[\ - ~ PSI-PR-94-17
: June 1994
S DS

PAUL SCHERRER INSTITUT

7

LTI
P

VRA2385E

In Pursuit of the fo

Juliet Lee-Franzinia, Won Kim?, Paula J. Franzinic

a Laboratori Nazionali di Frascati dell' INFN
SUNY at Stony Brook, Stony Brook, New York 11794, USA

b SUNY at Stony Brook, Stony Brook, New York 11794, USA

¢ Paul Scherrer Institute, CH-5232 Villigen PSI, Switzerland

Paul Scherrer Institut Telephone 056 99 21 11
Wdrenlingen and Villigen Telefax 056 98 23 27
CH-5232 Villigen / PS| Telex 82 74 14 psich






ICHEP94 Ref. 0215
Submitted to Pa 23, P1 12

In Pursuit of the fj

JULIET LEE-FRANZINI
Laboratori Nazionali di Frascati del'INFN

SUNY at Stony Brook, Stony Brook, New York 11794

WonN KM

SUNY at Stony Brook, Stony Brook, New York 11794

PAvuLA J. FRANZINI

Paul Scherrer Institute, CH-5232 Villigen PSI, Switzerland

Abstract

In 1996, the Frascati ¢—factory DA®NE will begin delivering of the order of 500
$-mesons/sec. This provides a unique opportunity to study the fo(975) in ¢ radiative
decays, even for branching ratios which in some estimates could be as low as 1x107°.
This unique, lightest scalar meson state is poorly described by current models, and more
information is essential. By Monte Carlo studies in KLOE, the particle physics detector
to be installed at DA®NE, we show that the smallest expected branching ratio can
easily be measured in the decay fo—7°70. In decays to 7 n~, there are backgrounds
from continuum processes. Interference between one of these processes and the fo
amplitude leads to very interesting and complex patterns. A complete study of the
photon spectrum from ete”—nTr ™y at the ¢ peak, after suppression of continuum
contributions by suitable kinematics and angular cuts, can determine the sign of the
$foy coupling even for the smallest branching ratio, thus providing a totally new piece
of information for the investigation of the nature of the fo. A similar study of the
decay ¢—n'y shows that its branching ratio can be measured with very good accuracy,

therefore measuring the gluon contents of light pseudoscalar mesons to high accuracy.



1. INTRODUCTION

DA<I>NE,[1] scheduled to be operational in 1996, should deliver a initial luminosity
£~10%2 em~2 s~1, giving some 5 billion ¢’s in four months of machine-on time. In this
paper we assume that 5x10° ¢ mesons are collected in the first year, while DA®NE is
tuned to reach maximum £. While the main goal of this high luminosity ete™ collider
is the study of CP violation, an important complementary goal is spectroscopy, given
the enormous sample of ¢’s, previously unavailable. We will have the possibility of
detecting rare ¢ decays, especially rare radiative decays which typically are predicted
to have branching ratio’s (BR) of the order of 104 to 10~7® There are few exist-
ing experimental measurements. The most common radiative mode is ¢—n’y with
BR(¢—n%y)=0.0128 £ 0.0006; the next most frequent mode $—7y is measured to an
accuracy of only 30%: BR(¢—?WO7)=(O.31:!:0.13)X10—3.[3] Many modes which are not
forbidden by symmetry arguments, but are very interesting from a spectroscopic point
of view, such as ¢—7'y, — foy, —ao7, —atr~y, -»n07%y, ->7%n7, have not been ob-
served at all and upper limits are only at the 1073 level. About the C violating decays
$—w7y, —py, —nn° we know nothing; upper limits are at the 1072 level. ) We discuss
in the following detector issues associated with measuring rare radiative decays amidst
prolific background events arising from ¢ — X + 7%(— 27) decays, by considering the
specific examples ¢— foy and $#—n'y. We show that background processes, though they
might be much larger than the signal, can be well controlled by appropriate kinematical

cuts.

