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１．Introduction -- Motivation

𝛺DMℎ2 = 0.120 ± 0.001

𝛺Bℎ2 = 0.0224 ± 0.0001

Abundance of Dark Matter

𝜴𝐃𝐌 / 𝜴𝑩 ≃ 𝟓

Accidental？

No, There is a relation !!!

Asymmetric Dark Matter (ADM)

ADM in cogenesis scenario

Decay of 𝑿

Asymmetry of 
DM

Asymmetry of 
Barion

C,CP violating

Asymmetries are generated 
simultaneously

Same origin for DM and Baryon

Ingredient

https://sci.esa.int/s/8o9qJ0w

https://sci.esa.int/s/8o9qJ0w
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１．Introduction – goal for the work

・Dark Matter

・Neutrino Oscillation

・Baryon Asymmetry

・ 𝜴𝐃𝐌 / 𝜴𝑩 ≃ 𝟓

Scotogenic Model
E. Ma , Phys. Rev. D 73 (2006) 077301

Leptogenesis
M. Fukugita and T. Yanagida, Phys. Lett. B174 (1986)45-47

T. Hugle, M. Platscher, and K. Schmitz, 

Phys. Rev. D 98 (2018) 023020

Asymmetric Dark Mater
David E. Kaplan, Markus A. Luty,  and Kathryn M. Zurek,Phys. Rev.D.79. (2009) 115016

Scotogenic Model

+

ADM 

Construction of a model to 
ecplain them simultaneously

Goal
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２．Our Model

Scotogenic Model

Scotogenic Model

+ 𝝈 (real scalar: DM candidate)

Standard Model
+ 𝑵𝒊(𝒊 = 𝟏, 𝟐, 𝟑) (RH neutrinos)
+ 𝜼 ( 𝐒𝐔 𝟐 𝑳 𝐝𝐨𝐮𝐛𝐥𝐞𝐭 𝐬𝐜𝐚𝐥𝐚𝐫)

Our Model

extension

・Lagrangian

𝐒𝐔 𝟑 𝑪 × 𝐒𝐔 𝟐 𝑳 × 𝐔 𝟏 𝒀 × ℤ𝟐

ℤ𝟐：Stability for 𝐃𝐌 𝝈
Radiative ν mass

・Symmetry

Yukawa Majorana mass

Radiative seesaw DM

𝝈 𝐢𝐬 𝐚𝐬𝐬𝐮𝐦𝐞𝐝 𝐭𝐨 𝐛𝐞 𝐚 𝐟𝐞𝐰 𝐆𝐞𝐕

E. Ma , Phys. Rev. D 73 (2006) 077301
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２．Our Model
ℤ𝟐 𝐟𝐨𝐫𝐛𝐢𝐝 𝐃𝐢𝐫𝐚𝐜 𝐦𝐚𝐬𝐬 𝐢𝐧𝐬𝐭𝐞𝐚𝐝

𝐜𝐨𝐮𝐩𝐥𝐢𝐧𝐠 𝐰𝐢𝐭𝐡 η

✕：𝒉𝜶𝒊 𝑳𝜶
෩𝑯 𝑵𝒊 〇：𝒉𝜶𝒊 𝑳𝜶 𝜼 𝑵𝒊

Mass generation at1-loop 

Radiative generation

・Neutrino mass matrix

𝑀𝑖 : RH neutrino mass
𝑚𝜂 : SU 2 𝐿 doublet mass

𝑣 : Higgs VEV

𝝀𝟖 𝐢𝐬 𝐤𝐞𝐲 𝐭𝐨 𝐠𝐞𝐧𝐞𝐫𝐚𝐭𝐞 𝐧𝐞𝐮𝐭𝐫𝐢𝐧𝐨 𝐦𝐚𝐬𝐬



2023, November 9 KEKPH2023 SATO Joe 6 / 22

Leptogenesis：Lepton Number creation with RH ν Decay

２．Our Model

Violation of Lepton and η
number！
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３．How to “create” Dark Matter

Time

𝑀1
𝑚𝜂 𝑇f 𝑇BBN

𝒏𝚫𝑳 ≃ 𝒏𝚫𝜼 𝒏𝚫𝜼 ≃ 𝒏ഥ𝜼 ≫ 𝒏𝜼 𝒏𝚫𝜼 ≃ 𝒏𝑫𝑴

𝑵𝟏Decay

𝒏𝜟𝑳 ≡ 𝒏𝑳 − 𝒏ത𝑳 

𝒏𝜟𝜼 ≡ 𝒏𝜼 − 𝒏ഥ𝜼

Asymmetries 
simultaneously 

generated

𝒏𝜼

𝒏ഥ𝜼

Pair 
anihilation

𝒏ഥ𝜼

𝒏𝚫𝜼

𝒏𝜟𝑳 ≃ 𝒏𝜟𝑩

𝒏𝜟𝜼 ≃ 𝒏ഥ𝜼 ≃ 𝒏𝐃𝐌

𝜼 𝐝𝐞𝐜𝐚𝐲𝐬 𝐢𝐧𝐭𝐨 𝝈 (DM)
𝒏𝚫𝜼

Important !

