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The importance of resonances for the radiative hyperon decays is examined in the framework of chiral
perturbation theory. Low lying baryon resonances are included into the effective theory and tree contributions
to these decays are calculated. We find significant contributions to both the parity-conserving and parity-
violating decay amplitudes and a large negative value for the asymmetry parameter in pdarizealy is

found, in agreement with the experimental resxﬁtv: —0.76+0.08.[S0556-282(199)05305-9
PACS numbd(s): 12.39.Fe, 13.36-a
I. INTRODUCTION ZRBAB’BB;/B @
=T,
The radiative hyperon decays~+—py,A—nvy, etc.— ! |Aggl+[Bgrg|?
have been studied both experimentally and theoretically for
over three decades, but still a number of mysteries ¢kist the vanishing of the E1 amplitude also guarantees the van-
The primary problem has been and remains to understand th&hing of the asymmetry in contradiction to the near maximal
size of the asymmetry parameter in polari2st—py decay number—Eq(1)—measured experimentally.
[2]: Of course, in the real world U-spin is broken and one
should not be surprised to find a nonzero value for the
a.=—0.76+0.08. 1) asym'metry—whais difficult Fo understand is its size. Indeed
Y theorists have modelled this decay for nearly three decades
and a definitive explanation for e — py asymmetry re-
The dlfflCUlty here is associated with the restrictions poseq'nains |acking_ This is Certain|y\ot for lack of try|ng_
by Hara’'s theorem, which I’equires the Vanishing of thisindeed many ideas have been pursL@j Ear'y approaches
asymmetry in the S(3) limit [3]. The proof of this theorem ytjlized simple baryon pole models with weak parity con-
is easily given. By gauge invariance, the radiative decay amserying BB’ matrix elements determined from fits to ordi-
plitudes must have the form nary hyperon decay5]. The SU3) breaking in this case
comes from the difference between experimer®adl and
o —j proton magnetic moments, which leads to asymmetry esti-
Amp(B—B’y)=ug/(p')————— mates in the 10% range. Corresponding parity violaBig)
2(Mg+Mg) matrix elements must vanish in the @Y limit via the Lee-
» Swift theorem[6]. However, SW3) breaking leads to a non-
X 0P (Agret Berays)Us(P) (2 vanishing asymmetry again only at thel0% level[7]. Re-
cent work involving the calculation of chiral loops has also
whereF#" is the electromagnetic field strength tens®g;z  not lead to a resolution, although slightly larger asymmetries
is the parity conserving M1 amplitude aBg g is its parity  can be accommodatd®]. In addition, over the years there
violating E1 counterpart. Now under U-spin, the electromag-ave been claims that Hara’s theorem is not to be trygted
netic current is a singlet, while the wedls=1 Hamiltonian ~ However, these have proven to be incoridd].
acts like theAUz;=—1 component of a U-spin vector. Thus ~ An exception to this pattern is the work of LeYouanc
the effective current for this transition transforms like aet al, who have argued that inclusion of the (70)linter-
CP-even U-spin lowering operator. This is completely mediate states can lead to a simultaneous resolution of the
analogous to the situation in nuclear beta decay involving the/p-wave problem in ordinary hyperon decay as well as the
isospin operator, and the same arguments which require thesymmetry problem in radiative hyperon de¢ag,12. In a
vanishing of tensor matrix element—o ,, ysF**—for the  previous work we have studied this approach within a chiral
axial vector current between isospin analog states such dgamework and have shown that it is indeed possible to find
n,p [4] guarantee the vanishing of the E1 radiative hyperora simultaneous fit to both s- and p-wave hyperon decay am-
decay amplitude between states such3asp which are plitudes if contributions from the lowest lying~ and 3 *
members of a common U-spin multipfeSince the asymme- baryon octet resonant states are included in the formalism
try parameter is related to the decay amplitudes via [13]. In the present paper, we extend this discussion to ra-
diative hyperon decay. In the next section then, we introduce
the effective weak and strong-electromagnetic Lagrangians
*Email address: borasoy@het.phast.umass.edu including resonant states and we evaluate the pole diagram
"Email address: holstein@phast.umass.edu contributions of both ground state baryons and resonant
INote that the same argument would apply to the transiion  states to radiative hyperon decay. Numerical results are pre-
—3 " y. However, there is presently no experimental informationsented in Sec. Ill, while in Sec. IV we conclude with a brief
on the asymmetry for this decay. summary. In the Appendix, we determine the strong cou-
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plings of the resonances to the ground state octet by a fit toctet from the (70,1) multiplet leads to significant improve-

the electromagnetic decays of these resonances. ments in both radiative and nonleptonic hyperon decays. We
confirmed in a recent calculatidi 3] that indeed exist sig-
Il. RADIATIVE HYPERON DECAYS nificant contributions from these resonances for the nonlep-

