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Status of the X17 search in Montreal
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Abstract. At the Montreal Tandem accelerator, an experiment is being set up to measure
internal pair creation from the decay of nuclear excited states using a multiwire proportional
chamber and scintillator bars surrounding it from the Daphne experiment. The acceptance
covers a solid angle of nearly 4w. Preamplifiers and the data acquisition hardware have been
designed and tested. The "LiF target, mounted on an Al foil and water-cooled is in a thin
carbon fiber section of the beamline. The experiment will focus at first on a measurement of the
internal pair creation from the 18.15 MeV state of ®Be with the aim of observing independently
the X17 particle discovered by the ATOMKI experiment. Assuming the ATOMKI evaluation of
the electron-pair production rate from X17, Geant4 simulation predicts observation of a clear
signal after about 2 weeks of data taking with 2 pyA proton beam. The IPC measurement
could eventually be extended to the giant dipole resonance of ®Be, as well as to other nuclei, in
particular to °B.

1. Introduction

The Hungarian ATOMKI experiment [1, 2] has recently claimed observation, with a significance
of more than 6 standard deviations, of a particle of mass around 17 MeV/c? in the spectrum
of internal pair creation (IPC) from the decay of the 18.15 MeV state of ®Be, as well as in
the decay of states of “He near 20 MeV of excitation. This has aroused enormous interest and
speculation on the nature of this so-called X17 particle. One description, consistent with present
observations, would be a protophobic vector particle [3] for which the production rate depends
principally, when off-resonance, on the E1 transition from direct proton capture [4, 5] .

This contribution gives an update on the preparations of an experiment, being set up in
Montreal, for an independent measurement of IPC from ®Be, confirming the existence of X17.
The Université de Montréal 6 MV tandem Van de Graaff facility can deliver proton beams of
2uA, possibly up to 10 pA with an energy resolution of 2 keV for proton energies in the range
0.4-1.0 MeV. The 18.15 MeV 17 state of ®Be is above the proton separation energy and decays
principally by proton emission. Nevertheless, there is a small fraction of M1 electromagnetic
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decays to the 0T ground state. The IPC coefficient is 3.9 x1073 and the ratio of branching
ratios B(X — ete™)/B(3Be* — ~) is 5.8x1075, according to the ATOMKI measurement.
The production rate of the X17 particle is therefore extremely small. Nevertheless, it can be
measured with a high significance since IPC is dominated by low invariant mass of the ee™ pair,
and therefore a large boost and small opening angle, whereas the decay of the relatively heavy
X17 particle gives a small boost and large opening angle to the eTe™ pair. The observation
of X17 requires, therefore, an experimental setup with large solid angle of acceptance, efficient
rejection of gamma-ray background and precision measurement of the directions of the electron
and positron.

2. Experimental setup

The experimental setup (Fig. 1) consists principally of a cylindrical multiwire proportional
chamber (MWPC) of inner radius 6 cm and a length 36 cm, filled with 74% Ar and 26% COq
and surrounded by 16 scintillator bars of length 1.4 m arranged cylindrically at an inner radius
of 16 cm. The chamber and the scintillator bars were previously used by the Daphne experiment
at Saclay and Mainz. A number of phototubes are borrowed from TRIUMF. With its 192 anode
wires with 2 mm spacing and 68 cathode strips of width 4 mm arranged at 45° to the anode
wires, the angular resolution of the MWPC is around 2° FWHM assuming a 2mm diameter
beam spot. It is made up of light material to reduce the effect of external pair creation (EPC)
from gamma rays. Signals from the two ends of the scintillator bars allow a good measurement
of the energy deposit of the electrons with an estimated resolution of 7%//E(MeV) as well
as a position resolution of ~ 5 cm FWHM along the bar. The active detector volume covers a
solid angle of 95% of 47. A second, larger, MWPC is available, but will not be used in a first
stage. A "LiF target will be evaporated on a thin Al foil which will be inclined at 45° to the
beam line and held by a cooling rod. In the region of the target, the beamline is made of low
density carbon fiber with a wall thickness of 0.8 mm. COMSOL simulations predict that the
target temperature will be below 70°, assuming 20W heating from a proton beam of 10uA.

