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Baryon decuplet to octet electromagnetic transitions in quenched
and partially quenched chiral perturbation theory
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We calculate baryon decuplet to octet electromagnetic transition form factors in quenched and partially
qguenched chiral perturbation theory. We work in the isospin limBo{3) flavor, up to next-to-leading order
in the chiral expansion, and to leading order in the heavy baryon expansion. Our results are necessary for
proper extrapolation of lattice calculations of these transitions. We also derive expressions for the case of
SU(2) flavor away from the isospin limit.
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. INTRODUCTION chiral perturbation theory (QPT) [6—12] has been devel-
oped to aid in the extrapolation. The problem with the
The study of the baryon decuplet to octet electromagnetiguenched approximation is that the Goldstone boson singlet,
transitions provides important insight into the strongly inter- ;' which is heavy in QCD, remains light in QQCD and
acting regime of QCD. Spin-parity selection rules for thesemust be retained in QPT, requiring the addition of new
transitions allow for magnetic dipoleM1), electric quadru- operators and hence new low-energy constants in the La-
pole (E2), and Coulomb quadrupoléC@) amplitudes. Un-  grangian. In general, the low-energy constants appearing in
derstanding these amplitudes, both in theory and experimentie QyPT Lagrangian are unrelated to those ®T and
gives insight into the ground state wave functions of theextrapolated quenched lattice data are unrelated to QCD. In
lowest lying baryons. For example, in the transition of thefact, several examples show that the behavior of meson loops
A(1232) to the nucleon, if both baryon wave functions arenear the chiral limit is misrepresented iny®T [13—-18§.
spherically symmetric then the2 andC2 amplitudes van- These problems of QQCD can be remedied by using par-
ish. ExperimentallyM1 is seen to be the dominant ampli- tially quenched QCDPQQCD. Unlike QQCD, where the
tude. However, recent experimental measurements of thgasses of quarks not connected to external sources are set to
quadrupole amplitudes in th&— Ny transition[1,2] show infinity, these “sea quark” masses are kept finite in PQQCD.
that the quadrupole amplitudé&2 andC2 are likely non-  The masses of the sea quarks can be varied independently of
zero. This has revitalized the discussion as to the mechanisthe valence quark masses; usually they are chosen to be
for deformation of the baryons. Although we expect moreheavier. By keeping the sea quarks as dynamical degrees of
experimental data in the future, progress will be slower forfreedom, the fermion determinant is no longer equal to one.
the remaining transitions as the experimental difficulties ardlowever, by efficaciously giving the sea quarks larger
significant. masses, the determinant is much less costly to calculate.
First-principles lattice QCD calculations of the matrix el- Moreover, since PQQCD retains E(1), anomaly, the
ements can provide a theoretical explanation of these expergquivalent to the singlet field in QCD is heatgn the order
mental results. In fact, the experimental difficulties mayof the chiral symmetry breaking scale,) and can be inte-
force us to rely on lattice data for the non-nucleonic transi-grated out{19,20. As a consequence, the low-energy con-
tions. Recently several such lattice calculatipdgl], which  stants appearing in partially quenched chiral perturbation
improve upon an earlier ongs], have appeared. Unfortu- theory (PQ(PT) [19-26, which is the low-energy effective
nately now and foreseeably, these lattice calculations canndheory of PQQCD, are the same as those appearingih
be performed with the physical masses of the light quarks aBy fitting PQyPT to partially quenched lattice data, one can
the calculation time would be prohibitively long. Therefore, determine these constants and actually make physical predic-
to make physical predictions, it is necessary to extrapolatéons for QCD. PQPT has been used recently to study
from the heavier quark masses used on the laftoerently  heavy meso27] and octet baryon observablgk?,28—-31.
on the order of the strange quark medewn to the physical The available lattice calculations for the— N+ transition
light quark masses. Chiral perturbation theowP{T) pro- [3,4] largely use the quenched approximation, and there are
vides model-independent input for the behavior of observcurrently no partially quenched simulations. However, given
ables as a function of quark masses. the recent progress that lattice gauge theory has made in the
For lattice calculations that use the quenched approximasne-hadron sector and the prospect of simulations in the two-
tion of QCD (QQCD), where the fermion determinant that hadron sectof32—-36, we expect to see partially quenched
arises from the path integral is set equal to one, quenchechlculations of these form factors in the near future.
This paper is organized as follows. First, in Sec. II, we
briefly review PQPT including the treatment of the baryon
*Email address: arndt@phys.washington.edu octet and decuplet in the heavy baryon approximation
TEmail address: betiburz@phys.washington.edu [37,38. Since we will use the conventions used in our recent
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related work on the octet and decuplet baryphg,18 we  QCD is recovered in the limitnj—m,, m—my, andm,

