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研究成果概要 
本年度は、XMASS-I の全データをも

とにした暗黒物質探索の最終結果を

まとめて出版し、コラボレーション

の活動を完了できた。 
l XMASS-I で得られた全データ

の解析を行い、暗黒物質由来の

季節変動（原子核反跳のみなら

ず、制動輻射効果やミグダル効

果を取り入れた結果）を探索す

る解析と、有効体積中のバック

グラウンドからの超過を探索す

る解析をおこなってきた。結果

としては、有意な季節変動は見

られず、かつ有効体積中の期待

されるバックグラウンドからの

超過も見られなかった。それに基づいて、XMASS-I から得られる最終の探索結果を

得た。右図がその複数の解析結果で得られた暗黒物質への制限である。 
この XMASS のデータの集大成としての意義を持つ論文を K. Abe et al. (XMASS 
Collaboration), Phys. Rev. D 108, 083022 (2023) として出版した。 
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FIG. 23. Modulation amplitude as a function of energy for
the model-independent analysis using the pull method (black
cross). Solid lines represent the 90% positive (negative) upper
limits on the amplitude. The ±1� and ±2� bands represent
the expected amplitude fluctuation ranges for a null result (for
details, see text). The small figure at bottom right shows the
signal e�ciency used in the model-independent analysis, the
overall e�ciency for a uniformly distributed electron signal af-
ter applying all selection criteria. The latest DAMA/LIBRA
result (square) is shown for reference [56].

tive or negative amplitudes by integrating Gaussian dis-
tributions based on the mean and sigma of the data
(=G(a)) from zero. The positive or negative upper lim-
its were derived with 0.9 for

R aup

0 G(a)da/
R1
0 G(a)da orR 0

aup
G(a)da/

R 0
�1 G(a)da, where a and aup are the am-

plitude and its 90% CL upper limit, respectively. This
method obtained a positive (negative) upper limit of
0.62 (�2.1)⇥10�2 events/day/kg/keVee between 1.0 and
1.5 keVee with the limits becoming stricter at higher
energy. The energy resolution (�/E) at 1.0(5.0) keVee

was estimated to be 36% (19%), comparing our gamma
ray calibration data to our MC simulation. A mod-
ulation amplitude of ⇠ 2 ⇥ 10�2 events/day/kg/keVee

was obtained by DAMA/LIBRA between 1.0 and 3.5
keVee [56].

VII. CONCLUSIONS

XMASS-I was a unique single-phase LXe detector,
which took data almost continuously over 5 full years.
Over this long period of stable observation it accumu-
lated 1590.9 live days of data with an analysis threshold
of 1 keVee. A subset of 768.8 days therein allows for an
even lower analysis threshold of 0.5 keVee.
Extending the FV search with a target mass of 97 kg

to the full 1590.9 days allowed us to improve our earlier
world-best single phase LXe limit on spin-independent
high mass WIMP interactions by a factor of 1.6 down to
1.4⇥ 10�44 cm2 for a 60GeV/c2 WIMP at the 90% CL.
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FIG. 24. Limits obtained from the various analyses presented
in this paper. Solid lines are the new results, using the full
XMASS-I data sets, presented in this paper, in particular the
fiducial volume analysis, the muliti-GeV modulation analysis
via NR and the sub-GeV modulation analysis via Migdal ef-
fect and bremsstrahlung. Dotted lines show our earlier results
published in [16–18]

.

Updated searches for an annual modulation signature
expected for true galactic DM halo particle interactions
in terrestrial detectors, now also extended to the full
XMASS-I data set and using XMASS-I’s full active tar-
get mass of 832 kg, improved on our own old limits for
NR by a factor of 1.3 to reach 2.3⇥ 10�42 cm2 for a
8GeV/c2 WIMP. Also updated was our bremsstrahlung
result, which for a 0.5GeV/c2 WIMP now reached a
cross section limit of 1.1⇥ 10�33 cm2, an improvement
of a factor 1.5. The newly added analysis exploiting the
Migdal e↵ect for low mass WIMP searches closed the
WIMP mass gap that previously existed in our anal-
yses between the lower WIMP mass end of the NR
modulation analysis and the upper WIMP mass end of
our bremsstrahlung based modulation analysis, reaching
down to 1.4⇥ 10�35 cm2 for 0.5GeV/c2 WIMPs.

Altogether, as summarized in Fig. 24, XMASS-I
WIMP searches cover the whole mass range from 0.32
to 104 GeV/c2 with our cross section limits in a single
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