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In the early universe?

Can large lepton-flavor asymmetries (with total L = 0) be naturally generated

Benchmark point: (Y , Y., Y; ) =~ (0.06, — 0.03, — 0.03)
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Why this benchmark?

1. Consistent with BBN/CMB

2. May help reduce the helium-4 tension.

3. Can give the right baryon asymmetry (size the sign).
4. Enhance sterile-v DM production.
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2. May help reduce the helium-4 tension.
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Q: Canlarge lepton-flavor asymmetries (with total L = 0) be naturally generated
In the early universe?

Benchmark point: (Y}, Y., Y; ) =~ (0.06, — 0.03, — 0.03) Y, = Z Y, =0

Why this benchmark?

3. Can give the right baryon asymmetry (size the sign).

Evenif ¥, =0, Y, =~ —0.030 (hgyLe +R2Y, + hTZYLT) 40

h, : Yukawa (h,~0.01 > h, > h,)

Y. Khlebnikov,M. E. Shaposhnikov, 1988
J. March-Russell, H. Murayama, A. Riotto hep-ph/9908396.

M. Laine, M. E. Shaposhnikov, hep-ph/9911473.
At the benchmark: ¥; ~ —0.03

— Yy ~ —0.030 é; YLT ~ 1077 ... right sign! ... but too large? « More on this later.
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Q: Canlarge lepton-flavor asymmetries (with total L = 0) be naturally generated
In the early universe?

Benchmark point: (Y}, Y., Y; ) =~ (0.06, — 0.03, — 0.03) Y, = Z Y, =0

Why this benchmark?

Case with L, — L, asymmetries

overproduction

4. Enhance sterile-v DM production.

- Shi-Fuller mechanism (like Dodelson-Widrow)
« & cf. Talk by J. Ruderman yesterday

Kensuke Akita, KH, Maksym Ovchynnikuv.
[arXiv:2507.20659],
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Q: Canlarge lepton-flavor asymmetries (with total L = 0) be naturally generated
In the early universe?

Benchmark point: (Y}, Y., Y; ) =~ (0.06, — 0.03, — 0.03) Y, = Z Y, =0

Answer:

Yes — such large lepton-flavor asymmetries can be naturally generated via

Affleck-Dine mechanism along Qiil e flat direction with Q-ball formation.
[arXiv:2509.08175], Kensuke Akita, KH, Maksym Ovchynnikv.
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Affleck-Dine mechanismjalong Qiile flat direction with Q-ball formation.

. A scalar field ¢ carrying B-number (and/or L-number).
. If the potential V(¢) is flat enough, ¢ can have a large field value during inflation.
. After inflation, ¢ rotates in the field space, if B-violation (and/or L-violation) exists.

"Affleck-Dine mechanism”

Mgy & Ny = i(p*d — dp*p) =2 |70 # 0 [I. Affleck and M. Dine, 1985]

Ime
V(g) y

Reg
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Affleck-Dine mechanism along|Qitle flat direction with Q-ball formation.

. In the Minimal SUSY Standard Model (MSSM),
¢ = a linear combination of squark and slepton fields.

- For the Affleck-Dine mechanism to work,
¢ must correspond to a flat direction along the scalar potential.

Table 3: The basis I3 of gange-imvariani. monormals

T. Gherghetta, C. Kolda, S. P. Martin

Always lifted

B=L | by Wienorm? [hep-ph/9510370]
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H,Hy 0
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- =
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-but violate lepton flavor:

& (ule direction

aYaYall b _ 1 _ / I

Vr(@) + V() R

| |

cf. Other possibilities in the context of AD mechanism:

A. Casas, W. Y. Cheng, G. Gelmini [hep-ph/9709289]
J. March-Russel, H.Murayama, A.Riotto [hep-ph/9908396]
M. Kawasaki, F. Takahashi, M. Yamaguchi [hep-ph/0205101]

M. Kawasaki, K. Murai [arXiv:2203.09713]
I 12

K. Kasai, M. Kawasaki, K. Murai [arXiv:2402.11902]
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Affleck-Dine mechanism along|Qitle flat direction with Q-ball formation.

. . Vi) + Vold)
» QuiLe directions:

\
\
L-conserving but lepton-flavor-violating.

‘ . ¢
color
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Benchmark: (a,f,v) = (e,u,7)and y = n/4:

(I/lLe, nLﬂ, I/lLT) —

-AD mechanism generates ¢»-number - lepton-flavor asymmetries.

- Total L-number conservation is guaranteed by D-flatness.
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Affleck-Dine mechanism along Qiile flat direction with|Q-ball formation.

When the AD potential is sufficiently flat, AD field fragments into Q-balls

Imd

>

space X
gk:f;' - A non-topological soliton. [Coleman, 1985]
7 - A spherically symmetric scalar field configuration
Kasuya-Kawasaki which is (meta-)stable due to a global symmetry.

