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Abstract: We propose an experiment to search for a new gauge boson A′ in e+e−

annihilation by means of a positron beam incident on a gas hydrogen target internal to

the bypass at the VEPP–3 storage ring. The search method is based on a missing mass

spectra in the reaction e+e− → γA′. It allows observation of the A′ signal independently

of its decay modes and life time. The projected result of this experiment corresponds to

an upper limit on the square of the coupling constant ε2 = 3 · 10−8 with a signal-to-noise

ratio of two to one at an A′ mass of 5-20 MeV.
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1 Introduction

The search for an experimental signature of physics beyond the Standard Model is a major

effort of modern particle physics, see e.g. [1]. Most of the search activity is focused on

possible heavy particles with a mass scale of 1 TeV and above. At the same time, as

was suggested by P. Fayet [2, 3], there could be extra U(1) symmetry, which requires

a new gauge boson, U, also called the A′-boson. The boson could be light and weakly

interacting with known particles through the kinetic mixing with the ordinary photon [4].

Most constraints for the light A′-boson parameters were obtained from electron and muon

anomalous magnetic moments (g − 2) and particle decay modes [5–8].

Renewed interest in a search for the new gauge boson has been seen recently as such a

boson may provide an explanation for various astrophysics phenomena, accumulated during

the last decade, which are related to dark matter [5, 7, 9, 10]. The possible connection

between the A′-boson and dark matter in view of the observed slow positron abundance

has been investigated for several years and is often referred to as MeV dark matter [11–

14]. The theory of dark matter proposed by N. Arkani-Hamed and collaborators [9], which
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provided interpretation of a number of key astrophysical observations, sparked additional

interest in an A′-boson search in the mass range below 1 GeV.

Several methods were used in the search for the A′-boson signal, considering “invisible”

decay modes of the A′-boson. The first method uses precise experimental data on exotic

decay modes of elementary particles, e.g. π◦ → invisible+ γ, for the calculation of the

upper limit of the A′-boson coupling constant ε to the specific flavour. These upper limits

for decay of the J/Ψ and Υ to a photon plus invisible particles were obtained experimentally

by means of the “missing particle” approach, where a missing particle in the event type

e+e− → γX leads to a yield of events with a large energy photon detected at a large

angle with respect to the direction of the positron and electron beams. From the yield

of such events the coupling constant could be determined for a wide range of mass of

the hypothetical A′-boson. A recent experiment [15] using 53 fb−1 of e+e− collision data

collected with CM energies near the Υ(2S), Υ(3S) and Υ(4S) resonances provided the best

data for Υ decay to A′ + γ and a limit on the coupling of the A′-boson to the b-quark. In

the mass region below 100 MeV the obtained limit for B(Υ(2S, 3S, 4S)→ γA′)×B(A′ →
invisible) is 1 ·10−6; An additional hypothesis of coupling constants’ universality is required

to get a bound on ε, so direct measurement of the coupling to an electron is of large

interest. Currently, the upper limit on the vector coupling obtained from the discrepancy

between the calculated electron anomalous magnetic moment and the measured one is

ε < 1.0 · 10−4 ×m
A′ [MeV] [7, 8].

One more approach to searching for the A′-boson decaying strictly to invisible states is

the missing-energy method, used by the NA64 collaboration at CERN SPS [16]. However,

in this approach the parameters m
A′ and ε can not be separately extracted.

A direct measurement of ε and m
A′ could be made by detecting the decay of the

A′-boson to an electron-positron pair and reconstructing the e+e− invariant mass. This

requires a significant branching of A′-boson decay to the e+e− pair. A complication of

this method is the high level of electromagnetic background in the mass spectrum of e+e−,

so such a measurement requires large statistics. Recently, the data sets accumulated in

collider experiments have been used for such an analysis [14, 17, 18].

Electron fixed-target experiments, where a new boson can be produced from radiation

off an electron beam incident on an external target, are now being widely discussed [19–22].

