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Baryon octet magnetic moments in chiral perturbation theory:
More on the importance of the decuplet
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We address the impact of treating the decuplet of §pbaryons as an explicit degree of freedom in the
chiral expansion of the magnetic moments of the octet of épiimryons. We carry out a complete calculation
of the octet moments t@(l/Af(), including decuplet contributions to the chiral loops. In contrast with results
of previous analyses, we find that inclusion of the decuplet preserves the convergence behavior of the chiral
expansion implied by power counting arguments.

PACS numbes): 14.20.Dh, 11.30.Rd, 13.40.Em

The application of heavy baryon chiral perturbation cluded both octet and decuplet loop contributions as well as
theory (HByPT) to low energy baryon properties has the leading 1My corrections and two-derivative operators.
yielded considerable insight. For example, baryon masse$n an attempt to resolve some of the controversy, we have
Compton scattering amplitudes, nucleon polarizabilitiesperformed such a calculation. We find that when decuplet is
sigma terms, axial vector couplings, and hyperon decaymcluded as an explicit degree of freedom—along with
have all been investigated,]. To a large extent, a consistent the |eading I, corrections and two-derivative contribu-
description based on chiral symmetry has emerged. The elegyns — the magnetic moment expansion behaves according
tromagnetid EM) properties of baryons have also been stud+y naive power counting expectatiof&q. (1)] without in-

iﬁd,lwith pielr'ticutl)ar emphasi?s Zn Ithe magnetithr?m?ntS °E|uding analytic loop contributions or adjusting the size of
the lowest-lying baryon oct¢2—4]. In contrast with the situ- .. |avel axial vector couplings.

ation .W'Fh other baryon properties, the success of aHB Before discussing our calculation in detail, we review the

description of these moments has been debdtednethods hi f HBYPT : | Jenki q

for the baryon magnetic moments different than HH see Istory o XPT magnetic moment analyses. Jenkins an
Manohar[6] note that due to the strength of the decuplet-

Ref. [11] and references therginThe point of controversy . . o
has been whether the chiral expansion of the octet momenngscuat couplingC, and the small size of the mass splittiag

behaves as one would naively expect, based on power cou elative to the intrinsic hadronic sca)ethe contributions
ing arguments. Specifically, jig is a generic octet magnetic from the decuplet should be larger than those from higher

moment, one expects its chiral expansion to go schematicalljaryon resonances and comparable to the octet contribution.
as n the case of the axial vector currgi] substantial cancel-

2 lations occur. It is then surprising that in tB&q*) magnetic
+., (1) moment calculation of Ref[2], inclusion of the decuplet
does not produce appreciably better agreement with the data
0) ; ) ) than the case where only the octet was included. The authors
whereug” is the tree-level magnetic momemtis of order ot Ref [2] argue that there is some evidence thBT over-
the pseudoscalar meson masség=4nf,~1 GeV, and  estimates the size of the kaon loops. They propose compen-
the §”, n>1, represent the long-distanteop) and short-  sating for this effect by using the smaller one-loop corrected
distance(counterterm corrections tou” at a given order. axial vector couplings in the calculation rather than the tree-
To the extent that th@{" are all of a similar order of mag- level values.
nitude, the relative size of successive terms in the expansion The study of Ref[3], however, suggests that the calcula-
of Eq. (1) should decrease by the corresponding power ofion of [2] is incomplete. In particular, it neglects theMly
(p/A,). Takingp~my, for example, the expansion param- corrections and the contributions of certain double derivative
eter should be of ordeng /A | ~1/2. operators, both of which occur &(q*). The decuplet was
The degree to which this behavior holds for the magnetimot included explicitly in the analysis of Rdf3]. Its effect
moments has been debated, and various remedies have beess only considered in determining its contribution to some
proposed for the apparent deviation of the expansion frontow energy constantéLEC). These LEC’s appear as cou-
this expectation. These remedies include adjusting the size plings to operators of the forri, ¢d,¢, where ¢ denotes
tree-level axial vector couplings to reduce the scale of kaoithe Goldstone boson field, which contribute@gq®). The
loop contributions[2], inclusion of 1My corrections and same LEC’s also receive contributions from the vector me-
higher-derivative term§3], explicit retention of the leading sons and higher lying resonances such as the Roper octet. By
analytic(in quark masgloop contributiong 3], and inclusion  expanding decuplet loop amplitudes in powers of, the
of the decuple{4]. To date, noO(g*) calculation has in- authors of Ref[3] argue that the LEC’s in question contain
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the leading order decuplet contribution. They conclude thatuplet baryons which depends on the octet of pseudoscalar
there is no need to employ smaller values for the axial coumesonsiI. Introducing the non-linear representation of the
plings or to include the decuplet explicitly. They also con-mesons
clude from their calculation that the chiral expansion con- gzeiﬁ/fﬂ_ 4
verges as expected. We note, however, that fretains
contributions analytic in the quark mass which arise from 3 =¢2 (5)
loop contributions aD(q*).

