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n'—nww decay as a probe of a possible lowest-lying scalar nonet

Amir H. FariborZ and Joseph Schechter
Department of Physics, Syracuse University, Syracuse, New York 13244-1130
(Received 4 February 1999; published 18 June 1999

We study then’— »mrm decay within an effective chiral Lagrangian approach in which the lowest lying
scalar meson candidateg560) and«(900) together with thef,(980) anday(980) are combined into a
possible nonet. We show that there exists a unique choice of the free parameters of this model which, in
addition to fitting ther7 and wK scattering amplitudes, well describes the experimental measurements for the
partial decay width ofy’ — 7 and the energy dependence of this decay. As a by-product, we estimate the
a0(980) width to be 70 MeV, in agreement with a new experimental analy88556-282(99)04613-3

PACS numbsgs): 13.75.Lb, 11.15.Pg, 11.80.Et, 12.39.Fe

I. INTRODUCTION was studied if21]. Since the properties of this scalar nonet
are expected to be less standard than those of a conventional
rh'onet(like the vectory the mass piece of the effective La-

tent, in particular, of the lowest lying scalar mesons is arbrangian is allowed to contain extra terms:

issue of great current interest. In the cases ofstteand thex
mesons, even their existence has been the subject of many
different investigations. One may consult Rdfs-16] for a Linass= —aTr(NN)=b Tr(NNM)
variety of different recent works. —cTr(N)Tr(N)=d Tr(N)Tr(NM), (1.2

In the approach upon which this paper is based, a need for
a o with a mass around 560 MeV was found in the analysisvhere M is the usual quark mass spurion. Retaining just the
of 7 scattering[17,18 and a need for ac with a mass a andb terms yields “ideal mixing”[22]. The physical par-
around 900 MeV was required in order to describe the exticleso andf, which diagonalize the mass matrix are related
perimental data on theK scattering amplitudg19]. These  to the basis state3 and (N1 +N2)/\2 by
investigations were carried out in an effective Lagrangian
framework motivated by the Bl approximation to QCD. In

3
this approach, one incorporates the contribution of tree Feyn- o cos, —sind, N3

man diagrams, computed from a chiral Lagrangian, including = . NI+N3 |, (1.3
all possible intermediate states within the energy region of fo Sinfs  cosbs

interest. Furthermore, crossing symmetry is automatic, while V2
the unknown parameters characterizing the scalars are ag/’here P
justed to satisfy approximately the unitarity bounds. Ampli-
tudes satisfying approximately both crossing and unitarit
are then obtained. For the case @K scattering in the
=1 channel the analysis of Ref19] may be seen to be
consistent with the experimental work of RE20]. The ex-
perimental analysis characterizes the data by an effectiv

range approximation below 1 GeV; in the treatmenitdd] it

, is the scalar mixing angle. The coefficients
a, b, c, andd are determined in terms of,, My, My
Yand m,., and for a given input set of these masses there are
two scalar mixing angles. Typical values of the input masses
(m,=550 MeV, m;;=980 MeV, m,,=983.5 MeV and
réwK=897 MeV) vyield the two possibilities:

is resolved into the sum of a “current-algebra” piece, vector (a) 6s~—21°,
meson exchange pieces and scalar meson exchange pieces.
Lnni;z:rrit;;ular, the presence ofi@meson is needed to ensure (b)  f~—89°. (1.4

Motivated by the evidence for & and ax, and taking In order to determine which of these two possibilities is the
into account other experimentally well-established scalars —orrect one, it is necessary to study the pattern of scalar-
the f((980) and theay(980) — a possible classification of pseudoscalar-pseudoscalar interactions, which are correlated
these scalar&ll below 1 GeV into a nonet, with each other by the proposed nonet structure. In this pic-

ture, the general form of the $8) flavor invariant scalar-
pseudoscalar-pseudoscalar interaction is

1 + +
Nl ao K

L :Aeabce Nd& ey f
N= aa Ng KO , (11) N defl¥a ,u.¢b p,(ybc
o +
K~ R0 Ng BTr(N)Tr(d,¢d,4)
+CTr(Nd,¢)Tr(d
*Electronic address: amir@suhep.phy.syr.edu ( M¢) ( u¢)
"Electronic address: schechte@suhep.phy.syr.edu +D Tr(N)Tr(d,$)Tr(d,,b), (1.5
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where qbg(x) is the matrix of the pseudoscalar nonet fields, ' '
andA,B,C,D are real parameters. Derivative coupling to the
two pseudoscalars is used to ensure that(E®) represents
the leading term of a chiral invariant expressisee Appen-
dix B of [21]). It is easy to see that all the coupling constants
relevant for the study ofr+ and wK scattering depend only 020 |
on the parameter& andB. The analysis of21] then shows

that possibility(a) in Eq. (1.4) for the scalar mixing angle is %
selected as the correct one in the present scheme. The parar%
etersC andD were left undetermined in the analysis[&fl],

as no scalar-pseudoscalar-pseudoscalar coupling involvini 0.15 |
an n or »' was present in therm and wK scattering dis-
cussed there.

