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Quantum Quantum ChromodynamicsChromodynamics
The fundamental theory of the strong interactionThe fundamental theory of the strong interaction

Field strength tensor: Field strength tensor: 
Covariant derivative:Covariant derivative:

•• At high energy, At high energy, perturbativeperturbative (asymptotic (asymptotic 
freedom)freedom)

•• At low energy, nonAt low energy, non--perturbativeperturbative (confinement)
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Compute proton’s mass in QCDCompute proton’s mass in QCD
TwoTwo--point correlation function:point correlation function:

IntepolatingIntepolating field field 

•• On the On the hadronichadronic level, saturated by intermediate stateslevel, saturated by intermediate states

withwith

•• On the quark level, contracting out quark pairsOn the quark level, contracting out quark pairs

Where         is the fullyWhere         is the fully--interacting quark propagator.interacting quark propagator.
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Quark Propagator in QCDQuark Propagator in QCD
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•• Path IntegralsPath Integrals
–– Evaluated numerically on a spaceEvaluated numerically on a space--time latticetime lattice
–– MonteMonte--Carlo sampling methodCarlo sampling method

•• Quenched Approximation (set                ) Quenched Approximation (set                ) 
–– Physically, suppress bubbles in the vacuumPhysically, suppress bubbles in the vacuum

1det =M
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Electric and Magnetic Electric and Magnetic 
PolarizabilitiesPolarizabilities
•• In classical physicsIn classical physics

oror

–– Where         is electric Where         is electric polarizabilitypolarizability,          is magnetic ,          is magnetic 
polarizabilitypolarizability

•• We determine the electric/magnetic We determine the electric/magnetic polarizabilitypolarizability by by 
calculating the mass shift of hadronscalculating the mass shift of hadrons

or or 
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Fitting the DataFitting the Data

•• We fit the data with a polynomialWe fit the data with a polynomial

andand

•• We calculate mass shifts both in the field E (B) We calculate mass shifts both in the field E (B) 
and its reverse and its reverse ––E (B), then average them. E (B), then average them. 
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Mass Shift in Electric FieldMass Shift in Electric Field
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Electric Polarizability of NeutronElectric Polarizability of Neutron
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Exp. & Theoretical Value of Exp. & Theoretical Value of nα

MethodMethod

Experimental(1990)Experimental(1990)

Experimental(1991)Experimental(1991)

Experimental(2000)Experimental(2000)
Particle Data Group (2002)Particle Data Group (2002)

Theoretical (2000)Theoretical (2000)

Theoretical (2001)Theoretical (2001)

Theoretical (2002)Theoretical (2002)

12.5+/-2.3 Experimental (2003)Experimental (2003)

3.3
7.107.10 +

−

0.25.16.12 ±±
4.0
0.66.13 +

−
9.1
3.28.9 +

−

39±
7.12

1.18.15.12 1.1
6.0 ±± +

−

)fm 10( 3-4×nα
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Electric Polarizability of Electric Polarizability of 0∆
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Electric Polarizability of Electric Polarizability of 0π
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of Neutron and Protonof Neutron and Protonβ
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Exp. & Theoretical Value of Exp. & Theoretical Value of β
ParticleParticle MethodMethod

nn Theoretical (1993)Theoretical (1993)
nn Theoretical (1994)Theoretical (1994)
nn Theoretical (2000)Theoretical (2000)
nn Theoretical (2002)Theoretical (2002)
nn Experimental (1999)Experimental (1999)
nn 2.72.7--/+2.3/+2.3 Experimental (2003)Experimental (2003)
pp Theoretical (2002)Theoretical (2002)
pp Experimental (1992)Experimental (1992)
pp Experimental (1993)Experimental (1993)
pp Experimental (1995))Experimental (1995))

)fm 10( 3-4×β

1.18.17.2 6.0
1.1 ∓∓ +

−

3.1
7.07.6 +

−

8.7

0.23.10 ∓

311 ±

4.04.08.1 ±±

5.08.01.2 ∓∓
1.14.04.4 ±±

03.119.1
07.125.158.3 ++

−−
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Magnetic Polarizability of DeltaMagnetic Polarizability of Delta
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Magnetic Polarizability of SigmaMagnetic Polarizability of Sigma
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Magnetic Polarizability of XiMagnetic Polarizability of Xi
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of of PionPion, , KaonKaon and and RhoRhoβ
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SummarySummary

•• We have computed the electric and We have computed the electric and 
magnetic magnetic polarizabilitiespolarizabilities of hadrons on the of hadrons on the 
lattice. lattice. 

•• We are presenting preliminary results. We are presenting preliminary results. 
•• Our electric Our electric polarizabilitiespolarizabilities calculations calculations 

have a good agreement with other have a good agreement with other 
people’s results.people’s results.

•• Our magnetic results look greater than Our magnetic results look greater than 
others.others.
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