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Prospects for searching the η→e+e− rare decay at the CSR *
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Abstract: We study the possibility of searching the η→ e+e− rare decay on the Cooling Storage Ring (CSR) at

Lanzhou. The main features of the proposed Internal Target Experiment (ITE) and External Target Facility (ETF)

are included in the Monte Carlo simulation. Both the beam condition at the CSR and the major physics backgrounds

are carefully taken into account. We conclude that the ITE is more suitable for such a study due to better detector

acceptance and higher beam density. At the maximum designed luminosity (1034 cm−2s−1), η→e+e− events can be

collected every ∼400 seconds at the CSR. With a mass resolution of 1 MeV, the expected signal-to-background (S/B)

ratio is around 1.
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1 Introduction

Despite being the most successful theory in particle
physics to date, the Standard Model is now being chal-
lenged regarding its deficiencies in explaining many as-
pects, such as the origin of mass, the strong CP problem,
neutrino oscillations, matter-antimatter asymmetry, and
the origins of dark matter and dark energy [1, 2]. Many
theories that lie beyond the Standard Model are pro-
posed, either through extension to super-symmetry, or
based on entirely new explanations, such as string the-
ory and extra dimensions. However, which theory is the
right one, or at least the “best step” in the right direc-
tion, can only be settled experimentally and is one of
the most active areas of research in both theoretical and
experimental physics.

Rare decay, such as η→e+e−, has long been proposed
to be a sensitive probe of new physics due to its extremely
small branching fraction. As a transition between a pseu-
doscalar meson and a pair of charged leptons, this pro-
cess is dominated by the two-photon intermediate state
within the framework of the minimal Standard Model [3].
A branching fraction η→e+e− of around 5×10−9 is pre-
dicted, with a large theoretical uncertainty of one magni-
tude order (since it is hard to calculate the decay matrix
element non-perturbatively) [4]. The hypothetical in-
teractions that arise from physics beyond the Standard
Model may significantly change the branching fraction.

An experimental determination of this fraction will on
the one hand clarify if there are contributions from ex-
otic decay mechanisms, and on the other hand enable us
to gain an understanding of quantum chromodynamics
(QCD) in the non-perturbative region.

The η→e+e− rare decay has been searched by sev-
eral experiments [5, 6], and the latest upper limit on the
branching fraction obtained by CLEO-/, B(η→e+e−)<
7.7×10−5 [6], is still far from the theoretical expectation.
For more than a decade the only experimental proposal
to search this rare decay mode has been the WASA at
COSY [7], along with its major focus on chiral symmetry
and symmetry breaking research. The experiment aims
at reaching a sensitivity that allows a test of whether the
η decay to the e+e− mode occurs at a rate compatible
with the Standard Model prediction of 5×10−9. The prob-
lem is that only one such rare decay event per week can
be found with the current beam luminosity and detector
capability.

The Cooling Storage Ring (CSR) [8] in Lanzhou,
China, is a heavy-ion facility that can accelerate nu-
clei up to 238U with a kinetic projectile energy of several
hundred MeV to GeV. The CSR can also provide a high-
quality proton beam, so both nuclear and hadron physics
research can be performed. With a high luminosity beam
and properly designed detector system, the search for the
η→e+e− rare decay is possible at the CSR. In this work,
we study the prospect of such research based on Monte
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Carlo (MC) simulation. The CSR design parameters and
relevant experimental setups are taken into considera-
tion.

2 Experiments at the CSR

Two experimental systems were proposed for
hadronic and nuclear physics research at the CSR,
namely the Internal Target Experiment (ITE) and the
External Target Facility (ETF). The ITE is mainly de-
voted to hadron physics, while the ETF for nuclear
physics at GeV energy.

2.1 The ETF

At present, a phase-I experimental system already
exists at the external target area. A schematic setup is
depicted in Fig. 1. Along the beam line, after a fixed tar-
get a dipole magnetic field is invoked to bend the charged
particle tracks. The effective volume of this field is about
1 m long, 1 m wide and 0.3 m high. The strength of the
magnetic field can be varied up to about 1.5 Tesla accord-
ing to the electric current provided. A tracking system
with six sets of multi-wire drift chambers (MWDCs) is
placed outside the magnetic field to provide hit position
measurement for the trajectory of the charged particle.
Behind the tracking system is a time-of-flight (TOF) sys-
tem consisting of three TOF walls. Each TOF wall is a
plastic strip array coupled to fast PMTs. The wall size
is about 1.4 m2. At the far end sits a neutron wall (not
shown in the figure) that provides the neutron number
trigger and hadron energy measurement.

