Performance of the Liquid Xenon Detector for the MEG expenin

Yasuhiro Nishimura, Hiroaki Natori, on behalf of the MEG leddoration
The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo @433, JAPAN

Abstract

A 900-liter liquid xenon (LXe) detector was constructedtioe MEG experiment to look fart — e*y. With proper calibration
and monitoring the detector was successfully operatechdihie first physics data taking for three months in 2008. Véduated
the performance of the LXe detector around the signahergy of 52.8 MeV by using 54.9-MeV photons obtained frdrdecays.
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1. Introduction Photomultiplier tube (PMT)

In 2008 the MEG experiment started physics data taking at
Paul Scherrer Institut (PSI) in Switzerland. Our goal isgarsh
fortheu™ — ey decay with a sensitivity of 132 branching ra-
tio, which is by two orders of magnitude better than the prese
experimental upper bound [1], while well-motivated moduls
new physics such as SUSY-GUT predict sizable branching ra-
tios within the reach of our experiment.
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The MEG detector consists of a spectrometer with a gradient B L l—’x
magnet field, low-mass drift chambers and scintillatioritiga (a) Side view * (b) Top view z
counter arrays for the measurement of the positrons, andea LX
detector for the detection gfrays with 10% of the solid angle. Figure 1: Schematic view of the LXe detector.

The construction of the 900-liter LXe detector equippedwit
846 photomultiplier tubes (PMTSs) on 6 faces was completed in
2007 (Figure 1). This detector measures the energy, tintidg a During the maintenance of the detector the liquid xenon @n b
position ofy rays by using the excellent properties of liquid transferred to a 1000-I dewar tank in the liquid phase ordbtei
xenon. The fast scintillation light with decay-time compats  high-pressure tanks in the gas phase.
of 4.2, 22 and 45ns [2] and use of a 1.6-GHz waveform digi- Since the vacuum ultra-violet (VUV) scintillation light of
tizer for all PMTs are essential for the good performancéeft xenon can be easily absorbed by contaminations in xenon, two
timing measurement in a high-rate environment. Also, tigg hi types of purification systems were developed. The first syste
light yield of xenon allows obtaining good energy and timing is a gaseous purification where evaporated gaseous xenen goe

performance. through a getter, which removes @, O,, CO, CQ, H,, N,
and hydrocarbon molecules and is then re-condensed in the de
2.2. Cryogenics and purification system tector. The second system is a liquid-phase purificatiorrevh

The cryogenics and the purification system for the LXe de{h€ liquid xenon, taken from the lower part of the detectogsy
tector [3] are illustrated in Figure 2. The liquid xenon ia-st through molecular sieves and copper beads to remove water an
bly kept around 165 K in a detector cryostat with a pulse tubé>2 and then returns to the detector.
refrigerator specially developed for the MEG experimerd an
occasionally also cooled using liquid-nitrogen coolinges.

' i ; : 3. Calibrati
The latter is useful especially for the liquefaction of tlemgn. toration

The gain and the quantunffieiency of each PMT are fre-
Email addressnisimura@icepp.s.u-tokyo.ac.jp (Yasuhiro quently calibrated and monitored using LEDs a&ithm o-
Nishimura) sources installed in the liquid xenon. In order to monita th
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Figure 2: Cryogenics and purification system of the LXe detec

light yield of xenon, radiative muon decays'(— € vev,y),
cosmic muons and therays from nuclear reactions induced by
protons from a Cockcroft-Walton (CW) accelerator are used.

4. Run 2008

In 2008 we had twar®-decay runs, one for a month in August
before starting the physics data taking and another for &wee
in December after the physics data taking for three months.

The scintillation light yield in 2008 was monitored by using
the 54.9-MeV peak from® decays, the 17.6-MeV peak pro-
duced by CW and cosmic-ray peaks as shown in Figure 4. The
light yield was increased by about 40% during the physica dat
taking especially since the end of October when the purifica-
tion restarted with full performance. The change of thetligh
yield was monitored with a precision of 0.18% and then the en-
ergy scale of the detector determined in the Auglisun was
adopted for all 2008 runs after taking into account the ckang
of the light yield.
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Monochromatiey rays with several energies are available by -'g '
using diferent target nuclei for the CW accelerator. The energy =1 »
spectra measured in the LXe detector are shown in Figure {3
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Liquid purification s *

The 17.6-MeVy line from Li(p, y)®Beis especially useful to
investigate the non-uniformity of the detector responseels

as to monitor the light yield. Cascagerays of 4.4 MeV and
11.7 MeV from*B(p, y)*%C allow to calibrate the relative tim-
ing between the LXe detector and the timing counter arrays fo
the positron measurement. The calibration using the CW-acce
erator was frequently performed during the physics datagak
period to monitor the status of the LXe detector because th
CW beam line is placed at the opposite side of the muon beal
line and we can quickly switch beam modes.
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Figure 3: Energy spectra measured in LXe detectoryfoays from nuclear
reactions induced by protons from CW accelerator.

Pion decay#° — vyy) following the charge-exchange (CEX)
reaction g~ p — #°n) induced byt~ stopped in a hydrogen tar-
get is quite useful for the performance evaluation of theclet
tor because almost monochromaticays of 54.9 MeV, which
is close to the signal energy, are obtained by selecting back-
to-back events in® — yy.
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Figure 4: The light-yield history in 2008.

The purification of the liquid xenon caused a change in the
shape of the waveform for rays while the waveform for the
a-particles was unchanged. We believe that the purificagen r
moved a contamination which suppresses the scintillation p
cess and is only relevant for theray interaction. Figure 5
shows that the distribution of the charge-amplitude ratioich
is measured in a waveform summed over all the PMTs, can
clearly separatg from a. Due to the changegray waveform
the separation became better after the purification.

