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Abstract Studies of vy interactions are performed with the KLOE detector, without tagging of the outgoing

et

e”. The data sample is from an integrated luminosity of 240 pb~?'.

It was collected at the ¢-factory

DA®NE with ete™ beams colliding at /s ~ 1 GeV, below the ¢ resonance peak. We present preliminary
results concerning the observation of the yy — 1 process and the evidence for vy — n°n® production at low

7°7° invariant masses.
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1 Introduction

Most of the eTe™ colliders have used yy collisions
for exploring couplings of pseudoscalar and scalar
mesons to photons. In fact, in the process

efe” —ete vy —ete X, (1)
the hadronic state X cannot be a vector meson and it
is only allowed to have JF¢ = 0*+, 2%+ . quantum
numbers [1], and the two photons of Eq. (1) tend to
be quasi-real.

This behaviour implies some approximations when
evaluating cross section and event yield, N.x:

dF

i Tr—x(W)dw, (2)

NeeX = LeeJ'

where W is the invariant mass of the two quasi-real
photons and L., is the integrated luminosity. If no
cut is applied on the final state e*, the Weizsicker-
Williams approximation [2] is used for the yy flux
function, dF/dW, with E, being the e* beam en-
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Fig. 1 shows the flux function as a function of the yy
center of mass energy, where threshold openings of
different hadronic states are indicated.
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Fig. 1. Flux function of yy collisions at /s =1 GeV.
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Table 1.
collisions: cross section values at /s =1 GeV.

Pseudoscalar meson production in yy

process o/pb
ete” —mete 0 266
ete™ —ete™n 43
ete”™ —wete ™/ 3.3

For the particular case of ete™ — eTe™ X, with X =
7°,1,71’, the narrow width approximation simplifies
the cross section formula [2]:

2
16&2FXYY Eb
Octe——ete=X— " 3 In— X
m$ Me

2 2y 1 2 2 mx
((z +2) ln;—(l—z )(3+2 )>, z:2—Eb (4)

with mx and Iky, being respectively the mass and
the radiative partial width of the pseudoscalar me-
son. Table 1 shows the cross section values for pro-
ducing pseudoscalar mesons at /s =1 GeV. Previous
experiments measuring the yy cross section for the
pseudoscalar meson production, took data at a cen-
ter of mass energy 7 < /s < 35 GeV. A low energy
ete™ factory, such as DA®NE, compensates the small
cross section value with the high luminosity.

2 vy collisions with KLOE at DA®NE

DA®NE is an eTe™ collider designed to operate at
the center of mass energy 1/s~1.02 GeV, namely the
¢ meson mass. It has provided to the KLOE exper-
iment an integrated luminosity of about 2.5 fb~! on
peak of the ¢ meson up to year 2005 and also about
240 pb~! at /s ~1 GeV, in year 2006.

The KLOE detector consists of a large volume
cylindrical drift chamber [5], 3.3 m length and 2 m
radius, surrounded by a calorimeter [6] made of lead
and scintillating fibers. The detector is inserted
in a superconducting coil producing an axial field
B=0.52 T. Charged particle momenta are recon-
structed with resolution o,/p ~ 0.4% (o,/p ~ 1%)
for large (small) angle tracks coming from the colli-
sion point. Energy clusters are reconstructed from
calorimeter cells close in space and in time with en-
ergy and time resolution of og/F =5.7%/+/E(GeV)
and o, =57 ps//E(GeV)® 100 ps. The trigger sys-
tem [7] requires at least two energy deposits above
threshold in the calorimeter, not in the same end cap:
the threshold is 50 MeV for the barrel and 150 MeV
for each end cap.

Since e* in the final state of ete™ — ete X go
undetected along the beam pipe, it is important to
use Monte Carlo, MC, generators with formulae be-

yond the Weizsidcker—Williams approximation [3, 4].
In particular, in the data analysis the complete phase
space simulation is used for evaluating the selection
efficiency. For example, Fig. 2 shows the pr distribu-
tion of the n produced in ete™ —eTe~y*y* —ete™n:
the complete 3-body phase space is compared with
the Weizsacker—Williams approximation.

