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This paper deals with two issues. First, we explore the quantitative importance of higher multiplets for
properties of theA decuplet in chiral perturbation theory. In particular, it is found that the lowest order
one-loop contributions from the Roper octet and A{@600) to the decuplet masses and magnetic moments
are substantial. The relevance of these results to the chiral expansion in general is discussed. The exact values
of the magnetic moments depend upon delicate cancellations involving ill-determined coupling constants.
Second, we present new relations between the magnetic momentsfotiémiplet that are independent of all
couplings. They are exact at the order of the chiral expansion used in this [ap856-282196)04321-4

PACS numbd(s): 12.39.Fe, 14.20.Jn

I. INTRODUCTION In this paper we discuss the role of higher multiplets for
the properties of the\ decuplet at the one-loop level in

The success of chiral perturbation theoyP) [1] for ~ xPT. We consider theéd(p®) correction to the decuplet
understanding properties of the pseudoscalar mesons is nawasses and th®(p?), one-loop correction to the magnetic
well established?2]. The approach is based on the existencemoments of the decupléthe electromagnetic vertex has chi-
of a systematic expansion in derivatives of the pion’s fieldral power—1, excluding whatever power may be assigned to
and the pion’s mass, whereby_, divided by some large electric charge Our criterion for which multiplets to con-
scale, generated by the theory itself and typicalg=f ., sider is that the average mass splittifigbetween the mul-
becomes the perturbative expansion parameter. For théplet and theA decuplet be less than the mass of the kéon:
purely mesonic sector this expansion is, in fact, quadratic in
the pion’s mass, so that even for the {88) generalization, Sh=|My—M g <mg. 1)
(my/4mf )2 is still a reasonably small parameter.

The application to the baryon sector has, however, fronThis criterion is based on the fact that when it is met, an
the outset been confronted with a variety of difficultj@.  expansion inmy /8, is not justified so that loop effects in-
For example, how to handle the nucleon’s mass was a protyolving these higher-multiplet members as intermediate
lem solved only relatively recentlf4,5]. One unavoidable statescannotbe absorbed into higher-order terms y#®T:*
complication when including baryons is that the chiral ex-Such loop effects place a limitation on any formulation of
pansion is itself more complicatel8,4] than that in the xPT that omits the higher multiplet as an explicit degree of
purely mesonic case, and the expansion parameter is nofteedom,even if the chiral expansion was then executed to
only linear inm, (mg). A second pertinent complication all orders.
involves the issue of resonandces. Following the convention of Ref.13], we set the chiral

Originally, it was conjecture@] that all such resonances power of all§ to be 1. For the case of the nucleon octet Eq.
(and most notably thd) need not be included as an explicit (1) is clearly met,
degree of freedom, i.e., that they could be “integrated out.”

One notably active grouf] has maintained this viewpoift. N=M1p—Mg=226 MeV 2)
Others[7—12] have included the decuplet on the same foot-
ing as the octet, assignifd.3] chiral power 1 to the mass (M,=1377 MeV andMg=1151 Me\), and is indeed the
differenceM;,— Mg. The A degree of freedom was first in- driving phenomenological reason for expecting that the
troduced intoyPT by Jenkins and Manohar in R¢7]. Re-  cannot be ignored for descriptions of the nucleon.
cently, the importance of thé *(1405) for understanding We focus here on the properties of the decuplet as
threshold kaon—nucleon scattering lengths has also been repposed to those of the nucleon octet because of the simple
alized[14-14. reason that the mass splittidy satisfies the criterion speci-
fied by Eq.(2) for at least two resonances.
We will show that the Roper andl(1600) [the so-called
Because of the large mass difference betweemtherd the pion, “Roper” of the A(1232)] has a nontrivial effect on both
as well as the quadratic nature of the chiral expansion, this issugecuplet mass splittings and magnetic moments. We should
does not arise when considering the sector of purely pseudoscal&|S0 note that these results lead to a more general statement.
Goldstone bosons. The effects of theand other such states are
incorporated as part of the needed input coupling constants of the
theory. 3m,] is obtained at this order igPT using the work of Gell-Mann,
2Arguing that for a very limited region near threshold in the Oakes, and RenngGMOR) [17].
SU;(2) defined theory, th&-nucleon mass difference can be con- “4It may be possible to formally sum the contributions to all orders.
sidered large. Such an approach is, however, beyond the contextRF.
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When adding a loop one must also add resonances whodecause one member of the Roper multiplet,®ig has not

