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Outline

* XMASS experiment

e Supernova neutrino observation via coherent elastic neutrino-
nucleus scattering (CEVNS)

— K. Abe et al. (XMASS Collaboration), Astropart. Phys. 89 (2017) 51-59

e Other searches for low-energy events originated from astronomical
sources

— Search for solar Kaluza-Klein axions
* K. Abe et al. (XMASS Collaboration), PTEP 2017, 103C01 (2017)

— Search for event bursts associated with gravitational-wave events



The XMASS project

® XMASS: a multi purpose experiment with liquid xenon
XMASS

® Located 1,000 m underground (2,700 m.w.e.)
at the Kamioka Observatory in Japan

® Aiming for
® Direct detection of dark matter
® Observation of low energy solar neutrinos (pp/’Be)
® Search for neutrino-less double beta decay

® Features
» Low energy threshold (~0.5keVee)
» Sensitive to e/y events as well as nuclear recoil
» Large target mass and its scalability



http://www.solar.isas.ac.jp/graph/Yohkoh_full.gif
http://www.solar.isas.ac.jp/graph/Yohkoh_full.gif
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Single-phase quuid Xenon detector: XMASS-|

® Liquid xenon detector
® 832 kg of liquid xenon (-100 °C)
® 642 2-inch PMTs
(Photocathode coverage >62%)
® Each PMT signal is recorded by
10-bit 1GS/s waveform digitizers

® Water Cherenkov detector
® 10m diameter, 11m high
® 72 20-inch PMTs
® Active shield for cosmic-ray muons
® Passive shield for n/y




History of XMASS-1
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Data taking

Today

* Has been stably taking data for more than 4 years
since November 2013.

* Will continue data-taking until December 2018.



Diversity of physics target with XMASS

B Dark matter searches

Low mass WIMP search
Phys. Lett. B719 (2013) 78
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Bosonic super-WIMPs search
Phys. Rev. Lett. 113 (2014) 121301
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B Solar axion search

B Possibility of supernova

neutrino detection

Phys. Lett. B724 (2013) 46
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Supernova neutrino observation
via coherent elastic neutrino-
nucleus scattering



Supernova neutrino observation in XMASS

BMCoherent elastic neutrino-nucleus scattering
v.+A,Z2)-v,+(A2Z)

® Main channel of supernova neutrino events in XMASS.
@® Sensitive to all neutrino flavors

® Nuclear recoil with energy below O(10keV)

MCharged current neutrino-nucleus reactions
vVe+(A,Z) e +(AZ+1)
Vo+(A,Z)-»e"+(A,Z-1)

@® Possibility of detection in case of nearby supernova
® Electron scattering with energy of O(MeV) - different from coherent scattering



Coherent elastic v-nucleus scattering (CEvVNS)

v +A->v +A

* Neutrino is scattered off by all the nucleons do G:M [ " Enr\*
: (Ev,Enr) = GV l—l—(l——)
in a nucleus coherently dEy, 2 E,

» Weak neutral current interaction 1 . 1
> Cross section ~ N2 Gy = [(5 — 2sin” 6y )Z — iN]quz)

» Recoil energy ~ O(10) keV
 Main mechanism of trapping neutrinos in the core of a supernova

» Ultimate background for direct dark matter searches (solar v, atm. v, and DSNB v)

+ Has notbeen-observedyet




Coherent elastic v-nucleus scattering (CEvVNS)
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Observation of coherent elastic neutrino-nucleus scattering
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Coherent elastic neutrino-nucleus scattering was now observed !!
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Supernova neutrino energy spectra
used in the calculation
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* XMASS can detect mainly v,
e Sensitive to neutrinos with Ev>15MeV

Nuclear recoil energy spectrum

by supernova neutrinos
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Expected supernova neutrino signal in XMASS
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Expected time profile of supernova neutrino
events in XMASS
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Comprehensive observation network in Kamioka

* To compare the XMASS event timings
with other detectors’ events, Red giant

» GPS time synchronization was introduced o
in the XMASS DAQ system. ~

Supernova

Pre-supernova Ye%%
neutrinos )
* |n the case of nearby supernovae (e.g. Betelgeuse),

KamLAND has possibility to detect
“pre-supernova neutrinos”
a few days before explosion.
» XMASS is monitoring the semi-realtime
pre-supernova alarm provided by KamLAND.

« XMASS is also waiting for a next supernova !! Super-Kamiokande ~ KamLAND

XMASS
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Other searches for low-energy
events originated from
astronomical sources



Search for solar Kaluza-Klein axions

Expected number density of trapped KK axions

—~ 107

In theories of large extra dimensions, e
22
axions could propagate in extra dimensions = 1021
N 10
and acquire infinite number of mass levels.

1020
=>» Kaluza-Klein (KK) axions JRE
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KK axions would be produced in the Sun
via the Primakoff effect (y+Ze—>Ze+a)
and photon coalescence (y+y—>a).

KK axion number density

- sl e 615 i el e e L Fiedby et
and accumulated in the solar system, and R R AR

then decay into two photons (a=2>vy+y). 1 10 107 10°
Distance from the Sun (solar radii)

They might explain the solar corona problem.



Search for solar Kaluza-Klein axions

) Expected energy spectra of the KK axion deca
* In the terrestrial detectors, P gy sp y

) x10°®
these KK axions can be detected through i J AtPefihelion 14 o
. . S 0.0 e Ry s T — a
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Solar Kaluza-Klein axion results (1)

Time variation of event rate in each energy region Expected KK axion signal spectra
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Blue solid: the best fit result
Blue dash: the 90% CL upper limit (x20 enhanced)
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Solar Kaluza-Klein axion results (2)
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The first experimental constraint on
solar Kaluza-Klein axions.

g.,<4.8x10*2 GeV! (for n,=4.07x10"3 m?3)

Published in PTEP 2017, 103C01 (2017)
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Search for event burst associated with
grawtatlonal -wave (GW) events
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Several GW events reported by LIGO/Virgo since 2015.

The 1t binary neutron star (NS-NS) merger was
observed by LIGO/Virgo and also by multi-messengers.

There are some theoretical predictions on neutrino
emission from NS-NS mergers.

XMASS was taking data continuously during these GW
events.
» has capability to detect neutrinos (via CEVNS),
axions, axion-like particles etc.



Search for event burst associated with GW events

off —
e - TimeRMS<100ns * Apply simple event selections
* Onlyinner detector trigger
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Event rate in the +/-400 sec window of
GW170817 (NS-NS merger)
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Local p-value in the +/-400 sec window of
GW170817 (NS-NS merger)
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Summary

* Thanks to low energy threshold and large target mass,
XMASS has possibility to detect galactic supernova neutrinos
via coherent elastic neutrino-nucleus scattering.

 The XMASS-I detector has been stably taking data for more than 4 years,
and will continue data-taking until December 2018.

* Other searches for low energy events originated from astronomical sources are
also being conducted.
— Search for solar Kaluza-Klein axions
— Search for event bursts associated with gravitational-wave events