] ] o tonic hyperon decays in the framework of chiral perturbation
There exist six weak radiative —hyperon decays:theory. We begin therefore with the inclusion of the octet of
37 —py,E =37y 2 —>ny,A—=ny,E°—=3"y,E' Ay gpin-parity 1/2 states, which include the well-established
which can be studied experimentally, and each can be repreiategy(1535) andA (1405). As for the rest of the predicted
sented in terms of a parity-conserving and a parity violating /- states, there are a number of not so well-established
matrix element as in _qu). The aim of the_ present work is states in the same mass range—1] and references
to calculate the amplitudeSs g andBg:g within the frame-  therein. In order to include resonances, one begins by writing
included in the following section. It can be decomposed intq grentz invariance and chiral symmetry. For the strong part,
a strong-electromagnetic and a weak part. The former readge require invariance unde and P transformations sepa-
_ o — rately, while the weak piece is invariant undeP Stransfor-
Lg=itr(By,[D*B])—M tr(BB) mations where the transformati@interchanges down and
— — strange quarks in the Lagrangian. We will work in the
+lgtr(Bo, {f4",BY) +1¢tr(Bo,,[f2".B]), (49 cP-conserving limit so that all LECs are real, and denote the
. N 1/2” octet byR.
where f£” is the chiral field strength tensor of the electro- UnderCP transformations, the fields behave as

magnetic field andi represents the mass of the baryon octet

in the chiral limit. The coupling constantd, and B—y,CB', B=B'Cy,, fi"——1],,,

| ;—so-called low-energy-constanttEC9—can be deter-

mined from a fit to the baryon magnetic moments, cf. the h,—h’, D”—>—D,I,

Appendix, and are the only counterterms contributing to the L

radiative hyperon decays up to second chiral orddnote, R——y,CR", R——R"Cyy, (6)

that at next chiral order, there is an additional term possible
which is proportional td§y [D,,f“*]B, but this vanishes whereC is the usual charge conjugation matrix. The kinetic
for real photons. pET term of the 1/2 Lagrangian is straightforward

We now turn to the weak piece of the meson-baryon La-

kin__ D, _ DI
grangian, whose lowest order form is Lr =11(Ry,[D¥.R]) = Mg tr(RR) @)

with Mg being the mass of the resonance octet in the chiral
limit. The resonances R couple electromagnetically to the
1/2* baryon octeB via the Lagrangian

L%=dtr(B{h, ,B})+ftr(B[h, ,B]). (5)

In our previous work, the LECs and f have been deter-
mined from the nonleptonic hyperon decays by two indepen- ,s _. sy v T tr(Be wv

dent means. If114] a calculation was performed which in- Lre=iTdtM(Ro, ys{fL",BY) + tr(Bo, ye{ 2", R})]
cludedall terms at one-loop order. This work suffered from . = v = v
the fact, however, that at this order, too many new unknown Firgtr(Ro, ys[ 147, B]) + tr(Bo,, ve[ 117, R])] g
LECs enter the calculation so that the theory lacks predictive (8)

power. In order to proceed, these parameters were estimatggq the couplingsy andr; can be determined from a fit to

by means of spin-3/2 decuplet resonance exchange. The rge electromagnetic decays of the resonances—cf. the Ap-

and, therefore, additional counterterms that were not satu-

rated by the decuplet had to be taken into account, leading to L£¥=iwgtr(R{h, ,B})— tr(B{h, ,R})]
the possibility of an exact fit to the data. In a second ap- o o
proach[13], we included lowest lying spii/2* and 1/2° +iw¢[tr(R[h, ,B])— tr(B[h. ,R])]. 9

resonances in the theory and performed a tree level calcula-
tion. Integrating out the heavy degrees of freedom providewith two couplingswy andw; which have been determined
then a plausible estimate of the weak counterterms, whicfrom a fit to the nonleptonic hyperon decays| Ir8].
have been neglected completely{ 5] and[16]. A satisfac- We will not include additional resonances from the
tory fit for both s- and p-waves was achieved. Since wg70,1") states, which were thenly resonances considered in
herein apply this scheme for the weak radiative hyperon de-11,12. But in many applications, the spin-3/2decuplet
cays, we will use the values farandf from [13]. and the Roper-like spii/2" octet states play an important
Having introduced the Lagrangian for the ground staterole, cf. e.g.[17]. The decuplet is only 231 MeV higher in
baryons, we can then proceed by including the low lyingaverage than the ground state octet and the Roper octet
resonances. 111,17 it was argued that in a simple con- masses are comparable to the 1/8atesR. One should
stituent quark model including the lowest lying spin 1/2 therefore also account for these resonances.

