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Axion Rotations
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_ Why Rotation?

Initial condition =

Dynamics analogous to that in Affleck-Dine baryogenesis
’ 1. Affleck and M. Dine 1991

: PRL 92, 011301 (2004 ) T, Chiba, F. Takahashi, M. Yamaquchi
R. Co Minnesota PRL 124, 111602 (2020) RC and K. Harigaya



__Why Rotation?

Ahgu.tdr motion Exfpuci& ‘j‘PGz break’ing 4 = '—e'f_d
_ < pn = . Inikial condition | V2
- expected from guantum gravik
or PQ as an accidental sjmme_?rj

S. Giddings et al. 19¥%, S. Coleman 19%%, G. Gilbert 19%%, D. Harlow et al. 2019
R. Holmawn 1992, S. Barr 1992, M. Kamiokowski 1992, M. Dine 1992

Dynamics analogous to that in Affleck-Dine baryogenesis
' 1. Affleck and M. Dine 1991
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Angular motion : Exfpii«ci& ‘PQ bre_amng , e ol
=i pn = - Initial condition =
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expected. from quantum gravit
or PQ as an accidental svmme.?rj

S. Giddings et al. 19¥%, S. Coleman 19%%, G. Gilbert 19%%, D. Harlow et al. 2019
R. Holman 1992, S. Barr 1992, M. Kamiokowski 1992, M. Dine 1992

Large ftei.’d value : Flat potential

For example, as an initial cov«di&éon or
set dvhamicattj b!j the Hubble-induced mass
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V(B ~ = Hy|P" +

Dynamics analogous to that in Affleck-Dine baryogenesis
I. Affleckk and M. Dine 1991

¥ : PRL 92, 011301 (2004 ) T, Chiba, F. Takahashi, M. Yamaquchi
R. Co Minnesota PRL 124, 111602 (2020) RC and K. Harigaya



= ==

Asymmelry é‘fr‘?& Charge

Q.
ezfa _

ST
| : | e
Noether charge associated with the shift symmelry | V2
npg = iPP* — iP*P :
= |
npQ — S<6
PQ asymmetry = Rotation of PQ field

PQ charge desity

PQ charge is conserved soon after the onset.
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Reason:

an:_i 526 n’pQRg = conserved charge

Al Ehe minimum:
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What is kination?

"domination by the energy i a kinetic mode
of a scalar field which stales as 1/Ré, W
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Equation of state Evolution
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Evolution of Enerqy Densities

P(D)
radiation domination matter domination by rotation kination radiation

o domination
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g] batb

RC and K. Harigaya



P(T)

Evolution of Enerqy Densities

radiation domination matter domination by rotation kination radiation
| . f domination
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]1 f
This can occur bebween BRN and CMB
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Triangular peak GW spectra from kination

from inflation
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Axions Would Solve Another Major
Problem in Physics

In a new paper, physicists argue that hypothetical particles called axions

could explain why the universe isn’t empty

ay not only be the source of dark matter (blue) in galaxy clusters throughout the universe but could also
se consists mainly of matter, while antimatter is rare.
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Assiogenesi primordiale e origine della materia

Un nuovo studio condotto da due ricercatori dell'Institute for Advanced Study e dell’Universita del Mi-
chigan riporta che la rotazione dell'assione della cromodinamica quantistica potrebbe essere in grado di
spiegare l'eccesso di materia presente nell'universo. Il meccanismo é stato chiamato ‘assiogenesi’ e vie-
ne descritto dagli autori in un articolo che verra presto pubblicato su Prl
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strong sphaleron

PQ asymmetry
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strong sphaleron
PQ asymmetry

nPQ

For T < Tew, the b&rjom
asymmelry is frozen.

Ehermod bath
Nip = T3

T2 | Tew \
YB — n—B e - g CBYPQ EW_
S S fa

chiral F—Tmw
asym me?:rj

robakion
npqQ = (952

Baryon asymmelry fixes rotational speed, equivalently Yeq

RC and K, Harigaja



strong sphaleron
PQ asymmetry

nPQ

For T < Tew, the b&rjom
asymmelry is frozen.

Ehermod bath
Nip = T3

2 2

Vo 10_10 (C_B) TEW 108 GeV YPQ
e 130 GeV o 500

robakion
npqQ = (952
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chiral
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Baryon asymmelry fixes rotational speed, equivalently Yeq
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Extensions of Axiogenesis
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Lepto-Axiogenesis ' R Parity Violation
Axiogenesis
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EW 2 2
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Higgs number asymmetry

Yukawa :

strong
Yu,Yd
sphaleron

PQ asymmetry quark chiral asymmetry| Yukawa lepton asymmetry
(np-#0)
Ng Ny Ng Ye nj,
|
| electroweak sphaleron electroweak

‘ given weak anomaly of PQ sphaleron ]
\ lepton chiral asymmetry
- — > - — — — P —

ny TNe

electroweak

sphaleron
baryon asymmetry

(np-1#0)
ng

R. Co RC, N, Fernandez, A, Ghalsast, L. Hall, K. Harigaya



Lepto-Axiogenesis

Producing L at high temperatures

Higgs number asymmetry

Yukawa :

strong
Yu,Yd
sphaleron

Yukawa lepton asymmetry,

(np-1#0)
ng

quark chiral asymmetry

PQ asymmetry

npQ Ng Ny Ng Ye

electroweak

sphaleron
P lepton chiral asymmetry

ny TNe

Converting to 8 ak Ty

electroweak

sphaleron
baryon asymmetry

(np-1#0)
ng

RC, N, Fernandez, A, Ghalsast, L. Hall, K. Harigaya
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V(6)

Kinetic Misalignment Mechanism

0; 4

6

0
Kinetic Misalignment Mechanism

ol - e e S— = e 2 — P

(Misalignment + non-zero kinetic energy)

R. Co Minnesoka PRL 124, 261502 (Ro20) RC, L. Hall, K. Harigaja



Kinetic Misalignment Mechanism

V(6) "om alkternative scenario where the axion fi,e.td has a nonzero nikial vato»c:i,&j "
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meV 440
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Predictions from

Axiogenesis and Kinetic Misalignment
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Heavy QCDrAXEOM

v New theoretical and experimental opportunities
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PQ asymmetry quark chiral asymmetry| electroweak sphaleron |baryon asymmetry
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Ehermod bath
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strong sphaleron 4
PQ asymmetry quark chiral asymmetry| electroweak sphaleron |baryon asymmetry
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thermod bath
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v New theoretical and experimental opportunities
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v New theoretical and experimental opportunities
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Cownclusions

v New axiown dvmamics allows the QCD axion ko simu&amaousij EXF.'LO\E,V\'

v the Strong C? problem
v the dark matter abundance
v the bdrjc;n aévmme?:rj

- ¥ This paradigm predicts axion kination, featuring

a triangular peak in gravitational wave spectra.

v Other Fossébte sighatures: | .

v Warm axiown darlke makter
v Matter power sPecErum

v Heavy QCD axions are well motivated both i -

Ekear&&éaaﬂv and experimen?:auv.
R. Co Minnescta
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