In this work we explore the parameter spac&€andD in
detail by studying they’ — 77 decay, for which there are
relatively recent and precise experimental measurements. A  ¢.19
we will see, the scalar couplings tp and ' play a domi- 01
nant role in the amplitude for this decay.

All the discussion in the present paper will use the same FIG. 1. The boundary of integration in E¢®.3).
methods and parameters as in the previswsand 7K scat-
tering paper$18,19. Thus, this work can be thought of as a  Finally, Sec. IV contains a brief summary and discussion.
check of that method as well as a test of the basic assumption
that the low lying scalars are related to each other by belong- Il. »'—npma DECAY
ing to a(broken flavor SU3) nonet. In the sense that the
effective Lagrangian method makes no explicit reference to Here, we will predict the amplitude for this process in the
the quark structure of these scalars, the present work may ggesent model and display the experimental data to which it
considered model independent. Note also that only th@su Will be compared.
flavor structure of the scalars is required to construct non- We assume exact iso-spin invariance which seems consis-
linear chiral Lagrangians describing their interactip23]. tent with the present experimental accuracy. The four mo-

“Microscopic” models of low lying scalars have been menta of the particles are labeled accprding to the scheme
suggested in which they are variousigaq states in the 7 (P)—7(K)+ 71(q1) + 72(d,), wherein r;,m;) can

MIT bag[24], meson-meson moleculg25] o unitarity cor-  Stand for either &, ) or (7). The partial widths are
rections due to strong meson meson interactfdr® 13. Al 'elated to the invariant matrix elemet(p—k+d,+ ;) by

these models involve four quarks and so may be related to

», (GeV)

each other. A “model-independent” effective Lagrangian , . , 0 0 1 )
might be an appropriate vehicle for summarizing the com- U(n' —nm 7 )=21(n'—nm"m ):2m ; IM|“d®,
mon feature of different microscopic models. 7 (2.1)

The process;’ — po has been studied by many authors
in chiral symmetric frameworks since the early days of “cur- where the phase space volume elenthtis
rent algebra.” Treatments have used exclusively contact

terms[26—29 or contact terms plus scalar meson exchanges dd=(2m) 46 (p—k—qy—y)

[30-33. Ordinarily in the chiral perturbation theory ap-

proach[34] all effects of resonance exchanges are assumed dk dg, dg,

to be “integrated out” and summarized in the complete set sz(zﬁ)s 20,(27)° 20,(2m)3" 2.2

of contact terms. However, in the case of thg958) decay,
the masses of the intermediate f, anda, resonances are \ith = W and w; = m2+ 7. After performing the
either less than or comparable to 958 MeV. Thus, I<_|nemat|Usua| phase space integration we have
cal dependences due to the propagators could be important.
The new features of the present treatment include the use of
Eq. (1.2) to describe the scalar mesons and mixing angle, the r, _ 1 f dwydw,|M|? 2.3
use of Eq.(1.5) to describe the scalar coupling constants and K 64773m’,, =2 ' '
a procedure uniform with the discussion®fr andwK scat-
tering in [17—-19. Furthermore, comparison is being made The boundary of integration in the; w, plane for our choice
with more recent data. of m,=137 MeV, m,=547 MeV andm,, =958 MeV[35]

This paper is organized as follows. Section Il gives ouris shown in Fig. 1.
theoretical prediction of the’ — 7 process as well as the In the treatment ofr7r [17,18 and wK [19] scattering
experimental parametrization. The fit to experiment, takingaccording to the present approach it was found that a reason-
into account the experimental uncertainties, is treated in deable approximation up to the 1 GeV energy range consisted
tail in Sec. Ill. of including (i) the “current algebra” contact teritii) vector
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(©)

FIG. 2. Tree Feynman diagrams representing the contribution%0
of (a) the current algebrap) the o and thef,(980), and(c) the
2,(980) terms to the decay’ — n# in our model.

meson tree diagrams afid ) light scalar f,(980),0, k] me-

son tree diagrams. These were all calculated from a chiral
Lagrangian with the minimum number of derivatives. For
n'— nwa there is a big simplification since G-parity con-
servation shows that no vector meson exchanges are possible

at tree level. Similarly, the derivative part of the contact term;, agreement with iso-spin invariance. Since we are working
vanishes.

