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Abstract

The two-photon processes vy — 70, 5, 7%7°, 7t7=, 7%, 1/, expected in e~ et col-
lisions at DA®NE, can be studied with high precision by introducing a small angle
tagging facilities for the scattered electrons. We describe the design of the KLOE
small angle tagging system to study 7 interactions at DA®NE. This includes a COIL
detector to tag particles hitting the SFM coils, a SAT detector to tag electrons pass-
ing through the SFM and a BREM detector for high energy photons in coincidence
with tagged electrons in order to reject the radiative Bhabha events. Two such sys-
tems placed symmetrically with respect to the interaction point allow tagging both
electrons and positrons. The maximum number of events/year that can be collected
by this tagging system and the statistical error on the yy — 797% cross section are
also discussed.

1 Introduction

We address here the question of the feasibility of photon-photon scattering in electron
positron collisions at DA®NE. We shall estimate event rates with L = 5 x 10%%2¢m =251
for a nominal year of running time At = 107 s. With such high luminosity and the high
resolution expected by the KLOE detector, we believe that there is a realistic chance
to gather a large number of events for these processes, even though one would expect the
portion of phase space accessible for vy physics at a 1 GeV c.m. e*e™ machine like DAONE

!Supported by the INFN, by the EC under the HCM contract number CHRX-CT920026 and by the
authors home institutions
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to be rather small. That being certainly the case, the combination of high luminosity and
full angular coverage should allow for a more extended use of the available phase space
than other higher energy, but so far lower luminosity, machines. To illustrate these two
points in a quantitative fashion, consider the general expression for processes of the type

ete” wefe” +97 s efe + X, (1)

with c.m. energy /s = 2F. With z; and z, the fractional electron energy carried by the
photons, the available phase space is proportional to the area element A = d(Inxy)d(Inzs).

Vs = 1.020 GeV
,,,,,,,, Vs = 1.500 GeV

Lopare=D X 10% cm ™
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Figure 1: Photon-photon luminosity at DA®NE, for an integrated machine luminosity
L =5 fb~! per year, and at LEP with the present integrated luminosity Lyzp = 0.1 fb!
per year. Thresholds for various physical processes of interest at DA®NE are shown.

It was noticed [1] that the constraints on the available phase space compare very fa-
vorably with the detector acceptance and that the KLOE detector, unlike what happens
to detectors in higher energy machines, should be able to collect all the interesting events
in two photon physics. In other words, while it is true that phase space is limited, one can
make full use of it. A similar point can be made concerning the gamma gamma luminosity.
In the Double Equivalent Photon Approximation, the cross-section, for a given energy of
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the two photon system in their c.m. frame, can be written as

do dL

— ; X 2
W dWWU(W - X), (2)
with the two photon distribution given by
dL 4 o K 1 W.
— _1 2 9 2 21 Z_(1—- 2 2 . — Ty )
et T u LR UE UG FEPE B

Using this two photon flux and the machine luminosity, one can calculate the gamma
gamma differential luminosity shown in Fig. 1 for two possible values of the energy at
which DA®NE will operate, /s = m, = 1.020 GeV and the maximum project energy
Vs =15 GeV.
To make the appropriate comparison, the fluxes, for a nominal 100 days of running time,
have been evaluated at the DA®NE project luminosity mentioned in the introduction and
at present LEP luminosity, L = 10*' em™2 sec™ [2]. From the figure, we see that in the
region W.., < 600 MeV, the two photon flux expected at DA®NE is as large, and even
larger, than at LEP. Such a comparison fails completely beyond the threshold region for
hadronic processes, but it shows the advantage of high luminosity for studying one and
two pion production.

In what follows, we shall first estimate the number of events expected in some channels
of interest and their possible backgrounds and the need for electron tagging to eliminate
physical background. Secondly we shall describe the proposed tagging system.