The first significant experimental results on upper limits for a new boson coupling to an

electron in the sub-GeV mass range have been reported [23, 24]. The APEX experiment

in JLab Hall A [25] will probe couplings ε2 > 10−7 and masses m
A′ ∼ 50 − 550 MeV.

The result of the test run, with only 1/200 of the data of the full APEX experiment,

has already demonstrated the feasibility of such an approach [24]. A full scan in mass

range m
A′ ∼ 40 − 300 MeV was performed at MAMI [26], which put an upper limit on

the coupling ε2 < 0.8 × 10−6. Other electron fixed-target experiments are planned: at

Jefferson Lab, including the Heavy Photon Search (HPS) [27] and DarkLight [28], and at

MESA facility at Mainz [29].

A high sensitivity A′-boson search could be performed with a low energy e+e− collider

[10], where several search techniques could be used:
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• The invisible particle method.

• Invariant mass of the final e+e− pair.

• Missing mass with single-arm photon detection.

To search for the A′-boson with a mass of 10-20 MeV, the center-of-mass energy of

e+e−, Ecm, should be low. The production cross section is proportional to 1/E2
cm, so for

low Ecm, even a modest luminosity would be sufficient for a precision measurement.

The design of a new collider with high luminosity in the mass range of interest for the

dark photon search (below 1 GeV) could use the sliding beam configuration where two high

energy beams collide at a small angle between themselves [30]. In such an unusual config-

uration the invariant mass could be adjusted by changing of the angle, but the luminosity

would be high thanks to the compact beam parameters. Another interesting option for a

high luminosity collider at modest energy could be with an energy recovery linac which

provides an electron beam of high intensity with very small emittance. When such a beam

collides (head-to-head) with a high energy positron beam (e.g. 5 GeV), the invariant mass

could be in the range of 1-3 GeV and its luminosity likely will match the luminosity of a

standard 5 GeV x 5 GeV collider.

However, for the low energy region (below 100 MeV), no colliding (e−e+)–beam facility

exists or is planned to be constructed. Still, a similar operation can be achieved if an

available positron beam of a few hundred MeV energy is incident on a fixed target [31, 32].

The VEPP–3 electron/positron storage ring at the Budker Institute in Novosibirsk [33] with

its internal target facility and high-intensity positron beam injection complex is uniquely

suited for such measurements.

We propose to perform a search for the A′-boson in the mass range m
A′ = 5 −

20 MeV using a 500 MeV positron beam incident on an internal hydrogen target, providing

a luminosity of 1033 cm−2s−1, by detecting γ-quanta from the process e+e− → γA′ in an

energy range Eγ = 50−450 MeV and angular range θCMγ = 90◦±30◦ (θLabγ = 1.5◦−4.5◦).

2 The concept

In the proposed experiment we would like to explore the technique of the missing mass

measurement approach with a single-arm photon detector. The concept of the method is

partly described in [32]. A positron beam in a storage ring with an energy E+ of a few

hundred MeV and an internal hydrogen gas target make up an “e+e− collider”. In such

a collider it is possible to search for a light A′-boson with a mass of up to m
A′ [MeV] ∼√

E+[MeV]. Unlike all other experiments with a fixed target which are based on the

detecting of e−e+ pairs from A′-boson decay, in the proposed experiment no special

assumptions about decay modes of the A′-boson are required. In this proposal

we consider a medium luminosity (∼ 1033 cm−2s−1) measurement and a combination of

on-line and off-line veto on the bremsstrahlung and multi-photon background processes.

In the process e+e− → A′γ a measurement of the photon energy and its angle allows a

reconstruction of the missing mass spectrum and a search for a peak corresponding to the
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Figure 1. Two-dimensional distribution of the photon events in the scattering angle and the

photon energy for a 500 MeV positron beam incident on a hydrogen gas target. The black band

shows the location of A′-boson events of 15 MeV mass.