The f0(975),[2] the lightest scalar (IJFC = 0+0"*) meson, has been a puzzle since
the 1970%. If it is assumed to be a ¢g bound state, many predictions fail, such as the
total width (500 MeV rather than the measured 30 MeV), two photon couplings and so
on. Other structures, such as four-quark bound states or K K “molecules,” have been
proposed for the fo. The current predictionsm for the branching ratio of ¢ — fovy
(BRgf,y) vary from ©O(10~*) for various four quark states, to O(107°) for s5 states, to
< 0(107%) for diffuse K K systems. The experimental upper bound is currently 2x 1073
at 90% c.l. In this paper we will consider BRyy,,’s ranging from 1 X 1078 to 2.5 x 1074

One observes fo’s through their decay to pions, a 78% branching ratio. We will
first consider the decay to neutral pions, which is simpler than the charged pion case.
The signal is then five photons, with one low energy photon of about 50 MeV, and the
other photons reconstructing to two nearly back-to-back pions. The primary background

process (A1) is ¢ — 7979 via an intermediate p. Even pessimistically taking the rate at
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the experimental upper limit (1x 10~3) rather than the theoretical estimate which is two
orders of magnitude smaller, this background is easily controlled. Smaller backgrounds
come from processes such as ¢ — wp,p — 77,7 — 77, yielding five photons but with
different kinematics; or events such as ¢ — 47,1 — 7w, which is a background when

two photons are missing.

Our simulations have been done in KLOE,M a large general purpose detector with a
magnetic field. The detector, surrounding a thin, 10 cm radius beam pipe, consists of a
drift chamber with a helium-based gas mixture, of 2 m radius and 4 m length, providing
a momentum resolution of ~0.45%, at the range of interest. The chamber is surrounded
by a hermetic (solid angle coverage greater than 98%) electromagnetic calorimeter with
three-dimensional readout, resulting in a geometrical acceptance for five photons of
0.92. The EM calorimeter consists of sandwiches of very thin (0.5mm), grooved, lead
foils and 1 mm diameter scintillating fibers. Its energy resolution is 5%/ W )
with full efficiency for 20 MeV photons, and has exceptional timing performance, 300
ps/ \/(Tm. The angular resolution for photons is excellent, ~£5 mrad.

For the case of fo—nt7~, additional backgrounds come from continuum processes
such as coupling of the initial eTe™ state to the tail of the p, an initial state radiation
process, which we shall call Az, and ete”—putp~7 if muons are mistaken for pions.
Furthermore, the ¢ can produce a pair of pions through off-shell p production with
one of the pions radiating a v, a final state radiation process. We shall call A,- the
amplitude for this process and Ay, the amplitude for ¢— foy—mtrTy.

While A, only contributes an incoherent background, as it is the only ¢ — 7wy
process antisymmetric under pion exchange (C(nn~)=-1), the amplitudes A, and
Ay, interfere, because the pions from p decay with final state radiation are in a C—even
state, as are those from fy decay. 58 The sign of the interference term (i.e., the sign
of the ¢foy coupling) is one of the unknown features of the fo. While the magnitude
of |Ap

than |A,:|2, by as much as a factor of ten to one hundred. The interference term can

2 is approximately one tenth of that of |42|2, |4f,|? is comparable to or smaller

drastically alter the fo signal in ¢ decays, both in shape and in magnitude. For the
case of destructive interference, the fo signal becomes very small, and was expected to
essentially disappear in Ref. 6. However, since the shape of the interference term and its
angular distribution[ﬂ are different from those from |Ay, |2, the presence of an fo signal
can always be recognized, even when cancellation is maximal. We only lose sensitivity

to the presence of fo’s in ¢ decays when the branching ratio for ¢ — foy (BRgsey)
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becomes smaller than about 3x10~7. In addition, the shape of the signal allows in
general to determine the sign of the interference term. The ptp~~ background, while
much larger than the signal, can be easily removed in a detector such as KLOE by
appropriate kinematical cuts. The initial state radiation contribution can be strongly
suppressed by angular cuts. Thus we find the conclusions of ref. 6 more pessimistic

than necessary.