The later analysis of Durand and Hi] re-examines the and defining the vector and axial vector combinations

analysis of Ref[2], and focuses mainly on the convergence 1 + +

of the expansion. These authors argue that the decuplet must Vu=5(810,6+80,8") ©
be included explicitly. They observe that the treatment of )

Ref.[3] requires the decuplet-octet mass splitting to be large A = '_(g*r(; e—¢a, &N 7
with respect to the momentum in the loop integrals, which is o2 H g

not the case. They conclude that since the mass splitting i\;sve write the lowest order Lagrangidnsing the notation of
approximately 300 MeV, the decuplet must be considered a[SZ])
“light” and included explicitly. A similar observation ap- _ _
pears in the work of Banerjeet al. [8]. The authors of Ref. Lo=iTr(B,v-DB,)+2DTr(B,Sj{A,.B,})
[4] conclude that the chiral expansion for the magnetic mo-
ments of the octet is not convergent. Hoxvever, they did not
include all of the terms contributing &(q”). — = =
In what follows, we attempt to resolve this controversy. FOT, Tt UTYALB, +BALT, L)
We do so by carrying out the complete analysis of the octet o £2
magnetic moment &(q*) by including the decuplet explic- +2HTESIA,T, , + fTr(&“ET&ME). (8)
ity and the full set of 1M, corrections. Our analysis is
similar in spirit to that of Ref[3], but differs in two respects: Here 5=M— Mg is the baryon octet-decuplet mass splitting
(a) the explicit inclusion of the decuplet, arfio) retention of  which arises due to the way we defined the velocity depen-
only non-analytic loop contributions. dent fields. We us® =.75, F=.50 andC= — 1.5 throughout
To make our notation and conventions clear, we review 3]. The value ofH{ is not needed here. Interactions due to
some elements of the BT formalism. In this formalism a the vector currenV, appear in the chiral covariant deriva-
consistent chiral expansion of the baryon Lagrangian can béves

+2FTr(B,S4[A, ,B,])—iT4(v-D)T,,

written in terms of the velocity-dependent octet and decuplet D,B=4,B+[V,,B]
fields:
and
B, () =exp(iMgbv - X)B(x); " D Tie= 0Tt (VO Tt (Vo) Tl (V)T
TH(X)=exp(iM gdv - X) TH(X), wherei,j,k=1,2,3 are S\B) flavor indices.

The electromagnetic interaction is incorporated it

hereB(x) and T#(x) denote the baryon octet and decupletvia the substitutions

fields, respectively, antg is the SU3I) invariant mass of } t t

the octet. Defining the fields in this way eliminates ambigu- V=Vt 2 leA,(§'Q6+£Q¢8) ©)

ities in power counting that arise due to the introduction of 1

another large mass scale in the theory, i.e., the octet fass A, —A,— —eAM(§TQ§— £Q¢&h (10)
The leading order contributions to the magnetic moments 2

of the octet are calculated from tree level graphs with verti-and

ces from the Lagrangiansve use the notation d5]): 1

&ME—>&M2+§ieAM[Q,E], (11

e _

‘CIZA_G,uva'Up{b-%—Tr( BUSI()T{QYBU})
X where A, is the photon field. The full chiral structure of the

+b,Tr(§USf,’[Q,BU])}F“”. 3) LagrangianZ, is given by the replacement

1

Here we have introduced the covariant spin oper&br QH§(§TQ§+ £QEN). (12)
whose properties are discussed in Ré&fl. We choose to
normalize in powers of i, (A,=4wf,~1 GeV). Inwhat For the magnetic moments @(1/A)3() at one-loop there are
follows, we count in powers of I, rather than in powers of  further contributions. First there are insertions of the leading
q as is done in Ref[3] [for instance, the conversion order moments into the loops as well as insertions of the
O(q4)<—>O(1lA)3() applies. decuplet magnetic moment and the octet-decuplet transition

One-loop corrections are generated using the verticemoments. The decuplet magnetic moment operator can be
from the lowest order chiral Lagrangian for octet and de-written
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FIG. 1. Loop diagrams contributing to magnetic moments at c' - pa ,
O(l/Af(). The single internal line denotes an intermediate octel
state while the double line denotes a decuplet state.