054019-2



RESONANCES IN RADIATIVE HYPERON DECAYS PHYSICAL REVIEW [39 054019

Considering first the decuplet, due to angular momentum

conservation, the spin-3/2 decuplet states can couple to th §§ §
spin-1/2 baryon octet only together with Goldstone bosons ot. = =

photons. Therefore, intermediate decuplet states can contrib-

ute only through loop diagrams to radiative hyperon decay. I_:IG. 1. Diagra_ms that contribute to radiative hyperon decays.
Such loop diagrams saturate contact terms of the same chirgP!id and wavy lines denote ground state baryons and photons,
order as the loop corrections with the baryon odted]. respectively. S_ol{d squares and urclgs are vertices of the weak and
Since in this work we restrict ourselves to lower chiral or- €€Ctromagnetic interactions, respectively.

ders, we can disregard such decuplet contributions. Their ef-

fect begins only at higher chiral orders, which we have nefay provides, therefore, a nontrivial check on whether the

glected from the beginning. In addition, the calculation of fesults from _the simple quark model are consistent with chi-
relativistic loop diagrams in the resonance saturation scheni@! Perturbation theory.

leads to some complications. The integrals are in general

divergent and have to be renormalized which introduces new A. Ground state contributions

unknown parameters. The absence of a strict chiral counting \ye pegin by considering the diagrams which include only
scheme in the relativistic formulation leads to contributionsground state baryons, as depicted in Fig. 1. The relevant
from higher loop diagrams which are usually neglected in ggrangians are given in Eq€4) and (5). The photon

such calculations, cf17]. . . couples not only via the field strength tensor, but also
Another important multiplet of excited states is the octetiyroyugh the covariant derivative ,:
u

of Roper-like spin-1/2 fields. While it was argued if18]

that these play no role, a more recent study seems to indicate [D,.B]=4,B+[T,.B] (19
that one cannot neglect contributions from such states to,

e.g., decuplet magnetic momefis®)]. It is thus important to  Here the chiral connection

investigate also the possible contribution of these baryon

resonances to the LECs. The Roper octet, which we denote Fy=—iv,+ --=—ieQA,+ - (15
by B*, consists of theN*(1440), the 2*(1660), the ) ] .

A*(1600) and theE* (1620?). The transformation proper- contains the external photon fiefd, and thg elllpse_s deno'te
ties of B* underCP are the same as for the ground statet€rms that do not contribute in our calculation, while the field
baryonsB, and the effective Lagrangian of tH8* octet Strength tensor reads

coupled to the ground state baryons takes the form

fAY=2(*v"=d"v*)+ - -. (16
kin

Lorp=LE+ Lowgt Lovp (10)

The explicit calculation reveals that the contributions to the
decays from the chiral connection cancel if one uses the
physical mass of the internal baryon for the propagator,
which is consistent to the order we are working. Conse-
quently, the only contribution to the radiative hyperon de-
] ) ] . ] cays stems from the terms with the couplings magnktic

(with Mg being the resonance mass in the chiral liméin  anq|, . Such pole diagrams with intermediate ground state

with the kinetic term

LET=itr(B* y,[D*B*])— Mg« tr(B*B*) (11

electromagnetic interaction part baryons contribute only to the parity conserving amplitudes
_ _ Al yielding?
Re=3[tr(Ro, {4 B)) + tr(Bo, (4" R})]
_ _ amo__ & 82,
+17[tr(Ro,, [ f4",B]) + tr(Bo, [ f4”,RD]. T My—My 3 ¢
(12
e 82
and a weak piece A= (|
g Mi—My3y3 ¢
Lo g=d*[tr(B*{h, ,B})+ tr(B[h. ,B*})] (17
Y = ASPEO— & ﬂi(ﬂ
+f*[tr(B*[h, ,B])+ tr(B[h,,B*])]. (13 " My—Mz 3 ¢
As in the case of their 1/2 counterparts, the coupling con- A0 e 8.2
stantsf*,d* have been determined from nonleptonic hy- AM= =W—dld
peron decay in13], while the electromagnetic couplings A =33

