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Chiral QCD, general QCD parametrization, and constituent quark models
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Several recent papers, using effective QCD chiral Lagrangians, reproduced results obtained with the general
QCD parametrizatiolGP). These include the baryd@it 10 mass formula, the octet magnetic moments and the
coincidental nature of the “perfect’s,/u,) = —(3/2) ratio. Although we anticipated that the GP covers the
case of chiral treatments, the above results explicitly exemplify this fact. Also we show by the GP that, in any
model or theory(chiral or nonchiragl reproducing the results of QCD, the Frank{i@oleman-Glashoyvsum
rule for the octet magnetic moments must be violated.
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I. INTRODUCTION: CHIRAL RESULTS AND GP RESULTS renormalization point for the quark masses can be selected at
will in the QCD Lagrangian. The GP is compatible, in par-
(1) In a recent publication Duraret al.[1] (see also Ref. ticular, with a quasichiral Lagrangigwith light u,d quarks
[2]) derived, by an effective chiral Lagrangian, the sa8ne if the latter does not violate the properties of the QCD La-
+10 baryon mass formula that, using the general QCD pagangian. By integrating over the virtugh and gluon vari-
rametnzauon(_GP) [3,4], had been obtgmed_m Reb] and ables, the method parametrizes exactly the results of the
red|scus_sed in Refl6]. Also they derlvgd n Ref[l]_ar_l QCD calculations of various hadron properties, expressing
expression for the baryon ogtet magnetic moments §|m|Iar t?hem in a few body language. It allows to write, almost at
that obtained with the GP in Ref$3,4,6,9. They kindly first sight, the most general expression for the spin-flavor

acknowledged all this in Refl]. "
9 iL] structure of quantities relevant to the lowest baryoBs (

(2) These interesting results of Duraatlal. add to that of ;
Leinweberet al. In Ref. [7] (see also Ref[8]) they show +10) and mesons. Unexpectedly one finds that, for the low-

that, in a chiral description, the fact that the ratiop)/ w«(n) est hadrons, the GP is characterized, usually, by a rather
is so near to— (3/2) [the nonrelativistigNR) quark model ~Small number of terms. _ _ _
resulf] is coincidental. We agree: In fact we reached the same A consequence of the GP is that it allows to know if a
conclusion by the GP methdd,6,9] independently of a spe- Cconstituent qguark model is consistent with QCD. For any
cific chiral description. given property under studymasses, magnetic moments,
(3) Another point discussed recentfg.g., Refs[10,11]) etc), it displays the result of QCD as a parametrized spin-
is the Franklin sum rul¢12] for the octet baryon magnetic flavor expression. The termiand only the termspresent in
moments. The revived interest in the rule is due to the facthe GP are compatible with QCD.
[10] that according to a chiral quark model, the Franklin rule  Of course, solving QCD(if one could do that would
should be exact, while experimentally it is not. The GPexpress all parameters in the GP, in terms\@fcp and the
shows that, in fact, the rule is violated by two specific first-masses of the quarks. But much can be understood even if
order flavor breaking terms, present in the QCD but not inone is unable to calculate by QCD the values of the param-

the chiral quark modelQM). ~ eters. This goes as follows: Consider, e.g., the masses of the
(4) The GP explains the Pondrom [fit3] of the magnetic  |owest baryons &+10). Neglecting the electromagnetic
moments. (e.m) corrections and the,d mass difference, these are 8.
But there are only eight GP parameters in this case; so they
IIl. THE GENERAL PARAMETRIZATION OF QCD can be empirically determined. After doing this, a hierarchy

in the parameters emerges: The parameters multiplying spin-
The methodGP) [3,6] is derived exactly from the QCD flavor structures of increasing complexity are smaller and
Lagrangian exploiting only few general propertiesAl-  smaller. This is true for any quantignot only the masses
though noncovariant, the GP is relativistic. Al$6] the  Often this hierarchy allows us to neglect some terms in the
GP; in particular, it explains why the nonrelativistic quark

model (NRQM) [14] works.
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These ard1) flavor breaking is due only to the mass term in the
Lagrangian,(2) only quarks carry electric chargé€3) exact QCD
eigenstates can be put in correspondeffioe baryons to a set of
three quark-no gluon states d¢for mesong to a set of quark-

