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We study the structure of the baryon resonand€$405 and K(1405) in J/¢ four-body decaysl/
— 37 in the framework of a coupled channel chiral unitary approach. With still sufficient freedom for
model parameters, th&(14095 and /T(1405 resonances are generated by simultaneously taking the meson
baryon and meson antibaryon final state interactions into accountw):r(mg) invariant mass distributions
peak around 1410 MeV, which favors the assertion thatAti105 [K(1403] is a superposition of the two
A(1405 [1?(1403] states which dominantly couple KN (Kﬁ) and 7> (775), respectively. We also calculate
the amplitude for isospih=1 which gives hints of a possible=1 baryon resonance in the energy region of the
A(1405, which up to now has not been observed.
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[. INTRODUCTION chiral unitary approach discussed belpli,18 and is also
the case in therm scattering amplitudes constructed by the
The case of the\ (1405 is one of the examples of dy- Roy equation inf19], where the width is as big as the real
namically generated resonances which was already describ@@rt of ~500 MeV. Although this pole, far away from the
within scattering theory with coupled channels[ifj. More  real axis, has small repercussion at low energies where per-
recently the advent of nonperturbative methods with inputurbative chiral calculations can be correctly applied, the ex-
from the chiral Lagrangian has set that original idea onistence of the complex variable theorem stating that a series
firmer grounds[2-9]. The A(1409 resonance, appearing €xpansion has a radius of convergence till the first singularity

about 30 MeV below th&N threshold plays a key role in already sets the limits on how far the perturbation expansion
— . ' , ~ can be pushed.
the KN interaction and related processes and is a subject of 1o chiral unitary coupled channels approach, which

debate concerning its nature, whether it is a genuine threes, akes use of the standard ChPT Lagrangian together with an
quark system[10,1] or a molecularlike meson-baryon mjicit or explicit expansion of RE, instead of thel ma-
bound state where chiral dynamics plays an important roléyjy has proved to be very successful in describing meson-
The. recent discovery of the pentaquéati] shoqld stimulate meson[17,1§ and meson-baryof6] interactions at higher
again the debate on the nature of thel409 since the ex-  gnergies. By employing the chiral Lagrangian at the lowest
istence of that exotic state forces an interpretation of thag,qer and solving the Bethe-Salpeter equation, this method
baryon with at least five quar{d3,14, although molecular 45 aple to reproduce well the low lying meson and baryon
structures WithKa_-rN_ (heptaqu_ar}( have also been investi- (asonances in the Particle Data Gro(®DG) [17,18,20.
gated [15,16. Within the chiral approach of2-9 the  \yhen doing the extrapolation of ChPT at higher energies one
A(1403 stands as a quasibound state of the meson-baryoyga|ly neglects crossing symmetry since only the right hand
mostlyKN and =X, which is also equivalent to five quarks in cut is used as a source of the imaginary part of the amplitude
the quark picture. The existence of the pentaquark makeasnd the left hand cutunphysical cut is neglected. This,
more easily acceptable the idea of otlpentaquarknonex-  however, can be improved, as was done[#1] for the
otic states, and vice versa. No doubt, explorations on theneson-meson interaction. Also id] a systematic method is
nature of theA (14095 will provide more clues to understand proposed to also account for the left hand cut by including
the nonperturbative nature of the QCD dynamics. perturbative crossed loop diagrams in the kernel of a disper-
Chiral perturbation theorgChPT) directly deals with had-  sion relation forT™%. In [21] it was found that the effect of
ron interactions in terms of meson-baryon degrees of freethe left hand cut was very small in a wide range of energies
dom. As an effective field theory which incorporates the chi-for the meson-meson interaction below=1.2 GeV. Simi-
ral symmetry of QCD, ChPT has proved to be verylarly, in [4] the effect of the left hand cut was estimated to be
successful in describing hadron interactions at low energiesven smaller since crossed terms are reduced by factors of
by expanding the chiral Lagrangian in powers of the hadror(q/2M)? (with M the baryon magsn the meson-baryon in-
momentum. However, due to the problem of convergence oferaction, which are very small at the energies where the low
ChPT at relatively higher energies where most meson anfying baryon resonances appear. The accuracy of the ap-
baryon resonances appear, the plain ChPT can do little fqsroximation neglecting the left hand cut has an important
the description of resonances. The lowest energy resonantechnical advantage since, as proved[4h, the dispersion
in 77 scattering is ther which appears as a pole in the relation requires only the imaginary part of the meson-
complex plane with a very large width. This is the case in thebaryon loop(on shell partand this leads to a Bethe-Salpeter
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(BS) type equation, identical to the one used6nl7], where  count, which is diagrammatically described in Fig. 1.