A′-boson. In such a spectrum the dominant signal corresponds to the annihilation reaction

e+e− → γγ. The signal for the A′-boson will be shifted to the area of the continuum

(see the illustration in Fig. 1). The continuum part of the event distribution is dominated

by photons emitted in a process of positron scattering from an electron or a proton in

the target (bremsstrahlung) and by photons from the three-photon annihilation process.

Contributions of other reactions, e.g. γ?p → pπ0 → pγγ, are at least three orders of

magnitude smaller than that of positron bremsstrahlung.

A key property of the proposed experimental setup is the ability to suppress the QED

background significantly, both on-line and off-line, thus improving the sensitivity of the

search.

3 The kinematics and cross section

Two-photon annihilation is a dominant process of high-energy photon production in e+e−

collisions at a cms energy of a few tens of MeV. Two reactions, depicted in the left panel

of Fig. 2, are two-photon annihilation and the production of an exotic A′-boson. The

kinematics for the two-body final state is shown in the right panel of Fig. 2. The energy

in the center of mass system
√
s =

√
2m2 + 2E+m, where m is the electron mass and

E+ the positron energy, and the emission angle of the final photon θγ with respect to the

direction of the positron beam define the value of the photon energy Eγ . In the case of

two-photon production: Elabγ(γγ) ≈ E+(1 − cos θcmγ )/2. In the case of A′-boson production:

Elabγ(A′γ) = Elabγ(γγ) ·(1 −M
2
A′/s). The kinematic boost from the center of mass system to the

lab leads to a larger photon energy in the forward direction, which helps the measurement

of the photon energy. The large variation of the photon energy with the photon angle in

the lab system provides an important handle on the systematics.
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Figure 3. Kinematic correlations for positron-electron annihilation at E+ = 500 MeV. Left panel:

photon polar angle in CM frame vs. that in Lab frame for two–photon annihilation. Right panel:

photon energy vs. its polar angle for e+e− → γγ and for e+e− → γA′. Dotted vertical lines indicate

the range covered in the proposed measurements.

Figure 3 shows some correlations between kinematic variables for the proposed setup

at VEPP–3.

The energy spectrum of the photons from the two-photon annihilation process in the

lab frame is expressed by [34]:

dσ

dy
=

πr2e
2γ+ − 2

{
1

y

[
1− y − 2γ+y − 1

y(γ+ + 1)2

]
+

1

1− y

[
y − 2γ+(1− y)− 1

(1− y)(γ+ + 1)2

]}
, (3.1a)

where y = Elabγ /(E++m), with ymin = 1/2
[
1−

√
(γ+ − 1)/(γ+ + 1)

]
and ymax = 1−ymin.

In the case of high-energy positrons (γ+ � 1) the expression can be simplified to:

dσ

dy
≈ πr2e

2γ+

[
1− y
y

+
y

1− y

]
. (3.1b)
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Dotted vertical lines indicate the range covered in the proposed measurements. Right panel: from

positron bremsstrahlung on hydrogen (Eq. 3.3). At a 25 MeV threshold, the expected rate for the

proposed detector configuration is 2.3 · 105 s−1.

The differential cross section for the process of A′-boson production in the limit of

γ+ � 1 can be derived for the lab frame from [7, Eq.55]:

dσ

dy
≈ ε2 · πr

2
e

yγ+

[
(1 + µ)2

1− (y + µ)
− 2y

]
, (3.2)

where µ = m2
A′/s and here the photon energy is limited by y < (1− µ).1

The main physical background process producing a single photon, hitting the photon

detector, is the positron bremsstrahlung. The differential cross section of this reaction in

the case of a thin hydrogen target can be evaluated using the expression from Ref. [35]:

dσγ
dydΩγ

=
4αr2e
π

γ2+
y

{
2y − 2

(1 + l)2
+

12l(1− y)

(1 + l)4
+

[
2− 2y + y2

(1 + l)2
− 4l(1− y)

(1 + l)4

]
×
[
1 + 2 ln

2γ+(1− y)

y
−
(

1 +
2

B2

)
ln
(
1 +B2

)]}
,(3.3)

where l = γ2+θ
2
γ , B = 4αγ+(1 − y)/y(1 + l). The expected rate of photons from these

processes is shown in Fig. 4

However, for the correct reproduction of the γ-quanta angular distribution at l > 1, one

should consider more accurate formulas for positron-electron elastic (Bhabha) scattering

with bremsstrahlung. We employed a simplified version of the approach described in [36].