Ill. THE 8 +10 MASS FORMULA: A COMPARISON
WITH THE CHIRAL RESULTS

antiquark-no gluon states, afé) the flavor matrices in the electro- ~ The parametrization of the massklg’s of the 8 and 10
magnetic(e.m) interaction and in the flavor breaking term in the baryons igfor the notation and use of E¢l) see Refs[5,6];
QCD Lagrangian commute. only the combinatiora+b enters in the massgs
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“parametrized mass The results of Durand et aJ1] (see Sec.)lare obtained
using an effective chiral QCD Lagrangian and heavy baryon
:A+BZ PS+ CE (Ui,ak)JrDz (o) chiral perturbation theory. They So reobtain our mass for-

' i>k >k mula[Eq. (3)] (our T is their ayy- in their Eq.(3.38; they

did not, however, extract the e.m. corrections from their sum

X(PS+PH+E >, (0i-0y) P+ aY PSP} rule).? Of course this result of Ref1] was expected. As
17k 1=k stated in Sec. Il, the GP is compatible with any relativistic
chiral description, satisfying the listed general properties of
+b2 (0, o) PSPS QCD (for the pion field in the chiral Lagrangian, compare

i~k the end of Sec. 1Y/ But it is interesting to see this in prac-
tice, especially in view of the heavy calculations in the chiral

tc S (o o) (P+PYPSHAPIPSPS. (1)  treatment of1,2]°

i (%g(ﬁ)j Clearly the work of Duranet al. also confirms indirectly
1

(i>k)

the existence of a hierarchy, as shown by the fact that they
In Eq. (1) PS is the projector on the strange quark and thefeéobtain our mass formulfEq. (3)] which is due to the

flavor breaking termAmyPSy in the QCD Lagrangian is Smaliness Ot’.d in Eq.(2). L . -
taken into acc%unt to alliyorclir//ers mszm m gno r?"natter As to the hierarchy in the GP, its field theoretical basis is
S L]

how large isAm; thus Eq.(1) includes all orders in flavor discussed in Ref4]. The terms in the GP can be related to

- - : lasses of the Feynman diagrams in QEy. 1 of Ref.[4]).
breaking. The value§n MeV) of the parameters in Ed), ¢ 2 ' )
obtained fitting the baryon masses, &5 The decrease of the coefficients that multiply terms with

more quark indices is duél) to the increase of the number

A=1076, B=192, C=45.6, D=—13.8+0.3, of gluons exchanged?) to the fact that each flavor breaking
P} also carries a reduction factor. Above we saw this for the
(a+b)=—-16+1.4, E=5.1+0.3, c=-1.1+0.7, masses. Indeed the values in E2). show that in Eq(1) an
additional pair of indicegcorresponding to at least an addi-
d=4-+3. (2)  tional gluon exchange between quark linesplies a reduc-

tion factor in the range from 0.22 to 0.34,6]. (One gets
The hierarchy is evident. The valué¢8) decrease rather 0.37 using the pole values of the decuplet masses as we did
strongly with increasing complexity of the accompanyingin Eq.(2) and 0.22 using the conventional valyeEhe range
spin-flavor structure, so that one can negleeindd in Eq.  of values 0.20—0.37 covers all the hadron properties exam-
(1) and obtain the following mass formul&], a generaliza- ined so far. We will adopt usually 0.3 for the reduction factor
tion of the Gell-Mann—Okubo formula including octet and due to “one gluon exchange more”. The flavor reduction
decuplet: factor is in the range 0.3-0.33. Our reduction factd.3 is
) _ ) just anempirical number derivable in principle from QCD.
F(p+E®+T=3(3A+237-30). (3)  Some papers relate this1/3 to the 1N, expansion. We do
not see similarities between the basis of the GP, that refers

The symbols stay for the masses anig the following com- only to the N,=3 sector, and the W, expansion(see Ref.
bination of decuplet masses: [15]).