2. ¢— foy

2.1 fo—nOn®

We chose for our MC studies the reaction ¢— foy, where the fo decays into a ™

pair or into two 7%’s. The branching ratio for this reaction is interesting because of:
1. the implications it has for the measurement of R(€' /¢) andS(€'/¢),

2. the value it has in its own right from a spectroscopic point of view (see the dis-

cussion of Brown and Close).[Z]

This decay has not been observed yet. The experimental limit is of the order of
2x1073, which is much higher than the most optimistic theoretical expectation of
2.5x10‘4.[8] Partial wave analysis suggests that 78% of the fo’s decay to two pions
(1/3 neutral, 2/3 charged), 22% to a pair of K’s.

The signature for the decay ¢— fo7, fo—m®x0 is five photons, with one of the photons
having ~50 MeV and four of the photons reconstructing to a pair of nearly collinear
7%’s, whose invariant mass sums up to that of the fo. The possible background events
are from:

1. ¢—7On%y, experimentally not yet detected, with an upper limit of BR<1x1073.
Measured values in this paper are taken from the Particle Data Book[3] unless
otherwise specified. Predicted values for this process via a virtual p vary from

1.2x10-5" o 3.62x10-51""

2. ¢—np° with p—mPy. The product branching ratio of these two observed processes
is BR=(3.4+0.88)x 10-5.

3. ¢—n%p® with p — 7v, 7 — 2v, with the product BR from the three observed
processes, BR=(6.4+1.2)x107%, all of which yield five photons.

4. ¢—~n with n—3n°, with product BR from the observed two processes: BR
=(4.1£2.0)x10~3, and two of the photons are not detected in the calorimeter.
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There is no background arising from ¢—KsKj where the Kg decays into 27°’s
and the K decays into 37%’s and five photons are missed. The (acceptancex Ky de-
cay probability)xBR, A, is 3.1x1071° in KLOE. This is before applying any energy-

momentum constraint.

To be on the conservative side, we have considered background (1) both at the
estimated level found theoretically in Refs. 7 and 9, and at the much larger level allowed
by the current experimental bound. We have treated background (2) separately from
background (1) because it can be best dealt with experimentally using the constraint
of a physical p. Moreover, we suspect that the theoretical estimate of background (1)
in Refs. 7 and 9 might be low by a factor of two or three since the estimates in the
same model for the $—n%p° and p—ny branching ratios are also low. ¢ — mp — 7y
can also be treated similarly as background (1). If we use the theoretical estimate via
a virtual p,[Q] (3) is negligible; if we use the experimental value, it is a similar exercise

to that of considering background (1).

For the ¢—n’x%y process we have used the matrix elements with angular distri-
butions from reference 7. Photon spectra and acceptancexdetection efficiencies () for
each process were obtained after applying the following selection criteria: five and only
five photons are present in the detector; four of the photons are paired into two 79’
whose reconstructed mass must be within 50 MeV of the 7% mass; the reconstructed
fo mass from the two pions must be within 50 MeV of the expected mass peak at 975
MeV; the energy of the leftover photon is to be less than 95 MeV, and, finally, the
invariant mass of all the decay products must be within 50 MeV of the known ¢ mass.
The geometrical acceptance for five photons is 0.92. The application of kinematical
cuts, reconstruction of pions, and fo, etc., decreases the overall efficiency to 84%. Table

I summarizes the BR’s and efficiencies for the various relevant processes.

Table I. BR and € for neutral final states in KLOE

PROCESS BR €
é— foty—mOm0+y |(0.26-65)x107¢ | 8.4x107
$—mOm0y (1.2-100)x107% | 1.3x1073

¢—m0+p°% — 70 4+ 0y 3.4x107° 8.4x107*
¢—704+p? = 7 + 7y 6.4x10~° 8.4x10~*
¢—y+n — 37° +v 4.1x1073 <1x1077

All spectra of background photon surviving the cuts were fitted to polynomials, g(k)
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where k is the photon energy. The signal can be fitted to a Breit-Wigner form, s(k).