the kernel(potentia) is needed only on shell. This converts  Due to the lack of knowledge on the dynamics of char-
the BS equation into an algebraic equation, much as it hapmonium decays, we employ the phenomenological Lagrang-
pens with the use of a separable interaction, although there jan used in[26] which incorporates S{3) symmetry to ac-

no need to define such a separable kernel. count for the vertex o8/ four-body decays. Assuming that

With this chiral unitary approach the authors[@P] cal- the J/ ¢ is an SU3) singlet[28], the most generaBBMM

;lrJ]Eitr?SCItgieaﬁgoffupr:zd;?fg?gn?L;ng%? iﬂCatr?aentp :T(]);osr; Lagrangians of S{B) scalar nature without derivatives in the
P fields have the following possible structures:

distributions in different#% charge channels, which was

lately experimentally confirmed if23] and gave support to _ _

the assumption that th&(1405 is a meson-baryon loosely L=gTI[By*BOP]Y,, L,=gTrBy®PBD]|V,,

bound state. Additionally, it was found [24] that the SU3)

symmetry breaking leads to two poles of tK&l scattering — —

matrix that might be responsible for the nomin&l1405), L3=gTrBy* OBV, L4=gTH{By*BIT{dPIV,,

one dominantly coupling tarS and the other t&KN, and 1)

these poles are the mixing of the &Y singlet and octet. It

was concluded there that there are th(1405 resonances Wwith ®,B the ordinary S3) matrices for pseudoscalar me-

and the experimentally observed one is a superposition of theons andﬁ+ baryons, respectively, the J/¥ field, andg a

two states. However, whether the two poles really exist in theonstant to provide the right dimensions. In constructing the

A(14095 region is still unsolved experimentally. For this aim effective Lagrangians we have imposed(SjJUsymmetry to

the authors of Ref[25] suggested isolating the pole of the Lagrangians together with the requirement of a minimum

A(1405 that couples dominantly t&N in a photoinduced number of derivatives in the fields. We deliberately do not

K* vector meson production process. It will be interesting tosearch for Lagrangians implementing chiral symmetry,

further study the structure @(1405 in particular processes. Wwhich in view of the large number of particles involved and
In this work we propose to extract the structure of thethe fact that derivatives in the field are implied, would blow

A(1405 in the decay processed y— SSmm using the UP the number of possible structures. Chiral Lagrangians are

coupled channel chiral unitary approach to account foparticularly useful to show how the interaction would change

meson-baryon and meson-antibaryon final state interactiori8 the chiral limit when quark masses go to zero, but if the

; ; ; purpose is to have a parametrization of an amplitude ac-
(FS). Itis worth noting that in these processes fhil409 counting for the possible SB) structures, a procedure like

could be generated through théB FSI, together with the e one done here is sufficient within a limited range of en-
A(1403 generated through thB FSI, and this would pro- - ggieq This is more the case in an approach like ours, in
vide valuable information on the structure of the resonancesyhich as noted above. a factorization of on shell vertices is
The J/4 four-body decays have been proposed to providga,yjicit in the loop, which will not cause derivative cou-
further information on the low lying meson resonances 'nplings to bring extra divergences. Similar effective
Ref.[26], where the chiral unitary approach was employed toLagrangians, without derivatives in the fields, have been
account for meson-meson FSI without considering M@ .4 in related problems o/ decay, like J/ y—

FSI. A natural continuation of the work ¢26] is to look for [29,30. As discussed if29], the use of other Lagrangians

the meson-baryon FSI that can lead to the formation of reésq,, qying derivatives of the fields does not change the results
nances, particularly those which in the chiral unitary aP-and conclusions.

proach are dynamically generated. Experimental interest in' \na then take the Lagrangian of our problem as a linear
the issue has been shown in a recent effort to search for the) i vion ofr. a=12. . 4
pentaquark state id ¢ four-body decays/ ¢— K3pKn and & e
I/ p— KZpK*n [27].

