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Abstract

We have measured the branching ratio(BR> nonoy) with the KLOE detector using a sampleof5 x 107 ¢ decaysg
mesons are produced at BE, the Frasca-factory. We find BR¢ — 7970) = (1.09+ 0.03star= 0.05sysp x 104, We
fit the two-pion mass spectrum to models to disentangle contributions from various sau@@2 Elsevier Science B.V. All
rights reserved.

PACS 13.65.+i; 14.40.-n
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The decay¢p — n%7% was first observed in  features maximize transparency to photons and reduce
1998 [1]. Only two experiments have measuredits rate K; — Kg regeneration and multiple scattering. The
[2,3]. The measured rate is too largeif> (980, position resolutions are,, ~ 150 um andr, ~ 2 mm.
with fo — 7%, were the dominating contribution =~ The momentum resolutionis(p,)/p. ~ 0.4%. Ver-
and fo(980) is interpreted as g scalar state [4,5].  tices are reconstructed with a spatial resolution of
Possible explanations for th¢y are: ordinarygg ~ 3 mm. The calorimeter [12] is divided into a barrel
meson,qgqqg State, KK molecule [4,6-8]. Similar  and two endcaps, for a total of 88 modules, and cov-
considerations apply also to tlag(980) meson. The  ers 98% of the solid angle. The modules are read out
decayp — 790y can clarify this situation since both  at both ends by photomultipliers; the readout granu-
the branching ratio and the line shape depend on thelarity is ~ 4.4 x 4.4 cn?, for a total of 2440 cells. The
structure of thefy. We present in the following a  arrival times of particles and the positions in three di-
study of the decay — 7°%7% performed with the mensions of the energy deposits are obtained from the
KLOE detector [9] at DAPNE [10], ane™ e~ collider signals collected at the two ends. Cells close in time
which operates at a center of mass endigy My ~ and space are grouped into a calorimeter cluster. The
1020 MeV. Data were collected in the year 2000 for an cluster energyt is the sum of the cell energies. The
integrated luminosityLin ~ 16 pb™1, corresponding  cluster time7 and positionﬁ are energy weighted
to around 5x 10’ ¢-meson decays. averages. Energy and time resolutions agg E =

The KLOE detector consists of a large cylindrical 5.7%/+E (GeV) and o; = (57 p9/VvE (GeV) &
drift chamber, DC, surrounded by a lead-scintillating (50 p9, respectively. The KLOE trigger [13] uses
fiber electromagnetic calorimeter, EMC. A supercon- calorimeter and chamber information. For this analy-
ducting coil around the EMC provides a 0.52 T field. sis only the calorimeter signals are relevant. Two en-
The drift chamber [11], 4 m in diameter and 3.3 m ergy deposits withE > 50 MeV for the barrel and
long, has 12582 all-stereo tungsten sense wires andE > 150 MeV for the endcaps are required.

37746 aluminum field wires. The chamber shell is Prompt photons are identified as neutral particles
made of carbon fiber-epoxy composite and the gas with g = 1 originated at the interaction point requir-
used is a 90% helium, 10% isobutane mixture. These ing |T — R/c| < min(507, 2 ng, whereT is the pho-

ton flight time andR the path lengthg7 includes also

the contribution of the bunch length jitter. The pho-
~ E-mail addresses: simona.giovannella@Inf.infn.it ton detection efficiency is- 90% for £, = 20 MeV,
(S. Giovannella), stefano.miscetti@Inf.infn.it (S. Miscetti). and reaches 100% above 70 MeV. The sample selected
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by the timing requirement contains<al.8% contam-
ination due to accidental clusters from machine back-
ground.

Two amplitudes contribute t¢p — 7%7%: ¢ —

Sy, 8 — 7970 (Sy)andp — p°70, p° — 70 (o)
wheresS is a scalar meson. The event selection criteria
of the¢ — 7% decays fry) have been designed
to give similar efficiencies for both processes. The first
step, requiring five prompt photons wify, > 7 MeV
and 6 > Omin = 23°, reduces the sample to 124575
events. The background duegie> KsK is removed
requiring that Exot = Y g Ey,i and piot = D 5 Py.i
satisfy Eot > 800 MeV and| piot| < 200 MeV/c. We
are left with 15825 events. Other reactions which
give rise to background arete™ — wr® — 7070y
(wm), ¢ > nr% — 5y (nry) andg — ny — 3%
(ny) with 2 undetected photons.

