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Radiative decays of decuplet hyperons

Georg Wagnet:?* A. J. Buchmanrf;" and Amand Faessfet
ICentre for the Subatomic Structure of Matter (CSSM), University of Adelaide, Australia 5005
2Institut fir Theoretische Physik, Universttdibingen, Auf der Morgenstelle 14, 72076bgen, Germany
(Received 14 May 1998

We calculate the radiative decay widths of decuplet hyperons in a chiral constituent quark model including
electromagnetic exchange currents between quarks. Exchange currents contribute significant2ttraine
sition amplitude, while they largely cancel for tih&1 transition amplitude. Strangeness suppression of the
radiative hyperon decays is found to be weakened by exchange currents. Differences and similarities between
our results and other recent model predictions are discugS6856-28138)06209-9

PACS numbes): 12.39.Pn, 13.36-a, 13.40.Hq, 14.20.Jn

[. INTRODUCTION Radiative hyperon decays are sensitive to-&) flavor
symmetry breaking and strangeness suppression. The decay
Electromagnetic transitions in baryons provide not onlywidths of the negatively charged hyperab$~— v~ and
information on the importance of exchange currents but als@&* ~— =~ would be zero, if SY(3) flavor symmetry
on the effective quark-quark interaction. In the context ofwere realized in nature. It has been specul§8dhat these
potential models, electromagnetic gauge invariance relatego decays remain almost forbidden even afteg &) sym-
the two-body terms of the quark model Hamiltonigoten-  metry breaking. Strangeness suppression, i.e., the decrease of
tials) to the two-body terms in the current operatexchange  the decay amplitude with increasing strangeness of the hy-
current$. The excitation spectrum and electromagnetic tran- eron, is best studied by comparing transitions involving
sition amplitudes of baryons are thus intimately connectedy,e functions which are identical except for the replace-
Recently, several worksl—5] have systematically discussed ment ofd quarks bys quarks. The decaysn—A° and
two-body exchange current effects on electromagnetic ob-:oH:*o are particularly suiied because the strangeness
servables. A good example for the importance of eXChangcoHntentHincreases by tWo Units ’
currents is theC2 (E2) multipole amplitude in theyeN«— A y '
transition. While constituent quark model calculations using
D-state admixtures underpredict this observable by a factor
of 3 or more, exchange currents give the correct empirical Il. MODEL DESCRIPTION

quadrupole trsnsﬁion amplitudé%. ; dv of h As a consequence of the spontaneously broken chiral
Here, we briefly report on the first study of exc angesymmetry of low-energy QCD, constituent quarks and the

current effects on the radiative decays of all decuplet hyper?seudoscalal(PS mesons emerge as relevant degrees of

ons. Theoretical studies of radiative hyperon decays hav . . . .
; : . : feedom in hadron physics. The chiral quark model Hamil-
been performed in the pioneering work of Lipki6], the tonian in th t th I K )
quark model (without exchange currents[7], SU:(3) onian in the case ot three nonequal quark masses
Skyrme model approaché¢8—10], chiral bag model$11],
heavy baryon chiral perturbation theof¥2], or quenched
lattice calculationg13]. Current experimental programs aim H=
at a detailed measurement of the radiative decays of some i
3* andE* hyperong14].
Radiative decays of hyperons are interesting for several 3 o
reasons. In previous quark model calculations of decuplet +i2<. VT ). @
hyperon decay$7], which neglect exchange currents and .
D-state admixtures, all decays are plé transitions. Here,
we find that the inclusion of exchange currents leads in al C ,C_<8 +CaCa : .
cases to nonvanishirg2/M1 ratios. The comparison of our ‘—|ere, A :CEaFl)‘i A[" is @ scalar product in 'color
results with other model predictions and experimental datZPace, whera;"" are the Gell-Mann SE(3) color matrices.
inside baryons but may even help to pin down the relativdhe confinement potential is, according to our experience, not
importance of vectofgluon) vs pseudoscalar degrees of free- crucial for the discussion of hadronic ground state properties.
dom in the effective quark-quark interaction at low energiesWe will discuss the dependence of our results on different
types of confinement interactions, e.g., linear confinement,
elsewhere. Hamiltonial) is described for the two-flavor
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TABLE I. Individual contributions of Hamiltoniaril) to baryon
masses. All quantities are given in MeV. Experimental values av-
erage over particles with different charge. _ __1_( -
Y g Y S
2imi Exn Veont Vguon Vesocet Vo Mg Mgy [16]
p,n 939 497 204 -531 -115 -54 939 @ ©
3 1195 497 173 -562 —-51 —65 1188 1193
A 1195 497 173 -588 —-88 —65 1124 1116 FIG. 1. (a) Impulse approximation(b) PS-meson-pair current
= 1451 497 143 —652 —-45 —78 1316 1318 (7,K,7), (c) PS-meson in-flight currengd) gluon-pair current, and
(e) scalar-exchange curreftonfinement andr exchangg
A 939 497 204 —-326 —27 —54 1232 1232
3* 1195 497 173 —423 —-18 —65 1359 1385
=+ 1451 497 143 —-561 —13 —78 1439 1535 constangpg,q is related in the usual way to the pion-nucleon
Q- 1707 497 112 -595 —12 —95 1615 1672 coupling. We furthermore include the meson as the chiral