Fig. 1. Schematic of the experimental setup at CSR-ETF.

The ETF system has a planned upgrade to further
enhance the research capability, especially in the nuclear
physics region. The magnetic dipole field will be en-
larged to 1 m×1 m×1 m and more sub-detectors will be
added. Since there is no electromagnetic calorimeter or
similar detectors in the ETF, the electrons are identified
by combining dE/dx measured from the tracking detec-
tor and the flight time measured from the TOF detector
[9]. To estimate the maximum possibility of searching
η→e+e− decay, an ideal case is assumed in the simula-
tion where the tracking system and TOF acceptance are
large enough so that any electrons escaping the magnetic
field can be measured.

2.2 The ITE

To fully utilize the hadronic research power at the
CSR, the ITE has also been proposed. By using the in-
ternal pellet target technique, proton-proton or proton-
nuclei collisions of very high luminosity can be achieved.
As shown in Fig. 2, the proposed experimental system
is mainly located in a solenoidal magnetic field, 3 m in
length and 1 m in radius. Near the interaction point is
the tracking detector that provides both track hits and
dE/dx measurement. Surrounding the tracking detec-
tor are the TOF and electromagnetic calorimeter, with
the same geometric acceptance as the tracking system.
There is basically no detector in the backward direction
(>90◦ from the beam direction). In the forward region
(not shown in the figure) a hadron calorimeter is foreseen
for hadron tagging.

Fig. 2. Schematic of the experimental setup at CSR-ITE.

3 Simulation and formulae

Our study is performed with a fast MC simulation
technique. The η mesons from collisions are simulated
by an event generator and fed to the detector system.
The particle decay and experimental response, such as
the trajectory in the magnetic field, multiple scatter-
ing, hit generation and digitalization on the detector, are
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dealt with by the pseudo-statistical MC method. Major
background channels, η→γe+e−, η→γγ→e+e−e+e−, ∆
Dalitz decay and NN bremsstrahlung, are studied. Their
yields are calculated as a function of e+e− invariant mass
and compared to the expected physics signal (η→e+e−).
The prospect of such a study at the CSR is discussed in
the next section based on the obtained S/B ratio.

3.1 The event generator

The event generator used in this work is a relativis-
tic transport model (ART1.0) [10], which is dedicated to
hadronic reaction simulation in the energy range around
several to tens of GeV. This generator can be used in the
proton-proton, proton-nuclei and nuclei-nuclei systems,
which is suitable for the conditions at the CSR [11].

One of the major background channels, proton-
proton bremsstrahlung, cannot be simulated by ART1.0.
We use analytic formulae (more details in the back-
ground channel subsection) to estimate its contribution.

To search the rare decay η→e+e− with such a low
branching fraction, we need a high production rate, clean
signal and low background. For this purpose, a proton
beam is favored due to its higher beam density at the
CSR and lower combinatorial background compared to
heavy-ion collisions with high final state particle multi-
plicity. The background problem also prevents us from
using a target of heavy nuclei, although the cross section
is higher.

In this work, when comparing the physics signal
and background yields, the collision energy is set to
2.524 GeV, corresponding to a projectile kinetic energy of
1.52 GeV, which is 100 MeV above the pp→ppη produc-
tion threshold. At this energy, the pp→ppη production
cross section is near its maximum, while the other η pro-
duction (pp→ηX, X is not pp) probability is relatively
small (see Fig. 3). Other center-of-mass (c.m.s.) energies
may also be used in specific cases, e.g., a projectile ki-
netic energy of 2.8 GeV (the maximum energy designed
for the CSR) is chosen for detector system simulation in
order to test the acceptance for both the ETF and ITE.

3.2 The detector system

The detector system in the MC study is rather simpli-
fied - all sub-detectors not directly involved in our study
are omitted from the detector system simulation. The
detection efficiencies of the detectors used in the MC are
assumed to be 100%. For study purposes, the strength
of the magnetic field is varied from 0.5 to 2 Tesla, which
is beyond the capability of the current (and proposed)
magnet system.

A uniform magnetic field is used in the simulation.
The charged particles in this field are driven by the
Lorentz force, and thus move as helix curves. The
multiple-scattering effect during the flight of the particles

is not included in the simulation. When passing the sen-
sitive detectors, the hit information, such as the three-
dimensional (3D) hit position and hit time, is recorded
for further analysis. Particle decays are only considered
at the beginning of the event, so no secondary particles
will be produced in flight. We also assume 100% particle
identification power for the detector systems.

