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Motivation of BSM

Measurement of Cosmic Microwave Background (CMB)
suggests existence of dark matter and baryon asymmetry

Dark matter
Conditions should be satisfied
* non-baryon - massive *zero EM charge

Dark Matter

Neutrinos ?

Dark Energy
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Motivation of BSM

Measurement of Cosmic Microwave Background (CMB)
suggests existence of dark matter and baryon asymmetry

Dark matter
Conditions should be satisfied
* non-baryon - massive *zero EM charge

s ? Too long free-streaming scale
(hot DM)

Dark Matter

DR S A 068.3%
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Motivation of BSM

Measurement of Cosmic Microwave Background (CMB)
suggests existence of dark matter and baryon asymmetry

Dark matter
Conditions should be satisfied
* non-baryon - massive *zero EM charge

s ? Too long free-streaming scale

(hot DM)
Baryon asymmetry
SM does not satisfy Sakharov's three conditions

- Baryon number violation
+ C & CP violation &
+ Departure from thermal equilibrium

Dark Matter 26.88

DR S A 068.3%
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Dark matter

Candidate in BSM model

- Weakly Interacting Massive Particle (WIMP) DM SM
- Strongly Interacting Massive Particle (SIMP) ¥
- Axion / Axion-like Particle (ALP) gx gx

- Sterile Neutrino

DIV productiorfscenario

e.g)| - Thermal freeze-out mechanism

DM is produced at a breath and
reduced by annihilation

int. rate 72 DM relic density \
10_9GeV2)

<Uann?}>
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Baryogenesis
Candidate in BSM model

- Electroweak baryogenesis

- Leptogenesis

- Affleck-Dine baryogenesis

* baryogenesis via neutrino oscillations

Dirac mass term

Non-zero v mass
Seesaw mechanism

P. Minkowski (1977); T. Yanagida (1979); M. Gell-Mann, P. Ramond, and R. Slansky (1979);
R. N. Mohapatra and G. Senjanovic (1980)

Lightness of active v

Leptogenesis scenario

Heavy Majorana neutrino
CP-violating decay
Lepton asymmetry '

Sphaleron process
Baryon asymmnetry
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Coincidence Problem

Energy densities of baryon and dark matter are close
each other

QDM:QBN5:1

Dark matter and baryon asymmetry are individually
generated by different mechanism

Why are Qpy and Qg close each other ?
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Coincidence Problem

Why are Qpy and Qg close each other ?

Answer 1 :
No theoretical reason. Accidentally.

Answer 2 :
Anthropic requirement. Too small Qg/Qpy Cause failed
Sta I fO rm atlo N Tegmark, Aguirre, Ree, Wilczek (2006)

Answer 3 :
Mechanism connecting DM and baryon generation

Asymmetric dark matter 55 s e
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Asymmetric DIV

Basic idea
DM relic density is realized by DM-anti DM annihilation

nDM_(nDM_n )/n% UB:(nB_ng) /Ty

DM relic density = DM asymmetry

DM & baryon asymmetries have a common origin, and then
= O(1
—_ oM/ 1B (1) Why mpy = O(1) GeV 2
DM mass is ~ 5GeV,
Qo /D = My / MEnE Coincidence problem

is partially solved

= (mpm/mp) X (Mpm/MB) ~ 5
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Cogenesis

Falkowski, Ruderman, Volansky (2011)

Cogenesis in leptogenesis scenario

sphaleron N;
heavy v decay <: B L asymmetry = 5 asymmetry Wiy Z\%QMLH
DM asymmetry
Asymmetries of lepton and DM are generated
by CP-violating heavy neutrino decays
O Lagrangian '
L=y Nf(L- H) + \iNix¢ + 5 M;N{Nf + H.e.

e.g.) standard leptogenesis

| | Qg x — ~ —0.01lex
where v, M1 €R, 3o = [ya]e®, Ay = |Aa|e'¥x Ty
O Asymmetry parameter (asymmetry generation per one N decay)
e 2rsin(2¢) +sin(dr +¢x) "Condition for Qpy/Qs = 0(1)
€x  2r~1sin(20y) +sin(¢r + oy ) . mpy/mg,r = O(1) - r=0(1)
where 7= y1ly2]/(A1|A2]) _ - washout factor : K1 ~#ry
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Cogenesis

Too many conditions

More simple and natural realization
of Qpum/Qs = O(1) by cogenesis ?

