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Naturalness of the Coleman-Glashow mass relation in the 1ÕNc expansion: An update
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A new measurement of theJ0 mass verifies the accuracy of the Coleman-Glashow relation at the level
predicted by the 1/Nc expansion. Values for other baryon isospin mass splittings are updated, and continue to
agree with the 1/Nc hierarchy.

PACS number~s!: 11.15.Pg, 13.40.Dk, 14.20.2c
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The recent measurement of theJ0 mass, 1314.8260.06
60.2 MeV, by the NA48 Collaboration@1# represents a sig
nificant improvement over the 30-year-old value 1314
60.6 MeV @2#. TheJ0 mass now is known to an uncertain
comparable to that of the other baryons of the lowest-ly
spin-1/2 octet. This improvement makes it possible to t
the precision of the famous Coleman-Glashow~CG! mass
relation @3#

DCG5~p2n!2~S12S2!1~J02J2!50. ~1!

Using the old and new experimental values forJ0 yields
DCG50.3960.61 and 0.2960.26 MeV, respectively: For the
first time, DCG has been measured to have a nonzero va
though only at the one-sigma level. It is of theoretical int
est to understand the size of this breaking. In this Brief R
port, we observe that the experimental value agrees with
theoretical accuracy of the CG relation as predicted in
1/Nc expansion of QCD@4#.

The mass spectrum of the baryon spin-1/2 octet and s
3/2 decuplet was analyzed in Ref.@4# in a combined expan
sion in 1/Nc and flavor-symmetry breaking. It was found th
all of the baryon mass splittings have a natural explanatio
terms of powers of 1/Nc , SU(3) breakinge, and isospin
breakinge8 ~from md2mu) or e9 ~from electromagnetic ef-
fects!. Our analysis differs from the standard flavo
symmetry breaking analysis in that it incorporates the
hanced symmetry of baryons present in the large-Nc limit.
Large-Nc baryons respect an exactSU(6) spin-flavor sym-
metry @5–7#.1 For arbitraryNc , the ground state baryons fi
the Nc-quark completely symmetric representation of t
spin-flavor algebra, which forNc53 reduces to the usua
56-plet of SU(6). The spin-flavor symmetry is broken b
corrections of subleading order in 1/Nc , while flavor sym-
metry is broken in the usual manner. Our analysis in Ref.@4#
showed that the CG mass combination isO(e8e/Nc

2) relative
to the average mass of the baryon56 spin-flavor multiplet,
which is of orderNcLQCD. For Nc53, this result implies

*Email address: ejenkins@ucsd.edu
†Email address: lebed@jlab.org
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that the CG mass combination is predicted to be an orde
magnitude smaller than expected from anSU(3) flavor
symmetry-breaking analysis alone.

In this work, we update the experimental values of ma
combinations affected by the new mass measurement o
J0. First, we briefly review the notation introduced in Re
@4#: The isospinI combinations of baryon masses are d
noted by a subscriptI. Thus, theI 50 andI 51 mass com-
binations of theJ0 andJ2 masses are denoted by

J05
1

2
~J01J2!,

J15~J02J2!, ~2!

respectively. Using the new value of theJ0 mass changes
the experimental values of these mass combinations to

J051318.0760.12 ~was 1318.1160.31! MeV,

J1526.5060.25 ~was26.460.6! MeV. ~3!

The improvement in the experimental value of theI 50 mass
combinationJ0 is small, and does not appreciably affect t
numerical evaluation performed in Ref.@4# of I 50 mass
combinations. Thus, we restrict our attention here toI 51
mass combinations. The remainingI 51 mass combinations
are denoted by

N15~p2n!, S15~S12S2!,

D15~3D111D12D023D2!,

S1* 5~S* 12S* 2!, J1* 5~J* 02J* 2!,
~4!

and the L-S0 mixing parameter. In terms of thes
definitions, the CG mass combination is given
DCG5N12S11J1. There are large uncertainties in theD
isospin mass splittings, so theI 51 mass combinationD1
does not figure in the mass combinations we consider.

As in Ref. @4#, we define therelative accuracy Rof a
linear combination of masses written in the forml 2r ~where
the combinationsl and r are uniquely defined to contai
baryon masses with only positive coefficients! by
©2000 The American Physical Society01-1
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TABLE I. I 51 mass combinations before~old! and after~new! the recent measurement of theJ0 mass.
The relative accuracyR and its theoretical valueRT are defined in the text.

Mass combination R ~old! R ~new! RT RT ~num!

N12S11J1 (1.161.8)31024 (8.467.5)31025 e8e/Nc
2 1.131024

25(S11J1)23(4S1* 23J1* ) (3.660.2)31023 (3.760.1)31023 e8/Nc 1.431023

N12J1 (2.360.3)31023 (2.360.1)31023 e8/Nc 1.431023

5(2N11S12J1)23(4S1* 23J1* ) (0.561.8)31024 (0.661.7)31024 e8/Nc
3 1.531024
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R[u l 2r u/@( l 1r )/2#. The quantity R yields a scale-
independent measure of the breaking of the relation c
pared to the average baryon mass. The theoretical exp
tion RT for R of a particular mass combination is given b
the combined flavor and 1/Nc suppressions of the mass com
bination, which are listed in Table II of Ref.@4#, divided by
Nc since the average baryon mass isO(Nc

1). As an example,
RT5e8e/Nc

2 for the CG combination. If the 1/Nc expansion
is natural, thenR/RT should be a number of order unity.

In Table I we present values ofR andRT for the four mass
combinations depending uponJ1 in Table II of Ref.@4#. We
obtain numerical values forRT by taking e'1/4 and e8
'1/35 ~and of courseNc53); these are typical values on
finds for flavor breaking in the meson mass spectrum,
one could also in principle fit to them using the observ
baryon masses. One sees first that only the CG combina
central value changes substantially from the improvemen
theJ0 mass measurement, although three of the four un
tainties drop significantly. Most importantly, one observ
that the combined 1/Nc and flavor expansion continues
explain the size of the mass combinations in a natural wa
is also clear from Table I that the agreement ofR and RT
would simply fail without the explicit 1/Nc factors.

The improvement in the measured value ofJ1 also per-
mits a better estimate of theL-S0 mixing parameter. Using
Eq. ~4.10! of Ref. @4#, we find
07790
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LS05
1

2A3
~J12N1!521.5060.07

~was21.4760.17! MeV, ~5!

up to a theoretical uncertainty ofO(e8e/Nc
2) times the aver-

age baryon mass, which yields a comparable theoret
error.

In summary, the newJ0 mass measurement leads to
one-sigma determination of the magnitude of the Colem
Glashow mass combination. The current experimental va
of the CG mass combination is naturally explained in t
1/Nc expansion, which yields an additional suppression f
tor of 1/Nc

2 beyond flavor symmetry-breaking factors; a
SU(3) flavor symmetry-breaking analysis alone fails to e
plain the observed accuracy of the CG mass combinat
Further testing of the mass hierarchy predicted in the co
bined 1/Nc and flavor-symmetry breaking expansion is po
sible by improving the measurements of isospin mass s
tings in the decuplet, particularly those of theD baryon.
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