PHYSICAL REVIEW D 60 034002

(p-02)(k-qy)
mgo“‘(p_%)z_imaoeéo

M aO: ~ Yany' Yany

(p-g1)(k-0dz)
mgo"‘ (p—d1)?—imaGlo|

(2.9

The total decay amplitud® is the sum of these pieces.
The current algebra contributiadi - 5 is obtained from the
“quark mass” term in the effective Lagrangidproportional
to T (U+UM)M], whereU=exd2i¢/F,]). Definitions of
the various scalar-pseudoscalar-pseudoscalar coupling con-
stants which appear in the, f(980) anday(980) exchange
diagrams are given in the Appendix. These involve the coef-
ficients A,B,C,D of Eq. (1.2; A and B were previously
found from 77 and 7K scattering whileC andD remain to
be determined here. The scalar masses are taken as men-
tioned before Eq(1.4). Even though there is no kinematical
possibility for any of the intermediate scalars to be on the
“mass shell” we include “total width” terms in the propa-
gator denominators in order to agree with the previous work
[17-19. The fy and ay exchange terms will be essentially
taken to be of Breit-Wigner form sG¢, andG_, are related
to the coupling constants. We takg;,=64.6 MeV from
[18] ([35] allows 40—100 MeV and G/,=50—100 MeV
[35]. The exact value 0B, will be found from our analysis
since it depends on the parameter Finally we takeG/
=370 MeV[18]; this is related to a pole position rather than
a total Breit-Wigner width, a prescription which enables the
construction of a7 amplitude satisfying both the unitarity
bounds and crossing symmetry.

The theoretical expressions in Eq®.1)—(2.4) will be
mpared with the experimental data on partial decay rates
and energy dependence|®?|. The experimental results for
the rates are liste[B5] as

rexp

n —pmtaT

=0.089+0.010 MeV

Fexp

n'—nw

00=0.084+0.012 MeV (2.5

in the iso-spin invariant limit we will averagehese to ob-

The individual contributions shown in Fig. 2 are then  3in

2
MC.A.: F_;Sin 20[3’

(p-k)(g1-02)
m2+(p—k)?—im,G.’

M o \/E’y(ny‘/]’ Yorm

(p-k)(g;1-0z)

M f0: - \/Eyfnn’ Yirm

mf20+(p—k)2—imfoG§o'

rexp

n'—nmwm

=0.0872:0.008 MeV, (2.6

with which the theoretical results will be compared.

For describing the energy dependence, experimentalists
use the Dalitz-like variablel36]:

For the average value+ ox of measurements; + 8x;, we use
X= Eixiwi /Eiwi ,5)(: (Eiwi)71/2 W|th the WelghtW, = 1/(&(,)2
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FIG. 3. Regions consistent with the partial decay widthyof FIG. 4. ExtractingC and D from two different experimental

— pmm anday(980)— 7. The semi-closed region on the right s Meéasurements op’ decay. Circles represent the region consistent

obtained by inclusion of the decay widths in the propagators of théith the partial decay width of’, and the solid line represents the

intermediate scalarsG’,=370 MeV, G/,=64.4 MeV and G, least squared fits of the normalized magnitude squared of the decay
o ) . a X ~ .

=100 MeV. The other regions correspond to neglecting the decaynatrix element to the form (& ay)®+cx? with a=—0.0615.

widths.

Im a«=0.00+0.13
2+m,/m, 2+m,/m,
y=-—g —(erte) -1+ —g—=(m,—m,)

2.7 '©=0.00+0.03, (2.10

with Q=m,,—m,—2m_. As »; and w, vary over the and for the decay)’ — nm* 7~

physical region in Fig. 1x ranges from about-1.4 to 1.4

andy ranges from—1 to about 1.2. One may expand the

matrix element, up to an irrelevant overall phase, as Rea=—0.08£0.03. (2.1

As explained before, we compare our results with the aver-
age of the experimental data for charged and neutral pions.
This means we should match our results to

M=AM14 By + Bay* + v+ (29

where A is real while 8,, B, and y, are complex. The

expansion begins witk? sinceM [see for example Eq2.4)]

must be invariant on the interchange— q,, which implies Rea=—0.062+0.012
X< —X. It is found[36] that this form yield$ an M? which

fits the experimental data when th&?,y3 x* andy?x? terms

are negligible: Ima=0.00+0.13

|M|2:A[|1+ ay|2+EX2]+ DRI (29) E:OOO'_"OOS (212

Here a is complex andc is real. For the decayn’

The parameteA in Eqg. (2.9) is determined using Eq2.6).
— nm’m0, the experimental values af86] P a. (2.9 g Ed2.6

Altogether, the experimental data are fit with the four real

quantities A, Rea, Im « andc. On the other hand the
Rea=—0.058-0.013 theoretical expression in EQR.4) is completely fixed if we
specify just the two real constartBsandD in Eq. (1.2), since
everything else is already specified. Clearly there isano
priori guarantee that we can fit the data using the present
model. Furthermore, it is necessary for the expansion of Eq.
(2.4) to also yield negligible higher order terms in EG.9).
We will see in the next section that there in fact exists a
unigue choice ofC and D which can fit the experimental
with (a,b,9 all real and would seem to be a desirable choice. data.

2Actually, the usual parametrizatid@.9) has a disadvantage since
it restricts the sign of the/? term to be positive. Hence a less
restrictive form fof M |? with the same number of real parameters is

IMZA=1+ay+by?+cx®+ ...,

034002-4
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TABLE |. Extracted parameters from a fit of the normalized
magnitude of they' decay matrix element to the form lay)? a0l
+¢x2, with Re a=—0.0615. In the first and second colummg ' E§§§§§§§§§§§§§§§E§E§§§§
=897 MeV while in the last columm, =875 MeV. The imaginary - §§E§§EEEEE§EEE
terms in the propagator denominators were not included for column ”BEEBBQEEEESEEEEBEEEBE
1.3 is the least square deviation with 1701 data points measuring 1.0 F
the goodness of fit.