Using the e priori error estimate,[n] the fractional accuracy of the signal BR is given
by:

§(BR) _ 1 af(k;BR) 2 \-}
BR BR /N / f(k) 8BR )dk) (1)

where
4

f(k) = E €bckndi X BRockndi X gi(k) + €signat X BRyignal X s(k).
1

Thus, in a year’s run at DA®NE (~5x10% ¢’s), we can measure BR(¢— foy) using the
two 7070 decay mode from 0.2% to 2.5% accuracy over the expected range of theoretical
predictions if the BR for direct ¢—m07% is the one expected theoretically (1.2x107 %).
If the direct ¢—7%7%y BR is at the experimental limit (1x1073) KLOE’s range becomes
0.2% to 4.4%.

2.2 foortw

2.2.1 Backgrounds from misidentified ¢ decays

The signature for ¢— fov, fo—nTn~ is a pair of nearly collinear charged pions,
whose invariant mass equals that of the fo, and one low energy photon. The possible
backgrounds from misidentified ¢ decays are

1. ¢—atr7n®, BR=(1.9£1.1)x1072.
2. p—m0p?—xO7F 1™, product BR= (4.3+£0.2)x1072.
3. p—onTpToalrt 71—, product BR=(8.6x0. 5)x1072.

These reactions yield two oppositely charged pions and one neutral pion, so con-
tribute to the background if one photon is not detected.

There is no background arising from ¢—KgsKy where the Kg—mtn and Kp—
370’ and five photons are not detected. A is about 1.7x10711, Nor is there any back-
ground from ¢— KsK where K, s—n’7x0 and Kp—ntn™ 7% or 7 pFv, and five or three
photons are undetected. A for the two processes are about 4.5x10~2 and 5.4x107%.
Finally, there is also no background arising from ¢—KsK where the K g—mtr and
K[ —+v and one photon is not detected. A is about 1x1076. All these numbers are

obtained before applying the energy-momentum conservation constraint.

We used the following selection criteria: two tracks and one photon are present in

the detector; the opening angle between the two tracks is within 2° of 175°%; the energy
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of the photon is within 10 MeV of 53 MeV. Table II summarizes the BR’s and €’s for the
background processes and the signal. We get a fractional error on BR(¢— foy) (using
only backgrounds with one lost 7) of 0.1% if this BR is 2.5x10~%, 0.8% if it is 1.0x107%,
and 3.3% if it is 1.0x107°,

Table IT BR and € for #* 7~ 7: ¢— foy signal, and backgrounds with one lost v

PROCESS BR €
¢— foy—ontT Ty 0.52-130x107% | 7.4x10~?
¢ — mtaTy(y) | 4.3x107% | <3x107°
p—ortpT - ntny(y) | 8.6x107% | <3x107°
p—ortr mortry(y)|  1.9x1072 <3x1078

However, because of KLOE’s hermeticity, and the fact that one measures the charged
particles’ momenta, applying kinematical constraints and cuts around the p mass make
background processes (1), (2) and (3) practically negligible despite their larger BR's.
We have used KLOE’s geometry and assumed 0.45% momentum resolution. The frac-
tional accuracy achievable has been increased by a factor two, to roughly account for
various uncertainties not yet fully evaluated. The complete KLOE simulation confirm-
s our results.[n] So, in conclusion, if these were the only backgrounds, using general
purpose detectors, the photon contamination from the background in the signal region
disappears, and one could expect a very good BR determination over the whole range

of signal and background BR examined. However, we shall see in the next sections that

other backgrounds (notably from initial and final state radiation) are by far dominant.

2.2.2 Backgrounds from ete~—ptp~y

The cross section at 1020 MeV for ete~—putu~+, where the photon energy is be-
tween 10 and 120 MeV, is 4.8 nb, equivalent to a BR of 1x1073, orders of magnitude

larger than the signal from fo—n* 7~y whose BR is at most 1.3><10"4.[13]

The large
background contribution from ete~—putp~y can however be fully controlled in KLOE

because of its good momentum resolution.