Fig. 3. η production cross section in p+N colli-
sions as a function of c.m.s. energy (

√
s). s0

means the η production threshold energy, taken
from Ref. [20].

3.3 Background channels

In the energy range 1–2 GeV, the main dilepton
sources are the following: π+π− pair annihilation, π0, ∆,
η, ω Dalitz decays, NN bremsstrahlung, and direct vec-
tor meson decays. For p+p collisions, when focusing on
dileptons with invariant mass in the range 0.15−0.9 GeV,
only ∆, η, ω Dalitz decays and NN bremsstrahlung are
important.

The pp→ppe+e− final states are of interest for the
search for η rare decay in p+p collisions. Four major
background channels are considered in this work, in-
cluding η Dalitz decay, η→γγ, ∆ Dalitz decay and NN
bremsstrahlung. Their cross sections are estimated as a
function of the e+e− invariant mass, either by analytic
formulae or fast simulation.

3.3.1 η Dalitz decay

The η Dalitz decay η→γe+e− is an inevitable back-
ground channel for the η→e+e− rare decay search. The
γ in the η Dalitz decay may escape the experiment’s
detection, either by being outside the detector accep-
tance or being too inefficient to be detected, so we ob-
serve the same final states as the signal channel. The γ

can also be converted to an e+e− pair, forming a final
state of ppe+e−e+e−. This contribution is similar to the
η→γγ background channel discussed later in this paper
(although their phase spaces are a little different), and
is not included in this work.
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The contribution from the η Dalitz decay takes the
form [12]

dσ

dM 2

η→γe+e−

= ση(s)
2α

3πM 2

√

1−
4m2

e

M 2

(

1+
2m2

e

M 2

)

×Bη→γγF 2
η
(M 2)

(

λ(m2
η
,M 2,0)

λ(m2
η
,0,0)

)3/2

,

(1)

where
√

s is the c.m.s. energy of the proton-proton col-
lision, M is the invariant mass of the e+e− pair, and me

is the remaining mass of the electron. ση(s) is the total
η-production cross section, which is not parameterized
but obtained directly from the ART1.0 event generator.
For p+p collisions at a c.m.s. energy of 2.524 GeV, this
is around 0.1 mb. Bη→γγ denotes the branching fraction
of η→γγ, which is 0.39 (from the Particle Data Group
[14]). The form factor F 2

η
(M 2) is taken from the vec-

tor meson dominance model (VMD) parameterizations,

F 2
η
(M 2)=

(

1−
M 2

Λ2
η

)−1

, with Λη=0.72 GeV [12, 13]. The

kinematic function λ reads

λ(x,y,z)=x2+y2+z2−2(xy+yz+zx). (2)

3.3.2 η→γγ

η produced in p+p collisions has a significant branch-
ing fraction (39%) to decay into an γγ pair. These γs
may both be converted to a e+e− pair when interacting
with the materials in the experimental system, forming
a final state of ppe+e−e+e−. The detector system pos-
sibly misses one electron and one positron in the final
states (so we “see” ppe+e−), and thus also contributes
to the background. Such a background type relies on a
practical experimental setup, since the occurrence of γ

conversion depends sensitively on detailed detector ma-
terial placement. For this background channel, only the
ITE detector system is considered. Since the tracking
system in ITE is able to effectively remove γ conversions
far from the interaction point (IP) by reconstructing the
displaced secondary vertex (or the distance of the clos-
est approach to the event vertex), we focus on the events
with both γ converted very near to the IP, i.e. the γ

conversions take place at the beam pipe.
In most high-energy experiments, a beryllium (Be)

beam pipe is used at the IP region. For γs with energy
well above the pair production threshold (2me), the con-
version cross section for Be is 0.178b. If we take the
thickness of the Be pipe to be 2 mm, the probability
for one γ conversion is 0.44%, and ∼2×10−5 for two γ

conversions in an η→γγ event.
pp→ppη→ppe+e−e+e− events are simulated using

the same procedure we use to process η→e+e− decays.
We assume that the γ conversion vertex is the same as
the event vertex, and the decays of η→γγ and γ→e+e−

simply follow isotropic phase space distribution (in the
remaining frame of the decay particles). The responses of
the experimental system to the final state particles are
simulated, and only the events with the four required
particles (ppe+e−) detected are selected and further an-
alyzed.