Figure 1. Basic experimental setup. Top: wire chamber surrounded by scintillator bars.
Bottom: the target holder.
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Preamplifiers for the MWPC wires and strips (Fig. 2) have been designed and tested. They
will be placed close to the ends of the chamber. The signals are sent to VF48 ADC’s and
VT48 TDC'’s, designed in Montreal for an earlier experiment. The trigger (Fig. 2) is based on a
coincidence of signals from at least 2 scintillator bars and two hits of the MWPC wires. Front
end FPGA’s perform baseline subtraction and gain correction from the photomultiplier tubes.
The sum of energy depositions in the scintillator bars is calculated and a threshold is set for the
trigger. The firmware for the data acquisition has been tested with a partial number of channels.
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Figure 2. Charge preamplifier (left) and Level 1 trigger scheme (right).

3. Monte Carlo simulation

The Monte Carlo simulation with GEANT4 of the experimental setup is well advanced. The
basic elements of the detector are included (see Fig. 3) and the resolution on the energy
measurement in the scintillators and on the electron directions in the MWPC is taken into
account. Thanks to the large solid angle acceptance of the experimental setup, the efficiency of
reconstruction will have a smooth dependence on the electron pair opening angle. This would
be an improvement over the ATOMKI setup, which consists of 6 isolated detectors [6]
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Figure 3. Geometry of the detector in Geant4 Monte Carlo.

The IPC spectrum from M1 as well as from E1 transitions are simulated, using expressions
from Rose [7] and Stiebing [8]. The reconstruction of the X17 signal will adopt the strategy
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of the ATOMKI experiment. It is principally based on the measurement of the opening angle
between the et and the e~ since it is directly correlated with the invariant mass of the pair. For
a low invariant mass, which is where most of the IPC spectrum lies, large opening angles are also
correlated with a large asymmetry between the et and the e~ energies. A selection cut on this
asymmetry is therefore also applied: y = |E; — E3|/(E1 + E3). Finally, to reduce background
from poorly reconstructed electron pairs, an invariant mass selection will also be applied. A
machine learning algorithm is being considered for selection of signal over background.

Based on the spectrum of gamma rays measured in a beam test with a BGO detector, and
extrapolation to 95% of 47 acceptance, and based on the measured rate of the 478 keV photons
from the "Li(p,p'y)" Li reaction, and assuming the IPC to gamma ratio above, it is estimated
that the rate of X17 production will be ~ 9 h~! with a 2utA proton beam. Under these conditions,
the IPC background, in the region of interest, corresponding to an opening angle of the e*e™ pair
of around 140°, is expected to be about 15 h™!. The predicted opening angle distributions, based
on the X/IPC ratio and assuming a pure M1 or a mixture of M1 and E1 transitions, are shown
in Fig. 4. The background depends very sensitively on the ratio of E1/M1 [5] and will need to be
fitted in a control region outside the expected excess. For these plots, the asymmetry parameter
is limited to y < 0.45 and the invariant mass m., is greater than 12 MeV. The distributions do
not account for statistical fluctuations. They are normalized to one X17 particle and assume
good calibration of the energy depositions in the different scintillators. Clearly, with 1-2 weeks
of data taking, with a X17 production of 9 h™!, the signal should be very significant.

pure M1 IPC ' M1+ 0.23 E1 IPC

~

8Be*(18.15 MeV)

&
LA RN RN RAREN RRRRNREAREN RA

80 90 100 110 120 130 140 150 160

5 ! 1
80 20 100 110 120 130 140 150 160

Opening angle AB Opening angle A0

Figure 4. Predicted opening angle distributions (see text for details).

4. Conclusion and outlook

An experimental setup for an independent confirmation of the existence of the X17 particle is
in preparation in Montreal. All the elements are being put in place: target, beamline, MWPC,
scintillator bars. The electronic data acquisition and readout are nearly ready. Beam tests are
expected to start in autumn 2022, followed by calibrations and tuning. Data taking should take
place at the end of 2022. The large solid angle acceptance will allow a clear measurement of
the opening angle of the electron pair. It will also help in defining the quantum numbers of the
X17, as the distribution, for different forward angles of the electrons, depends on the nature of
the particle [9].

As mentioned in the introduction, IPC in highly excited states of other nuclei can help to
confirm the existence of X17 and understand its nature. One possibility being considered is
the E1 transition from the 19.3 MeV state of 1B, produced with the reaction "Li(3He,v)°B.
Compared to the 8 Be* transition, because of the higher energy, the comparable production cross
section, and the E1 nature of the transition, the signal can be significantly more prominent. Also,
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since X production off resonance is dominated by direct proton capture, it is expected to be
strongly enhanced at higher proton energies populating the giant dipole resonance of ® Be* [10].
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