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XMASS is a large volume multi-purpose experiment using a liquid xenon technology located
underground in Kamioka Observatory, Japan. XMASS-I aims to search for dark matter, which is
holding 832kg of liquid xenon in an active volume. In this talk, the result of WIMPs search using
fiducial volume analysis will be reported. The data accumulated between November 2013 and
March 2016 were used for this analysis with 705.9days livetime. We present the WIMPs search
with precise prediction of background event.
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1. Introduction

2. Background evaluation in XMASS-I
Analysis in this paper requires precise evaluation of expected background event in XMASS-I.
For this purpose, Geant4 based XMASS Monte Carlo (XMASS MC) simulation was constructed.
The detector geometry, materials and its radioactivities are reproduced. XMASS MC is also fully
reproduced the generation of scintillation photons and PMT response.
RI generation in XMASS MC is varified against HPGe screening results obtained for our
detector materials, except for copper and LXe. Activity in XMASS is also derived from spectrum
fitting background MC with variable component activity to 15days of real data without fiducial
volume cut. Fitting includes only events with more than about 400pe. The systematic error in the
inferred activity (activity error) is estimated by varying the individual contributions within their
respective uncertainties (energy scale, detector response and so on). Figure 1 shows the energy
spectrum for each RI component and error with real data. Difference of spectrum shape is within
activity error except between 20000 and 25000pe.
The RI activities in the copper and LXe, which are small contribution to the spectrum without
a fiducial volume cut, are estimated independently. The copper material is used to detector surface,
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XMASS is a multi-purpose detector using ultra pure liquid xenon. Its main physics target is
direct dark matter (DM) detection.
The XMASS-I detector [1] was constructed at the Kamioka Laboratory with an overburden of
with 2700 m.w.e. A cylindrical water tank of 10m diameter and 11m height contains 72 20-inch
PMTs and ultra pure water. It serves as a shield against fast neutrons and external gammas as well
as an active muon veto. 832kg LXe is filled as active scintillation target. 642 PMTs are mounted
on the inner surface of the detector about 40cm radius.
XMASS-I experiment had been started from Dec.2010. Physics data taking is continuing
except detector refurbishment term from Aug.2012 to Oct.2013.
XMASS-I is a single phase detector. The simplicity of its design allows for easy scaling to
larger detector sizes its high photo-coverage for large light yield which achieves low threshold
about 0.3keVee. LXe has large atomic number (Z=54) and high density (∼3g/cc). The effective
external background reduction (‘self shielding‘) are enough by vertex reconstruction. Dark matter
search for XMASS-I is used these advantage effectively. Low threshold achieved the low mass
WIMPs search [2] and annual modulation analysis [3]. Fiducial volume analysis using vertex
reconstruction achieved the high sensitive search for Bosonic super-WIMPs [4] and DM Xe129
inelastic mode search [5].
In this paper, WIMPs are searched with the background subtraction in the fiducial volume for
XMASS-I. For this purpose, the background evaluation is summarized in Section 2, which also
discusses the Geant4 Monte Carlo simulation and radioactivity from detector material . In section
3, the reduction of data is explained for each reduction steps. Also the remaining events from
their radioactive contamination in the detector developed and the liquid xenon are explained with
systematic error evaluation. The WIMPs search is presented with comparison of background MC
and data in Section 4.
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Figure 1: (Preliminary) (top) NPE distribution of spectra for XMASS data and background MC. Black line
is data. (bottom) discrepancy between data and background MC. red point is ratio between data and MC.
Blue region indicates the uncertainly of radioactivity. Red region indicates the statistics error of Background
MC.

3. Event reduction, background evaluation in fiducial volume with systematic error
evaluation
Event reduction has two steps. First step is named as ‘standard cut‘. ‘standard cut‘ reduces the
events that introduced by electronics noise, very short time correlated and Cherenkov like event.
Cherenkov like event is mainly generated by 40K into PMT photo-cathode and removed by which
(number of hit within 20ns) / total number of hit is more than 0.6 and total NPE is less than 200pe.
3
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detector holder and so on. Copper includes some amount of 210 Pb. The alpha event spectrum in
XMASS dataset is studied for activity estimation. Internal RI in the LXe is expected to the from
222 Rn, 85 Kr, 39 Ar and 14 C by analysis of real data. Other background contributions are very small,
including those from (α ,n) reactions in the detector material, cosmogenic RI, 220 Rn and 2νβ β in
LXe.
In less than about 400pe, dominant background event is from PMT aluminum seal using PMT
surface. 238 U and 210 Pb in the aluminum made huge background event in first phase of XMASS-I.
Detector refurbishment was processed that PMT aluminum seal was covered by copper ring and
plate. Background event is reduced 1/10 after detector refurbishment. Furthermore, small amount
of scintillation light leakage is remained from crack of fusion between aluminum seal and quartz.
These scintillation light make the amount of low energy event. The shape of NPE distribution
depends to the model of aluminum seal shape, crack and aluminum vapor. But the contribution of
light leakage from aluminum seal very small after fiducial volume cut. PMT hit pattern of light
leakage event is unique and our reconstruction is easy to reject these events.
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Figure 2: (Preliminary)Left : energy spectrum for each RI for BGMC. Right : energy spectrum of systematic
error for BGMC with real data. Both apply general cut and R(PE)+R(T) cut.