A kinematic fit (Fitl) requiring overall energy
and momentum conservation improves the energy
resolution to 3%. Photons are assignedntis by
minimizing a testy 2-function for both therzy and
wm cases. For therwr case we also requitif,, to be
consistent with/,,. The correct combination is found
by this procedure 89%, 96% of the time for the y,
w7 case, respectively. Good agreement is found with
the Monte Carlo simulation, MC, for the distributions
of the x2 and of the invariant masses. A second fit
(Fit2) requires the mass ¢fy pairs to equal,;.

The ete™ - wn® — 7% % background is re-
duced rejecting the events satisfyipdg,/ndf < 3 and
AMyzy =Mz, —M,| < 30, using Fit2 in thevr hy-
pothesis. Data and MC are in good agreement (Fig. 1).
The¢ — 7%7% events must then satisfy?/ndf < 3

for Fit2 in the mxy hypothesis. We also require
AM,, =|M,, — M| < 50 using the photon mo-
menta of Fitl. The efficiency for the identification of
the signal is evaluated applying the whole analysis
chain to a sample of simulatetl— Sy, § — 7%°
events with ar%7°% mass ) spectrum consistent with
the data. We use the symh, ; to denote the recon-
structed value of:. The selection efficiency as a func-
tion of M, is shown in Fig. 2. The average over the
whole mass spectrumés »,, = 41.6%. A similar effi-
ciency function is obtained for the procegs> p°r°
with p9 — 7% . Fig. 3 shows various distributions
for the 3102 events surviving the selection together
with MC predictions. The angular distributions prove
that Sy is the dominant process. The rejection factors
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Fig. 1. Data—MC comparison fowr events: (a)x2/ndf and
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Fig. 2. Efficiency vsz 7@ invariant mass fop — 7%7% events.

and the expected number of events for the background
processes are listed in Table 1 [14-16]. After subtract-
ing the background 2438 61 ¢ — 7%% events re-
main. TheirM,,, spectrum is shown in Fig. 4.

The ¢ — 7%7% branching ratio, BR, is obtained
normalizing the number of events after background
subtraction,N — B, to the¢ cross sectiong (¢), to
the selection efficiency and i

N —B 1
€xmy 0(¢)Lint.

The luminosity is measured using large angle Bhabha
scattering events. The measuremento@®) is ob-
tained from thep — ny — yyy decay in the same

BR(¢ — nonoy) =

@
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Fig. 3. Data-MC comparison fap — 7979 events afterwn Fig. 4. Observed spectrum af®zC invariant mass before (a) and
rejection: (a) x2/ndf; (b) (My, — Mx)/ox with x2/ndf < 3; after (b) background subtraction.
(c), (d) angular distributions with all analysis cuts appliédis
the polar angle of the radiative photop,is the angle between the
radiative photon and? in the 7970 rest frame. Table 2
Uncertainties on BRp — 7%79%)
Source Relative error
Table 1 Statistics 2.5%
Background channels far — 7 %70 Background 1.3%
Process Rejection factor ~ Expected events Event C_Oun_ting 2.3%
Normalization 3.7%
ete — wnd— nonoy 8.7 339+ 24
0 0 Total 5.2%
¢ —> g’y - yyny 4.0 166+ 16
¢ — ny — 7% 0y 59x 103 159+ 12
is [17]:
. 2
sample [15]. We obtain _2m” Tpsy lgp000 1 3
fsy(my = T 2957 S70n0 (3)
| Ds| Iy
0_0
BR(¢ — 7°7%) The ¢ — Sy process is estimated by means of a
= (1.08 0.035ta 0.03systE 0.04norm) x 1074, K*K~ loop for the fo:
(2) 2 2 2_ 2
o o _ Iy (m) = 8k +k-8k+k- |gm)|? (Mg —m
The contributions to the uncertainties are listed in * /oy V) = 127 M2 oM, )’
Table 2. Details can be found in Ref. [16]. ¢ @)
In order to disentangle the contributions of the

various processes and to determine the normalizedWhereg,g+x- andgg+x- are the couplings and
differential decay rate, d BRim = (1/I")dI"/dm, we g(m) is the loop integral function. _

fit the data to a mass spectrufitm). This spectrum A recent measurement [18] reports the existence of
i i a scalalo with M, = (47822 +17) MeV and I, =

is taken as the sum dfy, o and interference term, 23

f(m) = fsy(m) + for (m) + fint(m). The scalar term (324_*3%:& 21) MeV. If we include the contribution of
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this meson, its decay rate is given by [19]:

2,2 2_ 2.3
Fpoymy = Sty L (Mo (5)
14 127 Mq% 2M¢ ’
wheregy., is a point-likegoy coupling.
Finally, I'g,00 is related tol s, +, - by:
1 g2 . aAM?2
FSrtOnO(m) = EFSrt*n* (m) = és‘gn':n - mzn .
(6)

For the inverse propagatoRs, we use the formula
with finite width corrections [17] for thefy and
a Breit-Wigner for theo. The parametrization of
Ref. [20] has been used for tlaer and the interference
term.

