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Improved tests of relations for baryon isomultiplet splittings
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The least well-known octet baryon massMszo=1314.9-0.6 MeV. The prospect of an improved mea-
surement of its mass by the KTeV experimental program at Fermilab, and opportunities for improvements in
charged and excited hyperon aidnass measurements, makes it timely to reexamine descriptions of isospin
splittings in baryons containing light quarks. It is possible by examining such relations as the Coleman-
Glashow relationM ,—M+Mz-—Mgo=My-—My-+ to distinguish between those models making use of
one- or two-body effects involving quarks and those involving genuine three-body effects. A hierarchy based
on an expansion in W, , whereN. is the number of quark colors, is useful in this respect. The present status
of other quark-model mass relations involving->° mixing and the baryon decuplet is also noted, and the
degree to which one can determine parameters such as quark mass differences and individual electromagnetic
contributions to splittings is discussd&0556-282198)00809-1

PACS numbd(s): 13.40.Dk, 12.39.Jh, 12.40.Yx, 14.20.Jn

. INTRODUCTION accuracy, perhaps tv0.1 MeV[7]. At the same time, a new
round of experiments with hyperon beaf8s9] is capable of

The electromagnetic mass splittings of the baryons in thémproving information on Z~ and hyperon resonance
flavor octet of SU3) can be understood as a result of severaimasses, while experiments at the Continuous Electron Beam
effects in the quark modela) The u and d quarks have Accelerator Facility(CEBAF) can improve our knowledge
different masses, affecting both static and kinetic energiessf A resonance isospin splittings. The need for such im-
(b) The quarks in a baryon have pairwise Coulomb interacprovement has been stressed recently in Rif].
tions. (c) The strong hyperfine splittinggunderstood after We begin in Sec. Il with a general discussion of quark-
the advent of quantum chromodynami{@CD) as being due model effects on isospin-violating mass differences, ending
to the chromomagpnetic interactions between quicks dif-  up with a derivation of Eq(1) and several other relations.
fer as a result of differeni andd masses(d) Electromag-  These are the most general which follow from the absence of
netic hyperfine interactions between quarks are present. faree-body effect§4]. We discuss the present and potential
sample of the post-QCD literature, from which earlier obser-experimental situation in Sec. Ill and the degree to which it
vations can be traced, is contained in Héf. is possible to estimate the individual contributions to mass

Remarkably, there exist plausible limits in which all thesesplittings in Sec. IV. We remark on sources of possible vio-
effects preserve one linear relation among the masses of thgtion of Eq.(1) and the other relations in Sec. V, comparing

baryon octet of flavor S(3) [2], our work with the more general treatment of Rpf]. We
comment briefly on charmed baryons in Sec. VI and summa-
Mp=Mp+Mz-—Mz0=My —My+, (1) rize in Sec. VII.

despite substantial symmetry-breaking effects in quark

masses. The resistance of Ef).to symmetry violations was Il. ISOSPIN VIOLATIONS IN THE QUARK MODEL

pointed out in Ref[3], and has been noted recently by Jen-

kins and Lebed in the context of aNl expansiori4], where

N, is the number of colors in QCOSee also the later study  Theu andd quarks have intrinsic masses which differ by

by Bedaque and Luty5].) In the present work we discuss a couple of MeV. Typical values at scales of 1 GEM] are

the status and future prospects for testing this relation, anth,=5 MeV/c?, my=9 MeV/c2. Corresponding estimates

indicate what might be learned from any violation of it. We for the strange quark mass range from about 100 to

discuss prospects for improved tests of other relations fo200 MeV/c?>. When quarks are incorporated into hadrons,

isospin-violating effects, including.-3° mixing and baryon more appropriate “constituent” valuegsee, e.g., Refs.

decuplet mass splittings. We note the inherent limitations i3, 12, 13) are m,,my=O(350) MeV/c?, ms=(O(500)

learning individual terms in isospin-violating mass differ- MeV/c?, with my—m, of the order of a few MeW? but

ences. quite uncertain. We shall denote the constituent-quark
The stimulus for our reexamination of a 37-year-old prob-isospin-violating mass difference ly=m,—my. It will be

lem has come from the prospect for a substantial improvea free parameter in our description of isospin-violating

ment in the measurement of t&® mass by the KTeV Col- baryon mass splittings.