The sample used for the present analyses consists
of data taken at /s ~ 1 GeV, which allows to sup-
press background from ¢ decays (see Table 2 in the
following). Moreover, a dedicated algorithm has been
developed for filtering this kind of events, having sig-
nificant missing energy:

1) at least 2 photons with energy E > 15 MeV
and polar angle 20° < § < 160°, the most energetic
one with £ > 50 MeV;,

2) fraction of energy carried by photons, R =
(Zy E,)/E.a0 > 0.3;

3) total energy in the calorimeter, F..,, 200 <
FEeao <900 MeV.

Where the latter requirement rejects low energy
background and the high rate processes eTe™ —ete~
and ete™ —yy.

e phase space

© WW approximation

dN/dp, (5 MeV)”

’"4
4+,
¢¢+¢4¢+¢¢* TN
2 +
10 : %*Mﬂ#**ﬁ
° +H

10 -
1 1 1 1 1 1 1 1

0 20 40 60 80 100 120 140 160 180 200

pr ' (MeV)

Fig. 2.
3-body phase space and the Weizsacker—

Comparison between the complete

Williams approximation for the pr distribu-

tion of the 1 in eTe™ — ete™1 events.

3 Observation of efe” — ete n —
ete -ttt n° events

The 7 radiative width, I3, is usually extracted
from the measurement of the eTe™ — eTe™1n cross
section, using the formula in Eq. (4).
is obtained neglecting the nyy transition form factor,
F(q?,q3), depending on the momentum transfers of

This formula
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the photons, ¢; and ¢,:

r
- 0((q1+42)° —my) [F (a7, 63)I” -

m

Tyy—n(q1,q2)

Recent emphasis is put on measuring these form fac-
tors, for their role in constraining models [8] used to
evaluate the hadronic light-by-light contribution to
the magnetic anomaly of the muon.

The selection of candidate n — nt7t~n® events —
where BR(n — i n®) =22.73% — consists of:

A) two and only two photons, constrained to orig-
inate from a 71° decay;

B) two tracks with opposite curvature coming from
the collision point, with the best quality param-
eters;

C) sum of the track momenta |p’ |+|p2| < 700 MeV,
to suppress higher momentum values, typical of
ete” >t or ete™ — w(— wh n0)mO.

The charged pion mass is assigned to the two tracks
and a least squares function, Xﬁ, based on Lagrange
multipliers imposes that the three pions come from an
1 decay. Therefore most background events are sup-
pressed, except for the irreducible process ete™ —
1y — wt %y, with the monochromatic photon lost
in the beam pipe. For these events, the requirement
A) constrains the 37t system to be emitted with longi-
tudinal momentum pr, ~ 350 MeV and recoil missing
mass Mpis ~ 0. On the other hand, signal events
are characterized by the following parabolic relation

between M2,  and py:
2
Miiss:zs—i—mﬁ—QET\/_—g—L\/E (5)
T

with negligible transverse momentum, a continuous
spectrum in py,, —350 < pr, < 350 MeV, and high M2,
values. Fig. 3 shows the parabolic relation both on
data (top panel), where the spots related to ny events
are visible, and on signal Monte Carlo events (bottom
panel).
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Fig. 3.

mentum and recoil missing mass of the 37 sys-

tem for data (top) and signal MC (bottom).
The solid line is the applied parabola cut.

Correlation between longitudinal mo-

Further criteria are applied for suppressing processes

with photons and eTe™ as tracks in the final state,

where such as 1(— 3n°)y with photon conversion or radia-
Er=\/pt+m2=~m, tive Bhabha events, ete™y(y).
Table 2.  Values of cross section, selection efficiencies and fit results for the yy —n signal and background processes.
signal nmy wmd ntn— 0 KtK— KsKi, ete v(y)

o/nb 0.043 0.23 [9] 5.7 [10] 30 [11] 8.6 [12, 13] 2.0 [12] ~ 400
e 20% 9.2x1073 6.3x107° 1.5x 1073 1.9%x 1073 1.7x 1073 0107
Nae(pr) 646 442 87 101 46 14 286
N (M2,..) 625 442 87 101 46 14 303

Event distributions in p;, and M2, from data are
independently fitted with the superposition of MC
shapes for signal and background. Table 2 shows the
expected cross section, the selection efficiency and

the event yields after fit to the signal and relevant

| background distributions. Both fits show the same
yields for the background processes and more than
600 efe™ — efe™n — ete wtt7° events. Fig. 4
shows that both fits have good x?/dof values.
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Fig. 4. Fits in dN/dpr (left) and dN/dMz2;,, (right): signal (cyan), 1y (red) and eTe™y(y) (green) are visible.

