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Abstract

The automatic fine-tuning of isospin breaking effects by conformal coalescence
found by Howard Georgi [1] in the 2-flavor Schwinger model is studied. Nu-
merical investigation of meson mass splitting confirms the exponential sup-
pression of symmetry breaking effects.

Introduction

The bosonized Lagrangian in the 2D Schwinger model is given by
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where o' are pseudoscalar fields, p = m Is the Schwinger mass, 6 the vacuum

angle, ¢ = £ is a constant with Euler constant v, ms the fermion mass for
different flavor f, and N,,, denotes normal-ordering with respect to a mass ms.

In the strong coupling limit for light quarks (e > m¢) we can change the field
variables by diagonalizing o'
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X2 =020" + —52 2)

V8r

using the matrices

1 /1 O 1 1 0
1 _ 2
Of \/i(o 1)7 Of \/§<O _1). >

Decoupling the heavy field y! which is the » meson and renormal-ordering
following Coleman [2]
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the resulting Lagrangian is that of the sine-Gordon theory with g =2«
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There are three solutions: The soliton (Q = 0, I3 = +1), the antisoliton (Q = 0,
Is = —1) and the lighter breather of the two breather solutions (Q = 0, I5 = 0)
that correspond to the pions =+, 7~ and 7% respectively. All three solutions are
the lightest physical states of mass M where M is flavor dependent and the
exponent of 2/3 is due to N = 2 [3].

Following Georgi, the massless composite 1/2 dimension operators
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of flavor f = 1,2 have opposite charge of the isospin 3rd component,
Is =+1,—1.Mixing these operators
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where

ko = Ko (/L\/—XZ + IE)
and Ky is a modified Bessel function of the second kind.

While the O,1 operator goes to a conformal operator at long distances, the
O_1 operator goes to zero exponentially, meaning that O_; disappears while
O: and O3 in O, coalesce.

Degenerate Masses my

Going further, we will consider the case of stable bound isotriplets in the 2
flavor Schwinger model given by 6 = 0. From the standard bosonization rules
and eq.(2) we find the mass term in eqg.(5) in leading order
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The mixed terms disappear and using eq.(7) we find the mass term to be
ZLMZNM [COS V ZWXZ} x Mf(O1+O03) + h.c (11)
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Introducing a flavor degenerate mass term at low energies using eq.(8)
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and from the well known asymptotic behavior of Ky and subsequently g with
long distance behavior
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we find that the mass term may be written as
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Implying the relevant mass scale (in the deep IR) is given by Mg = (m%u) :

Non-Degenerate Masses ms+ om

We now consider non-degenerate masses mg+dm with an isospin splitting term
om(O_1 + O 1) (15)

and find the asymptotic behavior
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from which the isospin splitting term is
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and the isospin mass splitting scale is given by
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The overall mass term in the Lagrangian of half dimensional conformal opera-

tors is
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and knowing from the sine-Gordon solution that M, «« m? we find the isospin
breaking corrections to leading order in ém
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From the pion operator
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we find the propagator
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from which it follows that an isosplin splitting can be observed in the neutral
pion propagator.

Numerical Results
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Figure 1. Isospin breaking effects for 10% and 80% splitting displayed with and without pairwise subtraction.
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Figure 2. M, vs. m¢ for degenerate masses on a fine lattice with N =32,5=7.2 and M, ~ 2.008 - m?/3 [4].
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