13,17 are found from radiative decays of the resonances—

(cf. the Appendix. There exist no additional unknown pa-

rameters in this approach once the weak couplings are fixed’Corresponding parity violating couplings vanish due to the Lee-
from the nonleptonic decays. Study of radiative hyperon deSwift theorem[6].
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FIG. 2. Diagrams including resonances that contribute to radia-
tive hyperon decays. Solid and wavy lines denote ground state bary-
ons and photons, respectively. The double line represents a reso-
nance. Solid squares and circles are vertices of the weak al
electromagnetic interactions, respectively.

PEt_ASTE
AT =AT TS0 Api*zeL(%lgm (d*— )
s~ Mpx«
where we work in the limit of identical- and d-quark
masses and employ the physical masses for the internal bary- t+e (} 1% | (d* = %),
ons. If one were to includenly ground state baryons in the My—Mpgs 3d
effective theory and neglect resonances then, there would be
no additional contributions to the amplitudes at tree level. - 4 1
This would lead to a vanishing asymmetry parameteafoy A* E =e—(— — ¥ |(d* +f*)
of the radiative hyperon decays and in particular for the de- Mz — Mg« 3¢
cayX " —py. The inclusion of meson loops leads to a small
contribution for such asymmetry parametéds20] in clear (E —1% | (d* + %)
contradiction to the experimental result Ed). ME M g 3 '
B. Resonance contributions AnEOZeL E *(d* —f*)
Any explanation for the large asymmetry then must come My —Mgs« 3
from inclusion of additional intermediate states. The dia- V2
grams including resonances are shown in Fig. 2. The spin- te———— — 1% (d* +f*),
1/2” resonances contribute to the parity violating amplitudes Mgs—My 3
B,
BPS Lo 4(Ms—My) /1 N A”A:eLﬁl’g(d*+3f*)
(ME MR)(MN MR)\ rd i (Wd Wf)r MA_MB* 3\/§
4 \2
+e—— —=I5(d* = 3f*),
gz g AM=—My) /Er PR Mgs—My 343 al :
(My—Mg)(Mz—Mg){3'¢ "1/ H
aele t \/—Elg(d*—f*)
0 4 \/E M B* — M = 3
B"™ =@ T g(Wg— W)
(Mg—=My) 3 4 2
+e—— 15 (d* +*),
4 J2 Ms—Mpgs 3
+e(MR M ) 3 rd(Wd+Wf)
—0 4 J2
ANE —e—————— —— ¥ (d* +3f*)
Mg« —Mz 34/3
BM=e—«—— 4 \/—r (Wy+3wy) )
(Mg=M,) 33 @74 7 4 V2
+e—— ——=I3(d* = 3f*). (19
4 5 M,—Mgs 3v3 ¢
te————— ——rq4(wyg—3wy),
(Mr=My) 33 o(Ws & In the framework of chiral perturbation theory at tree level,
onemustinclude the spin-1/2 resonances in order to ensure
a nonvanishing asymmetry parameter for the decdys
BE%E°_ ¢ 4 \/—Er (Wy—W;) —py andE ~—ny, since the parity conserving component
(Mz—Mg) 3 7d T vanishes if only the baryon octet is retained.[12,20 the
coupling of the photons to the ground state baryons was
te 4 \/Er (Wy+Wy), expressed directly in terms of the experimental baryon mag-
CMy—Mp 3 dWaT Wi netic moments which implicitly includes higher order chiral
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~M=—Mp) 33

4 \2

T M =M 3y3 W

——=rg(wy+3wy)

a—3Wg),

(18)

"While the octet of spin-1/2 resonances contributes to the
parity conserving amplitude&!',
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contributions and leads to nonvanishing parity conservingvhere the number in the brackets denotes the experimental
amplitudes for the decay8*—py andE~—3 " v. Asin  value.(The decay?°—ny is dominated by the electromag-
the case of the nonleptonic hyperon decays, one must includeetic decay>®— A y and, therefore, no experimental value
the spin-1/2 resonances to account for such higher ordercan be given in this cageFinally, the corresponding asym-

effects[13]. metry parameters are found to be, cf. E3),
+ —=
IIl. NUMERICAL RESULTS AND DISCUSSION aP> =-049 o = =0.84
In this section we present the numerical results for the 2’2012 a"™=-019

decay amplitudes and the decay parameters. For the electro-
magnetic couplings, we use the values which can be obtained
from the magnetic moments of the ground state baryons and
the radiative decays of the resonances, cf. the Appendix, oo .