(Condition fOI’ QDM/QB = 0(1) )
. mpy/mp, T = O(1)

. washout factor : ki~ kx|
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New idea

Motivation

We want to realize cogenesis in more simple and natural model

Idea " 7, symmetry )
SM fields (Z, even) - prohibit v:N; (L - H)
- DM stability

+ right-handed neutrinos (Z, odd) : Ng q
+ neutrinophilic SU(2); doublet scalar (Z, odd) : n

J

Lagrangian Vi
Q g g . y@N,f(LAn)/ Yi i (L-n)
L=yN;(L-n)+ 5M;N;N;

&)
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New idea

O Cogenesis e NG (1) /NN
N, decay<: B — L asymmetry —» B asymmetry @
(DM) asymmetry
28 28

B = 7977B L — 7977DM

» 8 ~ oM is naturally realized

Field contents

SM fields (Z, even)

+ right-handed neutrinos (Z, odd) : N
+ neutrinophilic SU(2); doublet scalar (Z, odd) : 1

» Same fields and symmetry as scotogenic (Ma) model
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Scotogenic model )
O Field contents n n

SM fields (Z, even) o
+ three (or two) right-handed neutrinos (Z, odd) : Ng
N
+ neutrinophilic SU(2), doublet scalar (Z, odd) :n 5= ( [ )

O Lagrangian
£Y — ESM + (L_ahai NCN' EMNTN + h. C-) — ‘/scalar(q&a 77)

Vieatar (¢,71) = mgo'd +my, *n+ Al(qb* )’ +%A2(n*n)2+>~3(¢*¢)(n*n>

+A4(8™n)(n®) + 5>\8 [(¢'n)? + h.c.]

U(1), lepton number symmetry is violated » Neutrino mass
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U ...
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Scalar mass

Z,-0dd scalar mass

m?(nF) = m2 + Azv° = m7.

m?(n%) = m2 + (A3 + A + Ag)v? = m%
m2(771) mn+()\3‘|‘)‘4—)\8)v _m%
Experimental bound

- Slepton search - Triviality bound
nt — 1, m(n™) > 350 GeV \i| < 4m
N = m(n") Z 550 GeV | so|ution ?

- Z,W boson decay (m,,mg,m;) = (1TeV,900GeV,2GeV)
min(mp + my,2m, ) < my m (A4, N\g) ~ (—9.8,6.7)

min(mp + m,,my+ m+) < My Failed cogenesis (I explain later)
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Asymmetric mediator
model

K. Asai, Y. Sakai, J. Sato, Y. Takanishi, and M. Yamanaka, PLB 836 (2023) 137627,
arXiv:2209.08257
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Extended scotogenic model

Q Field contents fermion scalar
_ field
SM fields 5 L eg N H n o
. . _ SU2); 2 1 1 2 2 1
+ three right-handed neutrinos : Ny 7z 4+ 4+ - 4 _ _

+ neutrinophilic SU(2), doublet scalar : n
+ singlet scalar DM : o

O Lagrangian

- 1 _
L o — haiLaﬁNi + §MZN1NZC + H.c. y

1 1 1 1
V(H,n,0) = pgl|H|? +mi|nl* + §mc27‘72 + 5)\1|H|4 + 5)\2|77|4 + 5)\304 + M| H|?|n]?