[hep-ph/9909509]

-Large charge (= ¢p-number).

o
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Model Setup:

- Gauge-mediated SUSY breaking.

- No nonrenormalizable superpotential
which lifts the AD field ¢.

- Lepton-flavor violating the Kahler potential:

A
K — /161,5

which leads to
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V(g)

Model Setup:

- Gauge-mediated SUSY breaking.

- No nonrenormalizable superpotential
which lifts the AD field ¢.

- Lepton-flavor violating the Kahler potential:
/A

K=1 Qul e, + h.c.
ap a-p
M3

which leads to .
pl ) Benchmark point
Vphase(¢) = §b h.c.

. my (AD field mass) ~ 10* GeV

. My, (gravitino mass) ~ 7 GeV
. M, (corresponds to SUSY breaking scale) ~ 6 X 10° GeV
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Time evolution:

Inflation

Pinflaton
(AD field) —

Py

time

H ~ M3

@ During inflation, | ¢y| ~ Mp.

cf. earlier works:

hep-ph/0205101] M. Kawasaki, F. Takahashi, M. Yamaguchi am2, )
arXiv:2203.09713] M. Kawasaki, K. Murai Vohase(@) = TYE ¢" + h.c.
arXiv:2402.11902] K. Kasai, M. Kawasaki, K. Murai P [F
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Time evolution:

Inflation

%

py (AD field) !

time

@oscillation + rotation at H =~ m;,

Lepton flavor asymmetries are
generated via AD mechanism.

cf. earlier works:
hep-ph/0205101] M. Kawasaki, F. Takahashi, M. Yamaguchi md,
arXiv:2203.09713] M. Kawasaki, K. Murai Vohase(@) = Y ¢+ h.c.
arXiv:2402.11902] K. Kasai, M. Kawasaki, K. Murai P [E
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Time evolution:

Inflation

%

Py (AD field)

HﬁmB/Z ‘¢‘z¢eq

me Q-ball

>

space X

cf. earlier works:

hep-ph/0205101] M. Kawasaki, F. Takahashi, M. Yamaguchi
arXiv:2203.09713] M. Kawasaki, K. Murai Red
arXiv:2402.11902] K. Kasai, M. Kawasaki, K. Murai
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Time evolution:

@ Q-balls dominate the energy

density of the Universe.

Inflation

pinﬂaton reheatlng

=T
R @ Q-ball decay @ Q-balls decay.

P (AD field)

- quarks
- |leptons

H=my, ¢ = F=T time
At the benchmark:

Q-ball lifetime: 7., ~ 8 X 10~ sec (& temperature: Iy ~ 17 GeV)
leading to: (Y LY ” YLT) ~ (0.06, — 0.03, — 0.03).
& Large lepton-flavor asymmetries (with total L = 0) are generated.

20
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What happens to the baryon asymmetry?

sphaleron decoupling

p T~T. ~130 GeV
Inflation P
Pinflaton reheating

I'=Tp )

p, (AD field) e ey
— 1p
o (Qbal))
rad.
rad.
H=my, ¢ = F=T time

- quarks ” ‘

- leptons

Fractional charge emission
before sphaleron decoupling
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What happens to the baryon asymmetry?

sphaleron decoupling

p T~T. ~130 GeV
Inflation P
Pinflaton reheating

I'=Tp )

p, (AD field) e ey
— 1p
o (Qbal))
rad.
rad.
H=my, ¢ = F=T time

- quarks ”
-leptons

at the benchmark.
BAU with right sign and size!

Fractional charge emission
before sphaleron decoupling
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sphaleron decoupling
4 - . ) B
° QﬁLé directions: g inflation I Isph ~ 130 GeV

wu"\\ reheating
\T = Tx Q-ball decay

L-conserving but lepton-flavor-violating.
wlu o 00 1 1/0 B cosY , _ sin y \‘\ 25 (Q al : i
= — = — o [ = i . \ - f N
0=5(§00) 230000 Lo =5 (5) o= F¥o = S I R "N

Hemy, |l =y ~7  time

We proposed a scenario to generate large lepton-flavor asymmetries (with total L = 0),

such as (Y LY ” YLT) ~ (0.06, — 0.03, — 0.03),
based on the Affleck-Dine mechanism along Qule flat direction with Q-ball formation.

Such large lepton-flavor asymmetries

1. are consistent with BBN/CMB, 8
2. may help reduce the helium-4 tension, :
3. can give the right baryon asymmetry (size the sign),
4. and enhance sterile-v DM production, 31
simultaneously. §
10°
For more general cases: see [arXiv:2509.08175] « |
Kensuke Akita, KH, Maksym Ovchynnikyv. 10— —
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