T=E* —1(Q+3*). (4)

Because of the accuracy reached, we wrote (Byso as to IV. THE MAGNETIC MOMENTS OF THE BARYON
be free of electromagnetic effects before comparing it to the OCTET

data.[The combinations in Eq(3) are independent of elec- 14 first order in flavor breaking the parametrized mag-

tromagnetic and ofng—m, effects, to zero order in flavor hetic momentav,(B) of the octet baryon® derived from
breaking fn;—m).] The data satisfy Eq.3) as follows(us- QCD arenecessarilynotation in Ref[6]):
ing the pole values, in MeV, of the masges

Ihs=1133.86-1.25, rhs=1133.930.04 ®) 2t is only after doing this that the agreement becomes striking, as

in Eq. (5) above.

3In Ref.[1] (E) “the parametefl” should be read as “the quantity
T” [in fact T is defined by Eq(4)]. Also the statement from “so is
not to be used” to “Our approaches differ in that respect” is not too
clear to us, because ofliris identical to their&MM, (except that we

tities in th cDL ) th . K included the e.m. correctionslf the above statement means that,
quantities in the Q agrangian, the running quar _masse\ﬁlith the chiral effective Lagrangian, thedividual baryon masses

and the dimensionaimass parametAer/.\EAQCD; for N can be calculated in terms of the couplings introduced in the La-
stance, A= AA(m/A,ms/A) where A is some function. grangian, this may be true in principle; but, as in many chiral treat-
Similarly for B,C,D,E,a,b,c,d. ments, uncertainties often arise in practice.

an agreement confirming the smallness of ¢he terms ne-
glected in Eq.(1) (with the conventional values of the
masses the agreement is similar

Of course(Ref. [6]) a full QCD calculation, if feasible,
would express eachA(B, ... ,c,d) in Eq.(1) in terms of the
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7 ~ ~ ~ ~ ~ ~
- 3t =9,+(1/9)(g,— 49,— 405+ 89+ 89-),
M(B)= 2 9,(G.)., ® ' 2 TR TR
3" =—(13)(g1+203) + (1/9)(9,— 474+ 205
where - -
—495—477),
— . — PSS/ - ) ~ ~ ~ ~
Ci=2 Q. GmZ QP Go=2 Qe E0=—(2/3) (1~ 8) + (19)(~ 43, 23,4

+4§5_8§6+ 10g-),
G“:;k QiPfoy L -
E~=—(U3)(9;+293) + (1/9)(—49,— 20,

G5=2k QkPioy, Ge=2k QiPya, —805—206—297),
i1# i #
and
GF%k QiPjor @) w(SA)=—(13)(T1— 93+ Ge— ). (11)

From the Particle Data GrouDG) values of the magnetic

In Eq. (7) Q; is the quark charge. It is understood that the
a.(1) Qi i au g S U momentg 16] we obtain

expectation value of the rhs of E¢) on the octet spin-
flavor stateswWg (compare Ref[6]) must be taken. Eight
G,’s appear in Eq(23) of Ref.[6]; but due to the following
Eqg. (8), holding for the expectation values of tl&,’s in
Wg’s (see Ref[9]), Go=Tr{QP®]Z, 0, is expressed in terms
of the G,’s with »=1,. .., 7, thus the sum in Eq(6) con- In Eq.(12) the hierarchy is apparent. The average value of
tains seven terms; their coefficierds differ inappreciably  the one gluon exchange reduction factor derived from the
from the g, multiplying the G,’s. This is a very general a5 of|~ SIS i

v v ° Jsl,9s|,|g4| is 0.25, having adopted 0.3 for the
consequence of QCItompare the evaluation of the quark flavor reduction factofthis is 0.33 from the ratio o|f§2| and

loop effect in Ref[17]): ~
|g4]). Here we go on using 0.3 for both reduction factors;

0,=2.793, 9,=-0.934, g;=-0.076, g,=0.438,

05=0.097, gg=—0.147, g,=0.154. (12)

