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BARYON ASYMMETRY OF THE UNIVERSE

𝑌𝐵 ≡
𝑛𝐵 − 𝑛 ത𝐵

𝑠
≈ 0.9 × 10−10
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LEPTOGENESIS

• Light LH neutrinos with heavy RH neutrinos:

• RHN decays to produce asymmetry in lepton 

number which converts to baryon asymmetry 

by EW sphaleron process.

• Dynamical generation of baryon asymmetry:
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ℒ = 𝑌𝐷 ҧ𝑙 ഥ𝐻𝑁 +
1

2
𝑀𝑁𝑁𝑐𝑁 + ℎ. 𝑐.

⇒  𝑀𝜈= 𝑌𝐷𝑀𝑁
−1𝑌𝐷

𝑇𝑣𝐸𝑊
2

Fukugita, Yanagida, 1986

✓ 𝐿 and 𝐵 + 𝐿 violation:  𝑀𝑁 and EW sphaleron

✓ C & CP violation: ℑ( ത𝑌2𝑌2) ≠ 0

✓ Out of Equilibrium:  decay process

𝜖𝑁 ≡
Γ 𝑁 → 𝑙𝐻 − Γ 𝑁 → ҧ𝑙 ഥ𝐻

Γ 𝑁 → 𝑙𝐻 + Γ 𝑁 → ҧ𝑙 ഥ𝐻
≠ 0

𝑌𝐵 = 𝑌𝑁
eq

 𝜖𝑁 𝜅sph 𝜅eff

18/12/2023    IITH



EFFICIENCY FACTOR

• RHN decay becomes active at 𝑇 ∼ 𝑀𝑁 to 

produce the asymmetry.

• Inverse decay could remain in 

equilibrium till 𝑇 ≪ 𝑀𝑁 to wash out the 

produced asymmetry (Strong washout 

regime: 𝐾 ≫ 1).
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Γ𝑁 =
𝑌𝐷

2𝑀𝑁

8𝜋
𝑚𝜈 ≡

𝑌𝐷
2𝑣𝐸𝑊

2

𝑀𝑁

𝐾 ≡
Γ𝑁

𝐻 𝑀𝑁
=

𝑚𝜈

meV

𝐾 ≈ (9, 50) for 𝑚𝜈 = (8.7, 50) meV

𝜅eff ≈
1

2𝐾 ln 𝐾
∼ (0.027, 0.0026)
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DAVIDSON-IBARRA BOUND

• For non-degenerate RHNs,

• It can be relaxed significantly in Bubble-assisted Leptogenesis.
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𝜖𝑁 ≲
3

8𝜋

𝑀𝑁 𝑚𝜈3

𝑣𝐸𝑊
2

𝑌𝐵 ≈ 10−10  ⇒  𝑀𝑁 ≳ 3 ⋅ 1011 GeV
0.0026

𝜅eff

0.05eV

𝑚𝜈3
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SEESAW & GW

• Gravitational Wave from cosmic strings as a probe of seesaw associated with 

𝑈 1 𝐵−𝐿 breaking at 𝑣𝐵−𝐿:
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GW FROM BUBBLE-ASSISTED 
LEPTOGENESIS

• 𝑈 1 𝐵−𝐿 breaking could 

be of strong first-order, 

which enhances the 

efficiency of leptogenesis

and generates 

observable gravitational 

wave background:
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LEPTOGENESIS IN FOPT

• How is the vanilla leptogenesis modified by the bubble dynamics?
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• Study strong FOPT in classically scale-invariant models.
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SCALE-INVARIANT 𝑼 𝟏 𝑩−𝑳 MODEL

• Setup for strong FOPT of 𝑼 𝟏 𝑩−𝑳 breaking:
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BUBBLE DYNAMICS
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• Nucleation rate per unit volume per unit time: 

• Time scale between 𝑇nuc and 𝑇PT:

• Strength of FOPT:

Γnuc 𝑇 ≈ 𝑇4
𝑆3

2𝜋𝑇

3
2

𝑒−
𝑆3
𝑇 = 𝐻 𝑇 4 at 𝑇 = 𝑇nuc

𝛽PT
−1 ≡

Δ𝑡PT

𝑡reh
≪ 1Δ𝑡PT = −

𝑑(𝑆3/𝑇)

𝑑𝑡
𝑇nuc

𝛼𝑛 ≡
Δ𝑉

𝜌 𝑇nuc
=

𝜌 𝑇reh − 𝜌(𝑇nuc)

𝜌(𝑇nuc)
≫ 1

𝐻2 =
𝜌 𝑇 + Δ𝑉

3𝑀𝑃
2
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SUDDEN MASS GAIN & PENETRATION RATE
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2010.02590

𝒫BM =
1

48
𝑔𝑀2𝑇2 for 𝑣𝑤 → 1 0903,4099

Δ𝑉 ≥ 𝒫

𝜅pen → 1 for 𝛾𝑤𝑇 ≫ 𝑀 ≫ 𝑇
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𝑼 𝟏 𝑩−𝑳 MODLE AND BUBBLE PARAMETERS
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LEPTOGENESIS INSIDE BUBBLE

"Bubble-assisted Leptogenesis"   EJChun@KIAS 13

Require  𝛾𝑤𝑇nuc ≫ 𝑀𝑁 ≫ 𝑇reh > 𝑇nuc

𝑙

𝜸𝒘

𝜿𝒑𝒆𝒏

𝑁𝑁 → 𝜙𝜙 𝜿𝒅𝒆𝒑

𝐻

𝜿𝒘𝒂𝒔𝒉

𝜿𝒅𝒊𝒍 = 𝟏 + 𝜶𝒏
−

𝟑
𝟒
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LEPTOGENESIS INSIDE BUBBLE

• RHNs inside bubble decay 

immediately:

• Unavoidable depletion 𝜅dep by 

annihilation Γ 𝑁𝑁 → 𝜙𝜙 > 𝐻.

• Partial washout 𝜅wash by the 

inverse decay.

• Dilution 𝜅dil by the reheat:
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𝑡decay

𝑡PT
≈ 0.1
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2
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𝛽PT

100

𝑛𝑁
0 = 𝜅pen 𝑛𝑁
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(𝑀𝑁 = 0)
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𝑇nuc

𝑇reh

3

= 1 + 𝛼𝑛
−

3
4

𝜅pen → 1 vs. 𝜅dil ↓

 for 𝛼𝑛 ↑



DECAY, INVERSE-DECAY & ANNIHILATION
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Decay active 

to produce 𝑌𝐵

Inverse decay 

washes out 𝑌𝐵

𝑁 ↔ 𝑙𝐻

𝑁𝑁 → 𝜙𝜙



SCHEMATIC BEHAVIOR
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𝑧 ≡ 𝑀𝑁/𝑇

𝑧nuc

𝑧reh 𝜅dil

𝑌𝐵
bubble = 𝜅pen 𝑌𝑁

𝑒𝑞
0  𝜖𝑁 𝜅sph 𝜅dep 𝜅wash 𝜅dil



BUBBLE VS. VANILLA
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𝜅dil

𝜅dep𝜅wash

𝑇nuc/𝑀𝑁

𝑇reh/𝑀𝑁

𝑌𝐵
bubble/𝑌𝐵

vanilla

∼
𝑀𝑁

107GeV

1
2

Strong 

depletion



GRAVITATIONAL WAVE SIGNAL
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CONCLUSION

• Leptogenesis in FOPT can allow for a strong departure from thermal equilibrium:

• In the strong washout regime, the bubbles help Leptogensis to enhance the efficiency 

upto 3 ∼ 30 for 𝑀𝑁 = 108 ∼ 1010 GeV.  

• Observable GW signals are predicted for 𝑀𝑁 ≲ 5 ⋅ 109 GeV. 
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✓ Conventional washout can be circumvented.

✓ New annihilation channel 𝑁𝑁 → 𝜙𝜙 opens up to deplete the asymmetry.

✓ Dilution from reheating can be sizable.
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