The observed mass spectrgps(M; ) is fit fold-
ing into the theoretical shape experimental efficiency
and resolution after proper normalization &oi®) and
Lint. Two different fits have been performed varying
fsy (m): in Fit (A) only the fo contribution is consid-
ered while in Fit (B) we also include the contribution
of the o meson. The mass and width of thewere
fixed to their central values. If the normalization of the
pr term is left free during fitting, its contribution and

the associated interference terms turn out to be negli-

gibly small. When BRp — p%7% — 7970) is fixed
at 18 x 10° as in Ref. [20], the(2/ndf increases by
more than a factor of 2. The fits without tpp@ contri-

bution are shown superimposed over the raw spectrum

in Fig. 4(b).

The result of the fits are listed in Table 3. In Fit (A)
we use as free parameteds,, g?.o k+x- and the
ratio gi‘oK+K*/gf‘on+n* . The fit gives a large ?/ndf;
integrating the theoretical spectrum a value(BR>
foy — 797%) = (L.11 £ 0.06starsysd x 107% is
obtained.

Table 3
Fit results usingfq only, Fit (A), and including the, Fit (B)
Fit (A) Fit (B)
x2/ndf 10953/34 4315/33
Mg, (MeV) 962+ 4 973+ 1
g?bK+K,/(4n) (GeV?2) 1.29+0.14 279+0.12
2 2
ngKJrKf/ngﬂJrﬂf 3.22+0.29 400+ 0.14
0.060+ 0.008

8oy -

25

A much better agreement with data is given by
Fit (B), where we add as a free parameter also the
couplingggss, . The negative interference between the
fo ando amplitudes results in the observed decrease
of the 7%7% yield below 700 MeV. Integrating over
the theoreticab and fy curves we obtain BR) —
oy — m%7%) = (0.28 £ 0.04sa-sysd x 10°4 and
BR(¢p — foy — n%7%) = (1494 0.07starsysd X
104, Multiplying the latter BR by a factor of 3 to
account forfo — ntm~ decay, the BRp — foy) is
determined to be

BR(¢ — foy) = (4474 0.21starrsysd x 1074 (7)

The values of the coupling constants from Fit (B)
are in agreement with those reported by the SND
and CMD-2 experiments [2,3]. The coupling con-
stants differ from the WA102 result oy produc-
tion in central pp collisions @?OK+K,/g?OH+H, =

gk /1.33¢, = 1.63+ 0.46) [21] and from those ob-
tained when thefy is produced inD} — z*tx 7"
decays [22], whergg is consistent with zero.

In order to allow a detailed comparison with other
experiments and theoretical models, we have unfolded
Sobs(My ). For each reconstructed mass bin, the ratio
between the theoretical and the smeared function,
SF(Myz5), is calculated. The dBRIm is then given
by
dBR  SopsMyy) 1

dm S(Mzz) Linto (@) AMyy '

The value of dBRdm as a function ofn is given in
Table 4 and shown in Fig. 5. Integrating over the whole
mass range we obtain:

€)

BR(¢ — nonoy)
= (1.09+£ 0.035tat% 0.03syst=£ 0.04norm) x 104
9)

which well compares with the result obtained correct-
ing for the average selection efficiency (Eq. (2)). If we
limit the integration to thefp dominated region, above
700 MeV, we get:

BR(¢ — 7%7%; m > 700 MeV)
= (0.964 0.025at+ 0.02sys% 0.04n0rm) x 1074

which is in agreement with our previous measurement
in the same mass range [23].
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Table 4 In a separate paper [14], we present a measurement

Differential BR for ¢ — 7970 . m is expressed in MeV while  of BR(¢ — agy), together with a discussion of the
dBR/dm is in units of 16 MeV~1. The errors listed are the total implications of fo andag results

uncertainties
m dBR/dm m dBR/dm
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