partner of the piori3], whereas we neglect the heavien (
=1 GeV) scalar partners of the kaon and

as 1 71 1 400 As in Ref.[3], we use spherical &2 oscillator states for
VOGEZZAF')\?(F—§<HZ+H§+ 3 m) a(r) the baryon wave functions. For the chosen quark masses
' i ] m,=my/3=313 MeV and m,/m¢=0.55, the effective
. 1 quark-gluon couplingx, the confinement strength., and
- m(3ﬂi-r0j-f—ﬂi~0j)r—3 the wave function oscillator parameteg, are determined
t from the empirical baryon masses. Our parameters are very
1 pi P o o similar to those in Ref[3], and the octet baryon magnetic
8r 3 m. m mm moments are, with the exception of tBe" magnetic mo-
o o ment, well described. Results for the individual potential
v pi N p; } (o-, o-J-)] 5 contributions to the baryon masses are given in Table I.
r m m m m 2) While our results for ground state hyperon properties are

satisfying, the strong one-gluon exchange seems to prevent a
and the generalized chiral interactions due to PS meson egimultaneous description of the low-lying Roper and the
change. negative parity resonances of the hyperphg|. The Roper

resonances have been attributed to different kinds of quark

- ~ and/or meson dynamics, and their interpretation as pure

VPS:("i'Vr)("J'Vr){;::l )\?~)\?V,,(r)+;=:4 )‘ia')‘]'aVK(r) three-quark configurations is far from being firmly estab-

lished. Here, we focus on electromagnetic decay amplitudes
of decuplet hyperons in order to obtain further information
on the relative importance of pseudoscalar and vector meson
exchange between quarks.

2 2 The electromagnetic currents corresponding to the Hamil-
v _9psq A 1 [exp(—myr) _exp(—A,n) tonian (1) are constructed by a nonrelativistic reduction of
Y Arx Af/— m27 4mimj\ r r the Feynman diagrani4,4,3 shown in Fig. 1. The spatial

exchange currents satisfy the nonrelativistic continuity equa-
y=,K,7. 3 tion with the exchange potentials in E(l) [1]. Previous
guark model calculations of hyperon decdy§ were per-
The A2 are the SW(3) flavor matrices. In Eq(3), experi-  formed in the impulse approximation, and only the one-body
mental pseudoscalar meson masses=138 MeV, mg quark current of Fig. (8 was considered. The PS-meson
=495 MeV, m, —547 MeV, and a universal cutoff,  pair currentjpgqq and in-flight curreng p5 shown in Figs.
=Ax=A,=4.2 fm are used. The quark-meson coupllng 1(b) and Xc) are given by

+NAV, (N,

) ] ~ N ie| explig-ry)
ipsq=elexpiq-r) oi(oj- Vo[ (X 7)),V - (Nghg—\ M)Vl + (<) }+_ T( axVv)(e;-V,)
i
) [T 0|t = M+ AL 20— 20N Ve et
3 Tz 7T 3 (Naa T Ashs 6 7 K \/— \/— |