=
A(GeV1) 2,51 2.51 2.87 & i
B(GeV 1) ~1.95 ~1.95 -2.34 e EEEEEEEE
C(Gev ') 7.29+0.08 7.16-0.13 7.25-0.10 Egggggaaﬁ
D(GeV'!)  -170:0.08 —2.26+0.13 —2.09x0.10 Emggsssaé
Im 0 ~0.12£027  —0.16£0.20 T mggggasssssaﬁ@
< ~0.004-0.031 —0.014-0.033 —0.013+0.033 mmmEmgaagageggngSEBﬁg
3 1.49 0.0032 0.0045

%0 2.0 60 8.0 100

C (GeV™
IIl. FIT TO EXPERIMENT

o ] FIG. 6. The available region consistent with the partial decay

Our job is to find the paramete® and D so that|M[?  igth of 7' — nr is not sensitive t&., in the physical region of
computed from Eq(2.4) agrees with the experimental form c~7. The outer/inner regions are obtained witl},
given in Egs.(2.9), (2.6) and(2.12 up to the stated uncer- =100/50 MeV.
tainties.

As a preliminary we note that restrictions on the allowed
values ofC may be obtained from experimental information
on ay(980)— 7 n decay. This partial width is given by

G.o~T'(ap—mn)+5 MeV. We conservatively expect
I'(ag— m7) to lie in the range 25—-100 MeV. This restric@s
to the two intervals [—-21-13]Gev! and
[2,10.5 GeV L.

yﬁw,?q 5 > 22 For initial orientation we shall neglect the imaginary
F(aoﬂﬂﬂ)zgzﬁ—nﬁo(mao_mv_mn) (3D terms in the denominators of Eq2.4. We start by

numerically scanning the above two intervals & and
whereq is the center of mass momentum of the final stateS€arching for the acceptable regions in @i plane that are
mesons. Now Eq(A10) of the Appendix shows thay,,
depends on the known values Afand ¢, as well as the
unknown value ofC. The Review of Particle Properti¢35]
lists the totalay width as 50—100 MeV and then mode as
“dominant.” It was estimated in the present mod&lec. IV -15

3In our computation we choosg,= —20.33°.

— @5@0
of [21]) thatI'(ay;— KK) is only about 5 MeV so we expect a4
®OO®
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cuded ||||||Il||l|llllll!l|| 0000
30k are Ol
X 8\0‘9 "" [oJoJololo]
rop2d "mlllli -2.0 000
S"“‘“ ""““ PEO®
Hil [oJololo]
pgee ¢ ||| |llll“'" ettt - 0G,=100 MeV
lllll“"'"“l gasm““"“u” % * Gp=50 Mev
10 ¥ ”msg”mﬁ%ﬂ ll o — G',,=100 MeV
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i © @V
_5.0 . . . . FIG. 7. ExtractingC and D from two different experimental
2.0 4.0 oe(Goev ) 8.0 100 measurements oi’ decay. Circles represent the region which is

consistent with the partial decay width gf, and lines represent the
FIG. 5. The effect of including the widths in the propagators is'€ast squared fits of the normalized magnitude of decay matrix el-
dominated byG,, . In the two parallel regions in the middl&/ is  ement to the form|1+ay|?+cx? with Rea=—0.0615, G/,
removed from its propagator. =370 MeV andG;,=64.6 MeV.
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consistent with the averaged experimental partial decawidth gives T 40(980) . »,~65 MeV. Therefore we conclude
width (2.6). The result of this search is shown in Fig. 3 that our computation provides a stable estimate of the partial
which also shows the analogous intervals when the imagidecay width ofay(980)— 77 to be approximately 65 MeV.
nary terms in Eq(2.4) are retained. FoC in the interval The only other hadronia, decay mode which has been
[—13,-21] GeV ' there is a small acceptable region, ohserved35] is KK: using T'(ag—KK)~5 MeV [21] we
whereas forC in [2,10.9 GeV * there are two acceptable get an estimatd' (o) ~70 MeV. The extracted values of
regions in the form of strips along ti@ axis. In both inter-  C andD and other fitting parameters are listed in the second
vals the thickness of these regions is related to the error igolumn of Table I. Note that the goodness of fit improves
the averaged experimental partial decay width in &96),  appreciably when we allow for non-zero widths.

and therefore, is the main source of our error estimation in It is perhaps interesting to display theandy depen-

the final evaluation ofC and D. It turns out that it is a dences of our normalized matrix element squa"éﬂz
reasonable approximation to neglect the additional uncer=|M(x,y)|?/|M(0,0)|. In Fig. 8 we show the projections of
tainty associated with the stated error in Reln order to  this two dimensional surface onto the—|M|2 and x
further restrict the acceptable values®andD, we compare