laboration at Fermilab. The present valy6] is Mxzo The quarks’ kinetic energies may also depend on their

=1314.9-0.6 MeV, while the next most poorly measured masses. Without detailed knowledge of dynamics, it is diffi-

mass isMz-=1321.32:0.13 MeV. It is very likely that cult to anticipate this dependence. For an effective potential

KTeV could measure th&° mass to comparable or better V=X\r”, the virial theorem(T)={((r/2)dV/dr) implies (T)

A. Quark mass differences
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=\(r*)/2, while the scaling of the Schdinger equation In any color-singlet baryon, Fermi statistics and the anti-
[14] implies (r*)~mg"**? . Thus for a potential witv ~ symmetry of any two quarks with respect to color inter-
<0 kinetic energies increase with increasing quark masgzhange lead to symmetry in the remaining
while for a potential withv>0 kinetic energies decrease (spacespinxflavor) variables. For ground-state baryons
with increasing quark mass. We shall consequently paranwith two identical quarkgincluding those involved in the

etrize kinetic energies simply with labelg, for those con- ~ Coleman-Glashow relationthe two like quarks must hence

tributions which act as one-body operators aﬁglqj for ~ bein a state symmetric with respect to spin, i.e., of spin 1,

those contributions which depend on interactions with eaciR"d hence must have - o) = 1. For any baryon in the flavor
individual other quark. decuplet, such ad ""=uuu (with S=3/2), each pair has

this value, consistent with the res(). For any octet baryon
B. Pairwise Coulomb interactions stateq;q;q; (j#1), one then concludewr;- o) =—2.
Each quark pair in a hadron has a Coulomb interaction ) o )
ener D. Electromagnetic hyperfine interactions
ay
The electromagnetic interaction between quarks in a

1 L . .
AE;j em= aQin< > ) baryon has a spin-dependehiyperfing contribution

E 7
A . 2maQiQ¥(0)y|%(0;-0y)
where a=1/137 is the electromagnetic fine structure con- ' e 3mim; '
stant, Q; is the charge of quark in units of the proton

charge, and1/rj;) is the expectation value of the inverse again assuming universality of the wave functions, we can

distance between the members of the pair. _ parametrize this effect aSE;j yre=cQQ(0- o)/(mim).
In the flavor-SU3) limit one expectg1/rj;) to be univer-

sal throughout a multiplet. Thus, for example, every quark

pair in every octet baryon should have the same value of this E. Summary of effects

quantity. In this limit, we parametrize the interaction energy \ne can now collect all the results for baryon isospin-
AEj; em=aQQ;, wherea is some universal constant. We yjplating mass shifts into quantities organized according to
shall explore the possible violations of this assumption ing,e isospin of the splittings. We obtain seveal combina-
Sec. V. tions, threel =2 combinations, and one=3 combination

[4].

®

C. Strong hyperfine interactions
. . . 1. Al =1 splittings
Quarks are bound in hadrons by a dominantly spin-

independent force which becomes strong at large distances. These are
In addition, they experience a spin-dependent force due to

gluon exchange which acts dominantly on pairs in an S-wave a 1 1
state. For pairs of quarks in a baryon, one hagteong  N;=M,—M =A+K,—Ky+K,—Kgg+ §+b —— —2>
hyperfine interaction energy m, my
cl 4 1
V. (0)|¥ o o hd _
AEI] HES™ ConsKM, (3) + 9 EE Eg)’ (6)

mm;

where|¥;;(0)|? is the square of the S-wave wave function 2;=My+—Mz-=2A+2(K,—Kg)+2(K s~ Kge) + Ky,
of two quarks at zero relative separation, and the constant is