4 Search for ete” — ete ' events

The interest in this process is given by the
o(600) — 77t contribution [14]. The determination of
the oyy coupling can be compared with that of pseu-
doscalar or other scalar states to clarify their quark
structure.
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Fig. 5.
7°7° events, according to the specified [15-17]

Expected M, 0 distribution for yy —
values of ¢(600) mass and width.

From the experimental point, the 7°n® is pre-
ferred with respect to the 7177t~ channel because of
the background from initial state radiation events,
ete™ — p(— mr7)y with photon lost in the beam
pipe, from the yy — utu~ reaction (almost an order

of magnitude larger) and because of the interference
with the QED process yy — 7t77t~. Finally, the selec-
tion rules for yy — n°n® forbid any interference with
vector or pseudoscalar states with mass close to the
o(600). Examples of the °n° invariant mass shape,
M 0,0, expected in yy — o production for different
o parameters, are shown in Fig. 5, where a Breit-
Wigner function is folded with the yy flux function.

The main requirement of the data analysis con-
sists of four and only four photons, used to evaluate
the following variable:

2 (My,y; =m0 4 (My,y, —m0)?

TUTT 2 2
YiYj UYle

where o, is the resolution function of the two pho-
tons invariant mass M,,. Fig. 6 shows that the cut
X2, < 4 selects 4-photon events originated from 27°
decays. Other selection criteria are applied:

1) photon energy fraction, (3_ Ey)/Ecao > 0.8;
2) 4-photon transverse momentum, pr < 80 MeV;
3) no tracks reconstructed in the drift chamber;

4) energy sum of the 2 least energetic photons,
Doy, By >60 MeV.

About 10* events fulfill these requirements, with a
signal efficiency of about 20% estimated from Monte
Carlo. The spectrum in the 4-photon invariant mass,
My, is compared with expected background yields.
These are based on the present knowledge of the cross
sections and Monte Carlo efficiency evaluations.
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Fig. 6. Distribution of the yy invariant mass for the combinations with minimum 2, value, before (left) and

after (right) applying the x2, < 4 selection.
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Spectrum of the 4-photon invariant mass, compared with the sum of the expected backgrounds. Peak

of the Kg — n°n® decay and structures related to other processes with two 7° are visible: w(— n’y)n” and
£5(980)(— 27°)y. The cut on My, < 900 MeV is explained by the requirement on the total energy in the

calorimeter, Fcao <900 MeV.

Table 3.
and event yields of the background processes.

Cross sections, selection efficiencies

process e (%) o/nb eol fraction
Ks(— 2m0)Ky, 0.56 2.0 2 682 0.26
w(— my)m 1.55 0.55 2 045 0.20
£0(980)(— 2n0)y  2.58 0.17 1 052 0.10
n(— 310y 0.18 0.33 142 0.014
ete” —2y(2y) 0.002 360 166 0.016

Table 3 shows the background processes which af-
ter analysis cuts give a significant contribution to the
My, spectrum obtained from data. Efficiencies from

Monte Carlo, together with expected event yields are
also shown. Besides the several reactions with at least
a genuine 71°7t° pair, there is also contamination from
ete™ — 2y(2y) events. These mainly consist of events
with annihilation into 3 photons plus an accidental
cluster, or one of the 3 photons is reconstructed as
two (or more) clusters, which survive selection cuts
due to the high cross section production.

After the selection cuts, the final M,, spectrum
is shown in Fig. 7. From the plot, an excess (with
respect to the backgrounds discussed above) of about
4000 events is evident at low My, values, consis-
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tent in shape with expectations (see Fig. 5) from

ete™ — ete '’ events. The precise yield esti-

mate depends on assumptions for the background
processes. Systematic study of the differential cross
section and understanding of the o — 77t contribution
are in progress.

5 Conclusions

Using an integrated luminosity of 240 pb~!' of
data collected at DA®PNE, operating at \/s~1 GeV,
the following preliminary results in yy analyses are
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