1
+ X5 |H'n|? + X | H?0® + M|n|*0® + 5

5 [)\S(HT’I])Q—FH.C-] \ |mp0rta nt
1 ; .
+ 75 o () +Hel ;o for cogenesis
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Tales of Cogenesis
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Tales of Cogenesis
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Tales of Cogenesis

S
g

1 decays into o (DM)
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Tales of Cogenesis

From J. Sato’s slide

NaL — Nay nay| = nz >y, Nay = Npm

Finally { Nap = Ny = nAn = nﬁ = NpMm }

Connecting Baryon # and DM # via An
» Asymmetric Mediator
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Cogenesis of lepton &
mediator asymmetries




(Lepto+Mediato)genesis

Asvm Mm etrv param eter Hugle, Platscher, Schmitz (2018)

> [D(N; = Lan) = T(N; = Lan')]

€; — —
> o [D(Ni = L) +T(N; — Lant)] S
L1 I wtn) V| P with = /M,
1+x—2 x — y? 1
F(zv,y)=x/5[1+ 1=y yln(lmfgy)—x_l(l—y)]

v m/
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(Lepto+Mediato)genesis

Decav para meter Hugle, Platscher, Schmitz (2018)

K, = Fl/H (T = M)

45 M m = mg [ M;
Pl ~ | -

5 \/64%59* p2 il (1 —m)* with 73,& = MJ2/MZ2T
~ 15 - 10_7 —10 mi m = RD,R"

B As \In(n)/ 10710eV ’

In this model, lepton asymmetry is generated
via strong wash-out regime

EffICIG N Cy Da Ia meter Buchmuller, Bari, Plumacher (2005)

1
Kq{) =
51( 1) 12K1[1H Kl]O.S
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All points satisfy

Baryon asymmetry |Ssianr

— 2 2 — 2 2
Result m,[Gev] T =my/M7 i =MP/ME oy Gev)
164 10° 10* 10, 1o3 10* 10> 10° 107
S e R ' 1 ; T T T ‘ g T T T T T T T T ]E_
sl ' m1=10'1°[eV] = &l my=10""[eV] }
- o om=t0® 5 1O =107
10761 | - | o =152
. = A8=1O_ ) § . = A8=10—5 )_
e EN E
107 < 107 =
10-° Planck2018-  10°° : E’I.a.n.c.kzols—g
10-10 T y
—11 4 if’-l | I | i 10—11 :.»:':III| L 11 IIIIII | i
10 10° 107 10° 107 108 10 10¥
M, [GeV] M, [GeV]
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All points satisfy

Baryon asymmetry |Ssianr

Large_nB boundarv - [Gevl HeaVV‘Ml bOUﬂdarV
n .
Larger o 10|10 Heavier M,
asymmetry 10_5\' m1=1(1)“1°_[6:
B — Larger v Yukawa
Larger YL_Jkavva | 0 7-? st R Aam10-7 coupling needs for
coupling o 0 i enough large m;
1078 9 i; .
Heavier 10-9 = . : ‘ tension
neutrino mass 1g10 = nck2018 -
3 Triviality bound

Bound on neutrino mass!

I -11 L] L
‘ tension 10 106 o hog| < 1
M1 [694
Zmi < 0.16eV
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All points satisfy

Y mi <0.16€V, |hqi| < 1,K1 > 10

Small-Ag boundary
Smaller Ag

103

~—T_T=FL1]

1074

— e ———

107 SR

Lighter M, needs for enough large

neutrino mass

10-7 .
1078
1079

NB

Mediator mass m, needs to be lighter

n
‘ tension
l

10° 0 Collider bound on mediator : m, > 1 TeV
M, [GeV]

- - m m m o= o= o= =]

o lanck2018"

collider bound |

10—11

Too small A4 is disfavored
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Ag bound

Ag interaction washes out mediator asymmetry N,
_ 3% - ~H

(O-/U)'r]’r]—hHH (O-U)'['ITT]T—>HTHT _ 1287TT2 S~ -

Violate important relation

{ Nypp = nAanﬂn = Ny = Npm J —_—

Ag interaction should be suppressed . Reminder
Solution 7
(ovrel) s e < H(T) (m,,mg,m;) = (1TeV,900GeV, 2 GeV)
[, = (A1, As) = (—9.8,6.7)
As < 3.9 x 10 GeV Failed cogenesis (I explain later)
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Dark matter abundance