universal for all pairs of quarks in a baryon. In the limit in —Ko— §+b(i— i+ 4 — 4 )
which the hyperfine interaction is given by one-gluon ex- a3 mﬁ mfj mgms ~ myMs
change, this constant is of first orderdny. The nucleom
splitting of about 300 MeW? is an example of a QCD hy- + ¢ (i_ i+ 4 + 8 ) (7)
perfine effect. 9\m; m§j mgms mymg)’
We shall assume for the moment tit; (0)|? is univer-
sal for all quark pairs in octet baryons. We then find a con- 2
tribution to the hyperfine energy AEj; yrs=b(o; E,=Mzo—Mz-=A+K,— Kyt 2(Kye— Kgo) — <a
O'J>/(m|m]) - - 3
The calculation of strong hyperfine splittings in baryons
. : . 4 4 c|/ 4 8
requires evaluation ofc;- ;) for each quark pair. Sincg +b( - ) e ( + ) 8
=3,(0i/2), we use the value ¥ to evaluate the sum of mgms  myMs/ 9 \mgms MM
(oi-o;) for all pairs, with the result
ol ) 5 |
-3 (S=1/2 A30= - ) ;
<2 "i'(’J’> :[ +3 Es= 3/2;]' @ Mol MMel 3 AMdMs - MMl o)
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A1§3MA+++MA+_MAO_3MA:14A+Ku_Kd+Kuu

1 1 c/l 4 4
—z——z)+§(—z——2”, (10

a
—Kggt+ 5+b
i3 m2 md m;  mj

ETEME*Jr_ ME*’=2A+2(KU_Kd)+2(KUS_ de)

K K a b 1 1 2 2
TR Raa= 3+ m m_§+ myMs  MgMg

c( 4 1 4 2 11

9 mﬁ mg myms  mgmg/’ e

2a
*0_M5*7:A+Ku_Kd+ Z(Kus_ de)_ ?

1 1 c 2 4
- )—5( + ) (12)

il
gy
Il
<

I

+2b

myms  MgMg mgms  myMmg
These quantities are related to one another by
NJ_:E]__E;[:EI_EI:A]_/].O, (13)

ZﬁMAEOZEl_EI' (14)

TABLE |. Masses of baryon octet and decuplet members, in
MeV/c?.

Octet Decuplet

Baryon Mass Baryon Mass

P 938.272310.00028 A** 1231.04-0.17
n 939.56563:0.00028 A* 1234.9+1.4
A 1115.684-0.006  A° 1233.77-0.19
P 1189.37:0.07 p 1382.8-0.4
30 1192.55-0.08 3*0 1383.7:1.0
pi 1197.436:0.033  S* - 1387.2+0.5
= 1314.9+0.6 g*0 1531.803-0.32
=i 1321.32:0.13 B*- 1535.0+0.6

This will be useful in eliminating the\™ mass from other
relations, since no value is quoté@] for it. If Eq. (19) is
used, one findd1,+ —Mpo=(1/3)(M,++—M,-)=N; and
Mp++—2Mp++Mpro=Mp+—2Mpo+Mp-=A5/2. These
relations have been employed in many of the studies in Refs.
[1,4,5], and earlier works quoted by them.

4. Discussion

We did not need to expand in powers f—my or mgy
—m, to obtain the above relations. On the other hand, we did

The Coleman-Glashow relatiofl) is one of these; the re- assume universality of quark-model wave functions, i.e., uni-

maining ones require information on the baryon decupletversal values of(1/r;) and [¥(0);;

Equation(14) has been derived in Ref15].

2. Al =2 splittings
These are

S,=My++Ms- —2Ms0=K,+Kgq— 2K g+ a

1 1\%2 c[2 1)\2
— | ==+ =], (15
m, my 9\m, my

+b

AZEMA++_ MA+_ MAO+ MA:2|:KUU+ Kdd_ZKud+a

2
}, (16)
~’ZCEN|2*+‘|' ME*—_ZMEO:Kuu‘l‘ Kdd_ZKud

1 1\? ¢
—_— . — +_
m, my 9

2 1\2

_+_
my My

+a+b

7

These quantities are all proportional to one another:
S,=A,2=35. (19

The Al=2 relation (15 will turn out to be useful, when

|2. Since the quark
masses are arbitrary, the electromagnetic hyperfine terms au-
tomatically will have the same structure as the strong ones,
aside from a weighting of inverse quark masses by quark
charges. As we shall see in Sec. V, one can in fact relax the
universality assumption, replacing it by universality of the
interaction ofany given pairregardless of the baryon in
which it is found. The two-body kinetic terms in fact exhibit
this feature.

