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=== The expected number of events without neutrino oscillation
mmmm The expected number of events with neutrino oscillation
e The observed number of events in Super-Kamiokande
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Upward going neutrinos Horizontal going neutrinos Downward going neutrinos
Hight length: 12800km Flight length: S00km Flight length: 15km
Only a half of the expected Only 80% of the expected Consistent with the
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[ https://www-sk.icrr.u-tokyo.ac.jp/en/sk/neutrino/kajita/vibration/ ]
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Volume 174, number 1 PHYSICS LETTERS B 26 June 1986

BARYOGENESIS WITHOUT GRAND UNIFICATION

M FUKUGITA

Research Institute for Fundamental Physics, Kyoto University, Kvoto 606, Japan

and

T YANAGIDA

Institute of Physics, College of General Education, Tohoku Umversity, Sendar 980, Japan
and Deutsches Elektronen-Synchrotron DESY, D-2000 Hamburg, Fed Rep Germany
Received 8 March 1986

A mechanism 1s pointed out to generate cosmological baryon number excess without resorting to grand unified theories The
lepton number excess ongmating from Majorana mass terms may transform into the baryon number excess through the

unsuppressed baryon number violation of electroweak processes at high temperatures [ 1 6 ]
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[Preskill, Wise, Wilczek (1983)]

Misalignment mechanism [Abbott, Sikivie (1983)]

[Dine, Fischler (1983)]

FIHASAS ¢ 2)‘15_007& 0 v(6) R
6,=0
4 : B
EENHIEL ¢é+3Hd + A (1) inf — 0 i\
f f 6 6

[taken from Co, Hall, Harigaya (2019)]

T O AIGMENDIRDDEM © 3H(T) ~ m(T)

3
T Ap(Tpec) 07
a( OSC)> X b( OSC) : W/ mqb(Tosc) ~ 3H(Tosc)

~ Mg X
Pom ¢ ( %) md)(TOSC)

mass Dilution factor Number density at T = T,
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Kinetic Misalignment mechanism

[Co, Hall, Harigaya (2019)]
[Chang, Cui (2019)]

FIHASEAF

¢ > A, V(6)
Kinetic Misalignment Mechanism
. o A (T
BENHIET é +3Hd + A
f f 6
[taken from Co, Hall, Harigaya (2019)]
FISA A

GNEC RS YT ESURDDEME : 2(T) ~ A(T)

a(Tyse) ’ Ap (Tosc)4 5 4
Ppm ~ Mg X a, X mg (Tosc) w/ ¢ (Tosc) ~ Ab (Tosc)

mass Dilution factor

Number density at T = T,
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Affleck-Dine mechanism

1

"5

Sexp<E£>
f

Veo(IP]) +

PQ invariant term

V(P)

[Affleck, Dine (1985)]
[Dine, Randall, Thomas (1996)]

P : PQ charged scalar

s : saxion
¢ : axion
I |
05 —
Veg(P)
PQ violating term
pn & 0.0
e.g., VPQ ~ e + h.c.
-0.5 |- —
| | |

Taken from [Dine, Randall, Thomas (1996)]
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A thermal history

Tachyonic mass drives Large VEV p

1
¢early ~ (HMn_S)n_Z

[Erdncel, RS, Serensen, Servant, in

preparation]
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A thermal history

Tachyonic mass drives Large VEV p

1
¢early ~ (HMn_s)n_z

¢ starts to roll

[Erdncel, RS, Serensen, Servant, in

preparation] [ 2 8 ]



A thermal history

Tachyonic mass drives Large VEV

1
¢early ~ (HMn_s)n_z

¢ starts to roll

m~ H, Tkick ~ /MMp,

Energy in s dissipates (via, e.g., L ~ siy)
Nonzero ¢ «x a3 survives

[Erdncel, RS, Serensen, Servant, in

preparation] [ 2 9 ]



A thermal history

Tachyonic mass drives Large VEV

1
(pearly ~ (HMn_s)n_z

¢ starts to roll

m ~ H, Tkick ~ /MMp,

Energy in s dissipates (via, e.g., L ~ siy)
Nonzero ¢ x a~3 survives

Trapping by potential, fragmentation, etc

[Erdncel, RS, Serensen, Servant, in

preparation] [ 3 O ]
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Initial adiabatic fluctuation could dominate
(depending on inflation scenario)

Early damping with n=10
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