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低圧ガス検出器を用いた 
太陽KKアクシオンの探索



‣ 余剰次元中を伝播する 
カルツァ＝クライン(KK)アクシオンは，
photon coalescence 反応( )など
によって太陽内部でも熱的生成可能 
- 太陽系内に捉えられる 
“太陽KKアクシオン”も存在 

‣ 複数の問題を解決可能 
- 強いCP問題 (アクシオン) 
- ゲージ階層性問題 (余剰次元) 
- 太陽コロナ問題 (アクシオン由来 X線) 

‣ 余剰次元での粒子の運動は 
四次元時空では質量として観測される為， 
無限に続く連続的な質量階層を持つ

γγ → a

太陽KKアクシオン
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‣ 検出器内でのKKアクシオンの崩壊数は有感領域の体積のみに依存する 
‣ 崩壊時，同じエネルギーを持つ2つの光子を放出する

KKアクシオンの崩壊特性
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地球近傍のKKアクシオン崩壊スペクトル
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B. Morgan et al., Astroparticle Physics 23 (2005) 287‒302 
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‣ XMASS実験によって世界初の探索 
- 極低バックグラウンド液体キセノン検出器 
- Exposure:: 0.288 m3 (832 kg) x 359 days 

‣ 太陽-地球間の距離による崩壊数の季節変動を探索 
‣ モデルまであと二桁！！有意な振幅は見られず

旧B01班 XMASS実験による先行研究
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遠日点
近日点

Oka et al., PTEP 2017, 103C01

地球



‣ 非常に強力なBG除去能力 
- 2光子を分離して検出可能なので， 
位置・エネルギー情報を利用した 
強力なBG除去が可能 

‣ 有感体積拡張性 
- 常温の低圧ガスを使うので， 
有感体積の拡張が比較的容易

低圧ガス検出器を用いた太陽KKアクシオン探索
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低圧ガスが有利！！！

2光子間の距離分布 
  (5keV)λ ∼6cm

 x /λ

 f(x
/λ

)



Expected Background
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unshielded vessel 
vessel with 5 cm Pb 
vessel with 10 cm Pb 
vessel with 15 cm Pb 
Cu vessel with15cm Pb

a) γx2のコインシデンス事象頻度

b) 岩盤・容器から放出されるγの 
    多重散乱によるKKaxion-like事象頻度

1m3 gas
アクリル 1cm

Steel (vessel) 1.5cm
Lead 任意の値

Air 150-(Lead)cm

Rock 100cm
B. Morgan et al., Astroparticle Physics 23 (2005) 287‒302 

Rock 
238U chain:: 60 ppb 
232Th chain:: 130 ppb 

40K:: 1000ppm

Steel vessel 
U/Th 1ppb, K 1ppm 
Copper vessel 

U/Th 0.01ppb, K 1ppm

Assumed contaminations

Simulation geometry

‣ 低放射能容器の利用で 
5~6桁のBG除去が期待できる 

‣ シールドでさらにBG低減



B02班 CYGNUS/NEWAGEチェンバーの利用
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身内氏，新学術「地下素核」領域研究会 2019

Drift
 Plane EdEd

 ~ 1.0 m

“有感領域”
                 約 0.04m3

~ 0.4m

~ 
0.

4m

30cm角GEM + PAD共同利用ガス容器一部屋



目指すところ
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‣ 低放射能容器 C/N チェンバーを用いた開発・観測で，先行研究に迫る感度 
‣ 更なる低BG環境構築・有感体積拡張で太陽コロナ問題によるモデルを検証

limit on Ns is calculated as 1:64
ffiffiffiffiffiffiffiffiffi
2Nb

p
. For all the

other cases where the expected number of back-
ground events is <100, we use the prescription of
[32] to set 90% upper limits on the number of sig-
nal events under the assumption that the number
of observed events is equal to our expected
background.