The relations for the mass splittings are equivalent, upon
identification of terms, to ones which have been obtained
previously within the context of specific model46,17.
However, as we shall see in Sec. IV, in the present approach
one is prevented from identifying the magnitude of indi-
vidual terms(such as Coulomb and hyperfine self-energies
without making additional assumptions about the one- and
two-body kinetic terms. The relations indeed hold unaer
bitrary forms of one- and two-body quark forces. For spin-
independent-forces this is illustrated by the completely gen-
eral nature of th&; andK;; terms, but it is true when spin is
included as well. This was, in fact, noted before the advent
of QCD[18,19.

I1l. EXPERIMENTAL SITUATION
A. Present

The individual masses of members of the baryon octet

combined with the others, in determining the individual con-gnq decuplet are summarized in Tablgs]. The measured

tributions to the mass splittingSec. V).

3. Al =3 splitting
One combination of th& masses vanishes:

A3EMA++_3MA++3MAO_MA—:O. (19)

values of the octet mass splittings are

N,=—1.293 MeVk?, 3,=-8.07+0.08 MeV/c?,

E,=-6.4+0.6 MeV/c?, 3,=1.71+0.18 MeVL?.
(20)
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The left-hand side of the relatiofl) is 7.7+ 0.6 MeV/c?, The relation (14) predicts M(AX%)=-1.06

consistent with the right-hand side of 8:00.08 MeV/c?. +0.19 MeVIc?. A test requires one to measure the isospin
The measured values of the decuplet mass splittings arémpurity of the A (or, more difficult, of theX°). One con-

ceivable way to do this would be to study the deviations

from the apparent charge independence in the de2dys

— A, taking careful account of phase-space differences

3Y=-4.4+0.64 MeVk?, E7j=-3.2+0.6 MeV/c?,

*
2;=26+21 Mev/c?. 2D and electromagnetic final-state interactions. One would need
The relation to measure the widths &** to a percent, beyond present
accuracy.
3,—E.(=—-1.67+0.6 MeV/c?) The other relations derived above require reduction of er-
rors in the decuplet masses. Perhaps the best prospects in this
=37 -Ef(=-12+0.9 MeV/c’) (22  respect involve the combinatior} , and %, for which

, - . . , improved values could be obtained in charged hyperon
is satisfied, albeit with large uncertainty, and so is the relabeams at Fermilaf8,9]. Studies ofyp— A+ — 7%p, for ex-

tion ample at the Continuous-Beam Electron Accelerator Facility
3,(=1.71+0.18 MeVic?) = 3% (= 2.6+ 2.1 MeV/c?). (CEBAF), could in principle reduce the error M(A™).
(23)
IV. INDIVIDUAL TERMS
In order to compare relations involving masses, we

must use the vanishing of th&l=3 combinationA; to With assumptions about quark masgég] and kinetic
eliminateM (A ~). We then obtain one relation: one- and two-body termlsqiqj, one can evaluate individual

terms in the expressions for the mass splittings, such as the
M(ATH)—2M(A)+M(A%)=35(=3;,). (24  quark mass differencd =m,—my and the Coulomb and
. . . ) electromagnetic hyperfine terms, in a model-independent
The Ieft-haznd side of this expression iS-5.0 4y (In several earlier studies, dynamical models permitted
+2.8 MeV/c?, not particularly consistent with E¢23). We  egtimates of the magnitude of the kinetic one- and two-body
shall see in Sec. V that the hierarcf4] of mass relations  {erms[16] and hence of.) If one does not estimate kinetic
based on the N expansion moderates this difficulty by terms, the number of parameters is too large to permit a
finding Eq.(23) to be no more accurate th&i,=0 or X3  model-independent evaluation of individual terms.
=0. On the other hand, E§24) with X3 on the right-hand Among the sever| =1 splittings noted in Sec. Il, there
side is expected in the M/ approach to be better behaved by are four relations, and so only three are independent. We
an order of magnitude. It has been noted in R&f)] that the may take these aN,, X,, and(for example 21‘ . Among
value quoted foM(A™) in Ref.[6] may not be reliable. the threeA| =2 splittings there are two relations, and so we
If we combineA;=10N; with A;=0, we findM(A")  may take the best-known on& ) as independent. If we
=N;+M(A°). (We shall discuss the accuracy of this rela- neglect the kinetic two-body terms, we have four experimen-
tion in Sec. V) We can then substitute in E¢24) to find  tal quantities with which to determine the five quantiti®s
(see also, e.g[5]) K,—Kg, a, b, andc, given estimates of the nonstrange
ey O\(— _ 974 2 guark massn=(m,+mgy)/2 and the strange quarks.
M(AT)—M(a%)( 2.1+0.3 Mevic™) Each of the thre& | =1 splittings contains the same com-
=3%(3,)+2N;. (25 bina_tior_14+Ku—Kd. Thus, if we were not concerned with
the individual values oA and K,—K,, we could hope to