H 2 2
P the xperimental teoul2.9. and (.49 taking i W2 has very e dependence on
' ' The value of the scalar mixing anglg~ —21° affects

=0 for now andc as a fitting parameter. We find that only the entire calculation by its presence in the formul#s3)—
the region aroundC=7 with negativeD has the required (A17)] relating the scalar coupling constants to the param-
property and therefore we are left with the lower strip in Fig.etersA, B, C andD. Now 6, is itself determined by diago-
3. In Fig. 4 this region is enlarged; also shown is the linenglizing the isoscalar mass squared matrix obtained from Eq.
representing a set of “least squared” minima on whiefis  (1.2). In this way, 6 depends on the input value of,.. The
fixed. For a glverC~, the corresponding minimum is obtained yg|ye 6~ —20.33° corresponds tm, =897 MeV but it was
by varying D and c. The intersection of this line with the shown in[21] that a range 865 Me¥m,<900 MeV gave
previous region yields the desirétland D estimates. Note an acceptable description @K scattering. Furthermore, re-
that the fit improves in the direction of increasi@ The  ducingm, to 800 MeV results in the “ideal” case where
values ofC andD are displayed in the first column of Table §,=0°. In order to judge the sensitivity of our results to
l. changingm, we repeat the present computation for two
Now let us include the imaginary terms in the denomina-lower valuesm, =875 and 800 MeV. As before we scan the
tors of Eq. (2.4). In our computation we choos&,  CD plane for the acceptable regions consistent with ghe
=370 MeV andG;,=64.6 MeV as were obtained i8], — np decay width(2.6). We display the results in Fig. 9
and the two extreme possibilitie@;():SO,lOO MeV. We which shows that the main effect of lowerimg, is in the
rescan theCD plane for regions that are consistent with theD>—1 GeV'* region, far from the physical region in
partial decay widtf(2.6). The result is shown in Fig. 3 and is Which we extracC andD. We see in the same figure that for
also compared with the previous case where no widths weré~4— 8 the effect of changingn, is negligible. In Fig. 10
included. This figure shows that in the new case, there is nwe have displayed these regions together with the corre-
available region forC in the interval[ —21,—13] GeV 1. sponding least squared fits of the normalized magnitude of
For Cin the interva[2,10.5 GeV*, we have shown in Fig. the decay matrix element of the for(2.9). As we see clearly
5 that the main effect of the inclusion of the decay widths isin this figure, the value o€ extracted at the intersection of
driven by theo width. In Fig. 6, we have shown that the the lines with the strips changes by a very small amount as
uncertainty inG., does not make a substantial difference, inWe go fromm, =897 to 875 MeV. On the other hand, when
particular in the physical region whe@~7. we go to the Iower valug ah,=800 MeV, the goodness of
We proceed as before, further restricting the available refit decreases and in particular for<7 GeV ' we get unac-
gions in theCD plane by fitting the normalized magnitude of ceptable fits. Furthermore, fan, =800 MeV we get the par-

the decay matrix elemem to the form(2.9) with complex  tial decay width ofa,(980)— w7 to be 124 MeV which is
«. We set Rex=—0.0615 and fit for Imx and @ in this  dreater than the total decay width and is inconsistent. This

region. We find that the acceptable region in this case is verfdr€es with the observation if21] that the valuesm,

close to the previous region in Fig. 4. The result is shown in~8/> MeV are not favored. For the value,=875 MeV

Fig. 7. The two lines correspond to two values@f,, and the details of the fit are given in the third column of Table I.
their intersections with the acceptable region #gr partial
decay width provide our best points in this plane. We how-
ever notice thatC and D for the assumed valué;, In this work, we studied in detail they’ — 2 decay
=50 MeV yields I'(ag(980)— 77)~64 MeV which is  mode within the framework of a model in which the scalar
greater than 50 MeV and cannot be self consistent. This commeson candidates(560) (discussed in18]) and x(900)
sistency check within our computation further restricts the(discussed if19]) are combined into a nonet together with
experimentally unknown value dB.,. On the other hand, the f5(980) and thea,(980). The scalar mixing angle was
the intersection of the line corresponding t&), calculated21] in terms of these masses using Et.2) and
=100 MeV with the acceptable region af partial decay the various scalar-pseudoscalar-pseudoscalar coupling con-

—|M|? planes. It is clear from thg—|M|? projection that

IV. SUMMARY AND DISCUSSION
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FIG. 9. The effect ofm, on the acceptable regions consistent
with the %' partial decay width. G,=370 MeV and Gj,
=64.6 MeV.

C=7.03-7.39 GeV!

D=-2.39--1.95 GeV % (4.1

These numbers are based on combining the second and third
columns of Table I. The coupling constants relevant here are
listed in Table II.