One more process which may produce a non-negligible background rate in the consid-

ered search is a 3-photon annihilation e+e− → γγγ. With sufficient accuracy it can be

evaluated as a radiative correction to the dominating two-photon annihilation process. We

used the prescription from Ref. [37] to account for both γγ and γγγ annihilation channels

in a consistent way.

1Note that the 2γ cross section (3.1b) can be derived from (3.2) by setting µ = 0, ε = 1 and multiplying

by 1/2 to account for two identical photons in the final state.
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4 The proposed experimental setup

VEPP–3 is a booster–ring, operating as an intermediate accelerator/storage ring of elec-

trons and positrons for the VEPP-4 collider. The recently commissioned new VEPP-5

electron/positron injection complex is able to provide an injection rate of 2×109 positrons

per second at an energy of E+ ≈ 500 MeV. In addition, the injection complex includes a

damping storage ring at the final stage. This allows implementation of an effective 6-bunch

injecting scheme in which the oldest bunch is replaced by a new one every 10 seconds. Each

new bunch contains 2×1010 e+, corresponding to a VEPP-3 beam current of 13 mA. For an

internal hydrogen target having a thickness of 1016 at/cm2, the beam lifetime in VEPP–3

is 60 seconds. With six sequentially refilled bunches, this gives an average beam current of

∼ 50 mA and a luminosity of ∼ 3× 1033 cm−2s−1.

Usually the internal target is located in one of the two 12-meter-long straight sections

of the VEPP–3 ring. In the same straight section there are also two RF cavities, four

quadrupole and one sextupole lens, and elements of beam injection and extraction chan-

nels. The space available for the internal target equipment is 217 cm long. In our earlier

proposal [38] we described a possible configuration of the experiment based on a chicane

magnet installed in this segment of VEPP–3. However, such a configuration has significant

difficulties, both technical and organizational. The latter follows from the fact that when

a chicane magnet is installed in the ring, VEPP–3 becomes completely inaccessible for

other working regimes, including operation as a booster for VEPP–4 or as a synchrotron

radiation source.

Therefore, for the proposed experiment we are going to implement a special setup.

The main element of this setup is a bypass, which has to be built along one of the straight

sections of the VEPP–3 ring.

4.1 Bypass

The proposed configuration of the bypass is shown in Figure 5. It consists of i) a vacuum

chamber with a total length of about 18 m, ii) vacuum pumps, iii) three dipole magnets

with a total rotating angle of 45◦, iv) five quadrupole lenses and several correction magnets,

v) elements of beam diagnostics and vi) an internal target section containing a thin-walled

storage cell.

The bypass will occupy the place which several decades ago was used for another

bypass containing the Free Electron Laser. The FEL has been dismantled, but the elements

providing its operation at VEPP–3 (switching magnets, inlet/outlet vacuum channels) are

still there. This should significantly simplify the commissioning of the new bypass.

In order to allow the photons of the positron-electron annihilation to pass to the

detector without obstruction, a dipole magnet D2 with a large vertical aperture must be

installed immediately after the target.

Several magnetic elements can be chosen from the existing in BINP magnets (refur-

bished or spare ones available from other projects) at no cost. However, the D2 magnet

has to be constructed from scratch because its aperture must be significantly larger than

the one normally used in conventional accelerator dipoles.
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Vertical lines show the location of the internal target.

