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My = {Terms Analytic in 1, } + {Chiral loop corrections }

Chiral perturbation theory:

Chiral perturbation theory provides a systematic method for
discussing the physics at low energy by means of an effective
field theory.

The general Lagrangian can be written with an increasing
number of derivatives and quark(meson) mass terms.
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Treating the nucleons as relativistic Dirac fields does not gahef
power counting.
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Heavy baryon chiral perturbation theory:

Separate the original baryon field into light and heavy components.
Consider baryons as extremely heavy static source.

The light component satisfies the massless Dirac equation.

The heavy component is suppressed by powelsof
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Chiral perturbation theory with dimensional regularization fails
to fit the lattice data.

The chiral expansion is not convergent.

High order terms are important at large pion mass.

How to solve this problem? How to build the high order t

Into the one loop contribution and make the chiral expansion be

convergent quickly.

— Finite Range Regularization



DR:
Large contributions to the integral fromk o portion of integral.
Baryons are hard point particle.
Short distance physics is highly overestimated.

FRR:
Remove the incorrect short distance contribution associated with
the suppression of loop integral at ultraviolet rec
Baryons are soft particle with structure which results in a vertex

function in the loop integral.
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® Dipole Regularisation
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Sharp cut-off

Monopole

Gaussian

My = a,f} — ﬂ,g‘mi + X Lr (g, A) + aimﬂ

Regulator ay (GeV™)
Dipole —0.25
Sharp cutoff —0.29
Monopole —0.24
Gaussian




0.2 0.4 0.6
m,% (GeV?)




0.8 |

0.0 0.2 0.4 0.6
» SHARP CUTOFF m, 2 (GeV?)




0.8 |

0.0 0.2 0.4 0.6
» MoNOPOLE m,% (GeV?)




0.8 |

0.0 0.2 0.4 0.6
» GAUSSIAN m, 2 (GeV?)




The FRR reproduces the lattice results very well.

The high order terms are really automatically included in the
one loop contribution in FRR.

The residual analytic terms have a good convergent behavior.

At any finite order, FRR and DR are equivalent. In this sense,
DR is an approximation of FRR at low pion mass.



Magnetic Form factors

The lowest order interaction:
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In the heavy baryon formalism:
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Extrapolation results

The extrapolation of magnetic moments:
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The mass relationships between mesons:
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Determination of OptimeA:

1. Have the best convergencg;a0.
2. Have the best fit of lattice dape,= > (14 — L)% 1S small.
3. Produce reasonable nucleon magnetic moments.












The extrapolation of magnetic form factors:

At finite momentum, we do not expand the form factors in terms of
Q2 andQ* as we did for then_dependence.

Gy (Mm7) = ag" + a¥ mz +a," m+ 2 Gy (Loop)
aN=Db N+ b NQ+ b NQ*+ . ..
aN=Db/N+DbNQ+ b NQ*+ . ..

aN=DbN+DbNQ+ bNQ*+ . ..

a,, & anda, are determined from the lattice data at finite momentum
andQ?dependence is included in the parameters.
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TABLE IIL: Pion electromagnetic form factor, F, at various (2%,

Q (GeV?) 0.23 0.557 1.08 1.14
F, 0.70 0.50 0.31 0.20
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Summary

The nucleon magnetic moments and form factors are extrapolated
from the lattice data with FRR in chiral perturbation theory. The
optimal Lambda is discussed in different methods.

To any finite order, FRR is mathematically equivalent to dimensional
regularization. At low pion mass, both FRR and DR give reasonable
results. At large pion mass, DR fails while FRR works well.

High order terms in the chiral expansion are important which c
built in the one loop contribution in FRR. The residual analytic terms
have a good convergent behavior.

The extrapolated magnetic moments, form factors and charge radii
at physical pion mass are reasonable compared with the experimental
values.

The same method can be applied to the extrapolation of many other
lattice data in full QCD or quenched QCD.