4
Il. THE MODEL L= glxa/:a' (2)

We proceed now to construct the amplitudes g/ o
— BBMM simultaneously takingB and MB FSI into ac-  This leads to the vertex fal/ y/— (MB);(MB);
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TABLE I. Tj; coefficients forJ/¢—>(ME)i(MB)J- decays.

Kp Kn mOA 7930 A 720 3 a3t
Kp X1+ X X X
P x1+2x 3 X, % A, _X_}_ 2 L
3 4 V3 2 2 23
X X o X
23 \3 6 3 23
Kn' X+ X1 X, X Xy X, X1 Xy
X3+ 2X Y- St =t Py~
3t Xy 243 2 2 6 2V3
X X X X
2y3 3 6 3 243
WOK ﬁ+x_2+ 0 0 x_1+x_2 0 0
3 3
X3 X3
_+ f—
3 2 3
7930 XiHXot X, X 0 Xo Xo
xgt2xy 3tz "
X3
A X1 +Xp+ 0 X X;
Xa+2X4 37 2t
KB XX
3 3 3 3
50
3 3 \3 V3 V3
Dy X
3 V3
W_T Xl+ X2
X3+ 2Xy
’7T+E+ X1+
X3+ 2%y
O = — In the rest fram 0 =0 for the thr lar-
Vi = =00, (p) Yo (p)e (I, 3) the rest frame o8/, €/(J/4)=0 for the three pola

ization vectors and Eq3) in the nonrelativistic approxima-
tion for the nucleons can be written as

where we have already specified that we have a baryon-

antibaryon production, rather than the baryon destruction and _

creation that one has for the meson-baryon amplitude. The Vij =Cjjg0 - €3/ ) (4)

eight coupled(MB); (i=1, 2, ..., 8) channels that we con-

sider areK™p, Ko, 7%A, 720, A, 520, 737, and w3, o _ .

and the(ME)i channels ar&*p, K, 7N 7950 WX 730 with ¢ the standard Pauli matrices.

7>, and7*S*. TheKE state was shown if6] to have no We then construct thé/¢— (MB);(MB); amplitudes in-
relevance in theA(1405 dynamics. We list th&;; coeffi-  volving both MB and MB FSI. The decay amplitude with
cients in Table | and we note the}=g;. only MB FSI can be written as
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Tjj =\~/ij +> vikatkja (5
k

wheret,; are the scattering amplitudes fo¥B),— (MB);

which have been calculated in R¢6]. The (MB), loop in-

tegrals

Gz d'q My 1 1
KT ) CmrEG K+ p° - - E(G) +ieP- P +ie
d®g 1 My 1

= 6
(21T)3 Zwk(q) Ek(ﬁ) pO + kO - (,()k(q) - Ek(d) +ie ( )

depend only on thé/B invariant masg°+k%= s, wherep
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gously, for the loop involving the vertey; in Eq. (5), which
has a different structure from the one involving & am-
plitude, the contribution of the off shell part in the loop could
be absorbed by renormalizing the coupling constaimt Eq.
(1) since the integration for the off shell part in just one loop
has the same structure as the tree diagi@mSimilar argu-

ments also apply for the off shell part BfB loops in Eq.(7).
In this paper we do not consider théM interaction nor

the BB interaction. The neglect of thBB interaction is jus-
tified since we are taking the phenomenological Lagrangians
of Eq. (1) which were used if26] and fitted to the experi-

mental data without taking into account tB& interaction.
Then the effect oBB interaction in the region of energies of

and k are the momentum of the final baryon and meson;nerest is accounted for phenomenologically in the cou-
respectively, the masses of the particles, and the cutoff of thﬁlings fitted to experiment ifi26]. This is, however, not the

meson three-momentum in the logpa. IN EQ. (6) M, and

case for theMM interaction since this one was taken into

E are the mass and energy of the baryon in the loop, respegccount explicitly in[26]. However, the choice of different
tively, and w,=\G?+m¢ is the energy of the meson with the regions of phase space [26] and the present work justifies

massm, in the loop. The amplitudes;; in Eq. (5) are func-

the neglect of theVB interaction in[26] and of theMM

tions of ys once (.« is fixed. In our calculation we take interaction in the present work. The basic point is that the