masses are within a kaon mass of the resonances alreaggt been identified. To get a reasonably approximate value

included. for its mass, we use the corresponding Gell-Mann—Okubo
The rest of this paper is organized as follows. In Sec. II(GMO) relation[24]

we enumerate the various multiplets considered and their

interactions(and experimentally obtained couplingwith Mzx= 3 M, +(1600 + 3 My« (1660 — My (1440, (5)

the A decuplet utilizing the heavy baryon formalism of Jen-

kins and Manohaf5]. In Sec. lll we present the one-loop, by which one estimates thd =+ =1790. The average value

O(p®) contributions to the decuplet masses focusing on thef the Roper multiplet is thereby

violation to the decuplet equal spacifQES) rule [18], the

_sole quaptity for whi<_:h(PT makes a prediction at t_his order Mg, =%(2M =x+3Msx+ My« +2Mp ) =1630 MeV,

in the chiral expansiof8,13]. In Sec. IV we consider the (6)

one-loop,O(p?) results for the magnetic moments of the

decuplet, a subject first discussedyRT in Ref.[10] where  from which one gets that

though adherence to the order of the chiral expansion was

not strictly maintained. We demonstrate later that strict ad- O0r=253 MeV. (7)

herence is crucial for renormalizability. The focus in both

Secs. Ill and IV is the quantitative importance of the higherFor theAN* 7 interaction one has

multiplets. In addition, new relations for the magnetic mo- L~ —

ments at this order iryPT are derived that are independent L'=C(T*A,B*+H.c) 8

of the intermediate multiplets considered. Their violation, ) ) o

would be a clear measure of the importance of higher-chiral? compléete analogy to the leadingN = interaction in the

power terms in the expansion. In Sec. VV we conclude with d1eavy Fermion limif7]. The couplingC® can be obtained

discussion of the consequence of these results to the lodpom the observed decay of th¢* (1440)— A . For these
expansion, in general, igPT. purposes we use Hoehler's determinafitf,2Q of the Rop-

er's pole position(1385 MeV) and absorptive part of the

propagator—2 X imaginary part = 164 MeV and Manley

Il. HIGHER MULTIPLETS: and Saleski's determinatiofil9,21] of the branching ratio
DEFINITIONS AND COUPLINGS Bnx A= 0.22. We similarly use Hoehler’'s pole position of

. . - . the A (1209 Me\) and takem, .= mgz 135 MeV (as most of
A number of multiplets satisfy the criteria equatioft). the mass differencem_.—m o is of electromagnetic

Fortunately_, most of these can be eI|m|r_1ated due to Symmedrigin).e Comparing this with the decay of th&, T'y ..
try constraints. For example, flavor singlets such as th%ne obtains that

A*(1405) do not couple to a decuplet via an(88) octet

(the Goldstone bosonsOnly slightly less straightforward, a _ 1
1/2” octet[e.g., theN(1535) multiplet couples only through C2~ 5(32. 9

the lower components of the baryon spinors,

In principle, one other 1/2 multiplet meets our criteria, the
ﬁiNﬁysAMB*, (3)  octet containing theN(1710, with a 5,~470 MeV. How-
ever, best estimatdd9] for the partial width forN(1710
— A is ~30 MeV, which implies that the relevant coupling
which vanishes to lowest order in the heavy baryon expaneonstant is significantly suppressed compared to that in Eq.
sion[5]. (Such states would, in principle, need to be consid<(9). We, therefore, ignore this multiplet in our subsequent
ered in higher-order calculationsoupling to the 5/2 octet  calculations as it amounts to only a small correction to those
likewise vanishes at lowest order. With these eliminationsof the Roper octet.
we conclude that only octets or decuplets of baryons with The most important 3/2 resonance for the properties of
quantum numbers 172 3/2", 3/2°, and 5/2 need be con- theA decuplet is the\ (1600), the so-called “Roper” of the
sidered. A(1232). Unfortunately, no other member of the decuplet
The most important 1/2 multiplet (beyond, of course, the has been identifiefso that all properties of the full decuplet
nucleon’s is the octet containing the Ropel(1440. A must be inferred from this single state. For the mass splitting
slight difficulty arises in determining we take

