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CHIRAL SYMMETRY BREAKING IN THE BAG MODEL

By S. TATUR*
Institut fiir Theoretische Physik der Freien Universitit Berlin, Berlin, Germany
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The question of compatibility of the MIT bag model with standard chiral symmetry
breaking is investigated in the (3,3)®(3,3) model. We find that the chiral symmetry breaking
parameter c is given by ¢ = —0.79 and compute the meson and baryon ¢ terms in the bag
model. For example, in case of the ©N scattering ¢ term, we obtain 104 MeV.

1. Introduction

Considerable interest has been devoted in the literature to the srudy of possible
applications of the MIT bag model [1-11]. The main advantage of this model consists
in providing a relativistic framework in which the quark wave functions may be explicitly
computed at least in the cavity approximation. In particular, the several applications of the
model to the study of the hadronic mass spectrum, static parameters of hadrons and
a variety of other strong, electromagnetic and weak processes are in reasonably good
agreement with experiment.

On the other hand, ever since the original suggestion that strong interactions are
approximately invariant under SU(3)®SU(3), a great deal of attention has been centered
around the study of chiral symmetry breaking. In particular, once the transformation
properties of the symmetry breaking part of the Hamiltonian are assumed as, for example,
(3,3)®(3.3) one can then proceed to compute the matrix elements of the scalar densities,
the symmetry breaking parameter and the ¢ terms by making use of the soft pion limit
and SU(3) symmetry assumptions. In view of the successes of the MIT bag model it is
thus of interest to see to what extent chiral symmetry breaking considerations are comp-
atible with the bag model assumptions. In this paper we proceed to discuss the previous
questions and compute the meson and baryon matrix elements of the scalar densities by
writting them in terms of quarks and carrying out the computation in the bag model.
Furthermore, we then calculate the symmetry breaking parameter and the ¢ terms in this
model by making use, additionally, of PCAC.

* Address: Instytut Fizyki Teoretycznej UW, Hoza 69, 00-681 Warszawa, Poland.
(457)



458

2. Notation

In the bag model, the ground state wave functions are given by
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in the case of antiquarks. In the above equation we have defined
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Furthermore, N(x) is a normalization factor which is given by
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with « defined as
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where R is the radius of the spherical cavity, m is the quark or antiquark mass and

x = x(m,R) is the smallest positive root of the equation.

X

tan x = )
1 —mR—~[x*+(mR)*}*

(2.7)

We start by writing down the chiral symmetry breaking Hamiltonian 5" in the (3,3)®(3.3)
representation in the form

H' = ol + Egllg, (2.8)

where the scalar and pseudoscalar densities u; and v; may be expressed in terms of quark
fields as u; = gl;,qg and v, = §l;ysq, respectively. In particular, v, and ug may then be
expressed as

Uy = \’,/%(ﬁu+(_id+§s) (2.9)
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and
ug = JUau+dd—2ss). (2.10)

In the above u, d and s denote, as is customary, the up, down and strange quarks, respec-
tively. In the following we shall only make use of the operator properties of u; but make no
further assumptions as to the structure of its matrix elements. Furthermore, one also
obtains, as customary

m2 = (n|AH'|n> (2.11)
and
mi = (K|#'|K> (2.12)
upon making use of PCAC for mesons, or
mg = {B|#'|B) + m, (2.13)

for baryons, where m, is the chiral invariant contribution to the baryon mass.
To calculate the matrix elements in Eqgs (2.11) and (2.12), one then makes use of the
bag model. For this purpose, we need the relation

CPJui|Py = 2m, y<P,| | u(x)d’x|P,>g (2.14)
Bag

where |P,> denotes a covariantly normalized pseudoscalar meson state, |P,>5 the cor-
responding pseudoscalar meson state in the bag model (normalized to 3(P,|P,>5 = 1), m,
its mass and u; a scalar density.

3. Calculation

We now proceed to compute the matrix elements in Egs (2.11), (2.12) and (2.13)
in the bag model. We thus obtain

s{T| f uo(x)d3XIﬂ>B = 2a, \/% s 3.1
Bag
plntl § ug(x)d’x|ndy = 2a, %, 3.2)
Bag
s<K]| Bf uo(x)d’x[K)p = /% (a,+ay(R)), (3.3)
ag
and
s<K] Bf us()A*x|K>p = /1 (a,—2a,(R)) (3.4)
for mesons. Similarly, we also obtain
<P Bj uo(x)d’x|Pyg = 3a, /2, (3.5)
ag
<P j ug(x)d’x|Pyy = 3a, %’ (3.6)

Bag
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s<Z| Bfa . uo(¥)d’x|Z>p = 2a,+a,(R) V%, (3.7
s<Z| Bj; i ug(x)d’x[Z>p = (2a,—2a,(R)) /%, (3-8)
s¢El B{ guo(x)d3XIE>s = % (a,+2a,(R)), (3.9
and
<&l B£ i us()dx|E>p = /1 (d,—4a,(R)). (3.10)