will keep this section brief. In Sec. Il we calculate baryon —mg independently of the’s.

decuplet to octet transition form factors in bothy®TI and For massless quarks, the Lagrangian in @¢.exhibits a
PQYPT up to next-to-leading ord¢NLO) in the chiral ex- graded symmetnsU(6|3), ® SU(6|3)g®U(1)y that is as-
pansion and keep contributions to lowest order in the heavgumed to be spontaneously broken down S&J(6|3)y
baryon massMg . These calculations are done in the isospin@ U(1),,. The low-energy effective theory of PQQCD that
limit of SU(3) flavor. For completeness we also provide theemerges by expanding about the physical vacuum state is
PQYPT results for the transitions using tf&U(2) chiral PQyPT. The dynamics of the emerging 80 pseudo-
Lagrangian with nondegenerate quarks in the Appendix. IrGoldstone mesons can be described at lowest order in the
Sec. IV we conclude. chiral expansion by thé€(E?) Lagrangian

f2
Il PQXPT L= gstr(D"ETDﬂE)Jr)\ str(mQEergET)
In PQQCD the quark part of the Lagrangian is written as
[19-2§ +adtdyd, - ujds 7
9

=E Q;(iD —mMg) K Qk (1)

where

2id M X!
Ezexp(—)=§2, = ~ |, )

f X M

which differs from the QCI5U(3) flavor Lagrangian by the
inclusion of three bosonic ghost quarks, d, and's, and _ o
three fermionic sea quark$, |, andr, in addition to the f=132MeV, and the gauge-covariant derivative Dg,%

fermionic light valence quarks, d, ands. These nine quarks =d,>+ieA,[Q,2]. The stf) denotes a supertrace over fla-
are in the fundamental representation of the graded grougor indices. TheM, M, and y are matrices of pseudo-

SU(6|3) [39-41 and have been accommodated in the ninegg|dstone bosons with guantum numbers GN] palrs

component vector
P pseudo-Goldstone bosons with quantum numbersqof

Q=(u,d,s,j,1,r,0.d3) @) pairs, ‘?,rlj pseudo-Goldstone fermions with quantum num-
bers ofqq pairs, respectivelyd is defined in the quark basis
that obeys the graded equal-time commutation relation ~ and normalized such that,,= 7" (see, for exampl€,28]).
Upon expanding the Lagrangian in EF) one finds that to
Qr()QFM(y) — (= 1) QP (y)Qf (%) lowest order the mesons with quark cont€@®’ are canoni-
:5aﬁéij S(x—y), 3) cally normalized when their masses are given r’n%Q,
= (4N/f2)(mg+mg).
where« and 8 are spin and andj are flavor indices. The ~ The flavor singlet field given bybo=str(®)/\6 is, in
graded equal-time commutation relations for t@s and  contrast to the QPT case, rendered heavy by th1),

two Q™s can be written analogously. The grading factor ~ anomaly and can therefore be integrated ou¢HT. Analo-
gously its massuy can be taken to be on the order of the

1 for k=1,2,3,4,5,6 chiral symmetry breaking scalg,,— A . In this limit the
o for k=7.8.9 (4)  flavor singlet propagator becomes independent of the cou-
pling o and deviates from a simple pole forfh9,20.