Go=—3G;1+3G,— 2G5+ 3G+ : G+ :Gg+ 3G;. doing so, the maximum discrepancy between estimated and
(8 empirical values is 2.5 for eadiy,| with v=4,5,6.
Though theG,’s look nonrelativistic, Eq.(6) is an exact An exception i gs|=0.08. This is much too small: One

consequence of full QCIto first order in flavor breaking  €xpects from the hierarchy 2.%9.3=0.84, a value ten
We repeat this to avoid misinterpreting E@) as a sort of ~fimes larger. We discuss this in Secs. V and VI.

generalized NRQM. Note the relative dominanceﬁ@fand A comment tothe Ppndroms fpur—parameter fit.3] ,Of _
~ . . . the baryon moments is appropriate here. Pondrom’s fit is
g, in the sum in Eq(6) [see Eq.12) below]; this explains

he fairl d fit of th : i based on the conjecture of assigning to the quarks different
the fairly good two-parameter fit of the naive NRQM: magnetic moments in different baryons and assume additiv-

~ ~ ity. But these assumptions lead to the following approximate
M2(B)=01(G),+02(G2), (NRQM). ©) empirical relationgholding to +0.1):

We now compare the above results with the chiral treatment _ - - _S*y=~n =4 =0_
of Durand et al.[1]. It is notable that the latter produces (2Rp=n, (VA(X"=27)=n, E"+(195"=2A,
precisely seven terms for the octet baryon magnetic mo- (13
ments, to first order flavor breakintheir Egs.(4.6)—(4.12)] The Eqgs.(13), of course, reduce from 7 to 4, the number of
written in terms of the Pauli spin matrices, similarly to ourg 's. One thus finds that the GP plus the smallnespf
Egs.(14) (their symbolsM are ourP®). Their severm's are  eyplain why a four-parameter fit is rather good, indepen-
linear combinations of ou@’s. In their footnote 14 a relation  gently of any symmetrya question raised in Ref13]). Fi-
appears similar to our EG8). _ _nally, the fit[13] gives u(XA)=—1.61. The GP formula
In the folpwmg we will need the magnetic moments in (11) gives insteagk (3 A) = — 1.48+0.04. Experimentally, it
terms of theg, 's. From Eq.(6) we get(the baryon symbol is|uw(2A)|=1.61+0.08; errors are still large.

indicates the magnetic moment To go on with the comparison to the work of Duragtdal.
. [1], a remark on the pion exchange terms in a class of cal-
P=01, culations of the baryon moments is necessary. For instance,

o for the p andn momentsM,(p,n), a typical such term is
n=—(2/3)(91-9s), (10

A= — (1331 Tt ToTo. Mopn)=-- a2 (aXonXn)s, (14
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where the dots in Eq(14) refer to the contributions other constituent model obtained from QCD shows that this is
than pion exchange andis some coefficient. Because in the not additive (for the importance of nonadditivity see also
QCD Lagrangian only the quark and gluon fields interveneRef.[19]).

(not those of pions the question arises of the meaning of (2) Cloet et al. [8], referring to the GP as “something a
such pion exchange terms. The ansvese Ref[18]) is that  little more sophisticated than the simplest constituent quark
they simply duplicate terms already present in the GP; theynodel,” add a statement on “the need to incorporate meson
can be always incorporated into them. It is cloud effects into conventional constituent quark models.”
There is no doubt that constituent quarks must be dressed,
but this was already there in the old additive NRQDI4].

The GP incorporates aﬂaand gluon effect$3]; in particu-
lar, the magnetic moments of tl&baryons in the GP are

Durand et al.[1] showedthat all pion exchange magnetic those ofany possibleconstituent quark model compatible

moments could be rewritten in terms of their seven quantitiegs‘i iittBeQn)CE])l,Jaerrlgowed with the correct “dressing” of tiieon-

m’s (their Egs.(4.6)—(4.12 in Ref. [1]), which are simply . . .