Lr=-ie I TuTiE,,, (13 §
X LN

wheregq; is the charge of theth member of the decuplet. The N g
measured value of th€~ moment determinegi.=1.20 -

+0.14 (in our normalization The octet-decuplet transition §
operator is given by[2] and references thergin

. MT =yl K~ ar
Lor=ie i~ (€ QIBLS, T+ QT nSBIF .,
X

(14)
wherei,j,k,I,m=1,2,3 are flavor indices. Measured values
for A—9yN helicity amplitudes determineu;=—4.79
+0.31(again in our normalization + + - »

There is an additional set of dimension five operators
which generates the double derivative operators mentioned FIG. 2. Loop diagrams contributing to the magnetic moments at

above. They contribute to loops ﬁl(llAi) [3] and are  O(L/A}). The "x" denotesO(1My) vertex.
given by e
‘CSB:A_XE:“VPU'UPFMV{bgTr(BUS:}T[[QVB]vM])

4i =
Ly =7 €unpov{DgTT(B, STA) TH(A'B,) B B,
x +b,Tr(B,SJ{[Q,B], M}) + bsTr(B,SJ[{Q,B}, M])

+b1oTr(B,S][A* A"]B,) +beTr(B,SU{[Q,B],M}) +b;Tr(B,S/B) TH(MQ)}.
+b,,Tr(B,SI{A*,A"}B,)}. (15) (17)

Chiral SU?3)-breaking is introduced through the strange
The loops derived from the operators listed above generquark mass by the matrix1=Bymsdiag(0,0,1), wherd3,
ate 0(1/A)2() and 0(1//\)3() contributions. Additional contri- carries dimensions of mass and is related to the scalar quark
butions Ofo(l/A)Z(M \) are obtained from the M, expan- condensate. Sinca1 counts as two powers of the meson

sion of the lowest order Lagrangian. Only the corrections td"asS it appears that our normalization for these symmetry

; : breaking terms is incorrect. This is not the case. It might
the baryon propagators contribute and are givefiy . . o
yon propag givendly seem more natural to write the coupling and normalization as

Lom = ——[Tr(B,[v-D\[v-D,B BomsD, (i=3-7)
M= m{ r(B,[v-D,[v-D,B,]] Az 07
—Tr(E,[D”,[DM,BU]]) with the b;’s of O(1). However, we avoid taking explicit
_ values forBy andmg by absorbing these and two powers of
+T(D*Dy=v-Dv-D)T,,.}. (16) A, into our couplings, thus writing
BomsBi
Finally, along with the above couplings, the calculation of b; TTAZ
the magnetic moments requires the introduction of counter- X
terms which break chiral SB) symmetry atO(l/Af’(): so that our normalization follows. With this choice, all the
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tree graphs appearing in the calculation of the magnetic Mthetic moments tdO(1/A?) as generated by the tree-level
ment appear to be d(1/A ). However, they contribute at operators of Eqs(3), (17) and the non-analytic contributions
different orders and now the couplings for the symmetryfrom the one-loop graphs of Figs. 1 and 2. Following a simi-

breaking terms are no longer of natural size.
Using the above conventions, we compute the EM m

lar notation to that of4] we write the results for the mag-
agnetic moments as

ZMN n
“B:(_A ) agt 1 2 (BEImy+ BEIF(my,6,)
X X =1T,K
1 5 1 m2
— (X) _\ (X) X)L = pr(X) 21X
+A2 X:;,K|7] ('YB Ag agTt ZMN( B +6,3 B ))meMZ
X
+ (Y- ap) Lz + YL () } (18
where
T )
5 2\m?— &?| 5 —arctan——||, m=4,
m 2 m2— &2
wF(m,8,u)=—36In— +
M S+ /52_m2
—2y8°—m?In T} m<s4,
m2
qyaum54n=nﬁm;7+2wﬁFUm54n
(19

2

L 5. )= meins + 276 (m. 5
(312(M, 8, u)=m n;z 35 (m,é,u)

2
) 2(m

m
7G(M, 8, u)=— z‘)\glnF +ami—

2(8°—

_52)3/2(g—arctar{\/L_z_2 ) m= 6,
m-—§
m?)%2n oo m fn m } m<4.