Omax=630 MeV. The value of,,,, was fixed in[6] in order

meson-meson interaction is relatively weak except in the re-

to get an agreement of the theory with the lower energygion of the resonances. These would be in the case of meson-
parameters of th&~p interaction, and with only this param- meson interaction thé,(980 and a,(980) and to a much
eter theK™p scattering cross sections and the invariant massmaller extent the broad, « of the 7, 7K interaction. In
distribution of theA (1405 resonance were well reproduced. the case oMB interaction, the resonance of relevance in the
Proper behavior of the loop functions requires that this cutoff€dion studied here is th&(1403. When we concentrate in

be reasonably bigger than the on shell momenta of the pa® Narrow region around 1405 MeV for the invariant mass of

ticles inside the loops. This puts some limit to the range o

#7> and in addition in the same region of energies for the

energies where this can be used. A dimensional regularizdAvariant mass of the'>, one selects a very narrow region of
tion of the loops was done 4,20 but the two procedures the four-body phase space where there is a large enhance-

are practically equivalent as shown [i#] by establishing a

ment because of the double resonance structure>pfaind

correspondence between the cutoff and the subtraction conr>. However, this region of phase space contains the whole

stant in dimensional regularization. JA0] it was found that

range of invariant masses of the meson-meson combinations,

the cutoff method could be safely used up to energies ofind thus the possible effects of theéM resonances are di-
Vs=1670 MeV where the\ (1670 resonance is dynamically luted since theMiM resonance region will only appear in a

generated.
The final amplitudes ford/¢ four-body decays taking

both MB and MB FSI into account can be constructed as

Ty =T+ 2 GGiTi = Vi + 2 VGl + > Gy Vig
k K k
+ Et_ikavaltu \ (7)
kI

Whegt_ik are the scattering amplitudes f()lk/lE)i—>(M§)k
and G, is the (MB), loop integration as given in E@6). It

can be seen that E(7) exactly corresponds to the diagram-

matic description in Fig. 1. Taking the same value asithg
of the G loop integration for the cutoff in th& loop inte-
gration, thet and G matrices are identical to theand G

matrices derived in Ref6], respectively, although they are

functions of theMB invariant massess’. Hence the ampli-
tudesT;; in Eq. (7) are functions ofis and \'s'.

In Egs. (5) and (7), the MB and MB amplitudes in the
loops are taken on shell. It was shown[6] that the contri-

bution of the off shell parts could be reabsorbed into a re-

definition of coupling constants iMB scattering. Analo-

very narrow region of the phase space where one is integrat-
ing. A practical manifestation of this disentangling of the
interactions when one looks at peaks of resonances in par-
ticular channels is seen if22] where one studies thep

— K*7r2 with 72 in the A(1409 resonance region. THd4B
interaction is considered there but thBV interaction is ne-
glected and the predictions show good agreement with ex-
perimental resultf23]. Conversely, ir[31] the same reaction
was used, paying attention to the meson-meson interaction
alone, in order to evaluate cross sections for the production
of scalar mesons.

[lI. RESULTS AND DISCUSSION

The mass distribution of t_he decay$¢—>(M§)i(MB)j

with respect to theViB and MB invariant masses, which is
particularly suited to search for resonances, can be written as
[32]

dZFij 1 ’773 , ,
;= 8 220, 22MM MM
dMdM,  (27)°2M;2MIM{ M|

X)\llZ(MF,mZ,MZ))\llz(Mllz,m,Z, M !2)
XAY2AMZMZMD Y S [T, M)12, (8)
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FIG. 2. (Color onling The 72, invariant mass distributions to account (1409 for J/z,//—>2§mr decays with the model parameters
r,=0.6,r,=0.2, where the involved meson and baryons are assigned physical masses.

with M, and M/ being theMB and MB invariant masses, the shapes of the distributions are quite different from each
respectivelym andm’ the meson masses in the final states other, where all coupled channels collaborate to build up the

