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Outline

- QCD in lattice regularization            
         
               
                 
- Problem at µ > 0   and  methods    
to solve it    
                                

- Results at µ > 0                             
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Lattice QCD action





Fermion field integration





Gauge fields              are generated with probability

By means of the Markov chain Monte Carlo method

Then  a physical observable is computed as      

 U
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Results obtained in QCD in lattice

regularization (aka Lattice QCD) at μ=0
have statistical as well as number of

systematic uncertainties.

These are controlled uncertainties.

They can be estimated and decreased. 

 



QCD at T>0, μ>0



Sign problem 
   --   In the integral 

We use  











Methods to solve sign problem



Complex Langevin for Lattice QCD at finiteμ

- Complex Langevin                                             

- Density of states  

- Dual formulation

- Lefschetz thimble                                 
                               



Notations





Taylor expansion for pressure:





















Pressure obtained by two different methods



FEFU lattice group 

‘QCD at nonzero baryon density’            

  Nakamura, V.B.,  Molochkov, Boyda, Goy,  
Nikolaev, Zakharov, Iida, Wakayama



Canonical ensemble approach

















Deconfining phase:









Our result:  C=0.07   is  in nice agreement  with 
other results  for N_f=2 lattice QCD:

C=0.051(3)      De Forcrand, Philipsen, 2002

C=0.065(7)      Wu, Luo, Chen, 2007 
kkk





Conclusions

- Most successful so far are Taylor expansion and 
analytical continuation approaches 

- Our group is developing a combination of the 
canonical ensemble and analytical continuation 
approaches. Results are encouraging.
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