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Part Ι:

Open Questions



1. Dark Matter
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Ordinary Matter 16%

Dark Matter 84%

Total Mass of the Universe "N. Aghanim et al. (Planck),
arXiv:1807.06209."



2. Matter-antimatter Asymmetry in the 
Universe 

• Baryon asymmetry measurement: 

𝑌𝐵 =
𝑛𝐵 − 𝑛 ത𝐵

𝑠
= 8.718 ± 0.004 × 10−11.

• What happened in the early Universe?  Baryogenesis!

• Sakharov's Conditions for Baryogenesis:
1. C and CP violation

2. Departure from Thermal Equilibrium

3. Baryon Number Violation
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"N. Aghanim et al. (Planck),
arXiv:1807.06209."



Part ΙΙ: 

B-Mesogenesis Model

Can matter-antimatter asymmetry and dark matter be addressed  in one model? 
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𝑩-Mesogenesis
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Φ

b

ത𝑏

𝐵𝑞

ത𝐵𝑞

𝐵𝑞

𝜓 𝐷𝑎𝑟𝑘 𝑀𝑎𝑡𝑡𝑒𝑟 𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒
(𝐵 = −1)

ℬ Baryon
(𝐵 = 1)

𝑇𝑅 ~ 15 MeV < 𝑇𝑄𝐶𝐷 ~ 500 MeV. 

𝑀Φ ≥ 11 GeV.

"G. Elor, M. Escudero, A. E. Nelson, 
arXiv:1810.00880."

"G. Alonso-Álvarez, G. Elor and M. Escudero,

arXiv:2101.02706."
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Explicit 
Model:
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𝒚𝒅𝒊𝒅𝒋𝒀
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𝓛−𝟏/𝟑 = −෍

𝒊,𝒋

𝒚𝒖𝒊𝒅𝒋𝒀
∗ഥ𝒖𝒊𝑹𝒅𝒋𝑹

𝒄 −෍

𝒌

𝒚𝝍𝒅𝒌𝒀
ഥ𝝍𝒅𝒌𝑹

𝒄 + 𝒉. 𝒄.

𝓗 −𝟏/𝟑 = −
𝒚𝒖𝒃𝒚𝝍𝒅

𝑴𝒀
𝟐 𝒊𝝐𝜶𝜷𝜸(ഥ𝝍𝒅𝑹

𝒄𝜶)(ഥ𝒖𝑹
𝜷
𝒃𝑹
𝒄𝜸
) −

𝒚𝒖𝒃
∗ 𝒚𝝍𝒅

∗

𝑴𝒀
𝟐 𝒊𝝐𝜶𝜷𝜸 ഥ𝒃𝑹

𝒄𝜶𝒖𝑹
𝜷 ഥ𝒅𝑹

𝒄𝜸
𝝍 + 𝒅 ↔ 𝒃 .

𝑢𝑖 = 𝑢, 𝑐,
𝑑𝑗 = 𝑏, 𝑑, 𝑠. Integrating out  the heavy scalar Y

New effective operator for the b-quark



Implications to the 𝑩-Meson Observables
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- What is the contribution to the ratio 
𝝉(𝑩+)

𝝉(𝑩𝟎)
?

- What is the contribution to the mixing observables; 

𝑴𝟏𝟐, Γ𝟏𝟐, 𝒂𝒔𝒍 = 𝑰𝒎(
𝜞𝟏𝟐

𝑴𝟏𝟐
)?



Part ΙΙI: 

Heavy Quark Expansion

How to  compute inclusive decay of B mesons.
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HQE: Heavy Quark Expansion

Optical Theorem for decay width:

Γ 𝐵 =
1

2𝑚𝐵
Im 𝐵 𝒯 𝐵 ,

𝒯 = 𝑖 න𝑑4𝑥 T ℋ𝑒𝑓𝑓 𝑥 ,ℋ𝑒𝑓𝑓 0 .

HQE:

Γ 𝐵 = Γ3 + Γ5
⟨𝒪5⟩

𝑚𝑏
2 +⋯+ 16𝜋2 ෨Γ6

෨𝒪6

𝑚𝑏
3 + ෨Γ7

෨𝒪7

𝑚𝑏
4 +⋯ .

𝜏 𝐵+

𝜏 𝐵0
= 1 + 16𝜋2

(෩𝜞𝟔 ෩𝓞𝟔 )𝑩𝟎−(෩𝜞𝟔 ෩𝓞𝟔 )𝑩+

𝒎𝒃
𝟑 +⋯ × 𝝉𝐵+

𝐸𝑥𝑝
.
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Lifetime Diagrams
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𝓛−𝟏/𝟑: 13 Diagrams for 𝑩𝒅, 16 Diagrams for 𝑩+

𝓛𝟐/𝟑: 6 Diagrams for 𝑩𝒅, 2 Diagrams for 𝑩+
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Part IV:

(Preliminary)
Results
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Exp: "R.L. Workman et al., Particle Data Group, 2022."
SM:  "A. Lenz, M.L. Piscopo, A. Rusov, arXiv: 2208.02643."

𝓛𝟐/𝟑 Total Contribution to the ratio 𝝉(𝑩+) / 𝝉(𝑩𝟎)

SM uncertainty

𝟎. 𝟗𝟒 𝐆𝐞𝐕 < 𝒎𝝍 < 𝟒. 𝟑𝟒 𝐆𝐞𝐕.

"See Mathew, 
and Zachary’s talks"

Following 
[A.Khodjamirian, 
M.Wald ‘22] ,we 
set the coupling 
constant to the 
max value
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Mixing Diagrams

16

𝓛−𝟏/𝟑: 9 Diagrams for 𝑩𝒅

𝓛𝟐/𝟑: 2 Diagrams for𝑩𝒅



Part IV:

Summary and Outlook



Summary and Further Questions

▪ The B-Mesogenesis links the matter-antimatter asymmetry to the dark matter

▪ The model introduces new decay channels to the b-quark

▪ We have calculated the contribution to the ratio 𝝉(𝑩+) / 𝝉(𝑩𝟎). In ℒ−1/3, the 
contribution is significant! For ℒ2/3, due to the large SM uncertainty, there are no 
significant constraints on 𝑚𝜓 beyond those imposed by the model

▪ Can we find a region in the parameter space which can accommodate these 
lifetime contributions?

▪ Can the new proposed decay introduce enough CP violation which can explain the 
asymmetry 𝒀𝑩? 

▪ What is the contribution to 𝑩𝒔?

▪ We can investigate the contribution of higher-order terms, e.g. the Darwin term
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