3.3.3 ∆ Dalitz decay

The ∆ Dalitz decay contributes to the background
by the reaction of pp→p∆+ and ∆+→pe+e−, with the
same final states as pp→ppη→ppe+e−.

The cross section of the ∆ Dalitz decay can be writ-
ten as follows: [15, 16]

dσ

dM 2

∆→Ne+e−

=

∫(
√

s−mN )2

(mN +mπ)2
dM 2

∆σ∆(s,M∆)D(M∆)

×
1

Γ∆

(

dΓ

dM 2

)∆→Ne+e−

. (3)

M is the invariant mass of the e+e− pair, M∆ and
Γ∆ are the mass and full width of the intermediate ∆,
σ∆(s,M∆) is the production cross section of ∆ at given
mass M∆, and D(M∆) is the weight function. The total
∆-production cross section is given by

σ∆(s)=

∫(
√

s−mN )2

(mN +mπ)2
dM 2

∆σ∆(s,M∆)D(M∆).

The last term in the equation

1

Γ∆

(

dΓ

dM 2

)∆→Ne+e−

describes the differential width of the ∆ decays into a
e+e− pair.

The equation above contains two parts, one for ∆ pro-
duction and the other for ∆ Dalitz decay. Though the
production of ∆s in p+p collisions can be analytically pa-
rameterized, in this work the simulated ∆s are directly
produced from the event generator. The mass spectra
of ∆ from ART1.0 is illustrated in Fig. 4. The total ∆-
production cross section in p+p collisions at 2.524 GeV
is taken as 16 mb [17]. (This may be overestimated, but
can serve as the worst-case background.) For the other
part, the differential width of the ∆ Dalitz decay is given
by

1

Γ∆

(

dΓ

dM 2

)∆→Ne+e−

=
α

3πM 2
B∆→Nγ(M∆)R∆

Γ (M∆,M),

(4)
where B∆→Nγ(M∆) stands for the branching ratio of
the electromagnetic width to the total ∆ decay width,
R∆

Γ (M∆,M) is the ratio of the electromagnetic ∆ decay
widths for virtual to real photons. B∆→Nγ(M∆) is taken
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as 0.6% [14] independent of M∆, and

R∆
Γ (M∆,M)

=
Γ∆→γ

∗N
γ

(M∆,M)

Γ∆→γN
γ (M∆,0)

=
M∆M 2+5M∆q2

0−3M 2mN−3M 2q0−3mNq2
0−3q3

0

q2
0(5M∆−3mN−3q0)

×(λ(M 2
∆,m2

N ,M 2)/λ(M 2
∆,m2

N ,0))1/2, (5)

with q0 = (M 2
∆ +M 2−m2

N)/(2M∆) and λ(x,y,z) from
Eq. (2).

Fig. 4. The ∆ mass spectral distribution obtained
in p+p collisions at c.m.s. energy

√
s=2.524 GeV,

simulated by ART1.0.

3.3.4 NN bremsstrahlung

NN bremsstrahlung is also a major background chan-
nel. The bremsstrahlung cross section in NN collisions is
significant and the radiation of virtual photons may oc-
cur, producing the pp→ppγ∗→ppe+e− final state. Pre-
dictions of this process from different theoretical models
may vary by an order of magnitude.

In this work, we choose the formulae based on the
soft-photon approximation (SPA) method as described
in reference [18–20]. The SPA is based on the assump-
tion that the radiation from internal lines is negligible
and the strong interaction vertex is on-shell. In this case
the strong interaction part and the electromagnetic part
can be separated. For proton-neutron reaction, the dif-
ferential cross section for pn→pne+e− can be written as

dσ

dydq2qTdM
=

α2

6π2

σ1(s)

Mq2
0

R2(s2)

R2(s)
, (6)

R2(s) =
√

1−(mn+mp)2/s, (7)

s2 = s+M 2−2q0

√
s, (8)

σ1(s) =
s−(mp+mn)

2

2m2
p

σ(s), (9)

where mp and mn are the mass of the (projectile) pro-
ton and neutron; M , q0, qT and y are the invariant
mass, energy, transverse momentum and rapidity of the
dilepton pair, respectively; and σ(s) is the on-shell elas-
tic cross section for the proton-neutron reaction. At a
c.m.s. energy of 2.524 GeV, the elastic p+n cross sec-
tion is taken as 20 mb. For the proton-proton reaction,
the bremsstrahlung cross section is much lower [21], and
taken as one-tenth of that in the proton-neutron reac-
tion.