K. Asai, Y. Sakai, J. Sato, Y. Takanishi, and M. Yamanaka, PLB 836 (2023) 137627,
arXiv:2209.08257
Precise evaluation - K. Asai, S. Enomoto, T. Hirose, and M. Yamanaka, arXiv:2512.14271
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Tales of Cogenesis

From J. Sato’s slide .~y su_—"

For successful cogenesis,

|"An| =ng »> ny, \should be satisfied

1
Nay i

Ny —i -

|- n ! i Np,y = Ny
I
l Pair E E
anihilation ! !
_______ 1 Nay |
_______ le—  L->B(Sphaleron)

1 i
TR G
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Mediator annihilation

Symmetric component of mediator should annihilate

1078 5

before decays into DM

" Wb . ngs = 8.66 x 10711
4 T Tttt ——=—
rd . 10‘11-%
.+ , 1'1""1;1’2"3 n 10_12 _
. . 10—13_; Yn oo > YAU
Relic density of n
) ) 10714 5
When only symmetric component exists ]
15 , — ‘ — ,
vV, = Npoo 9 % 3.80 ¢ 103 10* 105 106
n,00 — T m V
S 1/2 n(GeV)
g*s/g* Mlen <0'g'Urel>

with Zf = % =1In [O 038 (9/91/2) Mpym, (agfurel)] — = ln {ln [0 038 (g/gl/Q) Mpim,, (ogfvrel)]}
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Tales of Cogenesis

From J. Sato’s slide H

1 decays into o (DM)
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DM production

Mediator decay

Mediator should decay into DM after annihilation H

of symmetric component P o
NS

Mediator scattering

Scattering between mediator & SM particle also
T ~<__ -0

produce DM
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Early-time decay

Condition of mediator lifetime
1, Decay should start after annihilation of symmetric component

- y_n (M, Mg, 1) = (10 TeV,107°,107° GeV)—
Too short litetime 5| z|
o |
Symmetric component also | I
. 107°%" |
decays into DM | |
I
I I

I?’LA,,,, <K nT] + ’nm ~ NpM 10_10_ S S_: ______

— B

I I
DIVl overabundance |

L

1014 I W B B o

1 100 10* 10° 10°
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| ate-time decay

Condition of mediator lifetime

2, Decay should finish before big-bang nucleosynthesis

o s (M, As, 1) = (10TeV,107°,5 x 1070 GeV)_
Too long litetime =]

Mediator decays into DM

6
& SM particle 1071
eg)ntT = WT +o0, n%—)fH—a -

SM particle decays create 107
high energy hadronic shower

Failed BBN |10

1 100  10° 108 2=
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Successful cogenesis

(my, Ag, 1) = (10 TeV,107°,107° GeV)

I
%I
I
o0 | -H
| L’
I .7
| T ------- <.
| S
/ ~0
~\ |
N
i Y ~ Ypum
| is realized !
I \_ Y,
I
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Cosmological bounds

K. Asai, S. Enomoto, T. Hirose, and M. Yamanaka, arXiv:2512.14271
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BBN bouna

Mediator decay during BBN spoils successful BBN
through following three effects

D proton-neutron interconversion (7 < 100sec)

Charged pions from n decay change proton-neutron ratio
n+nt —>p—|—7r0j p+mT — N+

2 hadrodissociation (100sec < 7, < 10*~%sec)

Hadron particles from n decay break light elements

0

3 photodissociation (7 2 10 °sec)
Low-energy photons from n decay break light elements
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BBN bouna