M andM’ the B andgmasses, respectively]; the mass of A(l—‘}O? Oreosonance._ The figure has - labels “ky."/’
31y, and\(x2,y2,7%) the Kaellen function. Equatiof8) dif- — 2" 27, etc., which means that one measures simulta-

. : neously theS 7~ and3%#° and integrates Eq8) over the
fers slightly from Eq.(46) of [32] bf cause of our different invaria%t masswofw‘ togrovide thegorro masci éistribution
normalization ofl the fields and .th'é mat.rlx. It should be  ghown in the figure. Similarly, we could plot the figure for
stated that the simple form of this equation holds because Qfl“/dM,’ for the invariant mass of th&-# and other chan-
our neglect of the meson-meson and baryon-antibaryon ie|s integrating over the invariant mass of th& system.
teractions. We shall come back to this point at the end of th'%ertainly channels likdl/y— 373 7 would have iden-

section. tical distributions for th&&~#~ or X~ invariant masses. For

We then perform calculations for the deca L . .
— P — VB i other combinations one finds small differences betw®en

— 22 to search for the\(1409 and A(1405. We have  anqs 7 mass distributions because of small mass differences
thex; with i=1, 2,..., 4 in Eq.(2) as the model parameters. of the involveds, baryons andr mesons.

Similarly to what was done ifi26], we define the ratios; The results in Fig. 2 can be better understood with the

perimental data ofl/ — ppm*# decay. It was shown in

[26] that the parameter; influences the shape of ther OcOn _ \/E \/I

spectrum of)/ y— ppr* 7~ at higher energies, but its contri- |[m7%5) = §|2’0> - §|O’O>'

bution could be included in the variation of. The param-

eterr, does not influence thd/¢— ppr*7 but plays an 1 1 1

important role for the decays considered here. In our calcu- |72y = \/j|2,o>— \/i|1,o> - \/i|0,o>,
lationsr, is given the values of Ref26], which reproduces 6 2 3

the empiricalra spectrum inl/ — ppm* 7~ decay. We take

r,=0.2, which has been used in RE26]. As for r, we take . 1 1 1

it as a free parameter and vary it in a wide range from 0.1 to w2 == g|2’0> * §|1’0> B §|O'0>' 9
2.0. Although the branching ratio obtained varies much, the o

important thing from which the conclusions will be drawn is and for 7>,

the shape of the distribution and this does not depend on the

precise value of,. Similarly, changes irr, for the value |770§)>: \/§|2 0 - \/;0 0

r,=-0.27, which was also able to well reproduce the data for 3 37
J/y—pprta, as is shown in Refl26] within a reasonable

range, also do not change the qualitative character of the _ 1 1 1

results for the channels considered here. In the following we |72 =- \/;|2.0> + \/;|1,0> - \/;|0,0>,
taker,=0.2 andr,=0.6 to give characteristic descriptions for

the generation oA (14095 and A(1409 in J/ ¢— X3 de- o 1 1 1

cays. Then we have the value of the constapt(xs |3ty = - \/j|2,0>— \/j|1,0> - \/j|0,0). (10
+2x,)g=1.1x 10°® MeV2, which determines the shape of 6 2 3

the 7rw spectrum and the width of the decay/¢  With |7mHy=—1,1), 2" =-[1,1), and|§):—|1,1>, we have

—ppr'm [26]. th litudes for the particuld? — (MB),(MB); decays:
We present therX invariant mass distributions for the & amplitudes for the particuldy y— (MB)(MB); decays:

nine J/ y— X3 7 decay channels in Fig. 2, where baryons T, = ET(z) " ET(O)

and mesons are assigned physical masses. It can be seen that 4 3
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6 2 3 1350 1400 1450 1500 1550
M, (MeV)
’:rss: }T(z) _ }T(l) + }T(O), (12) FIG. 3. (Color onling The w{invariant mass distribution for
6 2 3 the (2/3)ReTOTD") of J/yy— 33 . The solid line denotes the

