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1. Introduction

Polarizabilities are fundamental properties of elementary particles. Theymeasure of the
rigidness of a bound system to external perturbations, and providablalinsight into the internal
structure of the system. If][1], the results of a lattice calculation of hadeatrie polarizability for
neutral hadrons, based on the methodg]of [2], has been presemtais poster, we will focus on
hadron magnetic polarizability from lattice QCD. Traditionally, the synmdoa$ used to represent
the electric polarizability, an@ is used for the magnetic polarizability.

A considerable number of experiments have been performed with the aimasuniey nu-
cleon polarizabilities[[3£312]. Most of these have specifically targeted i@, some attempts
have also been made at measuring the neutron polarizabilities. Despite saeersings, mea-
surements for the proton polarizabilities in these experiments are in reds@mbement with
each other. The experimental situation regarding the polarizabilities of thteoneis still quite
unsatisfactory. This is mainly because a neutron Compton scattering expecameot be directly
performed.

The experimental situation on the nucleon can be approximately summarizedfakéaving:
the electric polarizability is roughly the same for the proton and neutron, wihue wf around 10
in units of 104 fm?; the magnetic polarizability is roughly the same for the proton and neutron,
with a value of around 3 in the same units.

On the theoretical side, nucleon polarizabilities have been most studied irathework of
chiral perturbation theory (ChPT] J1318]. Other approaches iectyghrk models[[19F 21],
chiral soliton models[J29, $3]. For reviews on polarizabilities, see RE# [25].

2. Method
For small external magnetic fields, the mass shift
Am(B) = m(B) —m(0), (2.1)

is given by .
Am(B) = —[i-B— 5[3@2. (2.2)

By averagingAm(B) over the field B, and its inverse-B, we will form

1

—EBI§2. (2.3)

AM(B)even =

After we get the ever8 mass shift from the lattice simulation, we do least-chi-square fits to the
data points with a polynomial

AM(B)eyen = CoB> + 4B + - --. (2.4)
The magnetic polarizability is then the negative quadratic coefficient

B =—2c, (2.5)
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The quartic and higher terms in Eg.(2.4) are included in order to measwsibleasumerical con-
tamination.

To place the external magnetic field on the lattice inft#rection, we multiply each gauge
field link variable in they-direction with ax-dependent factor:

Ua(x) — (1+inp)Uz(x), (2.6)

where the two dimensionless parameters are given bygBa? andp = x;/a. The procedure we
use is very similar but not exactly the same as the one presentgd in [2].

3. Simulation Details

Most of our results are based on the standard Wilson quark action oerelyed 24 lattice
with lattice spacinga = 0.1 fm. The lattice coupling3 = 6.0. We have analyzed 150 config-
urations to extract hadron magnetic polarizabilities. Fermion propagsltotswvere constructed
at six different quark masses, which corresponding toksiwalues,k= 0.1515, 0.1525, 0.1535,
0.1540, 0.1545, 0.1555. The critical kappa valugds= 0.157096. The strange quark mass is set
atk = 0.1535. The corresponding pion masses are: 1000 MeV, 895 MeV, &2 k21 MeV, 657
MeV, 512 MeV. In the units of 103 1a 2, the magnetic field takes the values -1.08, 2.16, -4.32,
and 8.64. The lattice source is Y,z t)= (12, 1, 1, 2).

We used six different values of the parameter in the units of 0= 0.0, +0.36, -0.72, +1.44,
-2.88, +5.76. Tha) values in this sequence are related by a factor2f Thus we are able to
study the response of a hadron composed of both up and down (Stcpragks, whose charges are
related by the same factor, to four different nonzero magnetic fields.elarfis of 103%e1a2,
the magnetic field takes the values -1.08, 2.16, -4.32, and 8.64. In physitalthe magnitude of
the weakest magnetic field is 2.46L0'° tesla. This is a very strong magnetic field. On the other
hand, in the sense of the mass shift, this is really not that strong. We cantestimaatio of mass
shift of proton to the mass of proto™ = %ﬁ—n’;Bz =1.60x 10°°. Here we have used-210~4 fm?
as the value oB,. From this rough estimation we can see that the mass shift is very small even in
such a strong magnetic field.

4. Results

We investigated 30 particles sweeping through the baryon octet andleeangd selected
mesons. The results of our calculation are summarized in three {dblgs 1d 3, Mast of the
polarizabilities have not been measured, except for the nucleon andPgida]], so most of our
results are predictions. Below is a summary of the main results of the calcul@tioer theoretical
calculations can be found i J2§33].

Our value for the proton magnetic polarizability agrees reasonably with theretesnt world
average value of about 3 in units of TOfm?3, but suffers from relatively large errors. Our value for
the neutron magnetic polarizability (about 15 to 20), which has smaller eisonsich greater than
the world average value. This large difference between the proton angethiron on the lattice is
an interesting result that is worth further study.
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In the decuplet sector, the most interesting result is the large and negeyeetic polar-
izability (about—60) for theA**. Theoretical explanations, such as those from chiral effective
theories, are called for. ThH@~ value of —12.4(2) is a prediction free of uncertainty from chiral
extrapolations, and can be directly compared with experiment. A measurefite@fd— magnetic
polarizability is greatly desired.

Between the octet and the decuplet, we observe the following pattern. vBlysiéhargedp
andZ " have relatively small and positive values, albeit with large errors, a situapposite to
that for the decuplet membesfs™ and Z** which have negative and slightly larger values along
with smaller errors. It is important to increase the statistics to obtain a bettet &gilae p and
>* on the lattice to confirm this difference. In addition, the charge-neutrétfes have values on
the order of 20, while the negatively-charged particles on the orde206f

In the meson sector, we confirmed the expected result that a positivalgechparticle has
identical magnetic polarizability as its negatively-charged partér K*, p*, K**). All charged
mesons have negative magnetic polarizabilities, and all neutral mesongdsatiee ones. In terms
of magnitude, the pseudoscalar mesons have about twice as large \alines\vaector mesons.
Futhermore, the vector mesons have a weaker quark mass depen@eribe fiseudoscalar mesons.

Taken as a whole, our results demonstrate the efficacy of the methods usechpuiting
the magnetic polarizabilities on the lattice. In addition to increasing statistics to theo 30D
configurations range, further studies should focus on assessingstieensitic uncertainties.

Finally, as far as the cost of our calculation is concerned, it is equivedell standard mass-
spectrum calculations using the same action (5 values of the pararneteprovide 4 non-zero
magnetic fields, 5 to reverse the field, plus the zero-field to set the baselihis)factor can be
reduced to 7 if only two non-zero values of magnetic field are desirederBieg the field is well
worth the cost: the magnetic moments can be extracted from the linear regptmsenass shifts
in the same data st |34].

This work is supported in part by U.S. Department of Energy undet @& G02-95ER40907,
and by NSF grant 0070836. W.W. also thanks the Sabbatical Committee oblilege of Arts and
Sciences of Baylor University. The computing resources at NERSQlzatol have been used.
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