Pioneering work M. Kawasaki, K. Kohri, T. Moroi, PRD 71 (2005) 083502

10-6 g ™ ° L 10
B E::'.::I 1 LA L L B ] B
In early stage of BBN, bound on 0fy \ 110
helium/baryon ratio Y, is the most severe 1ole =1 | 4 10-8
— 1 _9 — N - 10_9
observed value (old) : C! A e
e % 100 By i < 10-10
}/p (FO) = (0.238 £+ (0-002)stat + (0-005)Syst 3 E:')/ 10_1\ - /7 ............... i 10-11
)/pobS(IT) = 0.242 + (0.002)81;&1; (i(0005)syst) >_‘: 10-12 ;E Yp(FO) - o e \ .............. L 0-12
'~ 10_13 - W/lmOW) \/ - - = 10_13
observed value (current) : = 3 <
) ) 10-14 g 070 i 5 10714
obs 0.003 E D, = =
Y°*(EMPRESS) = 0.23707 0033 10-15 & 29 —1Tev He/D Eppa
.« E 7=(6.1£0.3)x10-10 3 _
10716 E 7—7—|— CMB constraint EE 1071

] —_ | | | | | | | | | | | —
We used FO’s bound 1o —— - o o
]—‘Og1o(Tx/SeC) lifetime
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Recasting BBN bound

(O Challenges in applying to our model

- bound plots are given for a few benchmark

values of my & Bryadron

- evaluating n-decay effect on BBN is

very difficult

E.Y, (GeV)

We found simple recasting method to

obtain BBN bound on long-lived particle

M. Kawasaki, K. Kohri, T. Moroi, PRD 71 (2005) 083502

10-¢
10-7
10-8
1079
10—10
10-11
10-12
10-13
10—14
10-15
10—16
10-17

7=(6.1+0.3)x10-10

- —-- CMB constraint
| | | | | | | | | | | | |

0 3| 10
]—‘Ogm(Tx/SGC) lifetime

_I_l'l'l'ﬂ“l IIIIHII] IIIIfﬂll ||||rrr|| IIIIfﬂll IIIIH||| IIII"H| IIII"|||I'IIIm|IIII:Iﬂ“lII]l[ﬂ||
=)
Ny

IIII|,|[|| IIIII,IIIJ IIII|_L||| L

10-6
10-7
10-8
10-°
10—10
10-11
10—12
10—13
10-14
10-15
10—16
10-17
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Recasting BBN bound

hadron-effects dominate

(O Equality-time

10-6

We define equality-time toq as the time at 18:2
which the contributions of “pn-interconversion 4
+ hadrodissociation” and “photodissociation” E; 10‘:
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g 1019

Equality-time can be determined from the Iifetimeig_i:
at which the bound curve locally weakens 10-16

10-17
teq[Yo(FO)] = 10%s,  teq[D/H(low)] = 1085,

teq[°Li/H] = 10%s

10

E 1T T [ T §
e E
=2 E
= .. YoFO—=
: iy
— ;\\::—_\—;g:
- =
= E
= 7=(6.1+0.3)x10-10 .
E - —-- CMB constraint EE

R R T S N N S RN N

0 D) 10
]—‘Ogm(Tx/S'ec) lifetime

photon-effect dominates

10-6
10-7
10-8
10-9
10—10
10-11
10—12
10—13
10-14
10-15
10—16
10-17

M. Kawasaki, K. Kohri, T. Moroi, PRD 71 (2005) 083502

Kento ASAI (YITP, Kyoto Univ.) Asvmmetric Mediator in Scotogenic Model

New perspective:--@ APCTP (Jun 5, 2026)


https://doi.org/10.1103/PhysRevD.71.083502

Recasting BBN bound

Ot > teq (photon-effect dominated era)

Strength of bounds is

independent of BRy,.4
=

proportional to energy emitted from 5

n-decay (mass of n) >
E.q>

(Y our < 2 X 1073 ( My )‘1 (BusYx) it
om 1TeV GeV

with Y, =Y+ + Y- + Y0 + Y.
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Recasting BBN bound

adron-effects dominate

Q t < t., (hadron-effects dominated era?
€d 1076

Strength of bounds is proportional to # of 18::
hadrons from n-decay, which is 0os
%5\ 10-10

proportional to BRyq 3
proportional to (Elag)”” 10
= 10—13
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Structure formation bound

