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124Xe 2v double electron capture WIMPs search by fiducialization

With 1.5 yrs commissioning data and 5 yrs data, searches for
various types of dark matter and unobserved phenomena in

nuclear physics and astrophysics were conducted After the .
completion of data taking, data anz S CO
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XMASS-I: single-phase LXe detector

Self shielding for y injection (XMASS-I

* BG red. by fiducial volume (FV) cut
— Very large photoelectron yield
~14.7 p.e./keV <& Super-K ~6 hits/MeV

— Event reconstruction based on
observed hit pattern ~ a few keV.

— 832 kg in total, 100 kg in r<20 cm FV.
— Target of a WIMP search ~ 2x10*cm?. a5

— Good to search for e/y events as well.  [Aeikagy

e Larger det. has better performance.
— T info useful (scintil. const. 30-40 ns)

— Better self-shielding for e/y/n

— Attenuation >10 m for scintillation light




Refurbishment work

* Radioactivity inside the PMTs” aluminum seal between
guartz window and metal body caused background.

* Copper plates covering that seal were installed.
* Achieved ~1/10 BG reduction in all volume, ~1/100 in FV.




DM search in XMA

In the past six years, our experimental reach was

extended to low mass, high mass, and non- WIMPs.

1. Low mass WIMPs
« DAMA/LIBRA indication
 Annual modulation

E. Aprile et al., PRL 109, 181301 (2012)
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2. High mass WIMPs
* Low background required
« Reconstruction =
fiducialization useful
» Understanding BG necessary
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3. Non WIMPs: we pioneered!

 Dark Photon, axion-like
particles: kinetic mixing,
axioelectric effect. 7

Non WIMPs



1. Low mass: annual mou ation

In isothermal halo models, vy,,~200- [Nl For 10 Gev) ”ffm
300 km/s and WIMP nuclear recoils = i\ =
have ~ a few keV, low E. = v ) 0
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* By looking at modulation
amplitudes in individual energy

bins, XMASS would see this
modulation regardless of the

nature of the recoil
(nuclear/electron).

1.82 ton y (XMASS) <
1.33 ton y (DAMA)

Brems. Effect: search
for sub-GeV WIMPs

First direct check using

DM-nucleon Sl cross section

the modulation effect.
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2. High mass: fiducialization

* Understanding background is most crucial.

* Background in the whole 832 kg mass & calib data.

Energy scaled by light yield[keVee]
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Detailed background modeling

& calibration based on

* EXx-situ measurements of
detector parts (Ge, ICPMS)

e |n-situ measurements of
surface activity (o rays, Rn, etc.)
* |nner calibration sources.

Pb210 surface

holder and filler

1 Pb210 copper plate PMT (except
1 e and rin aluminum seal)

event/day/kg/800PE

Modeling >30 keV (no DM
signal expected) succeeded
by fitting energy spectrum
Including systematic errors
on individual activity etc.
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2. High mass: fiducia

* Fiducial mass 97 kg and 706 days data was used to search
for an excess above the background energy spectrum.

* Observed energy spectrum was consistent with expected
background within systematic errors. Upper limit on cross
section: < 2.2x10* cm? @60 GeV (90% C.L.)
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Most stringent limit among results
from single-phase liquid xenon detectors.

WIMP mass [GeV/c?] 11



3. Non WIMPs: Bosonic Super-WIMPs

WIMP candidates have not been
observed in accelerators.

Cold DM has some issues.

Lighter DM particles with much
weaker int. are good candidates.

Dark photon, axion like particles
are leading candidates.

Astrophysical constraints weak.

A peak in E spec@myp,, expected.

Our PRL paper got Editors’

) this work
5 XMASS
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Development of low BG techniques
e Surface alpha ray counter: world best

— Surface contamination (Rn daughters) are common

BG source among DM detectors.

First time to operate underground

~ 1x10-° a/cm?/hr achieved w/ our efforts <
Common a-ray counter: ~1x10-3 a/cm?/hr
Even bulk contamination can be measured.

— Lower RI (mBa/PYT]
— Better ‘
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Activity towa
a future direct DM search

We planned to construct a larger detector, XMASS-1.5. However, we
concluded that it was not competitive anymore.

— The primary reason was that the background due to e scattering by low E solar
v is difficult to distinguish from a WIMP signal.

— Dual phase detectors were already approved for construction.

We aim for a future, more sensitive, third generation detector (G3)
and in the meantime to collaborate with a competitor building a

multi-ton G2 detector.
This plan was submitted to the future project committee in ICRR.

The committee agreed that XMASS-1.5 was not competitive with
other contemporary projects and accepted this change of our plan for
the future. It also recognized participation in one of the G2
experiments, in particular the XENO r S ¢




Summary of the past six years
We have completed XMASS-| data taking.

Using >5 yrs data, various types of DM candidates
were searched for. Heavy WIMPs 6< 2.2x10%cm?.

Nuclear physics, axions, and neutrino physics were
studied using the XMASS-| dark matter detector.

Cutting edge low BG tech. development continues.

New activity towards a discovery of dark matter
particles was initiated and is ongoing.

XMASS data analysis continues. Hints of new
physics are waiting to be discovered.