Here u is the scale of dimensional regularization whosein complete agreement with those references including the

value we take as 1 GeV in the following. The coefficieats

corrections noted if4] and the Erratum t¢2].

are the tree level contributions which are linear combinations We turn now to a determination of the low-energy con-

of the coupling constants appearing in E8). and Eq.(17);

BYY and 'Y are the contributions from the meson on
loop graphs in Figs. (&) containing intermediate octet an
decuplet states, respectively? , Y andy$) are the con-
tributions from the graphs in Figs.(b),(c),(d), respectively;

stantsb.., andb;, i=3,...,7. It isinstructive to consider
e- the evolution of these constants as the chiral expansion is
d carried out to successively higher orders and as decuplet in-
termediate states are included. For the magnetic moments at
O(1/A,) and O(l/A)z(), we perform an unweighted least
squares fit of the leading order constabtsusing the seven

A§Y andX§Y are the wave function renormalization contri- well-measured octet magnetic momeriise exclude the
butions, again with octet and decuplet intermediate stategy,yo). At O(1/A)3(), there appear the five additional symmetry
respectively. Because of our choice of normalizations, oubreaking constants plus the unknown constams-b,;.

coefficients appear different from those giverf 2}, [3] and

Since there exist more unknown constants at this order than

[4] so we list them all in the Appendix. They are, however,measured octet magnetic moments, it is not possible to fit all
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TABLE 1. Couplings for leading order and symmetry breaking moment of the proton. In the case where only intermediate
magnetic moment counterterms at each order, with and withoupctet states are considered the magnetic moment breaks
including the decuplet intermediate states in loops. “O” and “D” down as follows:
denote octet and decuplet respectively.

=3.2681—.687+.541)=2.791. 20
O(L/A ) O(1/A2) O(1/A?) He & ) 20
CT 0 O+D (0] O+D Here we have normalized to the tree level moment, which
b, 1490 2 999 3.606 1994 » 989 arises aD(1/A,). The szecond and tgll’d terms_ln parentheses
correspond to th&®(1/A<) andO(1/Az) corrections, respec-
b_ 1.098 2.194 2.194 1.368 1.924 . X Lo X 3
b B B B —0297 —0.327 tively. We see that the contribution from tki(1/A7) terms
b3 _ _ _ 0'277 _0'159 are as large as those contributing@tllAi). In the case
4 . . . . .
by _ _ _ 0,086 0.124 where the decuplet is included we obtain
b - - - 0.576 0.171 B _ _
b, 3 B B 0952  —1166 mp=4.6981—.513+.108=2.793. (21

Here we see the effect of the decuplet. Naively, one would
expect the corrections to scale g¥'4 ) and (p/AX)Z, re-

of the constants to data. Some model input is required ispectively, relative to the tree-level contribution. Takipg
order to reduce the number of fit parameters. We therefore=my, then one expects the various orders to contribute as
follow the same procedure as R¢8] by using resonance 1:1/2:1/4 or as 1:1/3:1/9 using= 6. Clearly, this pattern
saturation to determinle;—b,,. The details can be found in does not obtain in the case of the octet only calculation, but
that reference. We note, however, that in the cases where waoes in the octetdecuplet case. We find a similar conclu-
add the decuplet as an explicit degree of freedom, we do nation for each octet magnetic moment:

include its contribution to these couplings. We chose to leave

the symmetry breaking constants as fit parameters and use mp=4.6981—.513+.108=2.793
the seven well-measured moments to obtain bs .. .b;.

The values of thdy; are given in Table I, for two scenarios: pn=—3.2041— .446+.043 = —1.913
(O)—only the octet loop corrections included at a given or-

der, and(O+D)—both octet and decuplet loop effects in- pz-=—1.4911—.703+.141) = — 0.653

cluded. A measure of the quality of the fits is given in Table
II, where the magnetic moments predicted at a given order
are compared with the experimental valuésal two col-
umng. At O(1/A)3() only the3°— A transition moment is a
prediction.