certain linear combinations of o’s. We found this result TO_ conclude, the chiral Lagranglans of Duraem_lal. and
[from their Eq.(4.29 to their Eq.(4.36)] interesting also of Leinweberet gl.produce results in agreement with the GP.
because it confirms the GP on this rather subtle point; th sto t.he question, what about the pion field that appears in
pion loops in the chiral treatment of RéfL] are eliminated the chiral Lagrangians of Ref$l] and[7], but not in the

hani h ival hat of @g.  QCD Lagrangian(where the pion is not an independent
by a mechanism that must be equivalent to that of &) field), this has been answered in Sec. IV for the magnetic

moments and a similar argument should be true for the

V. THE COINCIDENTAL NATURE OF THE massegas shown by the results of Réfl]).
“PERFECT”

3/2 PREDICTION FOR |p(p)/p(n)|

2k (X 0y) (7. X 1) 3= — 8G, + 4G3. (15)
I#

VI. PARAMETRIZING THE MAGNETIC MOMENTS

Equation(6) of the GP for the magnetic moments, applied OF THE DECUPLET: p,n,A

to p andn, gives We apply now the GP to the magnetic moments ofAte

in addition top,n. This clarifies further the mechanism pro-

M(Nn,p)=0,G1+093G3=0:> Qioi+793>, Q0. ducing accidentally a small value @f; (noted in the past
i i#k section and thus the coincidental nature bf(p)/w(n)]
(16) =3/2. Also we obtain some results on theés. The general

5 QCD spin-flavor structure of the magnetic moments of
In Sec. IV we noted that; is ten times smaller than the p,n,A’s is [3,9]
value 2.7% 0.3=0.84 expected from the hierarchy; the other

5;5 (with v=4,5,6) differ by no more than 2.5 times' from w(B)= 2 [@Qy+ 8(Q,+Q3)] 0,
their expected values. Due to this, we suggested in Refs. perm
[4,6,9 that the early prediction of the NRQM14]
| (p)/ m(n)|=3/2 is coincidental. IndeefEq. (10)] it is +[BQ1+¥(Q2+Q3)]o1,(02- 03). (18
- e Equation(18) is the same as Eq62) of Ref. [3]; «,5,8,y
|w(p)/ u(n)|=—(3/2)[91/(91—9a)], (17 are four real parameters. The sum over peitations in Eq.
(18) means that to termil23 one add¥321) and(231).*
so that| u(p)/x(n)| depends critically 0@3, the coefficient We adopt the “standard” hierarchy for the parameters
of the secondnonadditive term in Eq.(16). a, 8,8,y with the reduction factor 0.3 for one more gluon

Recently Leinwebeet al. [7] reached the same conclu- €xchange; but because this factor for the magnetic moments
sion that the almost perfect 3/2 prediction is coincidental. Ins between 0.2 and 0.3, see the remarks in Sec. IV after Eq.
Ref. [7] |uw(p)/m(n)| is calculated in a chiral QCD pertur- (12), we widen the error i, the largest parameter after the
bation theory, dynamically broken by pions; the above ratiodominant onegw:
varies from 1.37 to 1.55 as the pion mass varies from 0 to
=280 MeV (corresponding to “a variation of current quark |6/@|=0.20.3, |B/8[~0.3, [y/6]=0.3. (19
mass from O to just 20 MeV). Again, as with the work of _ 5
Durand et al., the chiral conclusion agrees with that from theFrom Eqgs.(18), (16) we obtain forg, andgs,

GP. We try, however, to clarify some statements in Ré&i.
and in Cloetet al.[8]. 01=a—3B-2y, gs=6—pB—4y. (20)

(1) The assertion in Ref.7] that “within the constituent
quark model the ratipu(p)/u(n)| would remain constant at
3/2, independent of the change of the quark mass” is correct4n Ref. [3] correct the following misprints: In Eq(63) insert
only in an additive model, such as the original NRQM}.  (-25) in the second square brackets; in E§6) write F= 85— 3
The GP expressiofiL6) for the p,n magnetic moments in a —4v; in Eq. (64) (Q term) replace— 2y with + 4.
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From Eq.(16) one has for the magnetic momenfsi), now  where it is
indicated by the particle symbols, expressed in proton mag-