The right-hand side is-0.0+2.1 MeV/c? if we useS3  Use one of theAl=1 splittings to eliminated +K,—Ky,

(permitted in Ref[4]) and —0.88+0.18 MeV/c? if we use  leaving three paramete(sssentiallya, bA, andc) to deter-
. mine with the help of three experimental numbers.

A fit to overall octet and decuplet massg<®] leads to
B. Future m=363 MeV/c?, ms=538 MeV/c?, and hencer=m/mg

. . : =0.675. The same fit also implig§=b/m?=50 MeV/c?
The KTeV Collaboration at Fermilaf7] has obtained a (as determined, for example, by the spliting between

Oia 5 _
Iarg_e sample o£™s in a neutral hyperon beam. The d_etec .nucleon and\ state$. Thus we might hope to extract a value
tor is able to observe both charged and neutral particles in

the decay="— m°A — m°ps~. Reasonable prospects exist of A from bA as determined above, and then lerp-Ky

) . 2 as well.

for.lfﬁgurcl'enxsi t&isirr;;)c:c;mElzntgwi;loﬁ%al\s/l:\i/sfctﬁat of tHe . Let us neglect th_e;l—d_ mass difference in_1: terms, and
Experiments in a new charged hyperon beam at Fermilag|0te th?*t theb term in2., is of second order ink. Then we
[8,9] could reduce the errors in this quantity. may write%,;=a-+y and

The prospects are thus good for reducing the error in the
test of the Coleman-Glashow relati¢h) by at least a factor 5 A
of 6, to 0.1 MeVt? or less. This is comparable to the accu- S, 2Ny + =S,=— E*‘Zﬁ —(1+2r)+y(1+4r)/3
racy to which the relation is expected to hold, according to 3 3 m ’
the analysis of Refl4]. (26)
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3, 2a V. SYMMETRY VIOLATIONS AND THEIR HIERARCHIES

A
3 3 +2,6'§(1—r)—2yr/3, (27)

A. Nonuniversality of wave functions
We assumed universal values (dffr;;) and|¥(0);;|* in
where y=c/m?. Now we substitute foa=3,—y in Egs.  deriving the quark-model results of Sec. Il. We found that
(26) and (27) to find hyperfine interactions satisfied our mass relations indepen-
dently of quark masses, indicating that we never needed to
assume equality of the hyperfine interaction between two

B BA vy
31— 2N +3,=2(1+2r) :+§ , nonstrange quarks and that between a strange and a non-
strange quark.(The hyperfine interaction between two
strange quarks never entered into our discussiodlcf 1
BA y mass relationg However, we did have to assume that hyper-
312N +2,=2(1-r) —+ 3/ (28)  fine interactions between members of a pair were indepen-
dent of the environment in which these interactions occurred.

This assumption was equivalent to the neglect of three-body
These two combinations are proportional to one another, seffects.

that instead of being able to solve f8A and y we actually Similarly, we did not have to assume the equality of Cou-
have another mass relation lomb interactions between nonstrange and strange quarks,
but had to assume that these interactions were independent of
S*F-2Ny+3, 1-r the environment in which they took place. To illustrate this,
= =0.14, (290  let us consider tha terms in the Coleman-Glashow relation

—2N;+3, 1+
21m2Ng+ 3, 142 (1). We shall label the contributions by subscripts indicat-