2 Cross-sections for hadron production

The hadronic final state processes of interest at DA®NE are limited to

vy =l an m T
The study of the last two processes being possible only at the higher DA®NE energy,
Vs = 1500 MeV. In the DEPA| the cross section for production of a pseudoscalar meson
of mass Mp can be written in the narrow width approximation as [3],

64a? E 2F
p) =29 2( )1 (—) r(p
o(ee — ee + P) M n o n M (P —=vy),

where I'(P — ~vv) is the radiative width for which one writes,

2

dYoo<el>

colors

wPﬁvw—QZM%[ (4)

-~ 32n3 E

In eq.(4), e, is the quark charge which couples to the photon and fp is the decay constant.
For the cases of 7% n and n’, the three radiative widths are expressed in terms of three
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Figure 2: Examples of two photon cross-sections in the DA®NE energy region, in the
DEPA, as a function of the beam energy.

parameters, the mixing angle () and the decay constant of the pseudoscalar singlet (f;)
and octet (fs). Combining these different widths, it is possible to obtain a relation from
which one can extract information on the mixing angle by measuring  and 7% radiative
widths, i.e.

I'(n — 1 .2 3

M = — <c039 — 2\/55@739) <ﬁ)

I'(7® —~y) 3 My
Subsequently, when DA®NE will operate at higher energy, one will be able to use a second
relation between these quantities, which is independent of the mixing angle, and which can

test the SU(3) limit f1 = fs, i.e.

_
fs

— — r
3 3
m% my, I', 3

R—[Fn F%]mi_l—l—&“?.

R=3 corresponds to r=1. Present measurements[2] give,
R =254 0.5(stat) £ 0.5(syst) .

Using the one loop chiral perturbation theory calculations [4, 5] for the charged pion process
and a phenomenological fit to the Crystal Ball data [6] for two 7° production, close to the
dispersive analysis of ref [7], one obtains the production cross-sections displayed in Fig.2.
Providing one can overcome the strong QED background which affects these processes,
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Table 1: (e~et — e~ et PS) events/year

Meson! | Total Production Rate Fream

0 2.0 x 10° 510 MeV

n 5.0 x 10° 510 MeV

n' 1.0 x 10° 750 MeV

Table 2: Background from Annihilation Events

¢ Decay Mode' | Escaped Particle® | Events/Year? | vy Process
K2(7°7% K? K? 5.3 x 10® 7070
n(37°) v 70 5 8.4 x 10° o0
Ki(rtn™) K} K? 1.1 x 10° ntm™
p(rtm™) x° w0 2.6 x 107 atm~
(atn™) w0 0 4.8 x 10° ntm™
n(rtr=x%) ~ 70 5 6.2 x 10° ata~

1) The particles in parentheses are assumed to be detected in KLOE.
2) Events/year corresponds to 2 x 10'% ¢(1020) produced per year.
3) The escape probability of the v is not included.

measurements at DA®NE are expected to be of considerable improved statistical accuracy.
To estimate the expected number of events for these processes, we integrate eq.(2) over
the two photon c.m. energy W..,. For pseudoscalar meson production, the yearly yield is
shown in Table 1. For the two body processes, integrating the differential number of events
shown in Fig. 3 over the two photon energy, we get a total yield of ~ 10* for 7%7° and
~ 10° for 7¥n~.

statistics.

These estimates are rather encouraging, as they indicate a large event

By far, the most dangerous source of background for the processes discussed before
comes from,
(5)

where the K7, escapes detection with a 25% probability [8]. This cross-section is rather
large, since,

¢ — KsKr, — 7°1° 4+ X (undetected) ,

olete” = %1%+ X) =04 x BR(¢ — K Ks) x BR(Ks — 7°1°) x P(Kj, escape) .