- - results through direct theoretical calculations and the dashed and
and we noteT;; =Tj;. It can be seen that the shapes for thedotted lines are the results calculated by subtracting-thenvari-
particular decay channels show evidence of some isospiant mass distributions of the particular decaysy— 3 7 > 7"
breaking which appears naturally in our framework becausendJ/y—3 7 %7 in Fig. 2b) andJ/¢—3 73 7" andJ/ ¢
of the different masses of the members of the same isospir: 2" 7" 2*7" in Fig. 2c), respectively.
multiplet. This is the case, for instance, of the channels
I p— 39737 and I/ y—3°7°>* 7 (channels 47 and
48) in Fig. 2a), which according to Eq.11) should give the
same distributions. Similarly, the distributions of the chan- 2 O 4 L (D)2)*
nelsJ/¢y—3 7270 in Fig. Ab) andJ/ y— 3 73070 in = éRe(T T+ éRe(T ™), (12
Fig. 2(c) (channels 74 and 84, respectivebhould also be
equal. The larger differences that one observes in Kig). 2
betweend/ y— 3 73 7" and J/y— 3 7 S*7 (channels where theTDT@" term is negligible. This means that the
77 and 78, respectivelyare due to mixed terms of the type subtraction of the mass distributions of the charged decay
ReTYT@") and R¢TVTO"), implying, in this case, that channels)/¢—> 737" andJ/—3 72 7" can give
these terms are larger than the differences due to isospimints on theT™ amplitude, given that the amplitud@® can
breaking. in principle be derived by averaging the mass distributions

~ InFig. 2 we have also calculated the averaged cross seor particular J/¢y— 3727 decays. In Fig. 3 we plot two
tions. By using again Eqgll) it is easy to see that all the different results. One is done by calculati§ and T
mixed terms RETTU") in the modulus squared of the am- from combinations of the amplitudes given in Eq4d).
plitudes cancel in these averages and one has only contriby,an a mass distribution is generated by replaaritfﬂz in
tions of [TV|?. These averages should not be the same sinc L 20 (O - i
they come from different combinations [ "|?, but the fact Ea. (8 with SReTOT ). The second calculation corre:

) L ' ponds to what an experimentalist could do by subtracting
that they are not very different indicates that they are al he two mass distributions corresponding to tiéy
dominated by th¢T(®©|?> component, which appears in all of LS St andd/ y— S 7S m channels in Fig. @) or
them with the same weight| T2, and that the other iso- I p—Srrsta and I y—StaS-m* channels in Fig.
spin components are much smaller. Hence, this averaged di§(c). The considerably different magnitude between the re-
tribution is the closest thing one can get experimentally for,

. sults of the two subtractions in Fig. 3 is the manifestation of
the shape of thé (1409 resonance. From the position of the e isosnin symmetry breaking that we have in this approach.

peak of the distribution arou_nd 1410 MeV and the width Of_With isospin symmetry the two subtractions give approxi-
around 60 MeV, the results imply that we have a SUperposimaiely the same results. THeY amplitude could in prin-
tion of the twoA (1405 [A(1405] resonancepwith poles at  ciple be extracted from Fig. 3 and compared to the theoreti-
(1390-i60) MeV and(1426-i16) MeV] found in[24]. cally calculated one. For this purpose, in Fig. 4 we show the
Now we turn to another interesting potential use of theseeal part and imaginary parts ®f” directly calculated in our

reactions. It was found if4] that there was a pole d=1  model for some fixed values of tHdB invariant masses. It
close to theKN threshold which would correspond to a new can be seen that the shape of & does not qualitatively
resonance not accounted for in the Particle Data Book. Unehange with respect to the selected valued/¢fand there

der certain circumstances, with smaller degree of(33U exist nontrivial cusps around the enerd¥,=1420 MeV,
breaking, it was also found ifi24] using the approach of which may give some hints for the possible approximate
[20]. It is interesting to see what these reactions can say inesonant structure predicted[#h,24]. Calling attention to the
this respect. For instance, from Hdl) we see fact that the reactions discussed here bear potentially valu-

| T7gl2 = [T77% = [Tg7l* = [Teql®
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able information about thik=1 amplitude is one of the pur- Eq_(8) since theT matrix now depends on other variables.
poses of the present work. The standard formula in this case is
The calculations have been done using the cutoff of
Omax=630 MeV used in[6]. This cutoff was the only free dr = @fﬂzd@(P' ke ko) (19
parameter there to fit differed¢N cross sections, threshold T 2M, Pr.P2 ke

values plus the\ (1405 shape. The freedom in this param-

eter is very small if a good fit to these data is demandedWlth the four-body phase space being
Changes in the parameter from 630 to 620 or 640 MeV are as dc®p; M,
much as one can afford. We have reevaluated our results withd®(P; py, p2,K1,Ko) = %P = p; = pa = ki = ko) 2P E(D)
these new values of the parameter and find changes of about (2m)"E(py)