ing the interaction quark pafn for a nonstrange quark arsd
where we have used=0.675. In substituting experimental for 5 strange quajkand by a superscript denoting the particle
values on the left-hand side of this relation, the errodn i which the interaction is taking place. Then the Coulomb
may be reduced by averaging the direct measure®@gnt  contribution toN;+ = is (al,— 2aZ)/3, while that toS ; is
—4.4+0.64 MeVic? with the valueS] =E7+Ny=—4.49 (35 _23>)/3 The only way in which these two terms could
+0.6 MeV/c? to obtainX ] = —4.46-0.44 MeV[?. There- iffer s if two-body forces depended on their environment, a
sult for the left-hand side is 0.040.13. The predicted value jrcumstance equivalent to the presence of three-body ef-
for 7 is —4.82+0.15 MeV/c?, with the dominant error fects.
stemming fromX,. The corresponding prediction fGg} As long as isospin-violating effects are strictly of one-
=37 —N, is —3.52+0.15 MeV/c®. A violation of this re-  hody or two-body nature, all the relations we have derived so
lation could signify(a) the presence of significant three-body far will hold. What would be a likely direction for deviations
interactions(b) a ratior different from that quoted above, or from this circumstance? In the case of the Coulomb interac-
(c) the non-negligibility of kinetic two-body terms. If these tjons jllustrated above, we might expect by considering the
are restored, both the numerator and denominator of the lefig|ative size of reduced-mass effects that a nonstrange pair in
hand side of Eq(29) involve the combination Kus—Kas  thes would be more deeply bound than a nonstrange pair in
*+Kga—Kyg), which is of orderAx [SU(3) breakind and 5 hcleon, and a nonstrange-strange pair in Zhemore

thus is not likely to be appreciable. deeblv bound th : In that Id t
If the dependence of the kinetic terms @ncould be eeply bound than one in In that case we would expec

established, one would have an additional constraint, from a>,—2a >al —2aZ, (30)
which the parameters could be determined. As one example,

if one totally neglected both the kinetic one- and two-body
mass splittings, one could udg, %,, andX, to find A=
—2.57 MeV/lc?, a=3.06 MeVLc?, and y=—1.35 MeV/c?.
This value ofA is rather different from that obtaingd6] by
Isgur (—6 MeV/c?) or Capstick 4.4 MeV/c?), or Itoh

et al. (—3.8 MeVk?), and much closer to that of Franklin

or2;—(N;+E;)>0. The central value of this relation is in
fact less than zero but with large uncertainty.

A similar ordering of effects holds for the strong hyper-
fine terms, with two-body terms contributing with the same
relative signs as in the Coulomb-interaction example. Thus

and Lichtenberg(—2.8 MeVk?) as published, or—2.54 s th iam of the i litv from these t
+0.03 MeVk? with updated massg€7]. These last authors One expects the same sign of the Inequalty from Nese terms.
On the other hand, the electromagnetic hyperfine contribu-

point out, however, that their value of and ours are really - »

the differences of one-body terms including kinetic energiestions toN1, =5, andX, all turn out to be positive, prevent-
for which Isgur finds—3.0 MeVk2. The Coulomb terma N9 one from making such an argument. The two-body ki-
and the electromagnetic hyperfine tegrare rather similar to  Netic termsKq, are of indefinite sign unless one interprets
Capstick’s. If the effective potential between light quarksthem in a specific context, e.g., as reduced-mass effects.
corresponds to a power lawf with »>0, as is appropriate Thus if it is ever found tha®;—(N;+Z=;)<0, a culprit

for light quarks [14], the scaling law mentioned earlier within the quark model may be three-body effects in kinetic
would imply K,>K, for A<O, and hence the inequality  terms or in electromagnetic hyperfine interactions. One
< —2.57 MeV/c?, which is satisfied in the models of Ref. would have to examine specific models in more detail to see
[16]. if such effects really were important.
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B. Comparison with the 1N, hierarchy The result>}/2=E7, as noted in Ref[4], is obeyed to
Jenkins and Lebef#] have presented a view of isospin- 0.0_4%t 0.03%. The d(_afinition of accuracy adopte(_j there,
violating mass splittings, based on a systematic expansion iyhich we shall use, involves writing mass relations as
powers of isospin-breaking and &)-breaking terms and (LHS)=(RHS), with all terms positive; accuracy is then de-
powers of 1N,. It is worth reviewing some of the common fined as(LHS—RHS)/[(LHS+RHS)/2]. The relationX}/2

points and differences with respect to our approach. =N is obeyed to-0.06%+* 0.02%, whileZ} =N, holds to
(1) The 1N, approach is completely general, whereas we— 0.077%+ 0.024%. All these relations are expected to hold
are seeking interpretations within the quark model. to about*0.03%. Thus the results involving; correspond

(2) Jenkins and Lebed expect the Coleman-Glashow relao a slightly worse accuracy than expected, but not at a sig-
tion to be very good. A reduction of errors &y by a factor  nificant level. Improvement of experimental accuracyX3h
of 2 (to +0.3 MeV/c?) should still lead to a relation whichis and E’ would be very helpful in testing the predicted hier-
satisfied to about a standard deviation. We are unable tarchy.
make as gquantitative a statement, having not estimated three- We mentioned previously a relation obtained by combin-
body effects. ing A;=10N; with A;=0, namelyM(A*)—M(A%=N;.