takes into account the different statistics for fermionic and__ Just as there are mesons in PQQCD with quark content

bosonic quarks. The quark mass matrix is given by QiQj that contain valence, sea, and ghost quarks, there are
baryons with quark composition®;Q;Q that contain all

mg=diagm,,my,ms,m; ,m,m,,m,,my,mg)  (5) three types of quarks. To this end, one decomposes the irre-
ducible representations &U(6|3)y into irreducible repre-
so that closed valence quark loops are canceled by loopentations 0fSU(3),4® SU(3)se SU(3)ghos® U(1). The
containing their ghostly counterparts. Effects of virtual quarkmethod to construct the octet baryons is to use the interpo-
loops are, however, present due to the contribution of thdating field
finite-mass sea quarks.
As has been recently realizg4?], the light quark electric B~ (Qf Qjﬁ'b ye— ?'aQJV'CQE'b)eabC(Cyg,)aﬁ 9
charge matrixQ is not uniquely defined in PQQCD and the
only constraint one imposes is f@ to have vanishing su- whereC=ivy,y, is the charge conjugation matrix. The spin-
pertrace so that, as in QCD, no new operators involving the/2 baryon octeB; = B;;x , where the indices j, andk are
singlet component are introduced. Followif2f] we use restricted to 1-3, is contained as 8 1,1) of SU(3),4

2 1 1
Q=dlag{§,— 3 3% 99 ) ®) IHere,E~p, m, wherep is an external momentum.
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® SU(3)sed SU(3)ghostin the 240 representation. The octet thC1>S€ in  QCD, A“I(i/Z)(&?"fT—fTé"@ and V*
baryons, written in the familiar two-index notation =3(&0"ET+ ET9#€). The latter appears in Eq13) in the
covariant derivatives oB;;; and7;j, that both have the form

iA+ —30 P p
J6 2 (DHB)ijk=3"Biji+ (V)i Bijk
1 . +(_)ni(nj+ﬂm)(vﬂ)jmlgimk
B= 27 —A——3 n ,
V6 2 (=) O I (VY B (15)
=i =0 — i_/\ The constants appearing in E¢$3) and(14) encode the UV
6 physics and must be determined from either experiment or

(10 Jattice simulations. By restricting the indices @ to
i,j,k=1,2,3 one can relate the constaatand to D andF

are embedded B as[12] that are used in QCD and finds

1
Bijk:—6(€ij|Bk|+ €l Bji) - (11

%

The remaining baryon states needed for our calculation have
at most one ghost or one sea quark and have been cowhile C and’H are the constants of QCD.
structed explicitly in[28].

Similarly, the familiar spin-3/2 decuplet baryons are em-
bedded in thel38 Here, one uses the interpolating field

2 5
a=3D+2F, B=—3D+F, (16)

IIl. BARYON DECUPLET TO OCTET TRANSITION

Tif’{lv(MN(Qiaan_ﬁvb 7+ Qiﬁyb reQua The electromagnetic baryon decuplet to octet transitions
. . ! have been investigated previously y®T [43—4§. Very re-
+Q¢ J-“'a f’b)eabc(Cy“)By (12 cently there also has been renewed interest in these transi-

) ) ) _ tions in the largeN, limit of QCD [47]. Here we calculate
that describes thel38 dimensional representation of these transitions in P@PT and QPT. While we have re-
SU(6|3)y . The decuplet baryonS;;, are then readily em- viewed PQ/PT briefly in the last section and our recent pa-
bedded in7by constructionT;; =T, where the indices  pers[17,18, for QyPT we refer the reader to the literature
j, andk are restricted to 1-3. They transform asl®,(,1)  [6-17,
underSU(3),a® SU(3)sed2 SU(3)gnost Because of Eqs3) Using the heavy baryon formalisf87,38, transition ma-
and(12), Tij is a totally symmetric tensor. Our normaliza- trix elements of the electromagnetic curreift between a
tion convention is such thaf;;;=A"". For the spin-3/2  gecuplet baryon with momenturp’ and an octet baryon

baryons consisting of two valence and one ghost quark ofith momentump can be parametrized as
two valence and one sea quark, we use the states constructed

in [28] D/ ’ Y. ’
At leading order in the heavy baryon expansion, the free (B(p)|3°|T(p"))=u(p)Or u,(p"), (17
Lagrangian for the3;;, and 7 is given by[12]
where u,,(p) is a Rarita-Schwinger spinor for an on-shell