4. Dark matter search with fiducial volume cut with background evaluation
We performed WIMP dark matter search in events of final reduction sample of real data with
consideration for background events predicted by background MC. Events induced by WIMP4
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After standard cut, the vertex position is reconstructed for fiducial volume cut. Vertex reconstruction method has two type. One is timing based vertex [6] ‘R(T)‘ and the other is NPE based
vertex [1] ‘R(PE)‘. Reconstructed radius is selected within 38cm for R(T) and within 20cm for
R(PE) as fiducial volume to reduce the event that is generated in detector surface.
These reduction is applied both real data and background MC commonly. The data accumulated between November 2013 and March 2016 is used for this analysis. After removing periods
of operation with excessive PMT noise or data acquisition problems, the total live time of dataset
become 705.9days. Background MC is generated using XMASS MC for each RI and its activity.
Same event selection are applied to background MC which has same statistics with dataset and
traced optical parameter from the estimation of Co57 periodic calibration.
Figure 2 shows the energy distribution applying standard cut, R(T) and R(PE) cut for real
data and background MC. Left of Figure 2 is separated by component of background RI. The
remained background origin in analysis are mainly detector 210 Pb in copper plate end ring which is
happened in surface of detector. These events are happened in no sensitive angle of PMT and make
mimic as fiducial volume event. we named these event as ‘miss-reconstructed event‘. Also missreconstruction event are made from PMT gamma and PMT aluminum origin. Only LXe internal
background events are actually happened in LXe, which are same with DM signal.
Systematic error for fiducial volume analysis were evaluated. Table 1 shows the list of systematic error and its relative value. The condition of detector surface which is corresponding from
(1) to (4) in Table 1 make the large value of systematic error, mainly R(PE) cut. Also uncertainly
of reconstruction performance, timing response, absorption and scattering length of LXe including
time variation, response near of dead tube and nuclear recoil event in background MC are included
to systematic error. The right of figure 2 shows energy spectrum with total systematic error with
real data applying general cut, R(T) and R(PE) cut.
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Table 1: (Preliminary)The list of systematic error and its relative value.
ŽŶƚĞŶƚƐ
;ϭͿWůĂƚĞŐĂƉ
ĚĞƉĞŶĚĞŶĐĞ

