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   Some desirable features: 
 

– No O(a)  error. 
 

– O(a2) errors are found to be small (quenched spectrum 
study)  

–  The effective propagator :   
     
– Dc = D/(1 – D/2) is chirally symmetric, i.e., {γ5, Dc} = 0. 
– Dc + m is like in the continuum formalism.                                                   
– Multi-mass algorithm (more than 20 masses  
                     –10-15% overhead 
– Renormalization may be relatively simple (e.g. with chiral 
Ward identity). 
 

   Undesirable feature: 
•            -- Cost 
•  Very costly to generate configurations without fixed topology 
• See talk by Frommer for new developments 
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MILC has generated a large number of configurations with  
                    Highly Improved Staggered Quarks 

PHYSICAL REVIEW D 87, 054505 (2013)  

 2+1+1 flavoured HISQ configurations 



2+1+1 flavoured HISQ configurations 

MILC has generated a large number of configurations with  
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Can we combine these two? 
 
Overlap over HISQ configurations 
• to get best from both worlds! 

• can we simulate light to heavy ? 



           A brief history of  

       mixed action approaches 

• Domain wall valence on ASQTAD sea : LHPC, 

    R. Edwards et. al. (LHPC), Phys.Rev.Lett. 96 (2006) 052001 

 

• Overlap valence on domain wall : Chi-QCD Phys.Rev. D82 

(2010) 114501 

 

•  Overlap valence on clover sea : S. Durr et. al., PoS LAT2007 

(2007) 113 

 

• Overlap valence on twisted-mass fermion sea :  K. Cichy, 

G. Herdoiza, and K. Jansen, Acta Phys.Polon.Supp.2 (2009) 497 

 

 



Overlap fermions on 2+1+1 Flavors 
HISQ Configurations 

 Lattices used for this study : 

    HISQ gauge configurations from MILC  

   243 x 64 , a = 0.12 fm, ml/ms = 1/5, mπL = 4.54, mπ = 305 MeV 

    323 x 96 , a = 0.089 fm, ml/ms = 1/5, mπL = 4.5, mπ = 312 MeV 

     483 x 144 , a = 0.058 fm, ml/ms = 1/5, mπL = 4.51, mπ = 319 MeV 

                PHYSICAL REVIEW D 87, 054505 (2013)    (MILC) 

 

 HYP smearing on gauge fields 

 Both point source and coulomb gauge fixed wall source are used 

 No of eigenvectors projected : 350 (a = 0.012 fm)  

                                                       : 350 (a = 0.09 fm) 

                                                       : 75 (a = 0.058 fm) 

 



          Rest mass Vs Kinetic mass 

Charm mass is tuned by meson kinetic mass  
and not from rest mass 
……a la FermiLab formulation  

 Expanding the energy momentum relation in powers of pa 

Rest mass :  

Kinetic mass :     M2 = M1/c2 

El-khadra et al, 
PRD55, 3933(1997) 

= M1
2 + c2p2 



    Dispersion relation (at charm mass) 
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Finite momentum wall source is used to project to particular momentum 
state which reduce errorbars substantially. 



Lattice spacings and tuning of charm and 
strange masses 

 Strange mass is tuned by 
    setting pseudoscalar ss mass at 685 MeV 
 
         msa = 0.0738 (a = 0.0118fm) 
                 = 0.048 (a = 0.0888 fm)     
                 = 0.028  (a = 0.0582fm)       

Taking ms = 100 MeV 
msa = 0.0450 (a = 0.0888fm),   
        = 0.0295(a = 0.0582fm) 

Lattice spacings are calculated by Omega(sss) mass = 1672 GeV 
 
483 x 144 : 0.0582(5) fm 
323 x 96   : 0.0877(10) fm 
243 x 64   : 0.1192(14) fm 
 which are quite consistent with lattice spacings determined by MILC 
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 Charm mass is tuned by  

mca = 0.527 (a = 0.1192fm)  
       = 0.428 (a = 0.0888fm),   
       = 0.29 (a = 0.0582 fm) 

Considering kinetic masses  
of mesons  
(a la Fermilab formulation) 



Omega(sss) effective mass  
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      Pseudo-scalar eff. masses 



       Pseudoscalar meson mass  



        Pseudoscalar meson mass 



arXiv:hep-lat/0611003v2 

    Psedoscalar chiral log (323 x 96, a= 0.09fm ) 

 



Charm Physics 



   
 Effective mass for HFS (483 x 144, a= 0.0582fm ) 

 



110(4) MeV 



           Meson mass splittings 

                
 



           Meson mass splittings 

                
 



Triply -charmed baryon Ωccc(3/2+)  

 Δ(uuu)s exist 

 Ω(sss) exists 

• Why not Ω(ccc) ? 

• Charmonia analogue of baryons 

• The triply-charmed baryons may provide a new window 
for understanding the structure of baryons –Bjorken 1976 

• Production : don’t know really (Just may be possible in 
Super Belle? LHCb – need extensive search due to 
background) 

 



Triply-charmed Ωccc(3/2+) baryon 



148(10) MeV 



       Heavy baryons (Singly charmed)  

                       (323 x 96, a = 0.09fm ) 

    



        Heavy baryons (Doubly charmed) 

                         (323 x 96, a = 0.09fm ) 

    



         Doubly-charmed  Ω baryons 

    



              Decay constants 

Both    i) point-point propagators 
and     ii) wall-point  with wall-wall propagators were utilized 

  

  

  From PCAC :   
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It is better to calculate the ratio  

where the effect of various  
normalization factors and mixed action  
effect will be smaller 

Ds

s*D

f

f
  The ratio 

  

  

  

  

  

massless chiral fermions 





Mixed action effects 

Mixed actions : Overlap valence on HISQ sea 
In leading order of mixed action partially quenched 
staggered chiral perturbation theory with chiral valence 
quarks : 
 
 
 

 
 
 

For chirally symmetric valence, it is like partial 
quenching with one extra parameter in valence-sea mass 
(Chen, O’Connell, Walker-Loud, hep-lat/0611003, 
arXiv:0706.0035) 
 



Mixed action effects 

Mixed actions : Overlap valence on HISQ sea 
 
 

 
Wilsonized staggered propagator : 

Kawamoto-Smit transformation 

Fitting form :  



 Mixed action effects 



Mixed action effects 

Mixed actions : Overlap valence on HISQ sea 
 
 

 

About half than domain-wall on asqtad! 



Summary and outlook 
 Overlap valence on 2+1+1 flavour HISQ configurations is a promising 

approach to do lattice QCD simulation with light, strange and charm quark 
together in same lattice formulation. 

 However, we found that the dispersion relation with overlap fermions, at 
charm mass, is not better than that of clover fermions found in literature.  

 Kinetic masses of mesons are used instead of pole masses to tune charm 
quark mass. Dispersion relation improved at kinetic masses.   

 Preliminary results are encouraging, particularly, the hyperfine splitting for 
charmonium. We are studying meson and baryon spectra in details. 

 We are also studying heavy-light decay constants. Necessary 
renormalization constant calculations are ongoing. 

 We also calculated the mixing parameter for this mix action approach,   
and found that its effects is smaller than domain wall on Asqtad approach. 
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Overlap with Deflation arXiv:1005.5424 
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