E=i(§v~DB)+2aM(EBM+)+2ﬁM(§M+B) decuplet baryon satisfying“u,(p)=0 and S*u,(p)=0.
— — — The tensor©®”# can be parametrized in terms of three inde-
+20m(BB)st(M ) —i(T"v-DT,)+A(T"],) pendent, Lorentz invariant, dimensionless form fac{d&j

+2ym(T*M T,) = 20(T*T,)St(M,),  (13) i)
o _ » OFr=—""=(q-S¢"~ ")
where M =3(£'mpé"+ Empé) andA is the mass splitting Mg

between th& and 5. The brackets in Eq13) are shorthands

for field bilinear invariants originally employed {i2]. The Ga(9%) (G- 0g" — g40?)S.
Lagrangian describing the relevant interactions of g (2Mp)2 q-vgT—qty q
and 7, with the pseudo-Goldstone mesons is
_ _ Gs(g?)
L=2a(BSBA,)+2B8(BS*A,B) + m(ng‘“’—q“q”)s a, (18)
B

3 _
+ \[EC[(T“AVBHH.C.HZH(T“S”A#TV) (14 \where the momentum of the outgoing photorgis p’ —p.

Here we have adopted the normalization of @ qg?) form
whereS* is the covariant spin operator and the axial-vectorfactor used in[46] so that the leading contributions to all
and vector meson fields* andV* are defined in analogy to three form factors are of order unity in the power counting.
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g ; g ; FIG. 2. Loop diagrams contributing to the transition moments.
s o Pl PRl
Let us first consider the transition form factors in .

FIG. 1. Loop diagrams that contribute to the transition momentsHere, the leading tree-level contributions to the transition
but are zero to the order we are working. Octet mesons are denotgfloments come from the dimension-5 dipole transition and
by a dashed line, singlethairping by a crossed dashed line, and the dimension-6 quadrupole transition oper;&ors
the photon by a wiggly line. A thir(thick) solid line denotes an

\

octet(decuplet baryon.
. . L= \[ BS*OTY F.
Linear combinations of the above form factorsegt=0 Z'uTZM (BSQT)
make the magnetic dipole, electric quadrupole, and Coulom-
i 3 e —
bic quadrupole moments, n \@QTP(BS{“QT“})UQ%FW (20)
X

2 A A
Gm1(0)= <3 GM) G1(0)+ 7 1M G,(0),

where the action of ...} on Lorentz indices produces the
G,(0) symmetric traceless part of the tensor, vi®){*"=@O#”
12Mg ’ + 0O —3g**O“ . Here the PQQCD low-energy constants
ut and()y have the same numerical values as in QCD.
Gey(0) = (1 ) 0) The NLO co.ntributions in thg ch!ral expansion arise from
c2 3 M, Ot the one-loop diagrams shown in Fig. 1 and 2. However, be-
cause of the constraints satisfied by the on-shell Rarita-
Schwinger spinors, the diagrams in Fig. 1 are all identicall
+(5+ WB)GZ(OH g ®a(0): 19 ero. Cg|CU|3F.)ti0n of the dia%rams in Fi%. 2 gives g