5. Performance

5.1. Setup

The performance of the LXe detector around the signal
energy is measured using almost monochromgti@ays of
54.9 MeV or 82.9 MeV obtained from back-to-backdecays
in CEX reactions. One of the twprays is tagged by a set of
nine Nal(TI) crystals, which is movable to calibrate the \eho
acceptance of the LXe detector (Figure 6).

Scintillation photons from the Nal(Tl) crystals are cotked
by avalanche photodiodes (APDs) since the detector is glace
in the stray magnetic field of the spectrometer magnet. The
temperature of the APD is controlled by a cooling system thase
on a Peltier device to stabilize the gain.
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. T Figure 7: Measured energy spectrum of 54.9-Mekays.
Figure 5: Discrimination betweemray andy-ray.
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Figure 6: Setup for the®-decay measurement.

Figure 8: Measured background spectruny-eys during physics data taking.
5.2. Energy The solid line shows the MC spectrum smeared by the resalutio

The y energy is reconstructed by summing the number of

photons observed by all the PMTs with constant weights ang4 g MeV in ther® run is estimated to be 0.4% by considering
then correcting by the solid angle and the non-uniformiitg&.  ncertainties of PMT gain drift and the light-yield monittire
The energy spectrum shown in Figure 7 is obtained for thror of fitting for the energy determination and a smaffedi

54.9-MeVy by selecting the event where the 82.9-Mgié de-  ance from the energy scale measured in the physics run.
tected at the Nal with an opening angle larger thar? arfsl the

reconstructed position in the LXe detector is deeper tham2 c
from the inner face. For the estimation of the energy regmiyt
the peak is fitted with a combined function of a Gaussian upper At first the photon arrival time of each PMT is calculated by
part and an exponential lower tail convoluted with the pales subtracting the propagation time of photons in xenon and the
distribution measured in the run to remove theféect of high-  offset time due to cables and electronics. The time ofythe
rate background from the beam. The lower tail in this figure interaction is then reconstructed by averaging the timéhef t
comes from the energy loss due to conversion before reachif@MTs near the incoming position with a weight from the num-
the xenon and also from the energy leakage near the face ber of photoelectrons.
the detector. The energy resolution of the upper part is more A lead converter and two plastic counters with four PMTs
important to distinguish signal from background. were placed in front of the Nal in order to detect one of the two
An average energy resolution ofE/E = (5.8 + 0.35)%  coincidenty-rays in thex® run, then the timing resolution is es-
FWHM with a right tail ofor = (2.0+£0.15)% around 54.9 MeV timated by measuring anothgin the LXe detector. In August,
is obtained in this measurement. the spread of the time fiierence between the LXe detector and
Figure 8 shows the energy spectrum oftheay background the plastic counters in front of the Nal was 135 pssin The
measured in the physics run. It is consistent with the Montdime resolution of the LXe detector is estimated to be 78 ps in
Carlo spectrum smeared by the resolution measured in%he o at 54.9 MeV after subtracting the resolution of the plastic
run. counters (93 ps) and the contribution from the beam spread in
The systematic uncertainty of the energy scale determined ¢he hydrogen target (58 ps). We obtained a better resolofion
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5.3. Timing



68 psino-in December because of the improvementin the lightaround 82.9 MeV. The right-hand side of the spectrum is broad

yield. ened since no opening angle cut is applied. The small peak at
low energy is due to neutron background where a monochro-
5.4. Position maticy-ray of 129 MeV from the radiative capturg(p — ny)

is detected at the Nal detector by depositing part of theggner
They-ray interaction pointis reconstructed by comparing theyhile the neutron is detected in the LXe detector. After sub-
distribution of the light observed by the PMTs and the distri  tracting the &ect of the neutron background we can estimate
tion of the solid angles subtended by the PMTs to the reconge detection fiiciency to be 62%. The discrepancy between
structed position. the Monte Carlo simulation and the measurement is 4% after

The performance of the position reconstruction is evatliate correcting for the thresholdfiect and is regarded as the uncer-
by Monte Carlo simulation. The resolutions are estimatezbto  tainty of the detectionféiciency.

6 mm and 5 mm along the radial direction and the inner face
of the LXe detector, respectively. A small discrepancy lestw

the Monte Carlo simulation and the measurement in the subse- EO ok [ ]y from € and neutron|
quent dedicated® run is taken into account in the resolution g T £ Neutron
along the inner face. E y from 1P
In the z° run we evaluated the position resolution by plac- — **f
ing lead collimators of 1.8 cm thickness and 1-cm slits imfro B
of the liquid-xenon detector. Figure 9 shows the distrifuti 0.03
of the reconstructed position along the vertical directigth -
the collimator placed at the center of the face. By looking at ~ 0.02-
the reconstructed shadow of the 1-cm slits of the leadgthe C
resolution along the inner face was estimated to be 5 mm after  o.01f
subtracting the fect of the width of the slits and the spread of r
the beam in the target. o Cndl 004 3 A 2 e it it
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Figure 9: Reconstructed vertical position on the inner faitk a lead colima-  run, and obtained a position resolutionof 5 mm along the

tor for they-rays fromn® decays. The position resolution is estimated from the inner face. The detectiorﬂ“&:iency at the signal energy was
spread of the three peaks due to the slits after subtradimgtects of the slit . 0
estimated to be (62 4)%.

width and the target size.
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in the Nal detector. Figure 10 shows the energy spectrum in
the LXe detector obtained by tagging thén the Nal detector
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