As observed in previous analysest(tl/Af() the fit with-
out the decuplet¥?>=0.377) is better than the one where it ps-=—1.49X1-.184-.039=—-1.160
is included (?=0.651). Evidently, truncation of the chiral
expansion atO(1/A%) is not sufficient in this case. At mpa=—1.60%1-.950+.332=—0.613
O(1/Af’(), the fits are exact(modulo the model for
bg . ..by;) and it is difficult to see the effect of the decuplet. Msop=2.77%1—.600+.138 = — 1.491.
To gain some insight we examine the contribution from each

order individually. As an example we consider the magneticPart from a few exceptionsy(, , uzo at O(1/A5), the chi-
ral expansion seems to converge as expected when the

O(1/Mp) corrections and the decuplet are included explic-

TABLE Il. Calculated values of the magnetic moments using fit itly. The result in Eq(21) should be compared to that of Ref.
values of the counterterm couplings.“O” and “D” denote octet [3]:

and decuplet respectively.

pzo=—3.2041—.929+.319 = — 1.250

us+=4.6951-.707+.230=2.450

oA o(1/A?) o(LA?) pp=4.481— .49+ .11)=2.79. (22)
HeFit o O+D o O+D Equations(21) and (22) are essentially identical, so we
D 2,564 2.890 3.051 2793 2793 Must make some comment on how they differ. Equatki)
n 1597 -2360 -2437 -1.913 -1.913 is the result of a calculation similar to the one made in Ref.
- 70'967 70'585 70'547 70.651 70.651 [3] to obtain Eq.(22). They are different only in that we
—0 _1'597 _0'933 _0'887 _1'250 _1'250 include only the non-analytic contributions from loops. In
s+ 2 564 2287 2141 2 458 2 458 Ref. [3] some of the loops appearing @t(l/Af() have the
3 0967 -1298 -1321 —1160 1160  analtic structure
A —-0.799 —-0.494 -0.410 —-0.613 -0.613 m2

0

30A 1383 1617  1.6827 1520  1.491 const><<m§|n—)2(—m§>
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whereX= 7,K. Evidently, the inclusion of the analytic piece
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ap

cancels a significant portion of the non-analytic one. To be
specific, for the pions the cancellation is about 25% and foip
kaons it is greater than 70%. Since the analytic piece of a
loop (or any portion of if can be absorbed into the counter- n
terms, the prescription for retaining it explicitly is ambigu-

1 1 1
§b++b_+b3+b4+ §b5+§b6—§b7

2 2 2 2
—3P+ 35— 3be— 3y

ous. It is satisfying to see that we can obtain the expecteg; - 1 1 1 1
behavior of the expansion without resorting to this proce- _§b+_b‘+b3_b4_§b5+§b6_§b7
dure. =0 —2 1 1 1
To exhibit the importance of including theMf, correc- — ?b++§b5_§b6_§b7
tions and the contribution from the double derivative terms_, 1 1
we compare Eq(21) to the result of Ref[4] = §b++1b_— §b7
p %b+—1b_ - %b7
tp=3.6681—.651+.412=2.791. (23 1 8 1
3P g 3
Here again the contribution from th@(llAf’() terms is a 0 ib
larger fraction of those frorm(llAf() than expected. 27A \/§ i )
In summary we have re-examined the calculation of the Bs
. - T K
magnetic moments for the octet of spinbaryons to
O(l/Af() in HBYPT. We have included all terms which con-
tribute to this order. The decuplet of spinwas included as p —(D+F)? _(g D2+ 2F2
an explicit degree of freedom and its contribution to the octet 3
magnetic moments evaluated. Our analysis indicates that irl (D+F)? —(D-F)?
cluding the decuplet is necessary to insure the correct size of _ ) 2
the contributions from succeeding orders in the chiral expan= (D-F) (§ D2+ 2F?
sion. Only the non-analytic contributions of loops were re-_o _(D—F)? (D+F)?2
tained so we avoid the ambiguities involved in including any™
analytic pieces. We also find no need to take smaller values ; 2
for the axial couplings. Thus, it appears that a well—behave‘c? - ‘D2+2F2) —(D+F)
consistent chiral expansion of the octet baryon magnetic mo-
ments is attainable aD(q*).! This result should put the - (—D2+2F2 (D—F)2
baryon magnetic moments on the same chiral footing as
other low-energy baryon properties. A 0 2DF
We would like to thank Martin Savage and Thomas Hem-_ , 4
mert for useful discussions. We would also like to thank the2 A ——=DF ——=DF
Institute for Nuclear Theory for their hospitality. This work V3 V3
K 1 (X)
was supported in part under U.S. Department of Energy con- o B's K
tract No. DE-FG06-90ER40561 and DE-AC05-84ER40150
and the National Science Foundation Young Investigatorp 2, 1,
program. - §C EC
n 1_186 %Cz
APPENDIX o 1 1
= _ _CZ _ _CZ
. N 9 18
Here we tabulate the coeffcients appearing in the expres-, 0 1 2
sions for the magnetic moments. = 562 502
N 1 2
3 1—8@2 _ _CZ
n this respect we also mention here the analysis of Ri]. > —iCZ _ iCZ
The authors of that Ref10] develop a regularization scheme in 18 9
which a momentum cutoff is introduced to suppress short-distancg 0 }Cz
contributions to the Feynman integrals. It appears that this proce- 1 6 1
dure may improve the convergence of the chiral expansion for the 0 ——e —
magnetic moments while respecting the chiral symmetry. 2PA 3\/§ 6\/§
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(m)