Too late-time n-decay derives DM with large momentum
during structure formation era

DM erases small-scale structure

below free-streaming length
.-« physical distance that particles can travel without colliding

ed vy (a) aNR ap Qeq
o /aD * @H(a) Hy\/Qoa ( anm | GNR)

~ 4.85 kpc X F(mna p) (11.2 — lnF(mn, i)

with  F(my, p) = (

m, )3/2 107% GeV
1 TeV v
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Structure formation bound

(O Constraints on free-streaming length

(1) typical intergalactic distance is 1 Mpc
Ars > 1 Mpc DM inhibits large scale structure formation

(2) cut-off scale of matter power spectrum of Lyman-a
observation at redshift is O(1) Mpc or 0.1 Mpc

Ars > 0.1 — 1 Mpc DM erase small scale
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coincidence index

T = (Yo- — YAL)/YAL

L ®
1074 1074

© O, = Mo+ — NMyo ©

5 T " (2 S dm, = 10MeV 2t

2 — 1 MeV -' 58 IR
1075 = 1075 =

! 8 A Lot ‘ 8 ‘E:

= TR : ".'Qo 3 ."’Q
10-6 B »f‘,:Q-\‘&\ | 10-6 Bg ','05‘&\ |

L [GeV]
L [GeV]

m, [GeV] m, [GeV]
Viable parameter region is bounded by collider (light m,,)
and cosmology (heavy m, & small u)
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(O We have studied a scotogenic model with a singlet scalar and
explored a possibility of realization of cogenesis.

O Asymmetries of B-L and dark sector are generated by common
process and mediator asymmetry is converted into DM

O We have evaluated cosmological bounds (BBN bound & structure
formation) and found viable parameter region for successful
scenario

Thank you for your attention |
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Appendix
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Asymmetric DM

How does npm ~ Ms realize 7

[ Shanngrnechanwnw]

Primordial asymmetry is shared by SM and DM sectors through portal
Interaction sphaleron

B — L asymmetry —»
? —» X asymmetry <: 4 4 S

DM asymmetry

[ Cogenesis ]

Asymmetries in SM and DM sectors are generated through same process

sphaleron

., <: B — L asymmetry —% B asymmetry
' DM asymmetry

We have focused on this mechanism
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Neutrino mass is generated by one-loop N
diagram > 'I < > > \l <

haihgi M, m% m% mI
— ] _
(M)ag Z 1672 [mzR — M? N M?
9 2 2
For M7 > mz ~m7, Davidson-lbarra bound
)\8?)2 A 'hﬂ' M2 Davidson, Ibarra (2002)
82 2 M; [ 2 ] Thermal leptogenesis

mg
& neutrino mass
where m§ = (m% +m3)/v2 My > 1082 GeV

)

(M)ap =

7

Neutrino mass is proportional to

coefficient of U(1),-breaking term Yukawa coupling can be large
Ly (@) + huc] » Davidson-lbarra bound
g e T e is alleviated by A4
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Neutrino mass

M assS m atrIX Hugle, Platscher, Schmitz (2018)
272 QM.
1

M, = "D, b , (Dp)ii = & 22 =\
with Ag U 1

[ = 1 M? m,,%R . m,,%R - m,,zh . m1271 _

‘7] 8 m%R — m?h m,??R — M? " M? m?%[ — M?" M?

8
~ o (MZ/m2) —1] for dsv® <mjand m, < M,

Casas-lbarra parametrization e b (500

hai = (U D: R Dj%\)

where D, = diag(m1, ms, m3)
arbitrary complex orthogonal matrix : R (RRY =1)
PMNS unitary matrix : U (UUT = 1)
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Mediator annihilation

> 10° GeV
(M), As, pr) = (500 TeV,107%,107° GeV)

[T m

n
n
S

107 Symmetric component

Before symmetric component

completely annihilate,

|
|
|
|
|
|
|
|
yDM]' annihilation process freeze-out
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