When VEPP-3 switches to operation with the proposed bypass, the length of its orbit

increased by 34 cm; therefore the frequency of the VEPP-3 RF cavity has to be decreased

by 0.45%. This is within its working range, so no modification to the VEPP-3 RF system

is required.

4.2 Internal target

A hydrogen gas, flowing through a thin-walled open-ended storage cell cooled to 25◦K, will

be used as an internal target. The magnetic structure of the bypass is designed in such a

way as to provide small values of beta-functions in the location of the storage cell, Fig. 6,

allowing the use of a small–opening cell. Together with cell cooling this permits us to obtain

the required target thickness of about 1016 atoms/cm2 with a smaller amount of hydrogen

gas injected into the target. The gas, leaking out of the cell ends into the ring vacuum
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chamber, must be pumped out promptly. A set of powerful turbomolecular and cryogenic

pumps will be installed in the target chamber, as well as upstream and downstream from

the target chamber.

4.3 Photon detector

The photon detector can be placed at a distance of up to 8 m from the target. The

requirements for the detector are:

• Energy resolution on the level of σE/E = 5% for photons with energy Eγ = 100 −
450 MeV.

• Angular resolution on a level of 0.1◦.

• Angular acceptance as defined by the requirement to detect both photons from two-

photon annihilation:

– in θ : symmetrical range in θCMγ around 90◦, e.g. θCMγ = 60◦ − 120◦, which

corresponds to θLABγ = 1.5◦ − 4.5◦.
– in φ : total 2π;

• The ability of the detector to sustain a modest photon rate at a level of 1 MHz over

its whole area.

At BINP we have neither an existing calorimeter with suitable parameters nor compo-

nents to assemble it. Cornell University will provide CsI(Tl) crystals from the now-retired

CLEO experiment [39].

The end-cap electromagnetic calorimeter of the CLEO-II detector [40] consists of 1600

CsI(Tl) crystals of 5 × 5 × 30 cm3 size (16.2X0). It was used to measure electron and

photon energy in a wide range; therefore, a direct measurement of its performance at a

photon energy of interest for the proposed experiment is available:

δE/E = 3.8% and δx = 12 mm for Eγ = 180 MeV

To ensure a desired angular resolution the CsI(Tl)–calorimeter must be placed as far as

possible from the target, i.e. about 8 m. In this case it would take about 630 crystals to

cover the required angular range. A few notes on this detector option should be mentioned:

– The CLEO-II calorimeter assembly is clearly inappropriate for the proposed experiment,

so a mechanical support must be designed and constructed.

– CsI(Tl) crystal has a long light emitting time. Therefore, its ability to work at a high

background rate is limited. However, due to the high segmentation of the calorimeter, a

long output pulse does not seem to be a problem. Even for crystals covering the lowest

polar angle, the expected rate of background photons is estimated to be at a level of a few

tens of kHz for the projected luminosity of 1033 cm−2s−1.

The calorimeter should be equipped with front-end electronics and DAQ suitable for

use in the proposed experiment.

The experiment will require a careful account of the detector responses. The energy

response will be calibrated by using γγ coincidence events produced with the hydrogen

target. These data will also provide a detector line shape determination. The use of the
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Figure 7. The photon spectra in the case of a positron beam (left panel) and an electron beam

(right panel) incident on an internal hydrogen target with a 1016 at/cm2 thickness. The beam

energy is 500 MeV and the beam current is 15 mA in both cases. Bumps on the left panel, whose

positions move with the scattering angle, are due to the positron-electron annihilation process.

electron beam instead of the positron beam provides a way to obtain the “white” photon

spectra without the A′-boson signal and the two-photon line.

The left panel of Fig. 7 shows the result of a calculation of the photon spectra for the

case of an internal hydrogen gas target of 1016 at/cm2 thickness (5 · 10−10X0), a positron

beam current of 15 mA (i.e. a luminosity of 1033 cm−2s−1) and a 500 MeV positron beam

energy. For a narrow range of scattering angle, the photon spectrum is composed of a wide

background of bremsstrahlung process and a peak of the two-photon annihilation process,

which moves with the scattering angle. In the case of an electron beam (Fig. 7, right

panel), the energy spectrum is smooth; this will be used for the calibration of the detector

response.

