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U(1) problem
• outstanding problem in low-energy hadron spectroscopy

– mass much larger than octet PS masses
– departure of QCD from simple quark model
– simulation is essential

--> mixing of octet and singlet PS

• main computational challenges
– estimate of disconnected  (two loop) diagrams

– error of              increases rapidly with t 
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Simulation Parameters
• Actions

– Iwasaki RG improved gauge action 
– Non-perturbatively O(a) improved Wilson quark action

• Parameters
– β=1.83 a=0.122fm (not yet for  a=0.100fm, a=0.07fm)
– 16^3x32    L=2 fm
– 10 combinations of (Kud, Ks)  

Kud = 0.13655, 0.13710, 0.13760, 0.13800, 0.13825
= 0.78 – 0.61  (for Light-Light)

Ks = 0.13710 and 0.13760
= 0.75, 0.70  

physical strange quark Ks ~ 0.1372                
– 7000 – 8600 traj for each (Kud, Ks),   measurement at each 10 traj
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Method
Stochastic Noise Estimator
Technique + 
Smearing （Coulomb gauge)
• smearing source operators

– point operators for sink 

– doubly smeared source,       
a good estimate of octet PS 
meson masses at relatively small 
time slice
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• smeared stochastic noise method 
– U(1) random numbers for all sites

– smear the noise with the kernel

– solve quark propagator with the smeared 
random source

– combining it with the same smeared noise 

– doubly smeared loop diagram at source point
– 20 sets of stochastic noise for each color and 

spin
– projection to zero momentum made at both 

source and sink
– average over time slice, time difference of two 

loops fixed
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• statistical error of 2-loop diagram
– statistical error consists of

1) stochastic noise
2) configuration fluctuations

– as increase of #noise, error reach plateaus
– error are (almost) dominated by configuration fluctuations

Error of 2-loop diagram  for all configurations (800), 
bin=(10 conf, i.e. 100 traj.)



• propagator matrix and mass extraction
– consider flavor SU(2)-singlet and strange PS operators

– calculate 2x2 correlators

– normalize at some reference time slice  t0 =4

– assume that ground and 1st excited states dominate 
propagators at  td, 
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– sandwich normalized propagator at different time slice 
with the same matrix

– if ground state and 1st excited state dominates
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– diagonalize at t=td=3
– diagonal parts decay exponentially
– off-diagonal parts are negligible for all t
– contribution dominates our propagators already at t~2

diagonalized propagator effective mass plot
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– determine     mass from fit with  t=3-5 
– estimate      mass from fit with t=2-4
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Chiral Fits
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Masses at physical point

=0.871(46) GeV     exp. 0.960 GeVmh'

=0.545(16) GeV     exp. 0.550 GeVmh 

– mass:   consistent with experiment
– mass:   much larger than octet masses

smaller than experiment only by 100MeV (2 sigma) 
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• comment on vector channel
– two loop diagram very small
– consistent with ideal mixing

Kud=0.13825, Ks=0.13710



Summary and Future Work
• and      masses are estimated in                lattice QCD, 

albeit at one lattice spacing 
• Mass of      larger than octet PS masses, 

only 100 MeV below experiment
• Importance of U(1) contribution demonstrated

• lighter quarks, finer lattices
• reduce computational cost

– implement SET with a variance reduction e.g. by UKQCD
• reduce systematic error from excited state

– fine-tune smearing function
– use more operators
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