112 -
ijS:e(O'i'Vr)(o'j'Vr)Jl dvexdiq-(R—vr)][(5X 7)), Vo + (ML= NN V],
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TABLE Il. Transition magnetic moments of decuplet baryons. The impulgg,f and the various exchange current contributions are
listed separately: gluon paigqg), PS-meson pairgpg,q) and PS meson in flighty(,p9, confinement f.on) ando pair (u,). Skyrme
model results fronf8] and lattice calculation results frofit3] (with phase conventions adapted to our calculgtame given in the last two
columns for comparison. The latter are rescaled to the proton magnetic moment, which is too smgH23uy — on the lattice.
Experimentally known is only the nonstrangé — yp transition magnetic moment. From the empirical helicity amplitudes and=3yin
Ref.[4] one obtaingug®" =3.58(9)uy [16], u3 . =3.68(9)uy [19], andui?" =3.47uy [21]. All transition magnetic moments are
given in units of nuclear magnetonps,=e/2M .

Mimp Mgqq Mpgyq Myps Mconf Mo Mot |MSkyrm4 [8] Mattice [13]
yN—A 2.828 0.292 -0.274 0.586 —1.228 0.327 2.533 2.388 2.83+0.49
SOOREES Yy 2.404 0.366 —0.068 0.097 -0.822 0.291 2.267 1.510 2.22.30
y3.03%0 —-0.990 —0.095 0.036 —0.049 0.278 -0.105 —0.924 0.612 -0.91+0.11
DOINRES Yl —0.424 —-0.176 —0.004 0 0.267 —0.082 —-0.419 0.286 —0.39+0.08
yA—3*0 2.449 0.371 -0.212 0.366 —0.944 0.323 2.354 1.814 —
yEO— g0 2.404 0.431 -0.117 0.097 -0.716 0.329 2.428 1.469 2.1D.24
YE T oB*T —0.424  —-0.190 0.009 0 0.235 —0.090 —0.460 0.211 —0.36+0.06

2 2 _ _
VIl AY 1 /f exp—Lm,") _3, X LA«/r)) y=mK
m ’ ] ]
ToAm AZ-m) 4mimj\ 7oL v Lar
> Fiorg q2 2 2
Zm=Lpr+ivrgq, Ly(g,v,m)= 2(1—41/ )+m-. (4)

In Egs.(4) r;, oy, and s are coordinate, spin, and isospin of titk quark,r =
remaining currents can be found |ig].

Siegert’s theorem connects t® andE2 transition amplitudes in the long-wavelength limit and allows one to calculate
the E2 transition form factor at small momentum transfers from the charge des(gi)y For spherical wave functions, only
the gluon- and PS-meson-pair charge density operators contribute:

ri—rj, andq is the photon momentum. The

ie| explig-ry) 7 o L
PPsqq™ 2{—m. (0-a)(o-Vr) (T+ Va+= (x4>\l+>\5>\1 2M g 5— 2NNV
T\ - +(l<—>1)]
( f f
— i Zaead] L IO [ Do o) Lo ®)
Pygqq 16 mi mi m, J P

Their tensorial spin structure in Eq) allows for a double spin flip of the two participating quarks o; as the only
mechanism by which &2 (or E2) photon can be absorbédi].
Our M1 andC2 transition form factors are defined as

4\37My 3+t 1|1 1* 1
FMl(qz):T<‘]P:7 M;= > fdQ Ya(@)j " 7,MJ:§ ,
2J_ 111 1+ 1
Fedq?)=— < ) :MJZE ‘4— JP=7,MJ=§>. (6)

Ill. RESULTS AND DISCUSSION

The one- and two-body current contributions to td

transition momentsu=F,,;(q?=0) are given in Table II.

serve substantial cancellations between the gluon-pair and
the scalar-pair currentgconfinement and one-sigma ex-
change for all decays. Because of partial cancellations be-
tween the PS meson in flight and the PS-meson-pair term,

Individual exchange current contributions are as large athe total PS-meson contribution to thd1l amplitude is