While the calorimeter resolution at low energies is relatively poor, events with two
charged particles and a photon are four times overconstrained. For ¢ production at rest,
momentum conservation gives E,=|pT +p~|. From energy conservation, assuming that
the positive and negative particles are pions, we get E. =M, —Et—E~. For ¢p—ntTa™
we expect E, = E!, while for efe”—ptp77, the two energies differ by about 17.5
MeV, having used the pion mass for the muons. We have generated by Monte Carlo
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(MC) simulations the difference AEy = Ey — E., using the expected KLOE momentum
resolution.[4] For ¢—ntn~ v decays we find that the rms spread of AE, is 2 MeV and
for ete~—ptp~y, AE,=17.5 MeV, also with a spread of 2 MeV. Therefore, a cut at
in AE, at 8 MeV gives us a rejection factor of ~2400 against the muon background,
which in fact makes it negligible with respect to any other processes with pions in the

final states. Note that we have not used the well measured photon direction (45 mrad)
for additional help.

2.2.3 Backgrounds from ete™—ntr ™y

As we have seen in the previous sections, the background from misidentified events
can be completely controlled in KLOE if we select fo candidates by requiring that
only a pair of nearly collinear, oppositely charged tracks and one low energy photon,
20< E, <100 MeV, are present in the detector; that the visible energy equals W, the
total energy, and that AE, <8 MeV, in order to eliminate the ptp ™y background.

In the remainder of this chapter, we discuss the various contributions to the final
physical state 7+7 "y from ete~ annihilation at the ¢ peak. Four amplitudes, Ai,
Az, A, and Ay, contribute. The corresponding intensities, |A41]%, |42]> and |Ap+|? are
background contributions and the fo signal is contained in |Af,|? and 2R(4,- 4}), as

discussed below.

o A1=A(¢—mp*—mimyy). This is the amplitude for ¢p-—nT7~y via mp* with the
p* coupling to ym. p* here stands for an internal line, virtual p in the corresponding
Feynman amplitude. The Feynman diagram for this process is shown in Fig. 1a. We have
already discussed the analogous process for neutral pions in Sec. 3.1. Its contribution
to the background is small compared to the other sources, see Fig. 2a. In this figure we
have taken A; at its theoretically estimated level,[7’9] but we have checked[M] that even
if we take it at the experimental upper limit, the changes in our results are negligible.
The interference of this background with other processes is also negligible.

o Ay = A(eTe—yy—p*y—nTn"y). The Feynman diagram for this process is
shown in Fig. 1b. This amplitude from initial state radiation is the largest incoherent
source of background. However, since, as expected for a radiative process, |A4z|? is
peaked very sharply at small angles between the photon and the beam, 8y, beam, We

reduce its contribution by a factor of ~7 by a cut | cos 6., beam| < 0.9, see Fig. 2b.

o Ay = A(¢—p*—>nTn7y), the v being radiated from one of the pions. The Feyn-

man diagram for this process is shown in Fig. 1c. This process contributes approximately
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Figure 1. The Feynman diagrams of the processes discussed in the text.

one tenth of the Ay background. However, as expected for a radiative process, |4+ |2
is peaked at small values of the angle between the pions and the photon in the dipion
rest frame, 85,. We therefore restrict | cos fxq| to be less than 0.9, see Fig. 2c. The sum
of these three sources of background is shown in Fig. 2d, the solid line being without
angular cuts, the dashed line with the two angular cuts of | cos 8| less than 0.9. With
these cuts combined, we retain 80% of the signal and improve the signal to background
ratio, S/B, by a factor of 5 — 6, see Figs. 7 and 8.

o |4y, |? and 2§R(AP-A}O). The Feynman diagram for the signal process ¢ — fo7 is
shown in Fig. 1d. The angular dependence of |Af, |2 is (1+cos® 0, beam)- The amplitude
given in Ref. 6 ignores the bound quark pair wave function of the corresponding mesons,
without which the amplitude blows up because of the k3 factor characteristic of the
emission of a photon of momentum k. We damp the amplitude following De Rujula,
Georgi and Gla.show,[15] with an exponential Ae~%/T where z = s — M2, = 2myE,,
I'=300 MeV, and A=2.65 normalizes the damping factor to 1 at the fo peak (42.7 MeV).
The signal size depends on BRys,,. We illustrate it for the two extremes of the range

of interest, in Figs. 3a and 4a. We use 52% for BR(fo—ntn7).
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Figure 2. a. |4,|? contribution; b. |A2|? contribution; e. [4,- |2contribution; d. Total
incoherent background. Solid lines are without angular cuts, dotted lines are for | cos 6, beam| <
0.9 and |cos | < 0.9.

