
    4th Universenet School Lecce
    Based in (large) part on talk by S. Sarkar at SUSY2010

Mads Toudal Frandsen
Rudolf Peierls Centre for Theoretical Physics

Together with 
A.Belyaev, S. Sarkar and F. Sannino:
arXiv:1007.4839. 
S. Sarkar:
Phys.Rev.Lett.105:011301,2010.
F. Sannino:
Phys.Rev.D81:097704,2010.
R. Foadi, F. Sannino
Phys.Rev.D80:037702, 2009.



What is the world made of?



Mass scale Particle Symmetry/
Quantum #

Stability Production Abundance

ΛQCD Nucleons U(1) baryon 
number

⊗ > 1033 yr
(dim-6 OK)

‘freeze-out’ from 
thermal equilibrium

ΩB ~10-10 

cf. observed
ΩB ~ 0.05 

What should the world be made of ?

‘Freeze-out’ at T ~ mN /45, with: 

 
               A 'baryon disaster'?!

Have to invoke an 
asymmetry:

Chemical equilibrium maintained
when annihilaton rate exceeds
the Hubble expansion rate

Observed ratio is 109  
Times bigger:



Mass scale Particle Symmetry/
Quantum #

Stability Production Abundance

ΛQCD Nucleons U(1) baryon 
number

⊗ > 1033 yr
(dim-6 OK)

‘freeze-out’ from 
thermal equilibrium

ΩB ~10-10 

cf. observed
ΩB ~ 0.05 

ΛFermi ~

GF
-1/2

Neutralino? R-parity? violated? ‘freeze-out’ from 
thermal equilibrium

ΩLSP ~ 0.3

What should the world be made of ?

But why then is the abundance of thermal relics comparable to 
that of baryons born non-thermally, with ΩDM/ΩB ~ 5?

For (softly broken) susy we think of  the ‘WIMP miracle’:



Mass scale Particle Symmetry/
Quantum #

Stability Production Abundance

ΛQCD
Nucleons U(1) baryon 

number
⊗ > 1033 yr
(dim-6 OK)

‘freeze-out’ from 
thermal equilibrium

Asymmetry

ΩB ~10-10 

cf. observed
ΩB ~ 0.05 

ΛFermi ~

GF
-1/2

Neutralino?

Technibaryon?

R-parity?

 U(1) 
technibaryon

number

violated?

?

‘freeze-out’ from 
thermal equilibrium

Asymmety 

ΩLSP ~ 0.3

ΩTB ~ 0.3

ΛDB ~5 ΛQCD Dark Baryon?
 

U(1) dark 
daryon 
number 

      
      ? Asymmetry ΩDB ~ 0.3

Or more naturally a ~5 GeV particle (e.g. a 'dark baryon' from a hidden strong sector)  

A TeV scale particle sharing the asymmetry, e.g. a technibaryon, would explain the ratio 
of dark to baryonic matter...                                           (Nussinov 1985)

(Gelmini et al 87, Raby and West 87, DB Kaplan 92, Hooper et  al 05,
Kitano and Low 05, DE Kaplan et al 09, Kribs et al 09, An et al 10...)



Sakharov conditions for baryogenesis:
1. Baryon number violation

2. C and CP violation
3. Departure from thermal equilibrium

Any pre-existing fermion asymmetry would be redistributed by the 
B+L violating processes (which conserve B-L) :

(Bahr, Chivukula and Farhi 90)

The fermion number in terms of 
the statistical function c

i
 and the 

Chemical potential is:

The fermion violating 
Processes (sphalerons)
Create equal number of fermion
doublets:



Arise as GB from breaking of the technicolor chiral symmetries. 
Stable as they carry technibaryon number.
Composite states neutral but constituents may be charged.
Receive mass from 'vacuum alignment', i.e. electroweak mass contribution.

(Gudnason, Kouvaris
  and Sannino 05)



(Belyaev, M.T.F, Sannino and Sarkar 10)

PGB TIMPS have derivatively suppressed couplings: Can TIMPs have a symmetric relic density?
If constituents are uncharged they can:

PGB TIMPS with charged constituents, generically have 
contact Interactions with weak gauge bosons:

Adding by hand an asymmetry still 
enhances the available parameter space:
(Griest and Seckel 86, Hooper, March-Russel and 
West )



Mass scale  Particle Symmetry/
Quantum #

Stability Production Abundanc
e

ΛQCD
Nucleons Baryon 

number
⊗ > 1033 yr
(dim-6 OK)

‘freeze-out’ from 
thermal equilibrium

Asymmetry

ΩB ~10-10 

cf. 

observed
ΩB ~ 0.05 

~ ΛFermi 

~ΛFermi

(m>ΛFermi)

Neutralino

Technibaryon

R-parity?

 U(1) 
technibaryon

number

violated?

?

‘freeze-out’ from 
thermal equilibrium

Asymmety

ΩLSP ~ 0.3

ΩTB ~ 0.3

~  ΛFermi

(m~ gWΛ
Fermi

)

TIMP (PGB)
U(1) 

technibaryon 
number 

      
      ? (A)symmetry ΩTIMP ~ 0.3

      ~ 5 ΛQCD Dark Baryon? U(1) dark 
daryon 
number 

?
Asymmetry

ΩDB ~ 0.3

What should the world be made of ?

Asymmetric Dark Matter have no annihilation signals of neutrinos, positrons, 
gamma rays etc... (but may have decay signals)

What are the possible signals?



Several nuclear recoil experiments reported events close to 
threshold 

Region of 
interest for 
Solar 
neutrinos

Several nuclear recoil experiments reported events close to 
threshold 

~5 GeV Dark Matter candidates with ~10-39 cm2 spin-independent 
cross-section remains viable.

Spin-dependent cross-sections up to 10-36 cm2



Higgs exchange can naturally provide up to ~10-41 cm2

Fit Courtesy of C. McCabe 
(McCabe 2010)

M
H
=150 GeV

M
H
=300 GeV



Long range self-interactions are more tightly constrained by the 'Bullet 
cluster' (Feng, Kaplinghat and Yu 10)











  



  



  
Recent study of effects of DM on white dwarves 
and neutron stars, see e.g.

(Fairbairn and McCullough 10
Kouvaris 10)



  

SM-like Higgs
Decaying 'invisibly'
e.g. to 'dark baryon'

Resonance peaks from
composite Higgs 
decaying 'invisibly', e.g. 
TIMPs or dark baryons

LHC Signals



  

Summary
● Asymmetric Dark Matter is well motivated by the 

observation of the asymmetry of baryonic matter and 
explaining         

as well as the origin, mass and stability of baryonic 
matter arising from Strong Dynamics

● ~ TeV scale ADM (Technibaryon) and ~ 100 GeV scale ADM (PGB 
TIMPs) are natural in Technicolor models of DEWSB.

 ~ GeV scale ADM (Dark Baryons) arise from 
Hidden/Mirror/Unbaryon sectors.

● Distinct pattern of signatures
● Absence of annihilation signatures, high possible capture rates in stars, 

resonance structure in missing energy observables at LHC

DM /B
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