4.4 Positron veto counter

The main single–photon QED background comes from positron bremsstrahlung on hydro-

gen. Therefore, a rejection of bremsstrahlung events with an efficiency ε would result in

an increase in the search sensitivity by a factor of 1/
√

1− ε. Since in this process the

positron loses energy and is swept out by the D2 dipole magnet, such background events

can be vetoed by detecting the scattered positron. For this purpose, compact sandwich or

simple plastic counters will be installed downstream from the D2 magnet. The fraction of

bremsstrahlung events detected by these counters depends on their geometry. The total

rate of positrons emitting a photon with energy above the Eγ = 25 MeV threshold can

be estimated by integrating Eq. 3.3. For the luminosity of L = 1033 cm−2s−1 the rate

is 30 MHz, see Fig. 4. Hence, the veto counter would be useless at this luminosity if it

detects all positrons including those which emit photons outside the photon detector ac-

ceptance. Using the MC simulation we have chosen a configuration with a positron rate of

fe+ ∼ 2.5 MHz, which gives only 10% event loss due to accidental coincidences – see Fig. 8.

The simulation has shown that the veto efficiency is a function of missing mass range and

it is generally higher for the bremsstrahlung from a hydrogen target process than for the
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radiative Bhabha one, with an overall mean value of about 70%.

However, in the case of a visible decay of A′ to an electron/positron pair, the use of such

a veto counter results in a loss of signal events because positrons from the A’ decay often

hit the veto counter. We have considered a simple extension – a layer of scintillator strips

placed in front of the veto sandwich, Fig. 9. This allows us to reconstruct the positron

energy and, together with photon energy, reconstructed in the calorimeter, allows us to

distinguish between the A′ decay process and the bremsstrahlung on the proton. However,

the veto efficiency for radiative Bhabha events is rather low in this case. Nevertheless,

such a relatively inexpensive configuration of the veto counter does improve the search

sensitivity and we are going to implement it.
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4.5 Background from QED annihilation process

Conventional QED e+e− annihilation processes have two or more gamma quanta in the

final state, while in the signal process there is strictly one photon. This can be used to

reject such background.

For this purpose the acceptance of the photon calorimeter is chosen to be symmetri-

cal with respect to θcmγ = 90◦ in the center of mass frame of an electron/positron pair.

This means that for the 2-photon annihilation, the calorimeter will always detect either

both photons or neither. Therefore, the 2-photon annihilation events will be rejected very

effectively. Three-photons events will also be largely rejected.

4.6 Secondary background sources

Secondary sources of background events should be also considered. Such events are pro-

duced when high energy particles (photons, positrons, electrons) hit the materials inside

and outside the target area. Special efforts should be devoted to installing shielding wher-

ever it is applicable. Also, since most secondary showers, born outside the target area, con-

tain electrons and positrons, an additional suppression of such background can be achieved

by the installation of the charge veto counters.

In the proposed configuration we consider the installation of a tungsten rod (a “blocker”)

to dump a high flux of photons, emitted from the target at small angles outside the accep-

tance of the photon detector, and a thin scintillator, covering the calorimeter acceptance,

to veto charged particles. Both elements are installed close to the exit of the dipole magnet,

see Fig. 10.

4.7 Data Acquisition

The expected rate of events with a threshold of minimum energy deposition in the calorime-

ter Ecal > 25 MeV is about 500 kHz for the projected luminosity of the experiment. The

front-end and digitizing electronics should be based on Flash ADC and FPGA logic to

provide on-line timing, cluster-finding and zero-suppression. Similar or substantially faster
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Figure 11. GEANT4 model of the target area and the photon detector.

systems are now widely used or being designed for Data Acquisition in various experi-

ments. Assuming a conservative value for the on-line suppression factor of 3 for combined

veto-channels and a factor 10 for events with two or more photons in the calorimeter, one

obtains a 150 kHz final trigger rate. This gives an easily manageable data rate of about 50

MBit/s.