By integration over y and qT in Eq. 6, the cross sec-
tion dσ/dMpn→pne+e− can be obtained. At the given
energy (2.524 GeV), this integration is done numerically
since the allowed phase space of the dilepton pair de-
pends on the collision energy and y, qT are correlated.

4 Simulation results and discussions

4.1 Detector systems

To search a rare decay with such a low branching
fraction, the detector system should have large accep-
tance, high efficiency, good track-reconstruction quality
and clean particle identification (PID). Large acceptance
and high efficiency are helpful in increasing the sample
statistics, or decreasing the run time needed, while a
good track-reconstruction quality and clean PID are cru-
cial for background suppression. To estimate the accep-
tance of the ETF or ITE system, an η meson is emit-
ted from the target position. The η momentum is ran-
domly distributed in the 0–2 GeV/c range at a fixed
direction along the beam line. The ηs are assumed to
decay 100% to e+e− pairs. As shown in Fig. 5, the η

reconstruction efficiency at ETF is plotted as a function
of η momentum, for four sets of magnetic field strength,
namely 0.5, 1, 1.5 and 2 Tesla. The reconstruction ef-
ficiency is defined as the ratio of the number of ηs (as
a function of momentum) with both daughters detected
by TOF over the total number of ηs produced in the
event. One can find that at a high momentum region
(around 2 GeV/c), the efficiency decreases with the in-
crease in magnetic field strength. This is intuitive since
a stronger field bends charged particles more, so the de-
cay electrons or positrons (they move almost along the
η momentum direction due to high Lorentz boost) have
less chance to escape the magnetic field volume and hit
the TOF. However, at a low momentum region, the η

reconstruction efficiency increases at first, and then de-
creases with increasing magnetic field strength. This is
also understandable since at low η momentum, the decay
electron and positron move in nearly opposite directions.
At a low magnetic field strength (B→0) they are hard
to be detected simultaneously by the TOF (e.g. at B=0
and p=0 the efficiency must be 0). If the magnetic field
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is too strong, the efficiency is also low since the decay
electron or positron does not have enough momentum
to escape the field. Considering the η phase space from
the ART1.0 generator, with an average momentum at
∼0.5 GeV/c, the η reconstruction efficiency is no more
than a few per cent, even at the optimized magnetic field
strength B=1.5 T.

ART1.0 simulated events of the proton-proton reac-
tion at a projectile kinetic energy of 2.8 GeV are then fed
into the ETF simulation framework. It is found that the
η reconstruction efficiency is less than 1%. (Note: the
efficiency from Fig. 5 is obtained with ηs emitted in the
beam direction, while here the η phase space is deter-
mined by an event generator.) Furthermore, the beam
density at ETF is much lower than that at ITE by about
3–4 magnitudes. So we conclude that it is not promising
to search the η→e+e− rare decay at the CSR-ETF due
to limited detector acceptance and low beam density.

Fig. 5. η reconstruction efficiency as a function of
momentum (p) at the ETF. The η is emitted along
the beam direction with momentum ranging from
0–2 GeV/c. The magnetic field strength varies
from 0.5–2 T.

Similar simulation processes are applied for the ITE
system. In Fig. 6 we show the η reconstruction efficiency
at ITE as a function of η momentum, and at four dif-
ferent magnetic field strengths. A slight difference from
Fig. 5 is that the ηs are emitted from proton-proton col-
lisions at a projectile kinetic energy of 2.8 GeV. One
can find that the efficiency increases with η momen-
tum and is saturated for those with a momentum larger
than 1 GeV/c. The saturation efficiency is about 90%
at B =0.5,1.0,1.5 Tesla, but drops slightly to less than
80% at B = 2.0 Tesla. In any case, the reconstruction
efficiency is much higher than that at ETF. Considering
the much higher beam density at ITE, it may be a more
suitable place to search the η rare decay than ETF.

We can further quantitatively estimate the event rate
of the η→e+e− decay at ITE. The pellet target proposed
at ITE has an effective thickness of 1015–1016 atoms/cm2,

and the designed proton beam intensity is 1010–1012 pps.
Thus the luminosity is about 1031–1032 cm−2s−1. The
maximum designed luminosity is 1034 cm−2s−1. If we
take the η production cross section σpp→ppη = 0.1 mb,
the η→e+e− branching fraction to be 5×10−9, and the
total η reconstruction efficiency of the detector system
to be 50%, then the mean time to get each η→e+e−

rare decay event at the ITE is about 40000 seconds (for
1032 cm−2s−1 luminosity). This time will decrease to
only 400 seconds at maximum CSR luminosity. In such
a case, thousands of η rare decays can be collected in
only several weeks of a CSR proton-proton run.