With o4 = 4.4 pb and P(Kj escape) = 0.25, we see that process (5) completely
overcomes the signal of interest. Other potential background processes are indicated in
Table 2, along with the expected number of events they contribute to the v~ rate of interest.
In order to identify the signal, one can plot mass and transverse momentum distribution for
both the genuine vy — 7°7° as well as for the background processes. For the particular
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Figure 3: Number of events per MeV vs. two photon c.m. energy. Solid and dashed lines
correspond to the DA®NE energies, Fye,,, = 0.51 and 0.75 GeV respectively. For 7%z, the
results are obtained using a phenomenological fit to the Crystal Ball data and the dotted
lines correspond to the 1-loop chiral perturbation theory calculation.
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Figure 4: a) invariant mass distribution of 7%7% system from v+ events or K5 decays. b)
Transverse momentum distribution of 7°7° system. The two histograms are not normalized
and should be scaled according to the relative cross-sections. The integrated area of the
vy — 7%7Y peak is roughly 107* that of the Ks — n%7°.

case of process (5), Fig. 4 shows that background and signal have very different event
distributions, and one may devise appropriate kinematical cuts to isolate the signal, e.g.
a transverse momentum cut on the two 7° system at p? > 2000 MeV?/c¢*. Such cut will
indeed reduce by a factor 25 the total background from process (5), but the enormous
difference in scale between the shaded and non-shaded area in Fig. 4 may prevent in
practice the isolation of the genuine v+ events. It is therefore clear that this measurement
will only be possible by introducing a small angle tagging system for the electrons, as
described in the next section. We note though that even with tagging, this measurement is
far from being background free. Indeed, the tagged electrons emerge at very small angles,
an angular range where electron rates from radiative Bhabha (ete™ — ete™v) and double
radiative Bhabha (ete™ — ete™v7) scattering as well as from beam-gas bremsstrahlung
is expected to be very high. A simple and compact expression for the radiative Bhabha
cross-section rate in the small angle region, recently obtained in a no-recoil approximation
[9], reads,

do 4dra? B(t) E* + (F — k)?

dkdt — 1* k 212 ’

where k is the energy of the radiated photon, t is the square of the electron transferred
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momentum, and the photon spectrum 3(t) is calculated to be,

Ao 2m? — ¢ VamZ —t+/—t |
T VR Am2 =t Am2 — = /=1

The single gamma radiative Bhabha cross section, integrated over all the SAT accep-
tance has been evaluated to be ~ 70 mbarn at most [9, 10]. As discussed later, this is an
acceptable rate, which should allow implementation of single and double tagging in the
very forward region, in coincidence with measurement of two pions in the KLOE detec-
tor. Precise evaluation and differential cross-sections for background are discussed in the

(1)

log

previous contribution in this Handbook.

3 The small angle tagging system

In ref [8] it has been shown that high precision measurements of two-photon reactions can
be performed by equipping KLOE with tagging facilities both at wide and small angle. The
small angle tagging system, for electrons scattered at less than 20 mrad, will be located
downstream of the interaction region, after the first bending magnet (Split Field Magnet),
see Fig. 5, while the wide angle tagging will be incorporated in the KLOE detector. In
the following we will discuss only the small angle tagging system.

This system includes a COIL detector to tag electrons hitting the Split Field Magnet (SFM)
coils, a SAT detector to tag electrons passing through the SFM and a BREM detector for
the rejection of radiative Bhabha events. Two such systems placed symmetrically with
respect to the interaction point allow tagging both electrons and positrons.