Or=Mg(1440 — M, (4) SThere is little difference between the extracted valu€dfthus
obtained and the value obtained from the naive use of “resonance”
masses and widths reported by the Particle Data G(BQ) [19]
SSee, e.g., Table 30.4 in the Particle Data Grpigj. As we are  for the N*, i.e., I+ (1440 — A(1232 7(139~ 350/4 MeV. However,
at present only concerned with the average coupling of these muthere is a significant difference in the results of the two methods
tiplets with theA decuplet, we ignore potentially interesting ques- when analyzing the\ (1600).
tions as to the exact S(B) composition of any particular excited  “Indeed, the PDG only lists thA (1600) itself as a three star
state[23]. We also omit from consideration possible exotics. resonance.
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Here, we have used the convention of RE8] for the
SUi(3) algebra factordwhereby, for theAA« coupling,
H?~4 is typica). As in the case of thé\(1520) overall
kinematic factors, in addition to the available phase space,
yield a rather suppressed value of the coupling. Indeed, as we
will soon see, due to Eq$15) and (17) little would have
been lost had we ignored the 3/2multiplets altogether.
Nevertheless, they have been included for completeness.

. We come finally to the 5/2 states. The lowest such mul-
We determinei* from the decayl’s« .. Unfortunately, o1t is theN(1680 octet. It has an intermultiplet mass split-

no single analysis in the literature provides all the data W&in o with the A decuplet ofs. = 496 MeV. We conclude that
need. For the position of the pole we use 1550 MeV 9 P n j

[19.20,23. For the decay width we use Manley and Saleski,Sthere is no 5/2 multiplet that meets our criteria equati@h.

. This then concludes our examination of the relevant mul-
result[19,21] thatT's« ., »~300 MeV. We thus obtain that tiplets. By far, the most important, as we will presently see,

are the Roper octet antl(1600) decuplet.

810= 341 MeV, (10)

the difference of the pole positions of th®(1600) and
A(1232) as determined by Hoehlgt9,20. The coupling
between the two 3/2 decuplets is identical in form to that
within each decuplet:

L'=H(A"y,ysA’A% +H.c). (11)

H2=2.66. (12)

As in the values of other couplings, it must be emphasized

that there is a significant uncertainty in this result.
For the lowest lying 3/2 octet, we obtain directly from
the experimentally measured masg#3)] thaf

IIl. DECUPLET EQUAL SPACING RULE

The one-loop,0(p®) results for the masses of the de-
cuplet involving intermediaté decuplet and nucleon octet

states have been published previoydl$]. The contribution

Ogx =296 MeV. . .
8 € M o from the 3/2° multiplet, for the casen> 5g«, is

13

The interaction with thé\ decuplet is, to leading order in the
chiral Lagrangian,

o — 3B 1\ (1
i v - = — N +
L'=C*(Try,A'Th+H.C). (14) Mo 167712 8 m e In(4)

The couplingC* can be determined from the observed decay
of the N*(1520),I'[ N* (1520)— A 7]~25 MeV, when one m?
finds that +2—In; +28ge M2 — 82,

c*\? 1 s

c/ 25 (15 T Ogx

X | ——arctan——— (18

This relative suppression results both from the smaller Vm2— 53*

branching width as well as overall kinematic factors that oth-

erwise tend to enhancBl* (1520)— A= with respect to

N* (1440)— A 1. where B represents S(3) algebra factord8,13]. As dis-
There are two other 372 multiplets, one octet and the cussed in Ref[13], the counterterms necessary to renormal-

other decuplet, listed in the Particle Data Group that couldze these terms are either of the fos, L7 (for the 5o,

potentially satisfy our criteria, Eql). Each is very poorly divergencesor 58*517” (for the 55+ m? divergences As the

determined, containing merely one member each, theéecuplet equal spacin@ES rule is exact for all terms

N(1700 and theA(1700), respectively. In the case of the throughm?, all countertermsdivergencescancel at this or-

N(1700, its coupling to theA 7 is experimentally negligible der of the chiral expansion in violation to the DES rule.