The interference term 2R(A,- A}o) is slightly peaked along the beam direction and
slightly suppressed along the pions. Its integrated magnitude is shown for the two ex-
treme cases of the BRyy, in Figs. 3b and 4b. For small BRys,, the interference term
dominates in absolute value over the fo term, while the reverse is true for the largest
BRyf,v- This interesting cross over is because |Af,|? is proportional to BRg sy, where-
as the interference term varies as m Thus, even for destructive interference,
the contribution of |Af, |2+2R(A4, A}O) to the total cross section is not always nega-
tive. Figs. 3c,d and 4c,d show IAf0|2i2§?(Ap'A}o) for the two extremes of the range
of interest. For BRg .4 ~1.75x107%, the integrated contribution to the wtw ™ cross
section vanishes; however, a dip appears at low 7 energies and an enhancement at high

~ energies, allowing detection of the fo signal.
The angular dependence of |4y, 124+2R( A, A3,) also depends on the relative strength
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Figure 3. a. v spectrum: fo—rtx"7; b, 2§R(AP-A}0);
c. |4, 2—2R(4,- A% ); d. | Ap- 124+2R(Ap- A%)- BRosoy =1x10"%. Solid lines are without
angular cuts, dotted lines are for | cos 6., beamf< 0.9 and |cos 8. | < 0.9.

of each term, of course reflecting that of the dominant one. To illustrate the complexity
of the situation, we chose BRy s,y —1.5x107%, where the two terms have about equal
strength, and show d?c/dEd cos 0 peam Vs By, €05 by peam., and d%c/dE,d cos by vs E,,
cos Oz for constructive interference in Figs. 5a and b respectively. The same quantities
in the case of destructive interference are shown in Figs. 6a and b respectively, where
dips and enhancements are clearly visible. We also note that the relative strength
of |Af,|?> and 2§R(A,,:A;o) are modulated by the y—r angle, upon which A, depends
strongly.

For BRgy, —1x10~%, the signal over the background cannot be shown directly. In
order to demonstrate the effectiveness of the cuts we show the signal to background
(S/B) ratio for the two cases of constructive and destructive interference, Figs. 7a,b.

Note that in both cases we enhanced this ratio by about a factor of five, for a net

11



0.015

nb/MeV

0.01

0.005

0

0.01

0

- ?
i 2.0025

= L

. c
— 2N —0.005
C ’ 10.0075
WA T -o0.01

’l L1 ] 1 1 i 11 1 ' U
20 40 60 80 100
Ey(MeV)
(a)

= >
- £0.003

- N

- 0

=t
r 0.002
L 0.001
’ )

1 1 l L1 1 | 11 1 ' 1 .1 1
20 40 60 80 100
Ey(MeV)
()

E ‘\‘ /,’,/
E I -1 I 1 1 l i 1 1 J |
20 40 60 80 100
Ey(MeV)
(b)
- AN
k ,Il [ | ] | 11 .1 ! |
20 40 60 80 100
Ey(MeV)
(d)

Figure 4. a. v spectrum: fo—xtr™7; b. 2R(A4,+ 47 );

c. |Ap-[2—2R(4,- A7) d. |Ape [2+2R(A,- A},)- BRosoy =2.5x10"*. Solid lines are without

angular cuts, dotted lines are for | cos8,, beam| < 0.9 and | cos 64| < 0.9.

effect of a few %, for either destructive or constructive interference. With the expected
DA®NE luminosity the signal is quite measurable. In Figs. 7c,d we show the S/B for
BRy .+ =2.5%107%. The signal is certainly much larger and should be much easier to

measure.