The angular and energy distributions of electrons reaching the SFM region together with
the corresponding 7+ invariant mass are shown in Fig. 6. As it can be seen from the
horizontal and vertical profile distributions displayed in Fig. 7, the vy electrons are spread
all over the SFM entrance face. The largest part of these (~ 27% of the total production
rate) enters the SFM and can be used for tagging. There is a sizable fraction (~ 11.5%) of
electrons with horizontal dispersion < 1.5 cm with respect to the SFM axis and thus
hit the coils. These can also be detected by placing a small detector in front of the coils as
will be described in the following. Few electrons enter the vacuum chamber of the other
beam (~ 3%) and are lost. Due to vacuum requirements the tagging systems must be
placed outside the beam pipe and collect only those particles which are separated from the
primary beam by more than ~ 5 cm. The machine elements which follow the SFM include
a focusing quadrupole, a sextupole and a second defocusing quadrupole [11].  We have
decided to locate the small angle tagging system (SAT) at a distance of ~ 8.65 m from
the interaction point, just after the second defocusing quadrupole, covering a horizontal
separation of -5 to -30 ¢m with respect to the primary beam. This requires that the three
elements following the SFM must have sufficiently large horizontal aperture. We assume the
quadrupoles and sextupole have ~ +1.5 cm vertical and ~ £+30.0 cm horizontal apertures.
Elements of these kind are already foreseen in the main rings. The electrons cross the
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Figure 5: The new DA®NE layout near the SAT area. The main modifications with
respect to the standard structure are the two large quadrupoles, the sextupole and the
large vacuum chamber. Cross section of these elements are shown to the right on top.
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Figure 6: Angular and energy distributions of the scattered electron at the Split Field
Magnet input. The invariant mass of the corresponding hadronic systems produced is
shown at the bottom.
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Figure 7: Horizontal and vertical profile distributions of electrons reaching the Split Field
Magnet input. Coordinates are measured with respect to the machine symmetry axis.

vacuum chamber walls at small angles (2 ranges from 40 to 100 mrad). In order to avoid
Coulomb scattering and v conversion effects the amount of material seen by the electrons
needs to be minimized. Enlarging the beam pipe near the tagging site would increase the
overall broadband impedance of the ring. Therefore, we adopt the solution shown in Fig.
8, proposed to us by the machine group. The standard cylindrical beam pipe is connected
to an external chamber through a vertical aperture of >~ +1 c¢m extending from the SFM
exit to the defocusing quadrupole. In order to account for the electron dispersion, the
horizontal extension of the vacuum chamber increases along the beam line. The thickness
of the thin window in front of the SAT should not be more than 100 p steel.

3.1 The SAT detector

The fraction of ring layout relevant to the tagging system is shown in Fig. 5. Sketched
in this figure is the SAT system to be located just after the second defocusing quadrupole.
Because of the particular shape of the vacuum chamber and the characteristics of the large
magnets required in this area, the SAT acceptance for single tagging is reduced from ~ 27%
to ~ 14% only. An identical detection system is located on the other side of the interaction
region to tag the positrons so that the single tagging acceptance is doubled. Let us consider
now the design of the SAT detector, tailored to the properties of the electrons to be tagged
and the expected background. Its main functions are:

1) record the electrons from v+ events,
2) determine the hit position in the horizontal direction (x coordinate) which in turn
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Figure 8: A sketch of the beam pipe section at the SAT position.

determines the electron energy,

3) identify the hitting particle, i.e., separate electrons from muons and pions,

4) eliminate other background sources such as electrons from radiative Bhabha scattering.
As will be described later in this section, the rate of radiative Bhabha at the SAT position
is rather high so that the SAT must be a fast detector. Many of the functions mentioned
above can be achieved with the structure displayed in Fig. 9. The detector is composed
of two 30.0 cm wide x 7.0 c¢m high hodoscopes, placed 30 cm apart along the beam
direction. Each hodoscope is composed of two parallel planes of scintillating fibers of
1.0 cm diameter bundles, staggered with respect to each other by 0.5 cm. There is a
photomultiplier juxtaposed on top of each bundle set in the vertical plane. The fibers
(I mm in diameter) run parallel to the bundle axis and their total length is estimated
to be &~ 1 km for each SAT detector. Two such hodoscopes provide position (z) and
angle (z') measurements with an accuracy so that the energy resolution is limited by the
beam spread. As shown in Fig. 10, there is a good energy-position correlation and a
counter size of 0.5 ¢m provides an energy resolution better than 2%. In addition, the two
hodoscopes can provide time measurements with a resolution of few hundred picoseconds.
This, together with the long distance from the interaction point, can be used to separate
electrons from muons and pions by time of flight measurements.