As a by-product of the present calculation we obtain an
estimate of theay(980) width

IM(x,y)I*/IM(0,0)*

0.50 |

I'(a(980)~70 MeV 4.2
0.00

0.0 0.5 1.0
X

as discussed in Sec. lll. After this work was completed we
found a very new experimental analy$i37] of the = p
+,_— - 0 ; ; ;

FIG. 8. Projections ofM|2=|M(x,y)|%|M(0,0)2 onto they 77 7 and 7 p—nmn reactions which yields the

~ < _ same result we have obtained from analysis of the
—|M? andx—|M?| planes. Parameters as in the second column of pmm decay
Table I. It seems useful to “dissect” our model in order to get a
gualitative understanding of the' — nrm process. Thus we

. . have plotted, in Fig. 11, the real and imaginary parts of the
andD in Eq.(1.5. In the analysis of Ref21] the parameters ;i\ iqual contributions of the terms in E¢R.4) to the total

A, B and 65 were found, but paramete@sandD were left o4y matrix element. These figures again represent projec-

undetermine_d. Asy' decay p_robes these parameters, We&;ons of the ReM(x,y) and ImM(x,y) surfaces onto the
have numerically searched this parameter space and found M—y and InM—y planes; the smalt dependences are

uniqueC andD WhiCh descrit_)es the experimental Measure+y s visible as thickening of the curves. First, we observe
ments on the partial decay width of the — nmm as well as ¢ the “current-algebra” part of the amplitude, which cor-

its energy dependence. o responds to the use of the minimal non-linear chiral Lagrang-
_Taking into account both the uncertainties in the scalafy, ot hseudoscalar fields, is an order of magnitude too small
m,|xmg angled; (as _reflected in the value ofi,) and in the explain the experimental result by itself. On the other
7' —nmm decay width we get for the scalar coupling pa- hanq " thea,(980) exchange contribution is clearly the main
rameters one for explaining the dominant real part of the amplitude.
Nevertheless the other contributions are not negligible. For
A=251-287 GeVl example the cross term[Re M(o)][ReM(ap)] is of the
same order afRe M(a,)]?. Furthermore ther meson ex-
change is seen to give the largest contribution toMnfor
B=-1.95--2.34 GeV! most of the kinematical range.

stants were calculated in terms of the parameferB, C
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G',,=70 MeV G’,,=70 MeV
. T T . 2.0 T T T T

0.0 T T T

D (GeV™")

- m =897 MeV ok i
o m =875 MeV M

- m =800 MeV
60 F \ J

_4.0 L L . . L L .
5.0 55 6.0 6.5 7.0 7.5 8.0 8.5 9.0 -7.0 L L L L
C (GeV™ -1.0 -0.5 0.0 0.5 1.0

y
FIG. 10. Sensitivity of our computation 1o, . Strips represent G'=70 MeV
regions consistent with the partial decay width #f, and lines 03 ! '
represent the best least squared fits of the normalized magnitudes « f0(980)
decay matrix element to the forfl+ ay|?+cx? with Rea=
—0.0615.G, =370 MeV andG;,=64.6 MeV.

. . 20(950)
Note that we have used just the two input numb€rand

D (over and above the ones previously foumal satisfacto-
rily fit the rate and energy distribution af’ — 7. Thus in
the same framework, with the same parameters, we are ex
plaining = [18] and wK [19] scattering up to the 1 GeV
range as well asy’ — npm. Our results may then be re-
garded as support for the correctness of both the latge 25 N
approximation motivated approach to low energy dynamics B
being employed as well as the effective Lagrangian model
[21] for the low lying scalar nonet outlined in the Introduc-
tion. Of course, the “microscopic” structure of low lying 3559 0.0 1.0
scalars is an interesting puzzle of present day particle physic_ y
which seems to require a great deal of further experimental FIG. 11. Projections onto the R&A)—y and Im M,)—y
and theoretical work for its clarification. For example, the P LN ! .

L . planes of the individual scalar contributions to the decay matrix
SFUdy of rad!atlve depays of t'h§(1020).|s expecteﬂ38] to element corresponding to the result given in the second column of
yield useful information. As discussed in more detail24], Table I.
the value of the mixing anglé, about—21° and the mass

spectrum used here are what one would expect with a some-

TABLE Il. Predicted coupling constants corresponding to thewhat distorted form of thejqqq model[24]. A priori, how-
columns in Table 1. All units are in GeV. ever, our effective Lagrangian approach can accommodate
any microscopic model which yields a flavor nonet.

15} ]

Im(M)

Vomn 7.27 7.27 8.36
YoKkK 9.63 9.63 10.44 ACKNOWLEDGMENTS
3.90 411 4.30 .
Yo We are happy to thank Deirdre Black, Paula Herrera-
Yo' 1.25 2.65 2.61 e . :
Siklody and Francesco Sannino for many helpful discus-
Yon'n' —-3.82 —1.43 —-2.09 . - .
K sions. This work has been supported in part by DE-FG-02-
Vimn 1.47 1.47 2.53
92ER-40704.
Yikk 10.11 10.11 12.76
Vi -10.19 -9.01 —9.34
Ying' ' 1.04 2.60 2.04 Here we give, for convenience, the explicit form of the
Yamy —6.87 —6.80 -7.28 scalar-pseudoscalar-pseudoscalar intera¢dh Using iso-
Yamy' -8.02 —7.80 -7.38 topic spin invariance, the trilinedt ¢ ¢ interaction from Eq.

