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● Spin singlets: 

● Insight into heavy quark bound states in QCD

● Exclusion of parity odd Higgs

● Laboratory to test relativistic effects: NRQCD =? Experiment
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Theory

Currents and Power Counting from NRQCD + NRQED

VS.

Suppressed more than naively expected, 
due to orthogonality of radial wavefunctions

Potential Model Predictions: 

Experimental Result (Babar): 

S. Godfrey, J. L. Rosner,

K.A. Olive et. al. (Particle Data Group) 
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Currents and Power Counting from NRQCD + NRQED

This study finds (including mixing from higher order currents): 

Need matching coefficient of L.O. Current Operator:
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NRQCD Action

as
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Lattice NRQCD

Lattice Methodology
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1. Build interpolating operators                  , 

which overlap with states having specific quantum numbers           , e.g., 

2. Calculate                                                                                                                  

 numerically on the lattice

NB: Get on-shell photon data numerically by using twisted boundary conditions with twist:
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1. Build current operators which we are interested in: 

2. Calculate                                                                                                             numerically with the same 
twist as in the two point calculation.  

NB: Details swept under the rug, ask if interested!
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Three Point Calculation



  

●    Simultaneously fit two point correlator for            data to 

and three point correlator data in order to 

and extract what we need: 
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Lattice NRQCD

Bayesian Fitting
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Lattice NRQCD

Coulomb Gauge Fixed Ensembles

daMILC Configurations (                               HISQ) 



  

● One gluon ensemble    

● 192 gauge fields and 16 time sources

● No radiative corrections to action or currents

● Extrapolate to on-shell photon matrix element using off-shell data
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Previous Lattice Calculation

                             first study of the decay includes: R. Lewis, R. Woloshyn, 

Lattice NRQCD



  

● Three gluon ensembles    

● ~1000 gauge fields and 16 time sources, including physical pion mass. 

● Order alpha in v^4 Action and Order alpha in L.O. Current radiative 
corrections – N.B!!

● On-shell photon data
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Our Improved Lattice Calculation

This study of the decay includes:

Lattice NRQCD
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Lattice NRQCD

Results for Radiatively Improved             Action with             Corrections

Preliminary

Not 10% of M4!!
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Remove sensitivity to 
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Lattice NRQCD

Very
Preliminary

Results for Radiatively Improved             Action with             Corrections

Introduce a 10% systematic error on L.O. 
current from neglecting           terms in 
matching, and 30% in all other currents 
from neglecting        terms. 
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Lattice NRQCD

Very
Preliminary

Results for Radiatively Improved             Action with             Corrections

Introduce a 10% systematic error on L.O. 
current from neglecting           terms in 
matching, and 30% in all other currents 
from neglecting        terms. 

NB: Progress Report. Take with pinch 
of salt, further analysis of
sensitivity and full error budget still
needs to be done. 



  

● L.O. current suppressed due to orthogonality of radial wavefunctions

● This suppression results in sensitivity to:

– Relativistic corrections in current  (Need multiple current corrections)

– Relativistic corrections in action    (Need relativistic corrections in action)

– Radiative corrections in action       (Need precise matching coefficients)
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● L.O. current suppressed due to orthogonality of radial wavefunctions

● This suppression results in sensitivity to:

– Relativistic corrections in current  (Need multiple current corrections)

– Relativistic corrections in action    (Need relativistic corrections in action)

– Radiative corrections in action       (Need precise matching coefficients)

● Lattice NRQCD is a first principals tool that has been systematically improved.

● Can aid in reliably pinning down this difficult to predict decay. 
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Ending

Summary 
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Ending

Questions
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Ending
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Decay Rate:
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● Is an Effective Field Theory to describe    -quarks 

● Has expansion parameter : 

● Shows up in two places: the propagator and interaction Lagrangian 
(which also has NRQED)
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Non-Relativistic QCD

Theory

Decay Rate:
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Theory

Potential Model for L.O. Current
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Theory
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Theory

Potential Model for L.O. Current

Suppressed more than naively expected!!
Difficult to predict in potential model. 
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Theory

Fitting
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