10% in the cross sections. These should be considered as d®p, M, dk
theoretical uncertainties from this source. (2m)3E(p,) (2m)3
So far we have taken into account the meson-baryon
(meson-antibaryoninteraction only. Since ifi26], by study- 1 dk 1 (14)
ing the same problem, we took into account the meson- 2w(k1) (2m)32w(ky)’

meson interaction, with some additional work we can con-

sider the two sources of interactions to see how our result¢hereP is the four-momentum af/, p; andk; (i=1, 2) the

can change with the inclusion of the meson-meson interad®Ur-momenta of the involved baryons and mesons, respec-
tion. The new calculation has been done by adding to th&vely, M; the baryon masses, an(p)= WMZ+p? and
diagrams of Fig. 1 the rescattering diagrams of Fig. 1 of Refw(kj) = \'mi +k?, with m being meson masses, the baryon and
[26]. This means we would consider the diagrams with me-meson energies, respectively. We perform the integrations
son rescattering stemming from the first diagram in Fig. 1 ofwith the Monte Carlo method. We show the results in Fig. 5
the present paper. The neglect of the rescattering terms frofor the channeld/ y— 39795970 (results are similar for
the other diagrams can be justified by the fact that the tw®ther channe)s We observe that the strength in the region of
pions can be produced at reasonably large distances whee@ergies above 1405 MeV gets considerably increased,
this interaction should be very weak. We must now modifysmearing the meson resonance contribution in a large phase

— MB+MM in new phase space
0.5 I
_________ Only MB in new phase space
04l Former calculation with only | | FIG. 5. (Color onling The 7% invariant mass
. MB interaction distribution of thed/¢— 3°793%7° channel cal-

. culated in the new phase space of Eff3) with

the Monte Carlo method. Solid line, the result in
the new phase space considering both meson-
baryon and meson-meson interactions; dashed

10° dI/dM,
S
I

02 - line, the result in the new phase space consider-
L i ing only meson-baryon interactions; dotted line,
ol | the result calculated with E¢8) considering only

meson-baryon interactions.

1 I
&00 1350 1400 1450 1500 1550 1600 1650 1700

M, (MeV)
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space region. We also observe that the shape oA{id05H here for a theoretical analysis, the three of them in either Fig.
peak is not changed but there is an extra strength whicB(b) or Fig. Zc) are practically adequate to extract the struc-

accounts for about 30% of the total. This reflects a constructyre of A(1405, A(1405, and the possible=1 resonance in

tive interference between the resonance amplitude and th§js region. It is worth noting that our theoretical calculations
background from the meson-meson interaction. This extrgyere done with still sufficient freedom of model parameters.
contribution coming from the consideration of the meson-However, the fact that the variation of the parameters within
meson interaction changes the strength of the peak in abogtreasonable range does not change the qualitative feature of
the same amount in the different channels and does not affefie results, together with the success of the chiral unitary
the qua“ta“ve nature of the conclusions drawn here. approach in past Work’ sets the predictions made here on
firmer grounds. Experimental data on these channels would
be most welcome to further fix the model parameters and to
nget refined predictions. No doubt, the experimental investi-

IV. SUMMARY

In summary, we investigated the structure of the baryo
resonangesx(1405 and A(1409 in J/ ¢ four-gody decays
J/y—3Zmm. It is shown thatA(1405 and A(1409 are

generated by simultaneously taking the FSI=X and 7%
into account, which is calculated in the framework of the

chiral unitary approach. By averaging the thre& (wg)

mass distributions in either of the three plots in Fig. 2 we get

the real shape for the nominal1405 [A(1405] resonance,

gations on the proposedf ¢ four-body decays will provide
interesting information of the structure ot(1405 and

X(l405 resonances and valuable test for the approaches em-

ployed here.
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