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3 crossovers

Scalar-induced GWs and Smooth Crossovers
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- nth-order phase transition :
07.p(T) is discontinuous @ T,

— Crossover :
no discontinuity by Hatsuda-san
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3 crossovers

- Electroweak crossover ~ 100 GeV :
(H) ~ my, ~ m, ~ 100 GeV

Weak interaction becomes “weak”

- Quantum chromodynamics crossover ~ 100 MeV :

T > 100 MeV T < 100 MeV

8strong <1 |

‘ ~ 1 MeV
o ©

Strong interaction becomes “strong”

8stron g

~ 1 GeV

- ete annihilation ~ 0.5 MeV :

m, = 511 keV. All baryons become non-relativistic
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3 crossovers

cf. Kanemura-san's work : Ist-order EW
T ~ 0.5MeV ~ 100MeV ~ 100GeV ~ 100TeV
Jow ~ SpHz ~ 1 nHz ~ 1 uHz ~ 1 mHz
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Linear GWs

Primordial GW bg can be produced by inflation as well as density contrast

Pow X 61_4, P & q - SU+w)>—4

cf. Saga, Ichiki, Sugiyama ‘14
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Scalar-induced GWs

Tomita '67, Baumann, Steinhardt, Takahashi, Ichiki ‘07, ...
Domenech 21 (review)

- Induced tensor

- Bardeen potential (scalar]

O+ 37 (1 +l&) Dy, + |&k” + 37| — W)| D, =0

GW bg from oscillation of density contrast
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Prl Mo r-d |a | B H S Stellar Mass Function in Ultra-Faint Dwarfs...?

. Esser, Rijcke, Tinyakov 23
Carr & Hawking 74 MIM
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Positivist Perspective?

Carr & Hawking 74
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Perspectives

Large Primordial Perturbation

. .Byrnes+’ 16 Hajkarim & Schaffner-Bielich 19
Escriva, Bagui, Clesse 22 ,
C < criva & Sublic 122 Jomenech 19
>LrVa S SIS Jomenech, Pi, Sasaki '20

Franciolini+ '22

Musco+ 23 4 / N  cf."Poltergeist” by Terada+

Primordial BHs 4 Scalar-induced GWs
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(JCD on SIGWSs

Abe, YT, Ueda ‘20

P k) = A:0(Ink — In k) PAk) = Ap (= V7 % 1073)

k+ =9.5x 10°[Mpc~!]

— fiducial
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10°¢
frequency [HZ]
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(JCD on SIGWSs

Abe & YT 23

p
NANOGrav's detection of GW bg : Qewh*(f) = erh2 ( " / " )
yr-

NANOGrav 23 (cf. EPTA, PPTA, CPTA)
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(JCD on SIGWSs

Abe & YT 23

p
NANOGrav's detection of GW bg : Qewh*(f) = erh2 ( " / " )
yr-

NANOGrav 23 (cf. EPTA, PPTA, CPTA)
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SIGWSs probe Crossover

Escriva, Inui, YT, Yoo ‘24
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SIGWSs probe Crossover

F scriva, Inui, YT, Yoo 24
LISA 1-yr decidability
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LISA noise : AA
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LISA sensitivity lyr
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100 TeV SC for DM PBH

Escriva, YT, Yoo 23

num. rel. for threshold reduction PAk) = Ay
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Non-Gaussianity on SIGWs

Abe, Inui, YT, Yokoyama 22

The total of the exponential tail
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Kernel data? — QCD on SIGWs

Franciolini, YT, Veermae in prep

2
N 12+ )(s? = 1) 5
PN, k) = ZJO dtJ'_1 ds [(1 s (ts t)] I(s, 1, 1, k) & (uk) P (vk)

u=+s+1)7/2 v=0t—-—s5s+1)/2

I(Sa L, e k) — glk(n) Iz(S, l, H, k) I g2k(’7) Il(Sa L, H, k)
All crossover info! 4 k2 r

dip g,.(7) a(i) Sy (77)
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Kernel data? — QCD on SIGWs

Franciolini, YT, Veermae in prep

0.5
( k ) for k < 10 nHz
10 nHz A n2k/(10 nH
PAk) = A, Pok) = A, X . PAK) = —— exp (— - (2 - Z)>
10§Hz> for k > 10nHz 27

Scalar-induced GWs and Smooth Crossovers | 20 /22



Thermal WIMP?

Inui, Kuroyanagi, Makino, YT, Yokoyama in prep

0.10

Scalar-induced GWs and Smooth Crossovers | 2l /22



Summary

- Crossover affects SIGWs and PBHs
- SIGWs and PBHs can probe Crossover

- 100 TeV crossover is an interesting target of LISA & PBH-DM

- (QCD effect can be included into Kernel in advance for PTA analysis



