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XMASS experiment
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Solar neutrino

Dark Matter

Double beta decay

ü XMASS
Multi purpose low-background and low-energy threshold 
experiment with liquid Xenon
ü Xenon detector for Weakly Interacting MASSive

Particles (dark matter search)
ü Xenon MASSivedetector for solar neutrino (pp/ 7Be)
ü Xenon neutrino MASSdetector (bbdecay) 

2010 2011 2012 2013 2014

detector
construction
completed
(Sep. 2010)

commissioning run 
data taking

(Dec. 2010 - May 2012)

detector refurbishment
(Aug. 2012 - Oct. 2013)

resume data taking
(Nov. 2013 - ) 

history of XMASS

Purpose of the first phase is the dark matter search.

http://www.solar.isas.ac.jp/graph/Yohkoh_full.gif
http://www.solar.isas.ac.jp/graph/Yohkoh_full.gif


XMASS detector
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10.5m

10m

ü Outer detector (OD, water tank)
ü 72 20-inch PMTs for cosmic-ray muonveto.
üWater is also passive shield for gamma-ray 

and neutron from rock/wall.
ü Inner detector (ID, Liquid Xe)
ü Liquid Xesurrounded by 642 2-inch PMTs
ü photo coverage: 62%
ü diameter: ~800mm
ü high light yield: 14.7 PE/keV

1113mm

pentakisdodecahedron

231.5mm

310.3mm

Hexagonal PMT 
Hamamatsu R10789

NIM A716, 78-85, (2013)



Data set
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Data set
Å 359.2 days live time (during 

504.2 calendar days)
Å Nov. 2013 - Mar. 2015
Å 0.82 ton·yearexposure 

(cf DAMA 1.33 ton·year)
Å Trigger threshold: 4 ID PMT hits
Å 10bit 1GS/s flash-ADCs record 

waveforms of individual PMT.



Inner calibration
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We performed the inner calibration with 55Fe, 109Cd, 
241Am, 57Co, 137Cs.

In this presentation, we use energy with 
keV57Co, that is determined 57Co by Z=-30cm 
calibration. 
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55Fe 5.9keV
Ver2

(Cd)Cu 8.05keV

Cd88.0keV

(Cd)Cd-XeXrayabs.  58.2keV

(Cd)Ag 22.6keV Am 59.5keV

(Co)W 59.5keV

(Am)Np
17.8keV

Co 122.1keV
(fixed)

Am 2pi. 
X-ray 
escape. 
~30keV



Detector stability
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+/-0.5%

+/-0.5%

MC deduced scintillation light yield

MC deduced scattering length (cm)

MC deduced absorption length (m)

Observed PE yield (PE/keV)

ÅWe carried out weekly 57Co 
calibration to monitor PE 
yield.
ÅWe observed PE yield 

changes at power outage.
According to the MC 
simulation, it is due to the 
change of the absorption 
parameter.
ÅIn our analysis, the 

systematic error of this data 
handling is taken into 
account.



Modulation analysis
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Selection criteria(No particle identification)
Å Nhit (ID)>=4 (Nhit (OD)=0)

Å Remove muon and muon induced events.

Å dT(pre)>10msec veto
Å Remove noise events

Å Trms(timing RMS of event)<100nsec
Å Remove remaining noise events.

Å Nhit in the first 20nsec<=0.6 of total Nhit
Å Remove Cherenkov events.

Å Max PE/total PE cut
Å Remove events in front of PMTs by higher max 

PE/total PE cut.

20GeV/c2 WIMP MCdata



WIMP signal detection efficiency
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Efficiency depends on WIMP mass.

IƛǎǘƻƎǊŀƳǎ ŜƴŘ ōŜŎŀǳǎŜ ǘƘŜȅ ŘƻƴΩǘ 
have statistics in the higher energy.



Relative efficiency
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0.5<E<1.0keV57Co 1.0keV57Co<E

ÅRelative efficiency to the absorption length=8m data.
ÅThe PE yield changes in time effect the efficiency of the cuts due to not only 

the threshold but also the position dependency of the scintillation light 
response. Those uncertainties are taken into account as systematic error by 
MC for the different energy ranges.

-> This is the dominant systematic error.



Time variation of event rate
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0.5<E<1.0keV57Co

model independent

7GeV/c2 2x10-40cm2

8GeV/c2 2x10-40cm2

Statistical error

systematic error

Fitted by WIMP phase

We can clearly see the modulation signal if 
WIMP parameters are in the range where 
DAMA/LIBRA experiment indicates



Modulation analysis method
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Method 1 (pull term)

Method 2 (covariance matrix)

Data is divided into 38 time bins 45energy bins (~10days/(time bin), 
0.1keV57Co/(energy bin) in 0.5-5.0keV57Co) and then all data bins are fitted 
simultaneously.

Two independent analyses were performed using different 2̝ definition.

…
Ὑ Ὑȟ ‌ὑȟ

„ÓÔÁÔ
‌

Systematic errors (1̀ )



Model independent analysis 1/2
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To calculate the probability to have the modulation, we made dummy 
data sets based on our averaged energy spectrum.  Taking into account 
the systematic uncertainty from absorption length dependence, we 
made 10,000 unmodulated dummy data sets.

Annual modulation signal is searched for without any model assumption. 
Phase and term are fixed at t0=152.5days and T=365.25days, respectively. Ai

(modulated amplitude) and Ci (unmodulated amplitude) are fitted in the 
following equation.



Model independent analysis 2/2
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Method 1
(pull term)

Method 2
(covariant matrix)

ndf 1709 1710

Minimum ̝ 2 1845.0 1901.7

2̝ at no modulation 1912.3 1961.8

p-value 0.068 (1.8̀ ) 0.17 (1.4̀ )

Method 1 (pull term)

Method 2 (covariance matrix)

Å 1.1keVee (5keVr) analysis 
threshold

Å The difference of two methods 
are small.

Å Small negative amplitude is 
observed in 0.5-3keVee region. 
But both results are consistent, 
but not statistically significant.



Standard WIMP search
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LUX

XENON100

CDMS-Si

CoGent ML (2014)

DAMA/LIBRA (2009 Savage)

Xe10-S2

XMASS

XMASS2013

м ˋ ŜȄǇŜŎǘŜŘ
н ˋ ŜȄǇŜŎǘŜŘ

Å Leffuncertainty is taken 
into account.

Å Figure is drawn by 
Method 1. The 
difference between two 
methods are within 30%.

Å DAMA/LIBRA region is 
mostly excluded by our 
measurement.

Assuming standard WIMP, data is fitted with the following equation:

V0: 220.0 km/s

Vesc: 650.0 km/s

ɟdm: 0.3 GeV/cm3

Lewin, Smith (1996)

Model assumption



summary

üAnnual modulation analysis has been performed using 
large exposure, 0.82ton·year data.  No significant 
modulated WIMP signal has been observed. The result 
excluded most of all DAMA/LIBRA allowed region.

üWe continue to take 2nd year of data to obtain more 
sensitive result with smaller systematic uncertainties.

üAlso fiducial volume analysis with background 
subtraction is ongoing. 

üFuture XMASS project will be presented at 15:10- on 
Sep. 10th by Benda Xu (Dark Matter A).
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backup
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Kamiokamine
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KamLAND

Super-K

XMASS

CANDLES

IPMU Lab1 CLIO

To: Atotsu
mine entrance

NEWAGE

Lab2/EGad

Kamioka

Tokyo 

~1000m underneath Mt. Ikenoyama