Ge2(0)= G1(0)+ 57—

6Mg

m2 XA
XA Iog — —MyR| —
My

AT Mg Tfl X
Gi(0)= "5 ar+ A§4Hc; Bx | dx1-3

8 m& XA
—4C(D—-F) >, ﬂxf dx(1—x)| xA Iog—+mXR -—11, (21)
X X
X
M3 , S X=X mE o xAmy XA
GZ(O):A_)Z([_‘I'QTQ'T—F]-G}{C; Bxfo dXT |Ogﬁ+m (m—x)
1 m XAmy ( XA)
—16C(D—F Bf dxx(1-x)| log— — ————R| — —| | {, 22
(D-F) 2 px | dxx(1-x) 9 e T sz (22
and
M3 X(1— x)( 1) Amy (xA)
0)=——16 HC fdx X—=|——"—R| —
G0~ A)Z(G[ 2 2z —xea? | g
1 1 Am XA
_ B _ _Z X _ =
c(D F)g ,BXdex(l x)(x z)mz_szz ( m)() (23)

2 —
We useF,,=d,A,~d,A, .
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TABLE I. Tree-level coefficientsa; in yPT, QyPT, and

PQYPT
ar
A—Ny i
3
St L3ty 1
B
E*’OHEO’Y 1
23
1
2*,0 A __
3T 3y 0
1
Zx0_, 50 S
3
E* —H vy 0

where the functioriR(x) is given by

R(X)=Vx?—1 Iogx

—xX2—1+ie
VX2—1+ie

(24

PHYSICAL REVIEW B9, 014501 (2004

PQyPT coefficients reduce to those pPT. It is comforting
that the one-loop results for ti@,(q?) form factor are finite.
This is consistent with the fact that one cannot write down a
dimension-7 operator that contributes at the same order in
the chiral expansion as our one-loop result @y(g?). The

full one-loopg? dependence of these form factors can easily
be recovered by replacing

my— \mz—x(1—x)g>.

(25

Notice that the tree-level transition®* ~—3 "y and
E*~—E~ vy are zero because they are forbiddendsy s
U-spin symmetry{49]. There is also symmetry between the
S*t 53"y and E*°—E% transitions as well as the
3* 737y and E*'"—E "y transitions that holds to
NLO in yPT and PQPT.

B. QxPT

The calculation of the transition moments can be repeated
in QxPT. At tree level, the operators in E@O) contribute,
but their low-energy coefficients cannot be matched onto
QCD. Therefore we annotate them with a “Q.” At the next
order in the chiral expansion, there are again contributions

and we have only kept loop contributions that are nonanafrom the loop diagrams in Fig. 2. The results are the same as
in the partially quenched theory, Eq1)—(23), with the

lytic in the meson masm. The tree-level coefficienta
are listed in Table | and the coefficients for the loop diagramssoefficients 8y and 8% replaced bysy? and g% °/(D®

in Fig. 2,,8>T< and,B;B(, are given in Tables Il and Ill, respec- —FQ), which are listed in Table 1V.

tively. In these tables we have listed values corresponding to In addition, there are contributions of the for,mﬁlogmq
the loop meson with mass, . We have also defined the at the same order in the chiral expansion that are artifacts of
shorthandq; =q;+q,. As required, in the QCD limit the quenching. These come from hairpin wave-function renor-

TABLE Il. The SU(3) coefficientsﬁ; in yPT and PQPT.

xPT PQxPT
T K T K 7 ju ru Js rs
ANy I S 0 0 2 1 0 0
33 33 V3 3\3 3\3
SH L3ty _L _i 1-3q; 3 11-3¢g;+3q, 1+3q, _4—3qj, _2—3(1, 3 2+3qy 3 1+3gq,
343 343 9.3 93 93 93 93 93 93
$#0_,30,, 0 i 3 1-3g; 13—6q,,+6q, 3 1+3gq, 1—-3g; 1—6gq, 2+3q; 1+3gq,
NE) 9.3 1843 93 9.3 183 9.3 93
2 1 1 1 1 1
*,0 - — — - — - — 0 - — - — 0 0
XAy 3 3 3 3 3 3
S5y 1 1 1-3q; 2-3q;*3q, 1+3q, 2+3q; 1+3q, 2+3gq; 1+3g,
YTy | - — _ _ _ _ _
3¥3 33 9.3 93 93 93 93 93 93
=0 =0 1 5 1-3q; 11-3¢g;+3q, 1+3q, 4—-3qy 2—-13q, 2+3qy 1+3gq,
E*'—E% | -—= -—%= - - - - -
343 343 9.3 93 93 93 93 93 93
e 1 1 1-3q; 2-3q;*3q, 1+3q, 2+3q; 1+3q, 2+3gq; 1+3g,
E¥ By | -—— —= |- -
3¥3 33 9.3 93 93 93 93 93 93
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malization diagrams and from the four loop diagrams in
Fig. 3. In these diagrams the photon can couple to the baryon