Fig. 6. η reconstruction efficiency as a function
of momentum (p) at ITE. ηs are produced in
p+p collisions with a projectile kinetic energy of
2.8 GeV. The magnetic field varies from 0.5–2
Tesla.

4.2 Backgrounds

The cross sections of four main background channels
are illustrated in Figs. 7, 8, 9 and 10, as a function of the
invariant mass of e+e− pairs. The reaction system is fixed
to be proton-proton at a c.m.s. energy of 2.524 GeV.
One can find that the differential cross section for all
these background channels near η mass is on the order
of the 10−7 mb level. Since the η production rate used
is 0.1 mb and the η→e+e− decay branching fraction is
on the order of 10−9, the mass resolution at ITE should
reach about 1 MeV so that this rare decay can be ob-
served. This is shown in detail in Fig. 11, where the cross
section of the η→e+e− signal is plotted along with the
background channels. Four different mass reconstruction
resolutions are studied by smearing the η→e+e− signal
with a Gaussian distribution. It is obvious that the S/B
ratio increases with better mass resolution. With a mass
resolution of 1 MeV

(

δM

M
∼0.2%

)

,

the S/B ratio can be as high as around 1.
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Fig. 7. η production and Dalitz decay cross section
in p+p collisions at

√
s=2.524 GeV, as a function

of the invariant mass of final-state e+e− pairs.

Fig. 8. η double-γ conversion cross sections in p+p
collisions at

√
s = 2.524 GeV, as a function of

the invariant mass of final-state e+e− pairs. The
probability of both γs being converted into e+e−

pairs at a 2 mm thick Be beam pipe is assumed to
be 2×10−5. The red line represents all e+e− pairs,
while the blue line indicates pairs from different
converted γs.

All four of these background channels can be carefully
studied with the same setup at ITE, which is also im-
portant before we can really start to search the η→e+e−

decay. The study of these background channels serves as
a necessary baseline for further research.

The most profound background channel is the proton-
proton bremsstrahlung. However, this background can
be suppressed by choosing a proper phase space of
the reconstructed e+e− pair, since in proton-proton
bremsstrahlung the virtual γ is dominantly emitted
along the beam direction, while for pp→ppη the η phase
space distribution is very different. For the ∆ Dalitz de-
cay, the difference in the phase space of the final state
particle is less distinguishable from the real signal, de-
manding a careful study of this decay mode beforehand.

The other two background channels are inevitable, al-
though for double γ conversion the contribution can be

Fig. 9. ∆ Dalitz decay cross section in p+p col-
lisions at

√
s = 2.524 GeV, as a function of the

invariant mass of final-state e+e− pairs.

Fig. 10. Bremsstrahlung cross section in p+p col-
lisions at

√
s = 2.524 GeV, as a function of the

invariant mass of the final-state e+e− pairs.

Fig. 11. Expected signal and major background
cross section in p+p collisions at

√
s=2.524 GeV,

as a function of the invariant mass of the final-
state e+e− pairs.

046201-7



Chinese Physics C Vol. 37, No. 4 (2013) 046201

somewhat suppressed by precisely constructing the con-
version vertex. To better distinguish the signal, it is im-
portant to improve the mass resolution. Since the EMC
used in ITE is limited in its resolution, even using the
most advanced techniques (e.g. a full homogenous crys-
tal calorimeter), the requirements for track momentum
reconstruction (especially for electrons and positrons),
as well as beam quality, must be very stringent. New
cutting-edge tracking detector technology may be neces-
sary.

5 Summary

An MC simulation was performed to search the
η→e+e− rare decay mode on the ITE and ETF exper-
imental systems by using p+p collisions slightly above
the η production threshold at the CSR. The main fea-

tures of the experiments and beam condition at the CSR
are taken into account. Four major physics backgrounds,
namely η Dalitz decay, η→γγ, ∆ Dalitz decay and NN
bremsstrahlung, are carefully estimated. We conclude
that the ITE is more suitable for such a study due
to larger detector acceptance and higher beam density.
Proper detector system design and excellent performance
are needed to better distinguish the η→e+e− signal from
the backgrounds. At the maximum designed luminosity
(1034 cm−2s−1), η→e+e− events can be collected every
∼ 400 seconds at the CSR. With a mass resolution of
1 MeV, the expected S/B ratio is around 1.
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