and hence can be safely ignored. On the other hand, the Including all multiplets, the one-loo®(p®), violation to

coupling with theA(1700) is not so readily ignored, having the DES rule is

a decay widtH'[A(1700)— A 7]~120 MeV. We, therefore,

explicitly keep this decuplet, assigning for its intermultiplet

spacing with theA decuplet a value (Msx—=My) = (Mzx —Msx)

010« =1700—-1232=468 MeV. (16)

_ _ _ _ (Mz+«=Msx) = (Mg-—Mz«)
From the aforementioned decay width, and an interaction of

the form equatior(14), we obtain for theA™* A« coupling
17

1
ZE{(ME*_MA)_(MQ*_ME*)}
H*?~0.15.

2 2 ~2 *\2\ /%
§[C V(= 6n) +CV(8R) +(C*)V* (g ) ]

8As a self-consistent test of the assignment of hadrons to this
multiplet, note that the violation to the corresponding GMO relation

20 ~
I 2 2 * 2\ /%
for this octet is only 15 MeV. 81[H V(0) +H V(819 + H**V* (610¢)].  (19)
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V andV* are giver by

3
V(8)=W(my ,8,u)— 7 WM, 5,1)

1
- ZW(mwvgwu“)rV*(ﬁ)

3
:W*(mK,(S,,lL)_ ZW*(mnvgill')

1
- ZW*(mﬁ161M)1 (20)
wherein the functionW(m, 8, x) is [25,261°

1
520, W(m,&,ﬂ)zmm?’,

m>|48|, W(m,é u)= (m?— 6%)%7?2

8mfe

T o
X ( E — arctan\/ﬁ)

36 2 m?
(mz——52>ln—2,
M

- 3272f2 3 @D

1672f2

[8|>m, W(m,8,u)=

| 5— 62— m?
n—
S+ 6% —m?
368 2 m?
_ 2__52)|_
32w2f;i<m a2

3
andW* (m, 8, u) is

( 52 _ m2) 3/2
X
(22)

2

36
W*(m, 8, )=

AL

m>|4§),

X

T I
— —arctan——e—
m— 52

2 N 5

36 1 m?

| 2_"m2 _
16772f§,( o am )'”;ﬁ'

362
|6|>m, W*(m,é,u)=-"F7V6—m?

16772f,T
SR G
n—
S+/6%—m?
35 (2 1

2

m
- ——7| = sm?|In—.
16m2f2 u?

5 (23

Note that unlike our convention ifL3], all &, are now strictly
positive and hence the explicit sign in the functidrabove.

1ONote the correction fronil3] regarding the arctangent term in

the caseam>|4|.

5807

As was already mentioned in Sec. Il, the contribution
from the 3/2Z multiplets is essentially negligible due to their
suppressed coupling constants, E4$) and(17). Explicitly,
we find that

2
§C* A/* (+ 8g«)~—0.06 MeV,

20
- 8—17-(* 2V/* (+ 8100 )~ +0.3 MeV, (24)

which are indeed negligible. Hence, we omit further consid-
erations of the 3/2 multiplets.

This is not true of the Roper octet &r(1600) decuplet.
There is a tendency for these two contributions to cancel.
Taking C?=2.6 [5] (and H2=4.6 to obtain the average ex-
perimental result for the GMO of 6.8 M@\and using results
(9) and(12), one obtains that

2
§C2V( +8g)=—7.4 MeV,

20~
- 8—1H2v*(+ 5100=+15.2 MeV.

(25
Added together they are, in absolute magnitude, greater than
the average, experimental value of 6.8 MeV. They clearly
cannot be ignored.

We have described the algorithm we followed to evaluate
the four coupling constant&*2, H*2, C2, andH?2. While
our method is reasonable we do not suggest that it cannot be
improved. We are dealing with transitions of broad reso-
nances. There are many sources of ambiguities and uncer-
tainties. The experimental inputs may also undergo revision.
These uncertainties are not so material for the contributions
of the odd parity 3/2 octet and decuplet as their contribu-
tions are small. But for the contributions of the Roper octet
and decuplet the issue is more serious. One should anticipate
possible revisions of the numbers appearing in 2§). But
the facts that the individual contributions are comparable to
the experimental value of the violation of the DES rule and
that the two contributions tend to cancel each other will con-
tinue to be valid.