60% of the impulse approximation result.
As for the octet baryon magnetic momen&, we ob-

small. Nevertheless, the PS-meson contribution is important.
It reduces the strong quark-gluon coupling constant and thus
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TABLE lll. Transition quadrupole moments of decuplet baryons. The gluon-g&jrd and individual
PS-meson 4,K, ) exchange current contributions are listed separately. Skyrme model resultgSfrand
lattice calculation results frofil3] (with phase conventions adapted to our calculateme given in the last
two columns for comparison. The experimental transition quadrupole moments as extracted from the empiri-
cal helicity amplitudes according to Eq53) in Ref. [4]: Q&®,=-0.043(40) fnf [16], Q™ =
—0.105(16) fnf [19], andQ5®", = —0.085(13) fmi [20,21]. All transition quadrupole moments are given

in fm?.
nga Qn-qa QKqE ana Qtot |QSkyrm4 [8] Qlattice [13]

YN« A —0.058 -0.027 0 —0.004 -0.089 0.051 —0.073£0.190
POIREES Y —0.051 -0.036 0.005 -0.009 -—0.091 0.025 —0.141+0.176
y303%0 0.016 0.009 0.002 0.002 0.030 0.009 0.641068
DOINRES Yl 0.018 0.018 -0.010 0.006 0.032 0.008 0.05@.025
YA —3*0 —0.041 0 —0.013 0.006 —0.047 0.035 —

yECs g0 —0.035 0 —0.005 0.001 -0.039 0.023 —0.059+0.074
yE T E*T 0.012 0 0.010 -—0.006 0.016 0.005 0.0330.014

the gluon-exchange current contribution. charge operators are exactly zero for spherical valence quark

In the impulse approximation, S(3) symmetry break- wave functions. The transitioB2 moments for the nega-
ing, i.e., the fact tham,/my;=0.55-0.6 as suggested by the tively charged hyperon&*~ and X*~ deviate from the
octet magnetic momeni8], leads to a reduction of the tran- SUg(3) flavor-symmetric value 0. Our results are in absolute
sition magnetic moments with increasing strangeness contentagnitude mostly larger than the Skyrme model results
of the hyperon. We find that this strangeness suppression [8,9], but somewhat smaller than the lattice res{it3].
for all six strange decays considerably reduced when ex- The helicity amplitudesAs(g?) and A (q? of the ra-
change currents are included. In particular, the reduction ofliative hyperon decays can be expressed as linear combina-

the yE%-E*" M1 transiton moment MiVmEpOHE*O tions of theM 1 andE2 transition form factor$6) [18]. The

= 2.404uy, with respect to theyn—A° transition magnetic E2/M1 ratio of the transition amplitudes is defined as
momentuiﬁ‘;Ao:Z.BZ&N, which is observed in the im-

2__
pulse approximation, practically disappears when exchange E2 _ 1 Ay(E2) AzE2) oMy Fca(q°=0)

currents are included, and we obtair 2 = 2= =" M1 3A;(M1)  Agp(M1) 6 F,(q?=0)

=2.428uy . Strangeness suppression is strong in the Skyrme (7)
model calculation of8], while the lattice results froril3] o )
agree reasonably well with our predictions. The last equality is a consequence of Siegert’s theorem and

An interesting Comparison can be made for M& mo- haS been derived in Rd:_f4] The resonance frequen&yis
ments of theyS*«—3** and yE%-E*° transitions, as given in the c.m. system of the decaying hyperon &y
well as for theyS ~«—3*~ and yE «—E* " transitions. :(Mgecuplet_ Mg_cteD/(ZMdecuple)- Following Giannini[18],
They are pairwise equal in the impulse approximatisee  partial decay widths are calculated:
the first column in Table )| and would also be equal after

inclusion of exchange currents if $(B) flavor symmetry I _w_z Moctet 2 Aa(E2M1)I2

was exact. Gluon- and scalar-exchange currents lead to de- E2M1™ M gecupler2J + 1{| 32(E2M1)]
viations from this equality of about 10%. Less pronounced )

deviations from SY(3) (in the opposite directionare seen +|Ay(E2M1)[7},

in the lattice results, whereas the Skyrme model shows a near

equality for the M1 moments of theyS*—3** and J=3/2, (8)
yEP—E*Y transitions, but a large difference for

Y3~ —X* andyE < E*~ M1 transitions. with, again,|E2/M 1| =T g,/3T 1.