(1.5 must have the form
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YK - Yorm YoKK -
—(9,Krd,mx+H.Cc)+——=0d, 7 d, 7+ —=03,K3,K

ST 2 2

Yignm VioKK — YagkK
+ —="fod, 7,7+ —1F4d,Kd K+ ——

V2 V2 V2

+ Yk (K3, Kd,n+H.Cc)+ 'yKK”r(K&MK&Mn' +H.c)

d,K7-a9d,K

* Yagmn@0" 0T, N+ Yaymy 80 3,10, M + VonyT0uM0 Nt Yoy 09,13 ,1'

+ ’)/0.7]r 7]r0'(9’u77,a’u7], + yfoﬂﬂfoaﬂnaﬂn+ 'yfo,,,]rfo&ﬂnaﬂr]' + ’)/fo,”r nrfoaﬂﬂ,aﬂﬂ,, (Al)

where they’s are the coupling constants. The fields which appear in this expression are the isomultiplets:

.1 :
770: T3, aa :E(aOlI |a02), agz 3.03, (A2)

in addition to the isosinglets, f,, 7 and#n’'. The y's are related to parametefsB,C,D of Eq. (1.5 by

Yukn= Yagkk= —2A (A3)
Yomn=2B sinfs— \2(B—A)cosfs (A4)
Yok =2(2B—A)sin 65— 2/2B cosbs (A5)
Yigmn— \/E(A— B)sin 6;— 2B cosé, (AB)
Y1 kk = 2(A—2B)cosbs— 2y2B sin (A7)
Yuky=C Sinf,—\2(C—A)cosb, (A8)
Yuky = V2(A—C)sin,— C cosb, (A9)
yaom=(C—2A)sin Op— \/§C cosé, (A10)
Yagmy = (2A—C)cosb,— 2C sin g, (A11)

1
Yoyy=| V2(B+D)— 5(C+2A+4D)sin 26,+ V2(C+D)cogd,|sinb;

cosf (A12)

1
(B+D)— —2(c+ 2D)sin 26,+ (A+D)cos 6,+ C sirto,

2
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1
J2(B+D)+ 5(C+2A+4D)sin 26,+ \V2(C+D)sir?e,

Yon'n' = Sinﬁs
1 , .
- (B+D)+E(C+2D)sm2¢9p+(A+D)S|n20p+Cc0526p cosbs (A13)
Yopy =[\V2(C+D)sin 26,+ (C+2A+4D)cos 2,]sin b
—[\2(C+2D)cos 20, + (A—C+D)sin 26,]cosb; (A14)
1 .
Yigyn=| — V2(B+ D)+ 5 (C+2A+4D)sin 26,—\2(C+D)cog,|cosbs
1 . . .
- (B+D)—E(C-I—ZD)SIH20p+(A+D)COS7'0p+CSIn26p Sin 6 (A15)
[ 1 . .
Vigy =" ﬁ(B+D)+§(c+2A+4D)sm20p+ V2(C+D)sirf6,|cosbs
1 . . .
- (B+D)+E(C+2D)S|n20p+(A+D)S|n20p+C00526p sin 6 (A16)
Ytyyn = —[\2(C+D)sin 20,+(C+2A+4D)cos 20,]cos0s
—[\2(C+2D)cos 20, + (A—C+D)sin 26,]sin 6, (A17)

where s is the scalar mixing angle defined in Ed.3) while 6, is the pseudoscalar mixing angle defined by

7

!

n

_ ( cosf, —siné,

(A18)

(¢i+¢§>/ﬁ>
b3 ’

where# and %’ are the fields which diagonalize the pseudoscalar squared mass matrix. We adopt here the conventional value
0,~37° (see[21] for additional discussion

Sin 0p COSl9p

[1] See, for example, N.A. “Faqvist, Z. Phys. (58, 647 (1995 [7] R. Kamnski, L. Lesiiak, and J.P. Maillet, Phys. Rev. B0,
and references therein. In addition see N.Arfgwist and M. 3145(1994.

Roos, Phys. Rev. Letl6, 1575(1996. [8] M. Svec, Phys. Rev. 33, 2343(1996.
[2] S. Ishida, M.Y. Ishida, H. Takahashi, T. Ishida, K. Takamatsu, [9] E. van Beveren, T.A. Rijken, K. Metzger, C. Dullemond, G.
and T. Tsuru, Prog. Theor. Phy85, 745 (1996. Rupp, and J.E. Ribeiro, Z. Phys. &, 615 (1986; E. van

[3] D. Morgan and M. Pennington, Phys. Rev4B, 1185(1993. ) . ) .
[4] G. Janssen, B.C. Pearce, K. Holinde, and J. Speth, Phys. Rev. Beveren and G. Rupp, hep-ph/9806246; hep-ph/9806248; See