IV. DECUPLET MAGNETIC MOMENTS

The topic of the magnetic moments of the decuplet in the
context of chiral perturbation theory was first discussed in
the work of Ref.[10]. Apart from the inclusion of other
resonances as an intermediate state, our work differs from
Ref.[10] in the treatment of SK3) symmetry. In our cal-
culation, the symmetry of the decuplet states is broken
through the meson masses appearing in the one-loop calcu-
lation. The meson masses are taken to be proportional to the
current quark masses with the up- and down-quark masses
being equal. The strangeneld| and charge dependences
[12] of the baryon masses are regarded as effects of chiral
power 1 or more. The quantiti — f . has chiral singularity
~mZ2Inm? [2] and has chiral power 2. Our calculations of
the decuplet mass splittings and magnetic moments are lim-
ited to chiral powerO(p®) and O(p?), respectively. Hence,
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we setf=f_ and do not include in one-loop calculation the 1 m?

sigma terms fron; which produce strangeness dependence Fomu)=4 — —+ye~In(4m)+In IL?

of baryon masses at the tree level. We ignore charge depen-

dence of the masses altogether. The advantage of this strat- S+ /52

egy in the calculation of baryon masses is well kng&i3]. + 8- mln————ex (28
The counterterms which appear at one-loop level simply o=\o

renormalize the sigma terms. We find a similar result in th
magnetic moment calculation at one-loop level, namely, thal
the counterterms are strictly proportional to the baryonp . i - .
charge and hence renormalize the tree-level decuplet ma%lm-rhe coefficientsy; andg; are simply related to the coef-

netic moment term, Eq(26) below. These advantages are T'Ciéntsa;; and;; of Ref. [10] We multiply the coefficients
lost if fy is not set equal td . [10]. aj; by 3 so that they add up to the charge of decuplet

The lowest order term in the chiral Lagrangian for theUrllike Ref.[10], we use the same mass for all members of a
magnetic moment of théth member of theA decuplet is ba+ryon mquelet. Accordlngly,. we add the contributions of
i 7~ and of K=. The sum oveij in Eg. (27) runs over two
given by[9]
terms, andK The resulting coefficients have a surprising
simplicity. First, «; —/5’] Second, they may be expressed in
Ly=— liMCQiﬁT-VF,W (26) tierms of any two of the followmg_ three, chargg, isospin
M 3, and hypercharg¥' of decupleti. All three are traceless
in any SU3) multiplet space. We choose to use charge and

where q; is the charge of théth member. The one-loop, 'SOSPIN:
O(p?) corrections to the magnetic moments result from ver- >
tex corrections in which the external photon attaches to the a =g =_11, (29)
meson propagatdd 0] and receives contributions from inter- 3

mediate states with either a 3/2or 1/2" baryon. Photon

he expression for the nonanalytic termsAs,m,u) ap-
eared in Ref[10].

attachments to the intermediate baryon arg/M further i ol 25,

Ut o ag=px=—3l3tq, (30
suppressed as are also the contributions from ¥2ryons. 3
These latter are, hence, ignored as they form part of the _ _ _ o
higher-order contribution in the chiral expansion. Note that o +a=p+pr=d" (31
the » meson, being electrically neutral, also does not con-
tribute at the order being considered. Equation(31) is the key result for renormalizability. As a

Following the notation of9], the magnetic moment of the consequence of these relations, the counterterm for the ultra-
decuplet memberg?° at theO(p?), one-loop contribution in ~ violet divergences iF(8,m,u) (which arem independent
the chiral expansion is, in nuclear magneton unitsiS Simply proportional toSLy , Eq.(26), and, therefore, ab-
(el2My): sorbed into a redefinition of.. Note that this is precisely
the same procedure as for the one-lodplependent contri-
butions to the masses. We emphasize that this procedure, and

M 4 il e f !
10_ g\ & N 3 270m: | hence renormalizability, is tightly wedded to the systematics
Hi it j:me 327212 “ (0m; ) of the chiral expansiofwherebys andf . have fixed values
4 in Eq. (27)]. _ _
_ —ﬁzf(5lo,mj ,M)}B}[sz(—tsmmj ) The_sim_p_liciti_es of the coefficit_ant&} and g; aIIow_a
9 great simplification of Eq(27). We introduce the combina-
_ tion:
+C27:(5R,mja//«)])- 27