In addition, we point out that the transition magnetic mo- In Table 1V, helicity amplitudes Az,(g?>=0) and
ments for the negatively charged hyperons—0.4uy) de-  Ayx(g?=0), E2/M1 ratios, Eq.(7), and the radiative decay
viate considerably from the SA(3) flavor-symmetric value widthsT'=T"g,+1"\1, Eq. (8), are compared with previous
0, when the quark mass ratim,/m;=0.55 is used. If quark model calculations performed in the impulse approxi-
SU-(3) symmetry were exact, these amplitudes would vanmation[7], the SY(3) Skyrme model in the slow rotor ap-
ish even when exchange currents are included. In contrast fgroach[8], and the quenched lattice calculation[@8]. Be-
the Skyrme mod€]8], we find a stronger SK{3) symmetry cause of cancellations of different exchange current
violation for these decays. contributions to theM 1 transition amplitude and the relative

We observe that the hyperon transition quadrupole mosmallness of thé&2 amplitude, the decay width is domi-
ments shown in Table Il receive large contributions fromnated by theM1 impulse approximation. This explains the
the PS-meson- and gluon-pair diagrams of Figk) 1(d). agreement of the present calculation with the resultg7df
We recall that thee2 transition moments resulting from the The strong suppression of the total decay wilitlwith in-
one-body charge and the spin-independent scalar exchangeeasing strangeness seen in the Skyrme model is not repro-
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TABLE IV. Helicity amplitudesAg,,Aq, (in 1073 GeV™Y?), radiative decay widthE (in keV), andE2/M1 ratios(in %) calculated
in the present model in comparison with impulse approximation quark model resultd 7ip®U-(3) Skyrme model resultéslow rotor
approach for the kaon fielfiérom [8], and lattice QCD results frorfiL3]. Note that our results are given @t=0. Experimentally known
are the nonstranggN«— A helicity amplitudesASP= — (257+8)x 1072 GeV Y2 and AS¥'= — (141+5)x 102 GeV 2 and the decay
width Fi’ﬂtm:mo— 730 keV[16]. The empiricalE2/M 1 ratios for theyN« A transition areE2/M1=—1.5(4)%[16], andE2/M 1=
—2.5(4)%[20], E2IM1=—3.0(5)%[19]. If we use the empiricaM 1 amplitude and the calculatd? amplitude, we obtaiE2/M 1=
—2.6% (see text

Chiral quark model Quark modégr] Skyrme|[8] Lattice[13]

Az Aip r E2M1 r E2M1 r E2M1 r E2/M1
yN— A —186 -92 350 —-3.65 — — 309 —-2.2 430+ 150 3+8
SOOREES Yl —138 -71 105 -2.9 104 0 47 -1.2 100+ 26 5+6
y3.03%0 56 29 17.4 -23 19 0 7.7 -1.0 17+4 4+6
OIS 26.1 11.9 3.61 —-55 25 0 1.7 -2.0 3.3:1.2 8+4
'yA<—>E*O —165 —88 265 -2.0 232 0 158 -1.9 — —
'yE°<—>E*° —154 -84 172 -1.3 — — 63 -1.3 129+ 29 2.4-2.7
yE T —E*T 30 15 6.18 —-2.8 — — 1.3 2.1 3.8:1.2 7.4:3.0

duced by our calculation. The decay widths calculated in th&2/M 1= —3.0(5)%, while a dispersion theoretical analysis
chiral quark model are closer to the lattice results. of the Mainz datg 20] yields Fy;(0)=3.47uy, Fo(0)=