. ' .’ Our results are only indicative, of course. A full discus-
while the weak parameters are fixed from the nonleptonic

hyperon decay§13]. For the parity conserving amplitudes sion would have to include both the effects of chiral loops as
w)(/epobtain i l)J/nits ;)f 107 Ger\)/‘ly 9 P well as contributions from additional resonant states. In this

regard, we do not anticipate that our predictions should be
APE =0-1.81=-181 able to reproduce precisely the experimental values for the
decay widths, but it should be noted that we obtain in our
approach, radiative hyperon decay widths which are in rea-
sonable agreement with experiment except in the case of
3" —py, which is about an order of magnitude larger than
the experimental value. We could, of course, by use of aver-
age resonant mass rather than non-strange mass or by twid-
dling parameters, bring this number into better agreement
with experiment. However, our purpose herein is not a pre-
cise fit to data, but rather to ask whether the resonance satu-
AMEC— _0.3640.02= —0.34 20 ration is able to represent the basic phenomenology of these
' ' o decay rates. In this regard, the answer is then yes—our re-

where the first and second numbers denote the contributiori!lts suggest that the spin-1/2esonances play agssential
from the ground state octet and the spin‘l/@sonances, role for the radiative decays as was found in the constituent

respectively. The parity violating amplitudes read, in units ofdUark model[12]. (Indeed at lowest chiral order without
1077 GeV L, such resonant contributions both parity conserving and parity

violating amplitudes would vanishBut in addition, in the
BPX =047 B E =015 chiral approach onmustinclude the octet of spin-1/2reso-
nances in order to account for 8) breaking effects, which
are higher order in the chiral expansion. A similar conclusion
was reached in the case of the nonleptonic hyperon decays

2’22015 o"E"=0.46. (24)

A¥ & =0+0.08=0.08
A"°=0.50-0.52= —0.02
A" =0.41+0.11= —0.52

A°Z°= 1,01+ 1.06=0.05

B"™°=_0.45 B"=-0.05

- - [13].
B**=°=0.70 B"="=-0.08. (21) What s perhaps more important here is that with the in-
. clusion of resonant contributions, the origin of the “large”
The decay rates are given by negative asymmetry in the radiati¥s" hyperon decay is no
2 2\ 3 longer a mystery. Indeed it becomes almost natural. The
rii :i i ) (|AJ 124 |BIT|2) (22) resonant cqntribution to the parity qons_erving and parity vi_o_-
m\  2M; lating amplitudes are comparable in size, leading to signifi-
o _ cant asymmetries for a number of the radiative modes, in-
and one obtains, in units of GeV, cluding 3" —py. It should also be noted that there is no
. conflict with Hara's theorem. Examination of Eq18)
[P =1.3x107%4(1.0x10° %) clearly shows that the parity violating amplitudes for the

o decays> " —py andE~—3 " y vanish in the SIB) limit.
I'* & =1.6x10 %95.3x10° 19
IV. SUMMARY

ns0_ — 18
I 7:5x10 In this work we examined the significance of low lying

baryon resonant contributions to radiative hyperon decay. To
this end, we included the spin-I/2octet from the (70,1)
states and the octet of Roper-like 1/8elds in the effective

I'"A=3.8x10 % 4.6x10 %)

3020_ - - S ,
[75=2.7x1071%7.9x10™*9) theory. The most general Lagrangian incorporating these
o resonances coupled to the ground state baryons introduces
I'A="=2.5x10 1%2.5x107 %), (23 twelve new parameters, four of which can be determined
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from the electromagnetic decays of the resonances, two canoments which are defined by

be fitted from the ground state baryon magnetic moments o

and the remaining six weak couplings have already been de- ,ji — ji ji — ji ji
termined from nonleptonic hyperon decays within the frame- M;+M; LF1(0)+ F2(0)] M;+M; P10+ A%
work of chiral perturbation theor13]. Thus, the inclusion (A1)

of the spin-1/2 resonant states leads to no additional Unrpe torm factor Fii(0) is related to the electromagnetic
known parameterdlt should be noted that an alternative charges of the baryons

approach—inclusion of the spin-3/2iecuplet, as performed i
in [14] for nonleptonic hyperon decay, generates terms at the F1(0)=0;8;, 9;={—1,0,1}. (A2)
same chiral order as the loop correction®p?), which is . .