The limits on the signal rate are converted to
limits on gacc and n0 using Eq. (12) together with
the acceptance efficiencies for axion decays calcu-
lated earlier. Fig. 12 shows the resulting sensitivity
curves for each detector configuration. Also shown
on this figure are points for the solar production
model of [15], where gacc ! 9.2 · 10"14 GeV"1

and n0 ! 1013–1014 m3. Although the unshielded
detector is not sensitive to this model, adding 5–
10 cm of Pb shielding is enough to begin to probe
the upper limits of this model. However, to cover
the full range of n0 will require both a low back-
ground vessel and at least 15 cm of Pb shield.
Nevertheless, this sensitivity is several orders of

magnitude better than could be achieved with a
conventional solid state detector.

7. Conclusions

The main sources of background in a solar KK
axion search with a 1 m3 CS2 TPC have been
investigated. EGSnrc simulations of the electron
background together with Monte Carlo simulation
of the detector show that it is double electron
events produced by a single primary photon that
dominate the background coincidence rate. A
large fraction of these events are caused by fluores-
cent de-excitations of the S K-shell, but there is
also a contribution from double Compton/photo-
electric interactions. Nevertheless, only 5–10 cm
of Pb shielding around the detector are required
to reduce the overall coincident background rate
to <1 m3 day"1. The background rate below this
is limited by the U, Th and K contamination level
in the TPC vacuum vessel.

With the background levels and spectra found,
the sensitivity of the detector to the axion–pho-
ton–photon coupling gacc and local number den-
sity of KK axions was determined. The resultant
sensitivity of the detector shielded with 5–10 cm
of Pb is sufficient to probe the upper limits of gacc
and n0 predicted by the model of [15]. To fully
cover the derived parameter values in [15] would
however require a 1 m3 detector constructed with
ultrapure materials and at least 15 cm of Pb shield-
ing. An actual KK axion search will therefore re-
quire a careful selection of materials in order to
minimise the U/Th/K contamination of compo-
nents close to the fiducial volume.

To improve the sensitivity further would require
a reduction in the background rate. In the case of
random coincidences, the random rate could be re-
duced by using a gas with a higher drift velocity,
such as Argon, to give a smaller readout time for
the TPC. Negative ion drift is a disadvantage here
due to the low drift velocity inherent with drifting
ions rather than electrons. However, as can be seen
from Table 5, it is the double scatter electron
events that dominate the background rate by a fac-
tor of 10–100 once shielding is added. The rate of
these events scales with the gas density and photon
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Fig. 12. Sensitivity curves for a 1 m3 TPC filled with 0.2 bar
CS2. Solid line—unshielded detector; dashed line—detector
with a 5 cm Pb shield; dotted line—detector with a 10 cm Pb
shield; dot-dashed line—detector with a Cu vessel and 15 cm Pb
shield. The two dots show the expected range of n0 for the solar
KK axion model of [15]. The !HB stars" line shows (within a
factor of !2) the upper limit on gacc from stellar lifetime
considerations, and the !Cosmology" line shows the lower limit
expected from axion production in the Big Bang.

300 B. Morgan et al. / Astroparticle Physics 23 (2005) 287–302

HB Stars

Cosmology

太陽コロナ問題 
から予測される領域

ファーストステップ ( 0.04 [m3 • year] , 低放射能容器 )

‣低圧ガスを用いた探索手法の確立
‣低圧ガスによる世界初のKKアクシオン探索

XMASS ( 0.288 [m3 • y] , 低放射能容器 + 水シールド)

ゴール (1 [m3 • year] , 低放射能容器 + シールド)



‣ 余剰次元を伝播するKKアクシオンは太陽内部でも熱的に生成可能 
太陽系内にトラップされているものも存在 

‣ KKアクシオン探索には，低圧ガス検出器が非常に有利 
- 崩壊数は有感体積のみに依存 -> 有感体積拡張が比較的容易 
- 同エネルギーの光子を2つ放出 -> 2光子同時検出によるBG除去が可能 

‣ B02班のCYGNUS/NEWAGE チェンバーを一部利用して， 
低コスト・高感度での太陽KKアクシオン探索が可能であると期待 
- 将来的に太陽コロナ問題を説明可能な領域の探索を目指す

まとめ
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