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Astro/cosmo observations
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The content of the Universe

Ω DE h2 = 0.361 +/- 0.008
Ωm h2    = 0.1349 +/- 0.004

ΩΒ h2  = 0.0226 +/- 0.0008
Ων h2 = 0.0005 ~ 0.0047
ΩDM h2 = 0.1123 +/- 0.0035

Ωr h2 = 2.469x10-5  

Baryon asymmetry:  YB = (nb- nb)/s = 10-10

WMAP7 + BAO + H0
Komatsu et al. 2010
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Particle Physics and Cosmology
The history of the Universe is governed by the 
fundamental physical laws.
Hot Big-Bang described by general relativity and 
thermodynamics.
Big-Bang Nucleosynthesis: atomic abundance.
Cosmological perturbation theory: CMBR anisotropy, 
structure formation.
New physical laws beyond the Standard Model+gravity
are required to answer:  
What drives inflation? 
What are the identities of dark energy and dark matter? 
What happened to antiparticles?
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Baryogenesis
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Problem of matter-antimatter symmetry
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Dirac predicts the existence of antiparticle (1927):
phonton particle + antiparticle

Why is the Universe asymmetric
in the baryonic abundance?



Baryogenesis
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Was the baryon asymmetry set from the beginning?  

Was the baryon asymmetry generated dynamically from 
the initially symmetric universe? 

[Sakharov, 1967]
Baryon number violation
C & CP violation
Out of equilibrium
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Baryogenesis and neutrinos
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Neutrinos are massless in the Standard Model: 

Massive Dirac neutrinos (L-conserving):

Massive Majorana neutrinos (L-violating):



2010-10-19 Yonsei U.Leptogesis & Dirac gaugino dark matter       
EJChun@KIAS

Neutrino mass and mixing
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Recent oscillation data

MINOS (11) KAMLAND (Jan. 08)
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Baryogenesis through Leptogenesis
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Seesaw mechanism realizes the Sakharov conditions of 
Lepton number violation
C & CP violation
Out of equilibrium 

It generates a lepton asymmetry which is transformed to 
a baryon asymmetry through the B+L violating anomalous 
SU(2)L process.
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Lepton asymmetry from RHN decay
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• L asymmetry from N decay: 

• Seesaw with heavy right-handed neutrinos:   

• N decay: C/CP violation (CP phase in y)

Out of equilibrium (Γ< H)  
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Standard Model violates B+L
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B+L is anomalous : 

• Active B+L violation at finite temperaure :
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Leptogenesis origin of baryons
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Standard interactions in thermal equilibrium:

L asymmetry converted to B asymmetry: nB=cSP Li (cSP=28/79)

(M > 109 GeV)g* ~ 100,  η<1, ε>10-7

B-L=0

B+L=0
(B-L)i =-Li ≠ 0

(B-L)f ≠ 0
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Origin of (asymmetric) baryon abundance:
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Dark Matter
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More on DM: K.Y.  Choi and J.C. Park in this workshop.



Cosmic structures require CDM 
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Ω m h2 =   0.12
0.13
0.14



Postulated heavy neutrino as CDM
The standard weak interaction of a 10 GeV neutrino:

[Lee-Weinberg, 1977]

HDM

CDM
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DM abundance: thermal freeze-out

Out of equilibrium 
when 
relativistic
(HDM)

In thermal 
equilibrium 

Out of equilibrium
when  
non-relativistic
(CDM)
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WIMP miracle
CDM from New Physics at TeV scale:

Non-relativistic freeze-out:
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SUSY DM

Large Z0 interaction excluded by direct detection
(Same for a heavy neutrino)

Good DM candidate
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Minimal Dark Matter
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An SU(2)L multiplet with Y=0: 
DM component  (T3=Y=0).
A large gauge annihilation: multi-
TeV mass for the thermal freeze-
out relic density.
Nucleonic scattering at one-loop: 
σSI ~ 10-45 cm2.
Radiative mass splitting between 
the charged and neutral 
components 
~ 0.1 GeV.
Disappearing charged tracks at 
LHC.

Cirelli, et.al., 0512090
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Co-genesis of 
dark matter & baryon
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Baryon and Dark Matter Asymmetry

ΩDM/ΩB = 5 : coincidence?

Postulate the same origin for matter-antimatter 
asymmetry & dark matter population.

ΩDM/ΩB = mDMYDM/mBYB

i)  YDM ~ YB,  mDM ~ 5 GeV (for COGENT/DAMA) 

ii) YDM ~ 0.05YB,  mDM ~ 100 GeV
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Scenarios
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Equilibration

B/L & DM 
genesis

B/L DM

UV

B/L DM

UV

B/L or DM 
genesis



Techni-baryons
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Consider a GUT group containing both the baryon sector 
(SU(3)c) and the techni-baryon sector (SU(n)TC).
Asymmetries in both sectors can be assumed to arise 
from a heavy GUT particle decay: YB = YTB.

ρB= YB mB,   ρTB= YTB mTB = ρDM

ΩDM/ΩB = m TB/mB = 5 if ΛTB/ΛB = 5
The techni-baryon sector is  really “dark” (only 
gravitational)…

Nussinov, PLB, 1985



Equilibration of B-L & DM
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Assume an initial B-L 
(or DM) asymmetry
Add an interaction 
which equilibrate the 
dark matter asymmetry 
and the initial B-L 
asymmetry
A conserved quanturm
number: B-L+DM/2

L H X X

Chemical equilibrium relation

Interaction rate > Expansion rate

Equilibration interaction

Kaplan, et.al., 0911.4117



Equilibration of B-L & DM
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Need to suppress the symmetric component
Annihilation rate of DM much lager than the standard 

value for the thermal freeze-out relic density.

Assume a “strong” interaction:



Baryons and DM via Leptogenesis
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A simple model relating the origins of tiny neutrino 
masses, and the asymmetric baryon and DM densities.
Realize asymmetric MDM with sub-TeV mass.
Naturally suppressed symmetric density.
Copious production at the LHC.
Clean signals of disappearing charged tracks & stable 
charged tracks.

An, et.al., 0911.4463
EJC, 1009.0983
Falkowski, et.al., 1101.4936
Haba, et.al., 1101.5679



The Model

2011-06-28    KIASDark Matter & Baryon Asymmetry      EJChun30

“Extended B-L” broken by M:

Asymmetries from N decay:

EJC, 1102.3455

Introduce a vector-like SU(2)L multiplet:



Boltzmann Equations
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Buchmuller, et.al., 0401240

∆L=1 scattering through 
gauge boson/Higgs exchange



Solutions  
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K=0.1

K=1
K=10

K=100
strong wash-out

weak wash-out
KBDM <<1

KBL >>1
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K=0.1
K=1

K=10

K=100



Mass spectra of DM multiplet for T=1
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Fermion: 
Scalar: 

Mass eigenstates of scalar 
DM components:

Mass splittings:

An interesting hierarchy:



LHC Signatures
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Stable charged track Disappearing charged tracks

•Multiply charged tracks for T=3,2:

• Effective interaction below M:

• Two kinds of long-lived charged particle tracks:

35cm 18cm



Conclusion
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Three important puzzles waiting to be solved. 
Why neutrino masses are so small? 
What happened to the antimatter in the universe?
What is the identity of dark matter? 

Seesaw mechanism realizing leptogenesis connects them.
DM may be the neutral component of a “light” extra 
MSSM multiplet whose population is asymmetric.
It can be tested by the direct DM detection signal as well 
as  by observing a stable and disappearing (multiply) 
charged particle tracks at the LHC.
But, no indirect signals through co-annihilation.
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