Fig. 8 shows the MC simulated photon spectrum which would be observed in K-
LOE (after cuts) for ¢— foy—nTn~ for the two cases, constructive and destructive
interference, for BRy .y =2.5%x10"* and assuming 5x10%° ¢’s are produced in the first
year of DA®NE’s operations. The incoherent background contribution is also shown. In
Fig. 9 we show the resultant estimate of the fractional accuracy that KLOE can achieve
in one year’s running at DA@NE, which gives pleasant reassurance that even at the
smallest BRyy,, considered and with destructive interference, the fractional accuracy

in the measurement of BR is ten percent. In addition we note that the differential
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for constructive interference, BR=1.5x10"*
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lines are for | cos 6., beam| < 0.9 and |cosby, | < 0.9.

rate d3T /dEd cos 8.y peamd cOs Oy clearly contains more information than the integrat-
ed cross section, thus it is possible to improve on the results presented. The study of
¢— foy—7On%y provides an independent measure of the strength of the ¢foy coupling

and therefore a check on the determination of its sign in the w7~ case, thus completing

the picture of the fo.
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3. p—1'y

We have also studied the accuracy achievable by KLOE in the measurement of
BR(¢—7'y), for an equal running period. This ¢ decay mode has never been seen; the
experimental upper limit is 4.1x10~%. Measurement of the BR of this mode will shed
light on the gluonium content, Z, of the 7' 18] The rate for radiative decays of the ¢
to pseudoscalar mesons containing s pairs is proportional to the amplitude, Y, of the

3s component of their wave function, giving the scaling law:

T(¢—a7) _ (Y (k) -3 (Xn_)z
T'(¢ — n7) B (Yn> (kn) ~ 4610 Y,) (3:1)

To give an idea of the expected order of magnitude of the branching ratio, for Zy =0
and the 7 — 1’ mixing angle 6, = ——20°,[17] BR(¢—7'7) ~1.2x107%

The signature for ¢—n'y, 7' —nrtr~ and 7oy is: a pair of charged pions, two
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photons whose invariant mass equals that of the 7, and one low energy photon. The
invariant mass of all particles must equal the ¢ mass. By applying these criteria, the
efficiency X acceptance for the signal in KLOE is 74.5%. The possible background events

are from:

1. ¢—ny, BR=(1.28+0.06)x107%, n—rtn~n°, product BR 3.0x1073. Use of kine-
matical constraints pushes the background down so that the efficiency xacceptance

for this background in KLOE is 2.6x1073.

2. ¢—wvy, BR<5%, w—3m, product BR=4.4x10"2. After kinematical constraints,
one finds an efficiency x acceptance for this background in KLOE of 5.9%1073.

3. p—710p0—nOntr~, product BR=(4.840.6)x10~3. Overall kinematical constra-
ints again result in an efficiencyxacceptance for this background in KLOE of

5.6x1073.

We can calculate in this way the fractional accuracy achievable in KLOE for the
measurement of this BR: 6.3% for a BR of 1.0x107° and 0.25% for a BR of 4.1 x107%.
In Fig. 10 we show the resultant y spectrum in KLOE. We note that in the first year’s

run, KLOE can measure BR’s of ~1% of the value in eq. 4.1, for zero gluon content.

4. CONCLUSION

We have studied the experimental problems associated with measuring ¢ radiative
decays by choosing two typical and interesting ones: ¢— foy, where the fo decays to
two neutral pions or two charged pions, and ¢—n'y. We simulated the signal and the
expected background, and found that the hermeticity of KLOE makes the measurements
for neutral pions almost trivial. However, the charged pion mode is subject to further

[18] be controlled in a hermetic detector. We found that

background that can only
despite possible destructive interference between the signal and final state radiation,
and a large incoherent background from initial state radiation, by using the charged
pions, KLOE will be able to determine the sign of the interference, and the magnitude
of BRyf,, to accuracies ranging from a fraction of a percent to at most 10 percent in
the worst case. The study of ¢— foy—n°n%y provides an independent measure of the
strength of the ¢foy coupling and therefore a check on the determination of its sign
in the w7 case, thus completing the picture of the fo. We found the 1’ search using

KLOE relatively easy.
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Figure 10. Photon Spectrum in KLOE from ¢—7'y.
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