𝑻

L -> B (Sphaleron)
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Time

𝑀1
𝑚𝜂 𝑇f 𝑇BBN

𝒏𝚫𝑳 ≃ 𝒏𝚫𝜼 𝒏𝚫𝜼 ≃ 𝒏ഥ𝜼 ≫ 𝒏𝜼 𝒏𝚫𝜼 ≃ 𝒏𝑫𝑴

𝒏𝜟𝑩 ≃ 𝒏𝜟𝑳 ≃ 𝒏𝜟𝜼 ≃ 𝒏ഥ𝜼 ≃ 𝒏𝐃𝐌Finally

Connecting Baryon # and DM # via 𝚫𝜼

𝑻

Mass of 𝝈 ～𝐆𝐞𝐕

Asymmetric Mediator 

３．How to “create” Dark Matter
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３．How to “create” Dark Matter

Time

𝑀1
𝑚𝜂 𝑇f 𝑇BBN

𝒏𝚫𝑳 ≃ 𝒏𝚫𝜼 𝒏𝚫𝜼 ≃ 𝒏ഥ𝜼 ≫ 𝒏𝜼 𝒏𝚫𝜼 ≃ 𝒏𝑫𝑴

𝒏𝜟𝑩 ≃ 𝒏𝜟𝑳 ≃ 𝒏𝜟𝜼 ≃ 𝒏ഥ𝜼 ≃ 𝒏𝐃𝐌Finally

Important thing :To keep 𝒏𝜟𝑳 ≃ 𝒏𝜟𝜼 

No process 𝜼𝜼 → 𝑯𝑯

Changing 𝒏𝜟𝜼

𝑻
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What are important in our scenario

Time

𝑀1
𝑚𝜂 𝑇f 𝑇BBN

𝒏𝚫𝑳 ≃ 𝒏𝚫𝜼 𝒏𝚫𝜼 ≃ 𝒏ഥ𝜼 ≫ 𝒏𝜼 𝒏𝚫𝜼 ≃ 𝒏𝑫𝑴

②𝐂𝐨𝐦𝐩𝐥𝐞𝐭𝐞 𝐩𝐚𝐢𝐫
𝐚𝐧𝐢𝐡𝐢𝐥𝐚𝐭𝐢𝐨𝐧 𝜼

①No 𝜼𝜼 → 𝑯𝑯 ③ 𝝈 𝐜𝐫𝐞𝐚𝐭𝐞𝐝 𝐟𝐢𝐧𝐚𝐥𝐥𝐲

𝝀𝟖 < 𝟑. 𝟗 × 𝟏𝟎−𝟖 𝒎𝜼/𝐆𝐞𝐕
𝒀𝜼

𝐟 ≪ 𝒀𝜟𝜼

𝒀𝜼
𝐟：entropy ratio

𝑻𝐟 > 𝑻 > 𝑻𝐁𝐁𝐍

𝑻𝐟：𝐟𝐫𝐞𝐞𝐳𝐞𝐨𝐮𝐭 𝐓
𝑻𝐁𝐁𝐍：Big-bang Nucleosynthesis T

𝝀𝟖 𝐫𝐞𝐥𝐞𝐯𝐚𝐧𝐭 𝐰𝐢𝐭𝐡 ν mass
Baryon number depends on too

Not too be small 

Conditions ① ② ③ are satidfied ?

𝑻
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４．Condition for Baryon Number 

𝜼𝑩 ≃ −𝟎. 𝟎𝟏 𝝐𝟏 𝜿𝟏

Approcimation for B #

𝝐𝟏 : asymmetry parameter

𝜿𝟏 : efficiency factor

𝝐𝟏 𝐢𝐬 𝐠𝐢𝐯𝐞𝐧 𝐛𝐲

𝜿𝟏 𝐢𝐬 𝐠𝐢𝐯𝐞𝐧 𝐛𝐲

if 𝑲𝟏 > 𝟏 , this is well satisfied

𝝐𝟏 𝐚𝐧𝐝 𝜿𝟏 are calculated by Yukawa

Casas-Ibarra parametrization

𝑹 complex orthogonal matrix

( 𝑟𝑖𝑗 = 𝑀𝑗/𝑀𝑖 , 𝜂𝑖 = 𝑚𝜂/𝑀𝑖)
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４．Condition for Baryon Number