(3) Within the 1N. approach, certain relations are ex- This relation is expected in Rd#4] to be good to+0.03%,
pected to hold to better accuracy than others, and the hieravhile it is observed to 0.11%0.06%. Improved informa-
chy does not always agree with that associated with the numion on theA* mass would be needed to test this result
ber of interacting quarks. significantly. Another such relation iM(ATT)—M(A")

In the 1N, approach the\l =1 relations =3N;,, totally untested at present.

In a study ofAl =2 relations, the N, hierarchy appears

= 0y1— - —4E*)=
39Ny —E;+2V3M(AXY)]-2(A,—331 —4E57)=0 to have more success than our neglect of three-body effects.
(31 The two-body relation
and 355, 2(3A,+3%)=0 (37)
7[N;—E1+2V3M(AX%)]—(A;-331 -4E7)=0 and the three-body relation
(32

73,—(3A,+33)=0 (39
are both expected to hold with the same accuracy, though the
first is based on the suppression of a two-body operator andre expected to hold to the same order, whereas we obtain
the second is based on the suppression of a three-body opnly the second in the quark model. The relations are satis-
erator. In our approach only the second relation holds. Otheiied to 0.10%*+0.03% and 0.11% 0.05%, respectively.
relations based on three-body operators, which consequentyWe have used\;=0 to eliminateM (A ™). The authors of
hold in both approaches, and which are expected to be dRef.[4] obtain slightly different results as a result of differ-
comparable accuracy to the first two, are the Colemanent M(A) inputs] Both approaches obtain the three-body
Glashow relatiorN,—3,;+Z,=0 and relationA,=235 , which is expected in the M, analysis to
be an order of magnitude more accurate than @) or
—7N;—53,+25,+6VIM(AX%)+ A, +23F + ET =0. (39).
(33 Combining Eqs(37) and (38), we find that, to the same

accuracy,
The (three-body relation A;=10(27 —E7) is expected to

be better obeyed by an order of magnitude than the above 3,(=1.71+0.18 MeV?) =0, A,=-3%/3. (39
expressions. Combining only the three-body relations, we _ _
obtain our previous\l=1 results. Including Eq(31), we  The resultX,=0 is good to 0.07%. This may serve as a

obtain the additional results benchmark for the accuracy to which E{®7) and(38) may
be expected to hold. The result,=—35/3, when com-
N;—E,+2V3M(AZ%)=0, A;—33F—-4E%=0. bined withA,=23% (expected to be more accuratenplies
(349  A,=0and>}=0.A,=0, when combined witt ;=0, im-
When combined with previous results, these imply such reE)IIes
lations as M(ATT)—2M(A1)+M(A®)(=—5.0+2.8 MeV/c?)=0,
(40)

M(AZ%)=(2v3) (E;—N;)=—1.47£0.17 MeV/c? _ o
(35) corresponding to an error 6f 0.2%=0.1%. This is slightly
better than the corresponding relati@¥) in our approach
(as quoted in Ref[4]) and, eliminatingM(AX°) from the  (when we use, on the right-hand side The predicted re-
above relation and Eq14), 3,—-3*=E2,-N, or, using lation 33(=2.6£2.1 MeV/c?)=0 is obeyed to 0.09%
other relations expected to hold to the same order, =0.08%. The poorly obeyed relatid@5) is replaced by

S*[2(=—2.2+0.32 MeVk?)=E* (= — 3.2+ 0.6 MeV/c?) M(A**)=M(A%(=-2.7£0.3 MeVic?)
=N;(=—1.293 MeVL?). (36) =2N;(=—2.6 MeV/c?), (41)
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obeyed to—0.005%* 0.014%; the expected accuracy, how- has led us to reexamine predictions for isospin splittings
ever, is only as good as that far,=0, i.e., = 0.07%. within the assumption of one- or two-body effects within the