My [4 4-,
QJZW §H ]—"(O,mj ,,u)+§H .7:(510,”1]- ,,LL)

The functionF(§,m, i) is ultraviolet divergent and given

by —C?F(— oy,my, )~ C2H(Sr.my. )|, (32
m>|4|, and rewrite the decuplet magnetic moments in the form:
2 1= it i)+ 51506~ Gw). (33

FSmu)=3a

! In(4 : I
—otves n( 7r)—§+n

m

;Z Note that the form of E¢(33), in particular the modification
of the coefficient of charge, reflects the choice of charge and
| T 6 isospin as the two traceless quantities. The form would be
—2ym°=4 ——arctan\/ﬁ , different if we chose charge and hypercharge or some other
combination of isospin and hypercharge. The second term is

present only because the &) symmetry of the states is

|8 >m, broken through the difference i andK masses. If we had
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used the same masses the states would be pure decuplets &dith the help of Eqs(28) it is easy to verify thatu o is
the Wigner-Eckart theorem for S(B) would ensure that the renormalization scale independent.
magnetic moments are simply proportional to the charge. Since the magnetic moment of tié is given strictly by

At the tree level the decuplet magnetic moments ardoop effects, it is an appropriate measure of the relative im-
proportional to the charges only. The main one-loop resulportance of the Roper anfi(1600) at the one-loop level.
is the appearance of the second term of 88). Now, we  Explicitly, one has from Eq(37) that
need two magnetic moments to fix the two coefficients in Eq.
(33), viz., met Gk andG, — Gy . The only decuplet magnetic La0= —0.057H2—0.035H2+0.22972+ 0.086C2. (39)
moment which has been measured jso-=—1.94

*0.170.14 nbm[19]. It fixes the coefficient of charg?lin As in the case of the massgd there is a strong cancellation
Eq. (33). For the other magnetic moment we chogsg.

. L . between theA decuplet and nucleon octet intermediate
While not measured yet, it is given entirely by the loop ef- states. This implies that o is a very delicate function of
fect. H? and C? and, therefore, potentially very sensitive to the

1 Roper andA (1600) contributions. Ambiguity in this regard
po-=—te—Gx, MA0=§(QK—QW)- (34)  resides in the fact that(? and C? are not sufficiently well
known that a reliable prediction gf o can be made. To
. illustrate this point, we quote the results using two “repre-
We can express the magnetic moments of all other qeéentative” values for the couplings, both with and without
cuplets in te_rms of these tWQ magnetic moments. Specn‘lfhe Roper and\ (1600) included. For the couplings used in
cally, we derive the new relation that the previous section, that fit the average DES violation, one

i obtains only a mild dependence on these resonances:
pi®=—dipa-—215u0. (35 y P

Explicit predictions for the eight other decuplet magnetic uao(H?=4.5(?=2.6H?=C?=0)=0.33,
moments at the one-loo@(p?) level are listed below:
wao(H?=4.502=2.6H?=2.66C%=1.3)=0.36, (39
MA++= 20~ " 3/A0, AT T MO T MHAD

s = o +3ms0,  pses=—p 24140 while for the couplings used by R€f10], we find
AT MO~ AYs Sx+t— T MO~ AYs

fsn = o+ 2000 fime = pho + a0, fepo( H?=4.84(?=1.44H?=C?=0.0=0.05,

W=0=—p0, s»0=0. (36) wpo(H2=4.84(?=1.44H?=2.66C?=0.72=0.02.
(40)
Independent of the explicit multiplets included as intermedi-
ate states, violations to these relations atectly due to  The difference inu,o from these two parameter sets is
higher-order terms in the chiral expansion. clearly sizable, as is the relative importance of the Roper and
Note that the magnetic moment of tB© continues to  A(1600) .
be zero at this order in the expansion. Analogous relations [f instead, we chose to use as input the recent, model-
follow for the quadrupole momen{&7]. We note that these dependent extractiof30] of the magnetic moment of the
relations are not obeyed by quenched lattice J@8). This  A** 1 ,++=4.5+0.5 to infer u,o using the relationg36),
last result is perhaps not surprising as the quenched calculane then obtains thaio=—0.2+0.2. If this is indeed the
tions do not contain disconnected, quark loop diagri28%  data, then by Eq(38) the contribution of the Roper and
The explicit expression fou o in terms of the functions A (1600) is, in absolute magnitude, significant. As in the case
F(6,m,u) is given below. of the mass splittings, a formulation ofPT without this
resonance as an explicit degree of freedom is intrinsically

My incapable of predicting such “data.”