D 52, 2690(1995. also J.J. dg Swart, P.M.M. Maesgen, and .T.A. Rlijken, u.s./
[5] A.A. Bolokhov, A.N. Manashov, M.V. Polyakov, and V.V. Japan Seminar on the YN Interaction, Maui, 1986megen
Vereshagin, Phys. Rev. 88, 3090(1993; See also V.A. An- Report No. THEF-NYM 9408
drianov and A.N. Manashov, Mod. Phys. Lett. & 2199 [10] R. Delbourgo and M.D. Scadron, Mod. Phys. Lett18, 251
(1993; Extension of this string-like approach to the< case (1995; See also D. Atkinson, M. Harada, and A.l. Sanda,
has been made in V.V. Vereshagin, Phys. Rev5%) 5349 Phys. Rev. D46, 3884(1992.
(1997; and very recently in A.V. Vereshagin and V.V. Vere- [11] J.A. Oller, E. Oset, and J.R. Pelaez, Phys. Rev. 8§t3452
shagin,ibid. 59, 016002(1999 which is consistent with a light (1998; See also K. lgi, and K. Hikasa, Phys. Rev. 33,
K State. 034005(1999.
[6] N.N. Achasov and G.N. Shestakov, Phys. Rev4® 5779 [12] S. Ishida, M. Ishida, T. Ishida, K. Takamatsu, and T. Tsuru,
(19949. Prog. Theor. Phy98, 621 (1997; See also M. Ishida and S.

034002-10



' —nmm DECAY AS A PROBE OF A POSSIBE. . . PHYSICAL REVIEW D 60 034002

Ishida, talk given at 7th International Conference on Hadron[26] J. Cronin, Phys. Rew61, 1483(1967.
SpectroscopyHadron 97, Upton, NY, 1997, hep-ph/9712231. [27] J. Schwinger, Phys. Rel67, 1432(1968.
[13] N.A. Tornqvist, hep-ph/9711483; Phys. Lett. B26, 105 [28] D. Majumdar, Phys. Rev. LetR1, 502 (1968.

(1998. [29] P. DiVecchia, F. Nicodemi, R. Pettorino, and G. Veneziano,
[14] A.V. Anisovich and A.V. Sarantsev, Phys. Lett. A3 137 Nucl. Phys. B181, 318 (1981); P. Herrera-Sikidy,
(1997. hep-ph/9902446.
[15] V. Elias, A.H. Fariborz, Fang Shi, and T.G. Steele, Nucl. Phys[30] J. Schechter and Y. Ueda, Phys. Rev.3D2874 (1972); 8,
A633, 279 (1998. 987(E) (1973.
[16] V. Dmitrasinovig Phys. Rev. (53, 1383(1996. [31] C. Singh and J. Pasupathy, Phys. Rev. L&#.1193(1975.
[17] F. Sannino and J. Schechter, Phys. Re\62)96 (1995. [32] N. Deshpande and T. Truong, Phys. Rev. Letl, 1579
[18] M. Harada, F. Sannino, and J. Schechter, Phys. Re%4D (1978.
1991(1996; Phys. Rev. Lett78, 1603(1997. [33] A. Braman and E. Masso, Phys. L&8B, 65(1980; S. Coon,
[19] D. Black, A.H. Fariborz, F. Sannino, and J. Schechter, Phys. B. McKellar, and M. Scadron, Phys. Rev. 33, 2784(1986.
Rev. D58, 054012(1998. [34] S. Weinberg, Physica A6, 327 (1979; J. Gasser and H.
[20] D. Astonet al, Nucl. Phys.A296, 493 (1988. Leutwyler, Ann. Phys(N.Y.) 158 142 (1984; J. Gasser and
[21] D. Black, A.H. Fariborz, F. Sannino, and J. Schechter, Phys. H. Leutwyler, Nucl. PhysB250, 465(1985; A recent review
Rev. D59, 074026(1999. is given by UIf-G. Meif3ner, Rep. Prog. Phygs, 903 (1993.
[22] S. Okubo, Phys. Letb, 165(1963; See also G. Zweig, CERN [35] Particle Data Group, C. Caset al, Eur. Phys. J. C3, 1
Report No. 8182/TH 40/ and 8419/TH 412964); J. lizuka, (1999.
Prog. Theor. Phys. Sup@7-8 21 (1966. [36] D. Alde et al, Phys. Lett. B177, 115(1986.
[23] C. Callan, S. Coleman, J. Wess, and B. Zumino, Phys. Rev[37] S. Teigeet al, Phys. Rev. 169, 012001(1999.
177, 2247(1969. [38] N. Achasov and V. lvanchenko, Nucl. Phy315 465(1989;
[24] R.L. Jaffe, Phys. Rev. 15, 267 (1977; R.L. Jaffe and F.E. R. Akhmetshiret al, Phys. Lett. B415 452(1997); M. Acha-
Low, ibid. 19, 2105(1979. sov et al, ibid. 440 442 (1989; F. Close, N. Isgur, and S.
[25] N. Isgur and J. Weinstein, Phys. Rev.4, 2236(1990. Kumano, Nucl. PhysB389 513(1993.

034002-11