7B VB
1 2 1 2
P —(by+b )+ 5(D+F)b.~b_)+ 2yt by P —1g(D—3F)?(b.+3b_)
n b, +(1—(D+F)?)b_—2(bso+byy) 1
L n 5(D—3F)2b+
=N b_—b.+5(D~F)Ab. +b.)+2(bso— b1y)
| — 1
= I 2 _
E°%  b,—(1—(D—F)?b_—2(byt+byy) 78D T3F)%(b,—3b_)
2 -
27 S(DP+EDF—6F2)b, —2(1+F)b_+2(byo+by) =0 g(D+3|:2)b+
ST 2 D2 6DF—6F?)+2(1+F)b_—by—db N 22
9 ——Dg—4hyy —§D(b++3b,)
2 . 2
A -3D%, 3 ~5DAb.~3.)
2 4 4 2
s0p ———=(3-D?)b,+—=DFb_+—by A —D%,
3\3 33 V3 9
2
$0p ——D?%,
3\3
(K)
B
1 2 2 2
7 .2 ™ K U
N (1—§D2+§DF+F2 b,—(1—(D-F))b_
20. 5.
+2(b11—byp) p =2 = 2 0
. a7iC s4cC
- 1
= —§D2+2DF+F2 b, +(1+(D+F))b_—bg—4b;, 5. 5. 0
o7l ~ggicC
7 2
—o (1—(§D2+§DF—F2))b++(1—(D+F)2) — 5~CC2 1O~CCZ 5~C(22
- - 108 - 36"
—2(bygtbyy)
=0 5~ o 5~ 0
1 1 = gl — 5ol
s+ (§D2+2DF+§F2)—1)b+—(1+(D—F)2)b_ 54 21"
+2(byotbyq) S i" 2 3_5" 2 i" 2
108<C 5a4<C 3gcC
EDZ—ZDF+EF2 —1)b,—(1+(D+F)?b
5= \l3 3 + - s- 5. 0. 5.
- T8 T 3
+2(b1o—by9) 10 2 3
A 1., A 0 5~ 2 0
1+ gD*+F?|b, ~2DFb_ ~2by, ~ 3gi<C
1 2 4 0 5 - 5 .
3°A —(D2-3F2-1)b, + —=DFb_+—b A 2 — 2 0
\/§ + \/§ \/§ 10 18\/§/-LCC 36\/§MCC

034010-7



S. J. PUGLIA AND M. J. RAMSEY-MUSOLF

PHYSICAL REVIEW D362 034010

540 N
T K n ™ K n
4 ~ 1 ~ N 9 2 5 9., 1 2
p g(D+F)Cur  5(3D—F)Chr 0 2(0+F) 5D*~8DF+5F* 2 (D-3F)
4 2 = 2popp * D24 3DF+ OF?  —(D+3F)2
N —gD+FCur  — FCur 0 4 2 2 4
S D?+6F? 3(D?+F?) D2
5 1 A 3D? D2+9F2 D2
g §(F_D)C;T §(|:_D)cpT 0 3O\ 2D?+3F? 2D2+6F2 D?
=% 2E_pych 2 D+ 2F)C L bi3F)c A
5( —D)Cur 5( )Cur _5( )Cut - K n
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