4
pa0= g 27 Hzg[}‘(o,mK,M)—f(O,mw,M)]

V. CONCLUSIONS

~. 4
1+ H2— — . .
H 9[f( 910,M, 1) = F( 810, M7, 11)] From the results of the last two sections a few points are

worth discussing. First, we should remind the reader that we

2
—C(F(= oy M, ) = F(= 6, Mer 1) have calculated the lowest-order, one-loop contributions to
_ the DES rule violations and tha decuplet magnetic mo-
— C2(F(Sr,my 1) — F( S, M, )| . (37  ments. These expressions have corrections at next order in

the chiral expansion due to higher-order terms in the chiral
Lagrangian, including M corrections to the heavy Fermion
The O, decaying only weakly, is sufficiently long lived to limit. Beyond that, there are two-loop renormalization ef-
allow such measurements. Since all other members of the decuplécts, including SWB) breaking in decay constants. For-
decay through the strong interaction, it is a challenge to extract theimally, these corrections should be of the ord@M, 5/M
magnetic moments from experiment. and (m/M)?2,(5/M)? respectively. Unfortunately, as we have
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discussed elsewhefd3,31] the convergence of the expan- ful results would have to be considered merely fortuitous

sion is by no means ensured. unless shown to be a result of more general considerations
Second, while the magnetic moment of thé depends [as in the relations of Eq36) for the magnetic momenis

sensitively on the cancellation between terms depending on The above argument can be repeated in kind for the one-

relatively ill-determined coupling constants, the relations be{oop corrections to the Roper resonance a{d600). That

tween the magnetic moments of thedecuplet given in Eq. is, even higher multiplets, separated &yin mass from the

(36) are rigorous predictions of PT atO(p?). We urge ex-  Roper octe{ A(1600) decupldtby an amount less than the

perimental a.CtiVity to Confront these prediCtionS W|th data. Akaon mass, will be& priori as important quantitative'y as the

new measurement gf,, - with higher precision will be most A decuplet for properties of the Rogek (1600)] at the one-

useful. At least two other decuplet magnetic moments neefhop level. Since such corrections are necessary for a two-

to be measured, hopefully with a precision-e0.1 nm. loop calculatioh? of the baryon masses, we are led to con-
Third, that on the level of one-loop corrections #PT,  clude that the loop expansion in general in the baryon sector

the contributions of the Roper octet aA§1600) decupletto of PT is inevitably wedded to the necessity of including

properties of thel decuplet is as important as contributions more and more multiplets in the theory as fundamental

from the nucleon octet or delta decuplet itself. We have seefie|ds. While such a result may not be valid in a particular

this result quantitatively in the case of the DES rule and thajmit of QCD (e.g., m, 4s—0 or Ny—), it is a conse-

magnetic moment of the\®. Both of these quantities are quence of the experimental fact that, on the average,

good measures of the one-loop effects as they are each zeg ~ g, .

at lower order in the chiral expansion. We expect that these

results are illustrative and that they generalize to all one-loop

calculations for thel decuplet. Since the mass splittitdig ACKNOWLEDGMENTS

between the Roper octet anddecuplefor 8,5, between the

A(1600) andA decuplet$ is less than that of the kaon's ~ We thank Y. Umino and T. D. Cohen for useful discus-

mass, a Taylor expansion imy/dg is not permissible. sions. This work was supported in part by U.S. DOE Grant
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order terms of the chiral expansion of a theory not containing

the Roper as an explicit degree of freedom. In such a theory

it is indeed difficult to justify going to one loop or higher See, though[13] for a discussion as to the likely feasibility of

without inclusion of the Roper. Phenomenologically successsuch a program.
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