5 Monte Carlo simulation

Thorough Monte Carlo simulation of the measurement procedure, detector response and

data analysis has been done using a GEANT4 toolkit and a set of dedicated event genera-

tors. A detailed model of the target area and the photon detector has been developed, see

Figure 11.

The signal process was generated using the cross section formula 3.2. The following

background processes were taken into account:

• single photon bremsstrahlung of positron on proton: The expression 3.3 is used;

• single photon bremsstrahlung of positron in elastic (Bhabha) scattering on atomic

electrons: A simplified version of the event generator described in [36] is applied;

• two- and three-photon annihilation: A procedure outlined in [37] is adopted for the

event simulation.

We have compared the calorimeter resolutions from simulation and those reported in

the CLEO calorimeter paper [40]. It was found that if we add the noise of electronics with
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parameters taken from [40] to the fluctuation of energy deposition obtained in GEANT4

simulation, then the measured and the simulated resolutions match nicely, see Fig. 12.

The task of data analysis is to select events with a single cluster in the calorimeter and

no signal in the veto counters and to search for a peak in the missing mass distribution

in selected events, so we need to know the experimental resolution for a reconstructed

missing mass. Figure 13 shows the results for four values of A’-boson masses when purely

A’-production events were generated. One can see that the resolution grows rapidly with

the increase in the mass of A’. The dependence can be fitted with an exponential function

σmiss(MA) = 3.6 · e−0.13·MA [MeV] . (5.1)

Note that such behaviour means that a big tail from two-photon annihilation (MA = 0)

is expected in the missing mass spectrum, which indeed is observed. Therefore, for the

efficient search at low MA, a strong suppression of 2-photon events will be required.
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6 Run time and the projected sensitivity

This simulation data allows estimation of the search sensitivity.

Search conditions are:

• beam energy of 500 MeV;

• luminosity 1033 cm−2s−1, which corresponds, for example, to a beam current of 30

mA and a target thickness of 5× 1015atoms/cm2;

• run time is taken of 107 seconds, which is a half-year run with 65% time utilization;

• the search is performed using a sliding missing mass window with a width of ±2σmiss,

where σmiss is evaluated using Eq.(5.1).

The results of the simulation are presented in Figures 14,15 for a Confidence Level of

95%. Plots of the mixing constant ε2 versus the mass of the new boson m
A′ are shown.

The region which will be accessible for the search in the proposed experiment is outlined,

together with some other completed and proposed measurements. The A’ mass range is

5-20 MeV and the reach for ε2 is between 1.7 · 10−7 and 2.4 · 10−8.

7 Summary

We propose a sensitive search for an exotic A′-boson, using a missing mass reconstruction

in a positron-electron annihilation, utilizing the VEPP–3 internal target facility and the

VEPP-5 positron/electron injection complex at the Budker Institute of Nuclear Physics,

Novosibirsk, Russia.

The key features of the proposed measurement are:

• the missing mass method. No assumptions about decay modes of the A′-boson are

required;

• a mass range for the proposed search of 5-20 MeV, which is not accessible in most

other proposed fixed-target or colliding-beam approaches;

• moderate experimental luminosity (∼ 1033cm−2s−1) and high segmentation of the

photon detector, which allow the use of available CsI(Tl) crystals;

• the use of a veto-detector for scattered positrons and a symmetric angular acceptance

of the photon detector (θCM
γ = 90◦ ± 30◦), which permit an effective suppression of

the QED background, resulting in an increase in the search sensitivity.

The projected sensitivity for the square of the coupling constant of the A′-boson to electron

is ε2 = 5 · 10−8 at m
A′ = 15 MeV at a CL = 95%.
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