«x+FV[ph2, f]«FV[ph3, e]xMT[a,
I+x«FV[phl, e]«FV[ph3, f]1«MT[a,

Kx h * a,
First 24 terms. . .

495 terms in. total:

So, don't comp

T.«x+FV[ph2, d]«FV]ph2
(L/2)+x«FV[phl,
(I/2)+x«FV[ph2,

*MT[a

f1«MT[a,

f1+MT[a,

d]«MT b,
d]«MT[b,
d]«MT[b,
d]«MT[b,
d]+MT[b,
e]«MT[b
e]«MT[b

ute'it rﬁéTﬁtu al ly!

e]«MT[b

T]«FV[ph3, d]«MT[a, e]*MT[b, c] -
f1«FV[ph3, d]«MT[a, e]«MT[b, c]

d]«MT[b, c] +
d]«MT[b, c] +

+
1 +
] +
1 +
] -
]

c]

c]

I«x+FV[phl, d]«FV[ph3,

f1«MT[a, e]«MT[b,

f1+MT[a,

«MT[b,

c]

«*MT
*MT
f1«MT

I«+x«FV[ph3, d]«FV[ph3,
I«x+FV[phl, d]«FV[phl, e]«MT[a,

I«x+FV[phl, e]«FV[ph2, d]«MT[a,
(I/2)+x«FV[phl, d]+FV[ph2, e]«MT[a,
I+x«FV[ph2, d]«FV[ph2, e]«MT[a, f]«MT
(I/2)+x«FV[phl, e]«FV[ph3, d]«MT[a,
~E\Vlrnh?2

]

I«x«FV[ph2, d]«FV[ph3,
] f1+MT[a,
]

e]
e]
]

(T/IN v EMM T nh? al A1 .MTra

f1«MT[b, c]

f1«MT[b, c]
f1.MTrh

(b,
b,
(b,

c]
c]

c] -

[b) C] -

~1

11




& Fenyutanchan/ amplitude-for-inflaton-reheaton-graviton Pubiic

7] README &5 MIT license

Amplitude Calculation of Inflaton, Reheaton, and
Graviton

Main Note

See note and arXiv:2503.10756 (on INSPIRE-HEP).
o

Quan-feng WU (% &%) .
Requirement

Fenyutanchan

* Wolfram Mathematica

° XAct

o FeynCalc

Follow

mature software/packages

Theoretical Physics PostDoc.

Aa 13 followers - 24 following RePOSItory Structure

* Mathematica_notebooks: The directory of the repoducible Mathematica notebooks.

TPD, IHEP, CAS
« note: The LATEX source directory of the main note.

© Beijing 100049, China
© 15:47 - same time License

MIT license (see LICENSE) for the repository and CC BY-NC-ND 4.0 license for the note.
Achievements

Citation

1% &
LY = Please cite the paper of arXiv:2503.10756 (on INSPIRE-HEP) if you use this code in your research:

| https://github.com/Fenyutanchan/amplitude-for-inflaton-reheaton-graviton

12



simplified model, NyN, = 100
simplified model, NyN, = 250
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Can we shift CGWB to lower frequencies?
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Dense (high n) = Rarefied (low )

Want high Qgw at lower fpcax? Take "Cold+4-Dense"!

Is it possible to increase n without increasing 77

Yes, bosons only, fermions always f <1

(Pauli blocking)
y {1 (BE)
3/4 (FD)

> f(p)

» typically, f < 1.
= Therefore, n ~ 0.173
= Can we have n = 1000737
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During reheating, inflaton itself is cold & dense.

\/ Can radiation (R) inherit this feature?

inflation e reheating




The produced radiation would inherit “cold & dense” from it:

2 1
ne > pmi > p(PwP

very small mg — | n, = 1000000000073 0.0
e.g. 100 GeV [4 ‘

So far, so good ...

However, _ o
n@/T3 > 1 chemical equilibrium 277

kinetic equilibrium
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KEQ <« sufficient collisions
to exchange momentum

CEQ <« sufficient [V, collisions
to change particle number

Yes & No, depending on ... No! Too much suppressed

We choose coupling — No KEQ
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= finite Tomax CMB CNB  CGWB
— transition from inflation — reheating — SM
> d w If

Full-spectrum analysis l

4 A
104

“cold&dense” ...

— motivated/achieved by reheaton

1077
10710
1071

o
<=
3
1
G 10718

107
1 0—1 6
10726

10736

ultimate DECIGO

L @y=10"7
10 —Inflationary GW 10746
v G hh
10722 | m— vk /
— 1 U R -56

s | RR— Rh / 10
10~ 5 L L al " d d L L ul L A i i .

10°° 1072 10% 100 100 104 107310721071 10° 10" 102 103 10* 105 108 107 108 10° 101010111012

f [He]

J [H]

24






Minimal Production of Prompt Gravitational Waves during Reheating

Gongjun Choi,” Wenqi Ke,I Keith A. Olivet 2402.04310
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How to detect high-freq gravitational waves?

Direct searches

Interferometers [Nishizawa et al, Akutsu et al, Chou et al]
Cavity experiments measuring rotation of polarization [Cruise & Ingley]
Experiments measuring resonant spin precession of electrons [Ito et al]

Inverse Gertsenshtein effect: Partial conversion of gravitational waves into
electromagnetic radiation

Can use axion experiments featuring photon-axion conversion!
[Cruise, Ellji et al]

Indirect searches

Gertsenshtein effect can modify the CMB spectrum! [Domcke & Cely]
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