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ARTICLE INFO ABSTRACT

Keywords: The liquid xenon (LXe) gamma-ray detector in the MEG II experiment measures the energy, position and timing
Calorimetry of the gamma-ray from u* — e*y, and it is the key to the unprecedented sensitivity of the experiment. All
SiPM the photo sensors of 4092 VUV MPPCs and 668 PMTs were read out for the first time and a physics data

Liquid xenon

collection started in 2021. The detector response was monitored all through the beam time, and the LXe

detector operated stably. The timing and energy resolution were measured using the gamma-rays from the z°
decays after charge exchange reaction of charged pions in a liquid hydrogen target. The detector has been
successfully commissioned and is ready for the long physics run.

1. Introduction

The MEG II experiment searches y* — ety using the most intense
ut beam at Paul Scherrer Institute. ™ — ety is a charged lepton flavor
violation decay. The observation would be evidence of new physics. In
MEG experiment, an upper limit on the branching ratio of B(u — ey) <
4.2x10713(90% C.L.) was obtained. The goal of the MEG II experiment is
to search for the decay with a 10 times better sensitivity using upgraded
detectors.

A liquid xenon (LXe) detector measures the position, energy and
timing of the gamma-ray. It consists of 900 liters of liquid xenon, 4092
VUV-sensitive MPPCs [1] on the entrance face and 668 PMTs on the
other faces. The readout of all channels started in the 2021 engineering
run.

2. Start of physics data taking
The condition of the photo sensors changes over the beam time.
One of the significant factors is the photon detection efficiency (PDE)

of the MPPCs. The PDE was found to decrease over beam time from the

* Corresponding author.
E-mail address: ayaka@icepp.s.u-tokyo.ac.jp (A. Matsushita).

data of the previous run. Therefore, the calibration of PDE using a-ray
emitted from 2! Am installed in the detector is important to obtain a
stable energy scale. It is also found that the PDE can be recovered by
annealing. All the MPPCs will be annealed every year before the physics
run during the accelerator shutdown period.

Fig. 1 shows the energy scale history estimated with the gamma-rays
from Li(p, y)Be. The energy scale before the PDE calibration decreases,
while that after the calibration is stable.

The physics run started after the calibration data taking for all
detectors and the setting required for y* — ety trigger. The gamma-ray
and the positron are emitted at the same time in a radiative muon decay
(RMD), so RMD events are useful to check the time coincidence. The
RMD peak was observed (Fig. 2) and this means the y* — e*y trigger
was fired correctly.

3. Timing resolution evaluation in CEX run
Charge exchange(CEX) reactions of =~ and a proton are used to

evaluate the timing resolution. A =~ beam is injected into a liquid
hydrogen target to generate z° via 7~ p — z%n. After that, two gamma
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Fig. 1. Energy scale history estimated with the gamma-rays from Li(p, y)Be
The vertical axis corresponds to the sum of the charges detected by the sensors. The
energy scale after PDE calibration is stable.
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Fig. 2. Time difference between a gamma-ray and a positron.
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Fig. 3. The setup for the CEX run and the vertex measurement.

rays are emitted from z° — yy. One of the gamma-ray energies emitted
back-to-back is close to the energy of the signal events.

Two kinds of timing resolution are used for the estimation of the
LXe detector timing resolution. One is the absolute timing resolution
o, and the other is the intrinsic timing resolution oy, :

Oaps = O (TLXe - Tps - TTOF) S) Ops © Oyertexs (@]

Gint = 0 (Tomeven = Temodd) /2- ()

The setup of CEX run is shown in Fig. 3. A pre-shower counter is
used in CEX run, and the gamma-ray hit timing on the pre-shower
counter [2] is used as a reference time. T} x, is a reconstructed gamma-
ray hit timing in the LXe detector, and T}, and o, are the gamma-
ray hit timing in the pre-shower counter and the timing resolution.
o (Tixe — Tps — Tror) is smeared by the uncertainty of the 70 — yy
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Table 1
The timing resolution of LXe.
Measured MC
Oaps [PS] 85.4 57.3
o [ps] 37.8 38.4
Table 2
The performance of LXe.
MEG [3] MEG II
Position [mm] 5 25+02
Energy [%] 1.7-2.4 1.8+0.1
Timing [ps] 64 854 +5.1

vertex position, so the effect of the vertex distribution has to be
subtracted to estimate the timing resolution.

Two counters were installed, one on the LXe detector side and
the other on the opposite side, to measure the vertex distribution
(Fig. 3). 6,er1ex Was evaluated from the time difference between the two
counters, whose resolutions are known by a prior measurement. The
result is oy = 65.0 £ 6.1 ps (9.8 £ 0.9 mm). This measured vertex size
is larger than the measured z~ beam size of 4 mm even after the effect
of 7~ spread is taken into account. The cause of the large measured
vertex size is currently unknown.

The timing resolution of the LXe detector is evaluated with the
measured o, Table 1 summarizes the results together with those
for a Monte Carlo (MC) simulation. The measured absolute timing
resolution is worse than the result of MC; the cause of this difference
needs to be investigated.

The energy resolution can also be evaluated in CEX run, and the
analysis is in progress.

4. Performance of the LXe detector

The current estimation of the performance is summarized in Ta-
ble 2. Improvements of the calibration and reconstruction methods are
ongoing.

5. Conclusion

The LXe detector is ready for the long-term physics data taking, and
the detector performance and stability will be improved furthermore.
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