The E2/M 1 ratios are sensitive to exchange current con—0.085(13) fm, andE2/M1= —2.5(4)%. Ourcalculated
tributions. Without exchange currents aftstate admix- values areFy,;(0)=2.533uy, Fqo(0)=—0.089 fnf, and
tures they would all be identical to zero. Except for the smallE2/M 1= —3.65%. Our parameter-independent relatjdh
Y2t 3** E2/M1 ratio obtained i8], the chiral quark between the transition quadrupole moment and the neutron
model, the lattice calculation, and the Skyrme model produceharge radius, FQ(O)zrﬁ/\/E, yields  Fq(0)=
roughly the same ordering &2/M 1 ratios. For five decays, —0.083 fnf, and the correspondiri§2 amplitude is in very
the chiral quark modeE2/M1 ratios lie between the large good agreement with recent measurements. However, the un-
lattice and the small Skyrme model results. All models yieldderestimation of the magnetic transiton moment persists
large (the largest E2/M 1 ratios for the negatively charged even after the inclusion of exchange currents. If we replace
states. However, there are important differences. Thehe calculated transition magnetic moment by the empirical
y3-3*0 E2/M1 ratio in the Skyrme model approaches is transition magnetic moment of RéfL6], we obtainE2/M 1
zero[9,10], or almost zerd8], while the SW(3) symmetry =-2.6%, in good agreement with recent experiments.
breaking and the gluon-pair current in our model yield aHowever, this should be taken with some caution because
sizableE2/M1 ratio of —2.3%. Similarly, theE2/M1 ratio  experimentally one measures thwal E2 and M1 ampli-
for theX* ~— 3~ decay, which is largely due to the gluon- tudes, which include the nonresonant Born terms, whereas
pair exchange current, is with 5.5% almost 3 times larger we calculate only theesonant N=A E2 andM1 ampli-
than the Skyrme model result. The decays of negativelyudes.
charged hyperons are particularly model depenft&ditdue
to the smallness of both tHe2 andM 1 contributions. In our IV. SUMMARY
calculation the gluon contributes strongly to m&2/M 1
ratios. Their measurements will give information on the im- We have studied the radiative decays of decuplet hyper-
portance okffectivegluon (vector exchangedegrees of free-  0ns within a chiral quark model including two-body ex-
dom in hadrons. change currents. The present calculation complements and

So far experimental data exist only for the nonstrangdmproves the quark model calculations of Ref|. Exchange
A+ p decay_ We bneﬂy summarize the experimenta] Situ_CUrrent effects have been evaluated for the first time for all

ation. Most approachesf. Tables Il and IV underestimate radiative hyperon decays. Exchange currents have a different
the empirical transiton magnetic momentyzxft influence on the radiative hyperon decay widths and on the
_ . ) At p_ +_’p E2/M1 ratios in these decays. The decay width, governed by
=3.58(9)uy, the helicity amplitudeshy, = —=(257-8) 1o M1 transition, is determined by the impulse approxima-
Xx10°% GeV Y2 A}, P=—(141x5)x10"% GeV Y2 tion because of substantial cancellations among the various
and decay widthFZ’ﬁtyN=610— 730 keV [16]. Note that two-body currents. Exchange currents modify the transition
these observables are interrelated, and that helicity amplimagnetic moments typically by 10% or less. This is consis-
tudes or decay widths are dominated by the transition magent with our results for octet baryon magnetic moméais
netic moment. According to E¢3) of Ref.[4] one obtains, where similar cancellation mechanisms have been observed.
from the empirical helicity amplitude]d 6] for the magnetic  In contrast, exchange currents are extremely important for
dipole and charge quadrupole transition form factorsgat the E2/M1 ratios. The gluon- and PS-meson-pair charge
=0, Fy1(0)=3.58(9)uy and Fq(0)=—0.043(40) fm, densities lead via Siegert's theorem to nonzEf ampli-
respectively, andE2/M1=—1.5(4)%. Similarly, with the tudes for all hyperon decays. THeE2/M1 ratio for the A
experimental helicity amplitudes of Ref19] we obtain —y3*° of —2% comes almost exclusively from the gluon-
Fm1(0)=3.68(9uy, Fg(0)=—0.105(16) f\}, and exchange charge density. Experimental results ofEis 1
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ratios for the hyperon decays provide an important test foperons 2*~—y3~ and E* —yE~ from the

the relative importance of effective gluon versus pseudoSU(3)-flavor-symmetric value is stronger than in the

scalar degrees of freedom in low-energy QCD. Skyrme model. Exchange currents weaken the strangeness
We have indicated that detailed measurements of indisuppression observed for the transition magnetic moments

vidual M1 andE2 transition amplitudes may improve our calculated in the impulse approximation.

understanding of SK(3) flavor symmetry breaking and help

to discriminate between models. We find that the strangeness ACKNOWLEDGMENTS
suppression of the hyperon decay amplitudes is weaker than
suggested by a recent Skyrme model calculafidh The G.W. is supported by the Deutsche Forschungsgemein-
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