/’X\\ /’X\\
. : / \ / \
line via tg* ﬁ—ﬁ
ie _

L= [MD,(B[ S,1BQ) + u3(B[S,,S,19B)F+"
. ”X\\ ”X\\
+MQ3'—e(? OT)FH— (8 (T QT g, F 4 . / .
cMg Lty cAi wFra =‘=3=% =‘—3—k
(26)

FIG. 3. Loop diagrams contributing to the transition form fac-
tors in Q¢PT. The four diagrams correspond to terms involving the
parameterd\yyx: , Bxx:, Cxx/, andDyys in Egs.(29) and(30).

and via the terms in Eq20) including their Hermitian con-
jugates(with quenched coefficient$ It is easier to work
with the combinationg.S and ».2 defined by

interactions still do not contribute simply because their pres-
9 9 5 0. 0 ence requires closed quark loops. The hairpin wave-function
Ma=3 u3+t2u? and pg=- FHDTHE - (28)  renormalization diagrams have been calculated yP® for
the baryon octet15] (Z3) and decuplef18] (Z9) and we do
Although the argument presented [i0] does not apply to not reproduce them here. We find the hairpin contributions
the case of different initial and final states, the axial hairpin(HP) to the transition form factors to be

pY Z3-1Z3-1  ug

1 .
Gi"(g*) = 108H “TAXX"XX'_E(CQ)Z’L?BXX’IX’%A

— +

27T 2 2 16722 x x'

a 2_7H CEQrug Cxxrl iy = 3CH(Qrag + apup) Dxxr iy |, 29

MZZ9-12%-1 w2 ME  [2 4 "
G3"(a%)= _4Q$OZTF 2 2 " 16m2f2 A2 S 9t QR A xxr + §(CQ)2‘Q$BXX'| N
X 1
16
G Q0 Cxxr e | %0

andG57(q?%) =0. Thus in QPT: GP(g?) =G} %(q?) +G|'"(q?), where theg} and s} coefficients ofG]%(q?), Egs.(21)—
(23), are understood to be replaced by thelr quenched v:;ﬂg&andﬁ ‘Q/(DQ-F9). Above we have used the shorthand
notation I,, 7y I(m My, ,0,00), Ifl 70 ,=1(m, m,,q,,A,O,,u), and IAl AZ—I(m ,,q,,Al,AZ,,u) for the function
[(my,m,, Al Ay, ) that is given by

Y(my,Aq, )+ Y(My,Ap, ) =Y (Mg, Ay, )= Y(My,Aq, )
[(my,my,Ag, A, p)= St il ( (Zmzz—ﬁn:Z)(A(_lA )21““ (Mg,Aq,p -
1 2 1 2

with

3Note that possible contributions from diagrams involving
e _ _ 3e
:P[CS(BBQHcg(BQB)]v d F’“’+CQA (T7QT,)v,d,F* 27

X X
are identically zero due to the constraints satisfied by the on-shell Rarita-Schwinger spinors.
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TABLE IV. The SU(3) coefficientsg%'? and 812 in QyPT.

