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Matter Antimatter Asymmetry

Baryon number asymmetry

Lepton Number asymmetry

Leptogenesis

Baryogenesis



DATA

• 𝝆𝟎 component energy density

• 𝝆𝒄 critical energy density

• 𝛀𝒎𝒂𝒕𝒕𝒆𝒓 = 𝟎. 𝟐𝟕 ± 𝟎. 𝟎𝟒

• 𝛀𝑩 = 𝟎. 𝟎𝟒𝟒 ± 𝟎. 𝟎𝟎𝟒



DATA 

• 𝒏𝑩 baryon number density

• 𝒏𝜸 photon number density

• 𝒏𝑩
𝒏𝜸
= 𝟔. 𝟏 ± 𝟎. 𝟑×𝟏𝟎$𝟏𝟎 𝐚𝐭 𝐓~𝟏𝑮𝒆𝑽

• matter-antimatter symmetry
𝒏𝑩
𝒏𝜸
=

𝒏𝑩
𝒏𝜸
≈ 𝟏𝟎$𝟏𝟖



How to get  Baryogenesis in the Standard Model ?

•

• Since CPT invariance is assumed need non equilibrium physics

• Amount of CP violation not sufficient

• Beyond-the-Standard-Model physics is required



C(harge conjugation)P(arity)T(ime reversal)Theorem

Let 𝚯 = 𝑪𝑷𝑻

Lagrangian density = ℒ 𝑥

ΘL x( )Θ−1 = L† −x( ) ΘL x( )Θ−1 = L† −x( )

Type equation here.

For any Lorentz invariant Hermitian local Lagrangian

Θℒ 𝑥 Θ!"=ℒ#(−𝑥)

Type equation here.



Our BSM model for Leptogenesis

Spontaneously Broken Lorentz invariance

Spontaneously Broken CPT invariance

Sterile neutrino

String inspired gravitational degrees of freedom



Leptogenesis effective Lagrangian

ℒ = ℒ𝑺𝑴 +i 𝑵𝜸𝝁𝝏𝝁𝑵−
𝒎𝑵
𝟐

𝑵𝒄𝑵+𝑵𝑵𝒄 -

𝑵𝜸𝝁𝑩𝝁𝜸𝟓𝑵− ∑𝒌𝒚𝒌𝑳𝒌-𝝓𝑵 + 𝒉. 𝒄.

where        is a right-handed Majorana neutrino 
with heavy mass             

𝑵
𝒎𝑵

𝑵𝜸𝝁𝑩𝝁𝜸𝟓𝑵 is CPTV and LIV



Features of model

Majorana nature of N leads to acceptable leptogenesis

Very heavy N leads to freeze out at TeV scale

B-L conservation converts 𝚫𝑳 to 𝚫𝑩

Leptogenesis occurs at tree level



CP and CPT violating decays

• Background 

• Tree-level decays:

𝑩𝒊 = 𝟎, 𝒊 = 𝟏, 𝟐, 𝟑
𝑩𝟎 𝔃 = 𝚽𝒇 𝔃

𝔃 = 𝒎𝑵
𝑻 , and 𝒇 𝔃 = 𝟏 or 𝒇 𝔃 = 𝔃2𝟑

• 𝑵 → 𝒍!𝒉", 𝝊𝒉𝟎 channel 1
• 𝑵 → 𝒍"𝒉!, 𝝊𝒉𝟎 channel 2

• 𝑵 → 𝒍)𝒉*, 𝝊𝒉𝟎 channel 1
• 𝑵 → 𝒍*𝒉), 𝝊𝒉𝟎 channel 2



D



CP violation through CPTV: decay rates

Channel 1 𝑁 → 𝑙) 9𝜙

Channel 2 𝑁 → 𝑙*𝜙
Type equation here.

Γ, ≠ Γ-



Lepton asymmetry

Boltzmann
analysis



String inspired microscopic origin of 𝐵.

1. Gravitational multiplet in bosonic string theory: 𝑔+, , 𝐻+,-, 𝜙

2. 𝑆 = .
/0# ∫ 𝑔 𝑅 − 𝑒$12𝐻+,-𝐻+,-

3. EΓ+,- = Γ+,- + 𝜅//3𝑔-3𝐻+,3 to 𝑂 𝛼′ 𝑅 EΓ

4. Contorsion 𝐻+,3



Fermions in torsion background

• Gravity …… gauge theory …… local Lorentz invariance

• Spin connection                gauge field

• Spin connection ⊃ torsion

• Fermions torsion             gauge  𝐷+

• Fermion-torsion coupling: ∫𝐵+ E𝜓𝛾+𝛾4𝜓 −𝑔𝑑1𝑥
𝐵5=

.
6!
𝜀 5
89: 𝑇89: 𝑇9:; torsion tensor.



D
Background for 𝐵.

• 𝐵. = 𝜕.𝑏 4𝐷

• 𝑏 𝑥 = 9𝑏 𝑥 + B𝑏 𝑥

• (1)  /
/0
9𝑏 = constant

• (2) 𝜕. 𝑔 1
23"

𝜕. 9𝑏 − 𝐽4. = 0

background fluctuation



D
Background solutions

1.𝐵) = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝐵* = 0

2. 𝐽+ ) ≠ 0⟹𝐵) =
,-!

.
𝐽+ )



Current constraints

𝐵; < .01 𝑒𝑉

𝐵< < 10$6.𝐺𝑒𝑉



What if ?

𝐽4 ; =0           𝑇=~104𝐺𝑒𝑉

𝐵)~𝑇, 𝑇 ≤ 𝑇<

𝐵; 𝑇= ≈ 104𝐺𝑒𝑉 = 0.1𝑀𝑒𝑉
⟹ 𝐵) 𝑇) ≈ 0.23 𝑚𝑒𝑉 =O 10$4> 𝐺𝑒𝑉



Technical details









Dynamical torsion

Axial anomaly



CONCLUDING remarks

Strings:
Gravitational
multiplet

• LeptogenesisLeptogenesis
ALPs

Viable scenario

CPTV
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