^ǇƐƚĞŵĂƚŝĐ ĞƌƌŽƌ;ĞĂĐŚĞǀĞŶƚƉŽƐŝƚŝŽŶĂŶĚZ/Ϳ
ϮͲϭϱŬĞsĞĞ

ϭϱͲϯϬŬĞsĞĞ

нϲ͘ϮͬͲϮϮ͘ϴй

нϭ͘ϵͬͲϲ͘ϵй

ĐŽŵŵĞŶƚ
'ĂƉϯϬ͕ ϴϱ;ĐƵƌƌĞŶƚͿĂŶĚϭϰϬƵŵ

;ϮͿ ZŝŶŐƌŽƵŐŚŶĞƐƐ

нϲ͘ϲͬͲϳ͘Ϭй

нϮ͘ϬͬͲϮ͘ϭй

/ŵƉĂĐƚƚŽďĞƚĂĞǀĞŶƚ

;ϯͿƵƌĞĨĚĞƉĞŶĚĞŶĐĞ

нϱ͘ϮͬͲϬ͘Ϭй

нϮ͘ϱͬͲϬ͘Ϭй

ZĞĨ Ϭ͘Ϯ͕Ϭ͘Ϯϱ;ĐƵƌƌĞŶƚͿĂŶĚϬ͘ϯ

нϬ͘ϬͬͲϰ͘ϲй

нϬ͘ϬͬͲϭ͘ϰй

dŚĞĐĂƐĞƚŚĂƚϬ͘ϲŵŵĨůŽĂƚŝŶŐ ĨŽƌĐĞŶƚĞƌŽĨĚĞƚĞĐƚŽƌ͘

;ϱͿů ƐĞĂůĚĞƉĞŶĚĞŶĐĞ

нϬ͘ϳͬͲϬ͘ϳй

нϬ͘ϬͬͲϬ͘Ϭй

DĂǆ ͗ͲŬŝƚŵŽĚĞů͕ŵŝŶ͗ŶŽ ǀĂůůĞǇĐŽŶƚƌŝďƵƚŝŽŶ

;ϲͿZĞĐŽŶƐƚƌƵĐƚŝŽŶ

нϯ͘ϬͬͲϲ͘Ϯй

нϬ͘ϬͬͲϬ͘Ϭй

ZĞĐŽŶƐƚƌƵĐƚŝŽŶŐƌŝĚĚĞƉĞŶĚĞŶĐĞ͕ƚŚŝŶŶŝŶŐƐĂŵƉůĞĂŶĚ
ŚŽƐĞƌƵŶ͘

;ϳͿdŝŵŝŶŐ;ĚĞĐĂǇƚŝŵĞ͕
dd^Ϳ

нϰ͘ϲͬͲϮ͘ϵй

нϬ͘ϰͬͲϱ͘ϯй

;ϴͿdŝŵŝŶŐ ;ƌĞƐƉŽŶƐĞŝŶ
ĚĞƚĞĐƚŽƌƐƵƌĨĂĐĞͿ

нϬ͘ϬͬͲϴ͘Ϭй

нϬ͘ϬͬͲϬ͘Ϭй

/ŵƉĂĐƚ ƚŽŚĞƌĞŶŬŽǀĚŝƐƚƌŝďƵƚŝŽŶ͘ ƐƚŝŵĂƚĞĚ ďǇ
ŝŶƚĞƌŶĂůƐŽƵƌĐĞĐĂůŝďƌĂƚŝŽŶĨŽƌ;ϳͿĂŶĚĞǆƚĞƌŶĂůŐĂŵŵĂ
ƐŽƵƌĐĞĐĂůŝďƌĂƚŝŽŶĨŽƌ;ϴͿ͘

;ϵͿďƐŽƌƉƚŝŽŶ Θ
ƐĐĂƚƚĞƌŝŶŐ

нϬ͘ϳͬͲϲ͘ϳй

нϭ͘ϱͬͲϭ͘ϭй

DĂƐƐƉƌŽĚƵĐƚŝŽŶ ͗ƐĐĂƚůĞŶŐƚŚŶŽĐŽŶƐƚƌĂŝŶƚ͘
ĚĚŝƚŝŽŶĂů'D;WďϮϭϬ WůĂƚĞďƵůŬ͕ƌŝŶŐďƵůŬĂŶĚ
ŝŶƚĞƌŶĂůͿĂƌĞƉƌŽĐĞƐƐĞĚďǇƐĐĂƚϱϮĂŶĚϱϯĐŵĨŝǆĞĚ͘
sĂůƵĞŝŶƌŝŐŚƚŝƐƐĐĂƚϱϮĐŵĐĂƐĞ͘

;ϭϬͿĞĂĚ ƚƵďĞŽƌŝŐŝŶ

нϭϬ͘ϯͬͲϬ͘Ϭй

нϰϱ͘ϮͬͲϬ͘Ϭй

ƌĞƐƉŽŶƐĞŽĨĚĞĂĚƚƵďĞ

;ϭϭͿE͘Z͘

нϬ͘ϳͬͲϬ͘ϳй

нϬ͘ϬͬͲϬ͘Ϭй

Y͘&͘ ĚĞƉĞŶĚĞŶĐĞ͕ƉƵƚ ŽŶƐƵƌĨĂĐĞŽƌĞŵďĞĚĚĞĚ͘

nucleon elastic scattering were also simulated by XMASS MC (WIMP MC) for each WIMP mass
from 10 GeV to 10 TeV. We assume a standard spherical isothermal galactic halo model with
the most probable speed of v0 = 220 km/s, escape velocity of vesc = 544 km/s, and a local dark
matter density of 0.3 GeV/cm3 , following [7]. Same processes of event reduction were applied
to WIMP MC. The systematic error for WIMP MC comes from the uncertainty of absorption and
scattering length of LXe including time variation, scintillation decay time, efficiency for event
reduction evaluated and scintillation efficiency for nuclear recoils (Leff ).
Then energy spectrum of real data was fitted with background MC and WIMP MC in the
energy range of 2-15 keVee . Then, the 90% C.L. upper limit on the WIMP-nucleon cross section
was derived in figure 3. Our stringent exclusion limit is 2.2 × 10−44 cm2 for 60 GeV/c2 WIMPs.
Our background MC revealed that remaining events were mainly caused from miss-reconstruction
event. these are happened in no sensitive angle of PMT and make mimic as fiducial volume event
and already discussed in section 3. To solve this problem, a new type of the PMT which has a
dome-shaped photocathode was developed. The dome-shaped PMT can detect the scintillation
photons emitted from the neighbor surface, and reduce miss-reconstructed events drastically.
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