beyond the accuracy of this calculation and therefore can b'é‘ fit for 14 fo the magnetic moments of the ground state
neglected. In [11,12 it was argued that within the quark aryons delivers
model, the inclusion of the spin-172octet is sufficient to 14=0.25 GeV'? (A3)
obtain a satisfactory fit for both nonleptonic and radiative o o

hyperon decays. We have shown that in the framework ofind we neglected the uncertainties in our fit, since we are

chiral perturbation theory, the structure of the contributionsP"lY intérested in the order of magnitude for this parameter.
from such resonances agrees with the results in the qua ote, thatl; does not contribute to the amplitudes at the tree

modelto the order we are workingn [12] the pole terms of level)

the ground state baryons to the parity conserving amplitudes (\j/\ll’? T,?W turn to th_e Sheterlmlr:atlon of tthe com:plljr:%srfﬁ
were expressed in terms ekperimentaimagnetic moments andlq .l appearing In the electromagneuc part ot the ettec-
and thereby a significant nonzero value for the asymmetr ve resonance-ground state Lagrangian. The decays listed in

: . + . . the particle data book, which determine the coupling con-
parameter in polarizell " — py was obtalned_. However, this stan?srd andr,, areN(1535)>Ny. The width is gi\F/)engby
approach includes the anomalous magnetic moment compo-
nents which are of higher chiral order and, therefore, do not )
appear to the order we are working. On the other hand, in our r'= 5
tree level chiral perturbative calculation, the improvement of VIR
experimental agreement is brought about by the inclusion of i1,
the Roper-octet, which is in the same mass range as the 1/2
octet. We found that by using the electromagnetic couplings
determined from a fit to the magnetic moments of the ground
state baryons and from the eIec;romagnetlc decays of thﬁeing the three-momentum of the photon in the rest frame of
resonances, and the weak couplings from the nonlepton

. - e resonance and i andM g being the masses of the reso-
hyperon decays we obtained reasonable predictions for th‘?ance and the ground state baryon, respectively. For the

decay amplitudes and significant negative values for theggonance madd; we use the mass d4(1535). The mis-
+ - . - .
%7 —py asymmetry as a veryatural result of this picture, (axe we make in the case of the other resonance octet states

even though Hara’s theorem is satisfied. _is of higher chiral order and, therefore, beyond the accuracy
We conclude that the inclusion of spin-1/2 resonances iryf our calculation. For the transition matrix, one obtains

nonleptonic hyperon decays provides a reasonable explana- B N

tion of the importance of higher order counterterms and |7'?=128%(p;-k)*(C")? (A6)
ives a satisfactory picture of both radiative and nonradiative . .

gonleptonic hypen})lnpdecay. In order to make a more definitd/\t Pi the momentum of the decaying baryon and the coef-

statement one should, of course, go to higher orders anéments

include meson loops as well as the contributions from addi- CPPISd_Ly 4. CNNISHB-_2p (A7)

tional resonances. However, this is clearly beyond the scop,

of the present investigation.

|k, /|72 (A4)

1 2 2
|ky|:Ey:WR(MR_MB) (A5)

ﬁsing the experimental values for the decay widths, we ar-
rive at the central values

— 1 — _ 1
ACKNOWLEDGMENTS ery=0.033GeV -, er;=—0.046 GeV-. (A8)

This work was supported in part by the Deutsche For-We do not present the uncertainties in these parameters here,

schungsgemeinschaft and by the National Science Found3ince for the purpose of our considerations, a rough estimate
tion. of these constants is sufficient.

For the determination of} andlf, we use the decays
N(1440)—-Nvy. One has to replace the resonance mass by

APPENDIX: DETERMINATION OF THE STRONG M g« = 1440 MeV in Eqs(A4),(A5) and the coefficients read
COUPLINGS

p p(1440 _ 1% * nn(1440 _ _ 2%
In this Appendix we present the determination of the pho- ¢ it C sld- (A9

ton baryon couplings used in the effective Lagrangian. Werhe fit to the decay widths delivers
start with the ground state baryons. In this case the two ap- L L
pearing LECsl4 and|; can be fit to the baryon magnetic elj=—0.024 GeV ", elf =-0.009GeV . (A10)
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