)T(,Q g,Q
T K T K
A—N ! 0 1(DQ 3F9) 0
—Ny e ] —
V3 V3
1 1
ST L3y 0 -— 0 ——(D2-3F9)
V3 V3
1 1
3*0_, 30, 0 — 0 —=(D2-3F?
1 1 1 1
S0, A __ I — _(DP—3F¢C — —(DP—3F2
Ay 3 z 3(D?=3F9) 5 (D9=3F9)
DI 0 0 0 0
E*0_, 50y 0 _L 0 —L(DQ—3FQ)
V3 V3
E* 7~>E*'y 0 0 0 0

2 m2 2 A Extrapolating lattice calculations that employ the quenched

Y(m,A,,u)zA(mz— 3A2)Iogz+ 3m(A2—m2)R(m). or partially quenched approximation can only be done by
I using their respective low-energy theories,yRY and

(32) PQyPT. Whereas PQQCD can be smoothly connected to

The coefficientsAyy: , Byy:, Cyx, andDyy: are listed in QCD, QQCD exhibits pathological behavior, in particular

Tables V and VI. Note that the symmetry between theQQCD observables are usually more divergent in the chiral
3* T 53"y and E¥°—-E°%y transitions as well as the limit thanin QCD. This stems from the fact that new opera-

3* 53"y and E* —E vy transitions that holds tors not present in QCD must be included in the QQCD
in xPT and PQPT is now broken by singlet loop Lagrangian.
contributions. For the decuplet to octet transition form factors our NLO
QxPT results are not more divergent than their
IV. CONCLUSIONS XPT counterpartsG,,G,~a+ Blogmg and Gz~ . This,
however, does not mean that this result is free of quenching
We have calculated the baryon octet to decuplet transitio@rtifacts. The quenched transition moments pick up contribu-
form factors in PT and PQPT using the isospin limit of tions from hairpin loops. A particular oddity is that the quark
SU(3) flavor and have also derived the result for the nucleormass dependence of thé¢~ and=*'~ quenched transition
doublet in two flavor PQPT away from the isospin limit. moments is solely due to the singlet parameig even

TABLE V. The SU(3) coefficientsAyx: andByx: in QyPT.

Axxr Bxx
DM Ny 77, DM Ny 7,7,
A—Ny 2J3(D2-3F2) 0 0 0 0 0
8 4 2 1 2 1
3Tty —F? - —=(D2-2F? - —=(D2-F? — -—= —
B B Nt N NN
4 2 1 1 1 1
3#0530 - —F®? —(D2-2F? —(D2-F? -— — -—
B B B N g
*,0 4 2 1
S0 Ay —3(2DQ—3FQ) —E(DQ—GFQ) E(DQ+3FQ) 0 0 0
SHET LSy 0 0 0 0 0
2 4 8 1 2 1
g%0_,50 . (DQ_fpQ ——(DCP— 4] — e R [ R
E*0-E % D2-F DC-2F F
B B % g NN
E* L EH y 0 0 0 0 0 0

014501-8



BARYON DECUPLET TO OCTET ELECTROMAGNETIC.. ..

TABLE VI. The SU(3) coefficien

PHYSICAL REVIEW B9, 014501 (2004

tsCyxxr andDyy: in QyPT.

Cyxr Dxxr
Tl T 7575 74 77 7575
ANy 0 0 0 0 0 0
2 1 1 2 1 1
RT3y -— — — - —F¢ —(D2+F? - —(D2-F?
NN B B EeT
2 1 1
30,30y 0 0 0 —F° - —(D9+F? —(D2-F?
5 ﬁ( ) ﬁ( )
4 5
S0 Ay 0 0 0 —3D+2r° 3De-F¢ - =D9-F?
2 1 1 2 1 1
Py | — — —— —F? - —=(D%+F2%)  —(D?-F9)
33 33 343 V3 V3 3
BE*0_ 50, 0 0 0 L(DQ_FQ) _L(DQ+FQ) iFQ
V3 V3 V3
1 1 2 1 1 2 o
Y —Ey| —= —= ———= | -—=(D%-F9 —=(D%+F9) NG
WO | @ i v

worse, GS(qZ):O at this order. These transitions thus field assignments are analogous to the casgWf3) flavor.
present extremes of the quenched approximation in agredhe nucleons are embedded as

ment with the quenched lattice data[&f where theX*
and Z*'~ E2 moments were found to be significantly dif-
ferent from the other transitions. In contrast to
QxPT results, our PPT results will enable not only the

