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Dark Energy in the Universe

c.c=(3x10-3 eV)4
 Why is c.c. this value? 

Even anthropic principle is 
added!! 

Weinberg, theories



Quintessential axion require 

            The decay constant is near the Planck scale 

QA mass is near 10-32 eV 





Another parameter to mention is the 
confining force for SUSY breaking 
around 


 = 1013 GeV 



Quark condensates from confining force 

confining  
scale 

Goldstone  
boson

confining  
scale 



Octet 
+singlet f=250 MeV

Mesons from light quarks in QCD 

 pi/K mesons and eta’
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New Confining Force Example
H. P. Nilles, Phys. Lett. B115, 193 (1982):

Dynamically Broken Supergravity and the Hierarchy Problem


S. Ferrara, L. Girardello, H. P. Nilles, Phys. Lett. B125, 457 (1982):
Breakdown of Local Supersymmetry Through Gauge Fermion Condensates

m
3/2

 = mu3 /M2= TeV

 = 1013 GeV 



First introduced in,  
JEK+Nilles, PLB 553, 1 (2003): 
A quintessential axion

Quintessential axion as a pseudoscalar







Not by ex-quark mass, but by the scale itself. Then, we 
have another reason for introducing a new confining 
source. Mesons have the adjoint representation of 
SU(N)A


Condensate is parametrized by   and f,  
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With SUSY  



=(0.003eV)4



Model  



Here, we write W terms having U(1)R quantum

number 2 modulo 6. SUSY conditions are

No acceptable solution.
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So we add SUSY breaking effects parametrized 
by deltas. Then minima occur at 
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But f is near the Planck scale. Not at the 
confining scale. 

In SUSY, condensation of scalar ex-
quarks do not break SUSY. This scale 
can be nearer to the Planck scale. 



X=0 X = Mp
Above Planck scale
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For SUSY breaking effects to the SM 
superpartners, we need the mu term 

J. E. Kim and H. P. Nilles, The   problem and the strong CP 
problem, Phys. Lett.B 138 (1984) 150 [doi:10.1016/0370-
2693(84)91890-2].

But, there should be no HuHd and HuHdS terms.



With <sigma> and <S> VEVs around 1010 GeV, 
we have a needed mu term. 



I reviewed a new theory on the 
quintessential axion. 

Thanks for attention

 Conclusion 
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