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Outline 

 Introduction to the XMASS experiment 

 Recent results 

 Light WIMP search Phys. Lett. B719 (2013) 78-82 

 Solar axion search arXiv:1212.6153 

 Current status 

 Analysis using fiducial volume selection 

 Detector refurbishment 

 Future prospect: XMASS-1.5 
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 XMASS experiment 

Dark matter 

Double beta 

Solar neutrino 

 Xenon detector for Weakly Interacting MASSive Particles (DM search) 
 Xenon MASSive detector for solar neutrino (pp/7Be) 
 Xenon neutrino MASS detector (bb decay) 

Multi purpose low-background and low-energy threshold 
experiment with liquid Xenon 
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http://www.solar.isas.ac.jp/graph/Yohkoh_full.gif


The XMASS detector 
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Xenon detector 

• Single phase detector 

• 835kg liquid xenon 

• 642 PMTs immersed in LXe 

• Scintillation ~175nm 

 

Water cherenkov detector 

• shield of gamma, neutrons 

• also used as cosmic-ray veto 
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 Construction completed and commissioning started late 2010. 
 We completed commissioning data-taking and analyses are on-going. 



Calibration system 
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OFCu RI source with holder adaptor(SUS304) 

Source rod 

RI sources 

energy 

[keV] 

RI 

[Hz] 

φ [mm] package 

(1) Fe-55 5.9 350 5 brass 

(2) Cd-109 22, 25, 88 800 5 brass 

(3) Am-241 59.5 485 0.15 SUS 

(4) Co-57  122 100 0.21 SUS 

Gate valve 

Top PMT moving 
 machine 

Source introduce machine  

~5m Xenon gas area 

Top PMT 
(removed between calibration) 



Detector response for a point-like source 


57Co source @ center gives a typical 
response of the detector. 

 14.7p.e./keVee ( 2.2 for S1 in XENON100) 

 The pe dist. well as vertex dist. were 
reproduced by a simulation well. 

 Signals would be <150p.e. exp shape. 

 

Total photo electron 
                distribution 

real data 
simulation 

122keV 

136keV 59.3keV of W 

~4% rms 

Real Data Simulation 

Reconstructed 
vertex dist. 

 
+15V 
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Normal run data 
 From the first “dark” on Oct. 24 2010, 

we continued commissioning  by 
May 2012. 

 DAQ is triggered based on # of hit 
PMT within 200ns window. 

 

 6.7 days data taken with low trigger 
threshold were analyzed. 

 Whole detector volume (835kg of 
liquid xenon) was used. 

 Right figure shows the energy 
spectrum for each reduction step. 

Afterpulse rejection 

Cherenkov event rejection 



(1) Light WIMP search 

 One of the interesting 
parameter space to be 
studied. 

 DAMA and CoGeNT saw 
signal/modulation 

 Energy deposition is 
smaller for them. 

 

• Our low-energy threshold (0.3keV  0.5keV for CoGeNT, 
2keV for DAMA) is suitable for the study since the low 
mass WIMPs can give smaller energy. 

 

E. Aprile et al., PRL 109, 181301 (2012) 
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Exclusion with current data set 

 0.3 keV threshold 
enables us to search 
for light WIMPs. 

Published in Phys. Lett. B719 (2013) 78-82 

DAMA CoGeNT 

XMASS 

18GeV 
12GeV 

7GeV 

6.7 days data 



(2) Solar axion search 

 Axion is a hypothetical 
particle to solve the strong 
CP problem. 

 Produced in the Sun and 
detected in our detector. 
(like photo-electric effect) 

 Our detector is suitable to 
see its signal, especially 
because of a large mass and 
low background. 

Bremsstrahlung 
 and Compton effect 

gaee 

gaee 

Axio-electric effect 

Total energy 
spectra for 
ma=0, 1, 2, 4, 
         8, 16keV 



Our experimental search 
 No indication of signals. Bound in gaee vs. mass. 

 Better than any constraint in 10-40keV. 

 Better than any experimental constraint <1keV 

 Published in arXiv:1212.6153 

Our data 

Max allowed 

ma= 



Origin of unexpected BG 
 Found aluminum seal parts contain 238U and 210Pb. 

 Simulation reproduces >5keV: reduction possible 

 <5keV not yet convinced. 

 ~100 times larger than exp. 
Aluminum 

Real data 5.7d 
Simulations 
    PMT g 

    PMT Al  
    GORE-TEX 

Low energy 



Analysis using fiducial volume selection 
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Self shielding for g injection 

80cm 

 Fiducial volume selection is effective 
     to reduce surface backgrounds. 
 Vertex position can be reconstructed 
     from hit pattern information  

 
 Hits’ timing information also can be 
     useful for BG reduction (Next page) 

Scintillation decay time: t=30~40 ns 
 Scintillation group velocity: 11cm/ns 

We are working hard and results will come soon 



BG reduction using hits’ timing 
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109Cd calibration data, 70-140PE 

z 

z=0cm 

z=20cm 

z=40cm 

z=45cm 

PMTs 

 Backgrounds occurring on the 
     detector surface structure can be 
    discriminated by median timing of hits 
 It is demonstrated by calibration data 
 Z=45cm data is considered as 
     a control sample of such BG 

Efficiency

Reduction

reductionBG 

Optimal 
cut position 



Detector refurbishment 
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 Most of BG is caused by a/b rays 
     from aluminum parts of PMTs. 
 It will be shielded by copper covers. 

 
 Copper materials will be 
     electropolished to remove surface RI 

The detector was already disassembled 
We resume data-taking this summer 



Future prospect: XMASS 1.5 

 Larger detectors have many 
advantages. 1t FV (5t total). 

 We can use U-free Al in hand. 

 Surface BG must be controlled. 

 New PMTs being developed help 
to identify surface events.  FV analysis 

All volume analysis 



Conclusions 

 Successful construction/operation of the 
largest liquid xenon detector (835kg) 

 Light WIMP search and solar axion search 
were carried out. 

 Further BG reduction using timing and fiducial 
volume selection are being studied. 

 Detector refurbishment is also underway. We 
will resume data-taking this summer. 

 Larger detector is projected as a next step. 
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Backup slides 
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Detail of the Cherenkov rejection 

 Basically, separation between scintillation lights and 
Cherenkov lights can done using timing profile.  

 (# of hits in 20ns window) / (total # of hits) = “head total 
ratio” is a good parameter for the separation. 

Total # of hits Total # of hits 

20ns 20ns 

Cherenkov like Scintillation like 
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“head total ratio” distribution  

 Cherenkov events peaks around 1  scintillation ~ 0.5 

 Low energy events observed in Fe55 calibration source as 
well as DM simulation (t=25ns) show similar distributions. 

 Efficiency ranges from 40% to 70% depending on the p.e. 
range.  
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Energy scale calibration 
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Leff 
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Trigger efficiency 
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