3

Bijk=

(€ijN+ €iN;),

(A2)

extrapolation of PQQCD lattice simulations of the transitionwhere the indices,j andk are restricted to 1 or 2 and the
moments but also the extraction of predictions for the reaBU(2) nucleon doublet is defined as

world: QCD.

ACKNOWLEDGMENTS

TABLE VII. The SU(2) coefficientsp2 and 8} in PQyPT for

A—Ny.

We would like to thank Martin Savage for very helpful

B3

Bx

discussions and for useful comments on the manuscript. Th
work is supported in part by the U.S. Department of Energy,,,
under Grant No. DE-FG03-97ER4014.

d
APPENDIX: A—N+y TRANSITIONS IN SU(2) FLAVOR "

WITH NON-DEGENERATE QUARKS

In this appendix, we repeat the calculation of the transi-dd

tion moments for the case &U(2) flavor with nondegen-
erate quarks, i.e., the quark mass matrix reao*®
=diag(m,,mg,m; ,m;,m,,mg). Since defining ghost and
sea quark charges is constrained only by the restriction the
QCD be recovered in the limit of appropriately degenerate#
guark masses, the most general form of the charge matrix |

jd
(A1)

QSU(Z):dIag{S'_ §,qj' ar,4;,4; .

Id
The symmetry breaking pattern is assumed tcSt#4|2),

1
ﬁ(2—3f11)
1

V3

33

(1+3q)

33

(2_3111)

1
—ﬁ(2—3f11)

1
—?5(14'3(11)

33

(1+34q))

<l+qj—q,+2§—1:>

93

(2_311])

1
—(4—q;+
3\/§( q_] (1[)

93

(1+3q))

1
m(2—3f11)

(2-3q)

1
9\3
r/g(l-f':iqj)

9\3

(1+3¢q)

®SU(4[2)g®@U(1)y—SU(4|2)y®U(1)y. The baryon
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| »

The decuplet field 7jj

is normalized to contain the

PHYSICAL REVIEW D 69, 014501 (2004

L=29,NS*A,N+g;NS*NIr(A,) +gan(TAIN
+H-C-)+29AA?II<)jiS,uAi;ILTV,Ijk+ZQX?EjiS,uTV,ijktr(A'u)y
(A4)
where one finds at tree levgh=—-2(D—F), ga=D+F,

A—reson+a+nce§ijk=T”k with i, j, k restricted to 1 or 2 and ¢— _g, andH=g,,, with gx="0. The leading tree-level
T;;=A"". The construction of the octet and decuplet bary-gperators which contribute th— Ny have the same form as
ons containing one sea or one ghost quark is analogous to the Eq. (20); of course the low-energy constants have different

SU(3) flavor casd29] and will not be repeated here.
The free Lagrangian fo8 and 7 is the one in Eq(13)

values. For transitions no additional tree-level operators in-
volving supertrace oSY?) appear.

[with the parameters having different numerical values than Evaluating the transition moments at NLO in the chiral

the SU(3) casé. The connection to QCD is detailed [ia9].

expansion yields expressions identical in form to those in

Similarly, the Lagrangian describing the interaction of the ~Egs. (21)-(23) with the SU(2) identifications made fo€,
and 7 with the pseudo-Goldstone bosons is the one in, D, andF. For theSU(2) coefficients inyPT one finds

Eq. (14) that can be matched to the familiar one in QCLy
restricting theB;; and 7 to the qqq sectoy,

BE=ga/\3 andB}=5/(3+/3) for the 7=. The correspond-
ing values for the case of B@T appear in Table VII.
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