The 1N, hierarchy suggests that the relatidn=23% guark model. We have shown that the Coleman-Glashow
should be a factor aP(e/N.) more accurate than E€B7) or  relation(1) is expected to be satisfied independently of quark
(38), where e~1/4 describes S(3) breaking. Thus, we mMmasses within this assumption. A deviation from it would
could expect it to hold tox0.01% (or at worst+0.02%  have to be ascribed to three-body effects.

using the numerical estimates of REf]). Using the relation Tests of other relations will require improved knowledge
A3=0 whose errors are negligible by comparison, we findof decuplet isospin splittings(For notation see Sec. JI.
the ensuing relation These include theAl=1 relationsN;=A,/10=3% —E7
and 23M(AXo)=3,—-37, the Al=2 relations>,=3%
M(ATH)—2M(A*)+M (A% (=—5.0+2.8 MeV/c?) =A,/2, and the relatiom ;=0.

We have discussed the degree to which one can isolate
individual contributions to mass splittings, given quark
to be satisfied to- 0.15%+ 0.07%. Reduction of the errors Masses obtained in fits to baryon octet and decuplet spectra
onM(A*) andM(2*°) is necessary to perform an incisive [22]. A model-independent determination of these param-
test of this result. If we use the relatioh(A*)=N, eters is not po§5|ble as a result of the presence of one- and
+M(A%), expected to be good te0.03% as mentioned two-quy kinetic energy terms. Under a r.estrlcted set of as-
above, we find thab (A" +)— M (A% =% + 2N, [Eq. (25 sumptions ozne gbtalns the predlctlonz§3’{ =—-4.82
with 33 should be satisfied ta0.03%, whereas it holds to +0-15 MeVic® and=7 = —3.52+0.15 MeV/®.

—0.05%+0.04%. Here the error is dominated by that of With dynamical assumptions, it would be possible to es-

M(3*9). As noted earlier, some of these conclusions will petimate kinetic terms. One could thereby solve for quantities
’ such as the intrinsic constituent-quark mass differeace

changed if theA™ mass quoted in Ref6] is found to be in
error[10]. =m,—my, the Coulomb self-energy, and the electromag-

netic hyperfine interaction. Knowledge afwould be useful
in evaluating heavy meson decay constants using spin-
dependent hyperfine interactions in tbeand D* systems
Although baryons containing light quarks are the presenf24]. Knowledge of the electromagnetic hyperfine interaction
topic, recent work$20,21] have noted a serious discrepancy term vy, providing an estimate df\Pij(O)|2 in Eq. (5), would
between aAl =2 relation between charmed and noncharmedbe useful in calculations of nonleptonic weak decays of hy-
baryons. The assumptions of Sec. Il lead to the reldi@@h  perons[25] or of proton decay26].
We have compared our approach with that of a systematic
3 o(=—2.0+1.3 MeVIc?) =3 ,(=1.71+0.18 MeVic?), 1/N, expansion[4], where N is the number of colors in
(43 QCD. The presence of two- and three-body operators of

_ ey n 0 . similar order in the M. expansion leads to a hierarchy of
y;:s; frg;i:i E}Ef?onl Ri[Z](,EACs )nJ:)'!\él éi%éoﬁﬁ?:e”;m mass relations somewhat different from ours. That approach
sign of 3., is very difficult to understand in the quark model. suggests that the Coleman-Glashow relation should be good

a . . =" to about+0.3 MeV/c? or better. The M, expansion also
OneAl =1 relation[22] follows from our assumptions: ; = . .
obtains someAl =1 relations which are expected to be as

Sa—2El=3%-28% (44)  9ood as the Coleman-Glashow relation, sucttgs2==7
=Nj. It will be interesting to compare violations of these
where 3, =M ") -M(Z9)=0.8+0.4 MeV/c? [6] and and severalAl=2 relations with that of the Coleman-

Eéle(EéJf)_M(EéO):_1_7i4_6 MeV/c? [23]. (Here  Glashow relation once improved data on decuplet isospin

2. denotes the state in which the light quarks are in a flavorsplittings are available.
and spin-symmetric stajeThe large error on the last quan-
tity prevents any test at present. ACKNOWLEDGMENTS
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