In the preceding a, and a(R) denote the contributions to these equations from the non-
strange and strange quarks and antiquarks respectively and may be expressed in the form

1
a, =
2(x—1)

(3.11)

and

w+2mRw—2my
a(R) = -, (3.12)
20(w@R —1)+m,
with a nonstrange quark mass equal to zero, a strange quark mass m, equal to 0.279 GeV,
and where R and w have the numerical values given by the fit of Ref. [3]. For the matrix
elements in Egs (3.1) to (3.10) we thus obtain the following numerical values:

s<$nl [ ug(x)d’x|ndp = 0.78, (3.13)
Bag
s<$nl | ug(x)d’x|ndg = 0.55, (3.14)
Bag
s<K| | uo(x)@x|K>5 = 0.89, (3.15)
Bag
s<KI| | ug(x)d’x|K)p = —0.43 (3.16)
for mesons, and
8<P| | uo(x)@x[Ppy = 1.17, 317
Bag
8P| | ug(x)d’x|Ppy = 0.83, (3.18)
Bag
s<Z| [ uo(x)d>x[Z)p = 1.33, (3.19)
Bag
sCZ| [ ug(x)@x|Zyy = —0.22, (3.20)
Bag
<& Bj uy(X)d*x|E>p = 1.48, (3.21)
and
5Bl [ ug()d*x|E)p = —1.26 (3.22)

Bag
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for baryons. Comparing, for example, Eqs (3.13) with (3.15) and (3.17), (3.19) and (3.21),
we see to what extent these matrix elements are SU(3) symmetric. Note once again that
these equations involve the matrix elements with respect to bag model wave functions.
Of course, if the matrix elements with respect to covariantly normalized states are used,
we would then obtain a large amount of SU(3) breaking.

Making use of Eqgs (2.8), (2.11), (2.12), (2.14) and (3.13) to (3.16), we are then in
a position to calculate g, and ¢5. We obtain

&o = 202 MeV (3.23)
and
s = —160 MeV. (3.24)

From the above equations we also obtain

£g
¢ =—= —0.79. (3.25)
€o
In the above computations we have used the physical value for the pion mass.

The value ¢ = —0.79, calculated in Eqgs (3.25), is approximately equal to the value
¢ = —0.8 calculated in Ref. [13], making use of different techniques.

In order to check the consistency of the values for ¢, and g5 calculated in Eqs (3.23)
and (3.24) making use of the meson matrix elements, we employ Eqs (2.13) for a proton
state to calculate m, and then proceed to calculate my and mz by means of Egs (3.19) to
(3.22). We obtain:

my = 834 MeV, (3.26)
my = 1138 MeV (3.27)

and
mz = 1334 MeV. (3.28)

From Eqgs (3.27) and (3.28) we thus see consistency of the bag value results for mesons and
baryons.

In order to compare further the bag model predictions with standard chiral symmetry
breaking considerations, we then proceed to compute the ¢ terms for zN and KN scattering.
We obtain:

oI, = (\/2+c) (P| /2 g +us|P> = 104 MeV (3.29)
and
ONN = — (\/2—— ) (Pl 2 up+ \{23 u3—% ug|P) = 151 MeV. (3.30)

The above is to be compared with the experimental values

Onn = 65145 MeV (3.31)
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and
onn = 180+55 MeV. (3.32)

Furthermore, the remaining ¢ terms for meson-meson and meson-baryon scattering may,
of course, be computed in an analogous fashion. In particular, in the case of {n|6™|n)
the result is the same as in Weinberg’s low energy nr analysis and in (3,3)®(3,3), namely,
m;. Before concluding this section, we also wish to note that matrix elements of the type
{Qv,|n>, where v, denotes the pseudoscalar density for the pion in the (3,3)®(3,3), are
not reliably computable in the bag model. Furthermore, from our results for ¢ in Eq. (3.25)
and the standard (3,3)®(3,3) result

m? \/i—i-c Qv >

e N , 3.33
mg  J2—% ¢ QKD (3:33)

we see that the bag model predicts a strong symmetry breaking for {(Q|¢,|P,>.

4. Conclusions

In this paper, we have computed the meson and baryon matrix elements of the scalar
densities in the (3,3)®(3,3) representation by explicitly making use of their expression in
terms of quark fields and the bag model.

In particular, we have computed the chiral symmetry breaking parameter ¢ in the bag
model as ¢ = —0.79. Furthermore, we have also calculated the meson and baryon matrix
elements of the ¢ terms and, for example, obtained for the /N ¢ terms the result oy
= 104 MeV, which is in reasonable agreement with the experimental value.

Note, of course, that in spite of the fact that the nonstrange quark masses are also
here taken to be zero as in the standard Gell-Mann, Oakes and Renner model, we never-
theless do not obtain gl = 25 MeV as in that scheme, in view of the SU(3) symmetry
breaking of the bag model wave functions.

The author wishes to thank J. Katz for stimulating discussions.
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