①𝐍𝐨 𝜼𝜼 → 𝑯𝑯

𝜆8 = 10−7

𝑀1

𝑚𝜂
= 103

𝝀𝟖contributes neutrino masses

Constraint from accelarator

Select parameters so that neutrino 
oscillation can be explained

Blue： 𝜼𝑩

Black：𝜼𝑩
𝐨𝐛𝐬 = 𝟔. 𝟏 × 𝟏𝟎−𝟏𝟎

𝑴𝟏 [GeV]

𝒎𝜼 [GeV]

𝜼𝑩 = 𝜼𝑩
𝐨𝐛𝐬 Baryon # can be explained

<-> 𝜞𝜼𝜼→𝑯𝑯 < 𝑯(𝑻 = 𝒎𝜼)

<-> 𝝀𝟖 < 𝟑. 𝟗 × 𝟏𝟎−𝟖 𝒎𝜼/𝐆𝐞𝐕
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４．Conditions for pair annihilation of η

② 𝜼 pair-annihilates sufficiently

𝒀𝜼
𝐟 ≪ 𝒀𝜟𝜼

Note 𝒏𝜼 < 𝒏ഥ𝜼

𝒀𝜼
𝐟 ≡

𝒏𝜼
𝐟

𝒔

Estimate with following approximation
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４．Condition for pair annihilation of η

② 𝜼 pair-annihilates sufficiently

𝒀𝜼
𝐟 ≪ 𝒀𝜟𝜼

Note 𝒏𝚫𝜼 ≃ 𝒏𝜟𝐁

𝒎𝜼 ∼ 𝟏𝟎𝟒 𝐆𝐞𝐕

𝒀𝜼
𝐟 ≪ 𝒀𝐁

𝐨𝐛𝐬

Blue：final 𝒀𝜼
𝐟

Black：𝒀𝑩
𝐨𝐛𝐬 = 𝟖. 𝟕 × 𝟏𝟎−𝟏𝟏

Under this line
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４．Condition for asymmetric Dark Matter

𝟖. 𝟒 × 𝟏𝟎−𝟏𝟐
𝒎𝜼

𝐆𝐞𝐕
<

𝝁

𝐆𝐞𝐯
< 𝟑. 𝟖 × 𝟏𝟎−𝟏𝟎

𝑻𝐟

𝒎𝜼 / 𝟐𝟐

𝒎𝜼

𝐆𝐞𝐕

𝟑
𝟐

𝒎𝜼 ∼ 𝟏𝟎𝟒𝐆𝐞𝐕, 𝝀𝟖 < 𝟏𝟎−𝟖 𝒎𝜼

𝐆𝐞𝐕

𝟏

𝟐, 𝟏𝟎−𝟏𝟏 𝒎𝜼

𝐆𝐞𝐕

𝟏

𝟐
<

𝝁

𝐆𝐞𝐯
< 𝟏𝟎−𝟏𝟎 𝒎𝜼

𝐆𝐞𝐕

𝟑

𝟐

As a whole

Time

𝑀1
𝑚𝜂 𝑇f 𝑇BBN

𝒏𝚫𝑳 ≃ 𝒏𝚫𝜼 𝒏𝚫𝜼 ≃ 𝒏ഥ𝜼 ≫ 𝒏𝜼 𝒏𝚫𝜼 ≃ 𝒏𝑫𝑴

③ 𝝈 is produced finally by decay of η

温度 𝑻

𝑻𝐟 > 𝑻 > 𝑻𝐁𝐁𝐍

𝑻𝐟：freez-out of pair annih.
𝑻𝐁𝐁𝐍：Big-bang Nuclepsynthesis
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５．Summary

We study a Scotogenic Model with a real scalar

Time

𝑀1
𝑚𝜂 𝑇f 𝑇BBN

𝒏𝚫𝑳 ≃ 𝒏𝚫𝜼 𝒏𝚫𝜼 ≃ 𝒏ഥ𝜼 ≫ 𝒏𝜼 𝒏𝚫𝜼 ≃ 𝒏𝑫𝑴

① Decay of RH 𝑵𝟏 : Lepton # generation

② The mediator 𝜼 pair-annihilate with keeping asymmetry 𝒏𝜟𝜼 

③ DM 𝝈 is produced by 𝜼 decay

「Dark Matter」「Neutrino Oscillation」
「Baryon Asymmetry」「Asymmetric DM condition 𝜴𝐃𝐌 / 𝜴𝑩 ≃ 𝟓 」

can be simultaneously explained in one framework !

Summay

𝑻
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