3.2 The COIL detector

To achieve a higher acceptance we consider now the possibility to tag those vy events
corresponding to electrons hitting the SFM coils. With the present design of the machine
layout there is some free space at a distance of ~ 4.6 m from the interaction point. The
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Figure 9: A sketch of the small angle tagger SAT. It is built as two hodoscopes at a distance
of 30.0 cm. Each hodoscope is composed of two parallel planes of scintillating fibers of
1.0 cm diameter bundles, staggered with respect to each other by 0.5 cm.
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Figure 10: Energy-position correlation and energy resolution distributions at the SAT
location.

cross section of the beam pipe at this point is shown in Fig. 11: the beams pass through
two vacuum chamber sections separated by a free space, 3.5 cm wide, which can host a
small tagging detector.

We propose to insert a hodoscope made of scintillating fibers just after a thin window in
the compensator vacuum flange. The size of the hodoscope is determined by the profiles
of the electrons in this region. With a £1.5 cm wide and +3.0 cm high detector centered
on the machine axis, we estimate a single tagging acceptance of ~ 10%.

3.3 Background contamination

As the tagged electrons are produced at very small angles, we expect a high background
rate from radiative Bhabha (ete™ — eTe™v), double radiative Bhabha (ete™ — ete™v7)
and beam-gas bremsstrahlung. Assuming the design single bunch luminosity for DA®NE
of Ly = 4.5 x 10°° em™2 571 we expect a total rate of ~ 15 MHz on the SAT and a
~ 3 MHz on the COIL detectors for 120 stand bunches. The distribution of this rate over
the SAT counters is displayed in Fig. 12. These very high rates (~ 1 M Hz) together
with the necessity of measuring time of flight with high resolution strongly support our
suggestion of using scintillating fiber detectors.

Most of the Bhabha events can be vetoed by detecting the +’s with the BREM detector
(see Fig. 5). For this purpose a thin window is provided at the SFM exit, extending
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Figure 11: The vacuum flange of the compensator at a distance of 4.6 m from the interaction
point. The v~ electrons hitting the thin window are detected.
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Figure 12: Radiative Bhabha rate on individual fiber bundles of the SAT detector.
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Figure 13: Number of events obtained with both SAT and COIL detectors in one year
(107 s) of data taking at DA®NE as a function of the W, mass. A mass bin of 25 MeV/c?

is assumed.

horizontally over —10 cm < x < —6 cm and vertically over —1.5 cm <y < 1.5 cm. We
estimate that such a window should tag more than 90% of the ~’s.

4 Measurement of the ete= — ete 77" cross section

The only measurement of the efe™ — eTe 77" process in the mass range which can be

studied at DA®NE has been published by the Crystal Ball collaboration [6].

This measurement was performed with low statistics and without tagging the electrons,
which makes background subtraction and errors rather crude. The systematic and sta-
tistical errors can be reduced significantly with the new measurements at DA®NE. To
demonstrate this we show in Fig. 13 the number of events expected in one year of data
taking vs. the vy mass. If we take these statistical errors for each mass bin and the chiral
two loop cross section given in ref [12] we can estimate the significance of the proposed
measurements. This is done in Fig. 14 where we compare our expected results with the
Crystal Ball data [6]. The DA®NE measurements would be extremely useful to evalu-
ate the importance of the two loop corrections near threshold, where one and two loop
cross sections are significantly different. Due to better identification of the final state the
systematic errors should be much lower than those of ref [6].
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Figure 14: The estimated statistical errors, with both the SAT and the COIL detectors
acceptances, are applied to the 2-loop vy — 7%7° cross section [12] and compared with the
Crystal Ball data [6] (empty circles).

5 Conclusions

We have shown that v+ electrons produced at very small angles can be detected with a
reasonable acceptance in DAONE.

These tagging systems include two COIL detectors to tag particles hitting the SFM coils,
and two SAT detectors to tag particles passing through the SFM. To reject radiative
Bhabha events we propose to detect the high energy photons in coincidence with the
tagged electrons using a BREM detector. The COIL and BREM detectors require thin
windows at the last flange of the compensator vacuum chamber and at the SFM exit face.
A preliminary design of the SAT and COIL detectors have been presented together with
a discussion on the significance of new measurements of the vy — 77

DAONE.

cross section at
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