netons: 3, =u(p)— (N +u(E)—w(E")+u(E®)—u(E).
p=(a—3B-2y), n=—(23(a—6—28+27). (25
(21) Because in chiral models of baryons of the Manohar-Georgi
Hence type (YQM) the rule of Eq.(24) should be satisfiefl0], but
in reality it is violated:
(n/p)=—2/31+(—6+B+4y)lp]. (22
s ,=0.49+0.03, (26)
Thus the deviation ofn/p| from (2/3) is determined by the
term in square brackets in E(?2). If it were not for the  some work has been dofi#0,11] to understand the reason
second-order term¢B+4y) with 8 and y of order (0.3f  for this fact. After showing that in & QM the rule (24) is
(three indices the dominant deviation would be of order satisfied, Lindeet al. consider several extensions of the
|6/p|=0.25+0.05; that is, 20~30 % of the “perfect” value QM (several phenomenological modelsat break the rule.
2/3. To summarize, the mechanism giving ¢p/n)| a value  We refer to Refs[10,11] for many references and a descrip-
so near ta(3/2) is this: In Eq.(22) (B+4vy) almost cancels tion of the models.
(=96) (which is >0), producing, accidentally, n{p)= Here we will only show that it follows from the GP that
—(2/3) to a few percent. One can also show tBaéandy  the rule is necessarily broken by two specific first-order fla-
must have opposite signs ane0. This is derived by using breaking termsgs andgs. Indeed, using Eqg10), (12),
the (A—py)o matrix element extrapolated to vanishing j s
transferred photon momenturk<€0) that we know experi-
mentally. We do not enter on this hefeompare[9] where, o~ o~
however, some data must be changétere we just give the 2,=2(95—9e). (27)
approximate values af, 8,8, v. Itis «=3 and the values of -
5,8,y [affected by the errors stated in EQL9)] are 5=  With theg,’s given in Eq.(12) the rhs of Eq(27) is in fact
—0.75,3=0.25, y=—0.25. (0.49+0.03).
One more point: From qug) one can also express in The interest of the above deduction stays in its conclu-

terms ofa, 8, 8, y the magnetic momenis(A) of theA’s. It~ Sion: . _ _
is Any Lagrangian or phenomenological modehiral or

nonchira) designed to reproduce the result of the exact QCD
p(A)=(a+25+B+2y)Qar=[u(p)+25+4B+4y]Q, . Lagrangian violates the FranklifColeman-Glashoysum
(23) rule for the octet baryon magnetic momeifitand only ifthe
coefficients of the flavor breaking tern@ and Gg do not
vanish and their difference does not vanish. In such case the
model must be built in such a way that® (- ge) is equal to
the experimental value 0.49.03. All other parameters,

large. Of course, it ige(A*T)=2u(A"). We stress that, in multiolvi : -

S . - plying G, with v#5,6, even the flavor breaking ones
general, it isu(A%) =kQ+¢, but ¢ is negligible[17] be- with v=2,4,7, do not produce violations of the rule.
cause it is a Trace term strongly depressed by the exchange Y
of several gluons needed by the Furry theorem.

In view of the above, the magnetic moment of the singly
chargedA *, w(A™) (the coefficient ofl,), is expected to be
appreciably smaller thap(p), but the error on its value is

VIIl. CONCLUSION

VIl. SOME REMARKS ON A SUM RULE FOR THE In Ref.[6] we stated that the general QCD parametriza-
BARYON OCTET MAGNETIC MOMENTS tion (GP) explains why a large variety of different theories

Long ago Franklin[12] suggested a sum rule for the @nd modelsincluding relativistic chiral theoriesmay work
baryon octet magnetic moments that is often called thuccessfully. Now, thanks especially to the treatment by Du-
Coleman-Glashow rule, since it has the same form as theandet al.[1] of the baryon masses and magnetic moments,
Coleman-Glashow rule for the electromagnetic mass differ"Ve have an explicit detailed confirmation that the GP covers

ences. Franklin’s rule is (see also Ref[7]) the case of the relativistic chiral field
theories, provided that such theori@s model$ are compat-
2,=0, (24)  ible with the general properties of QCD.
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