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Motivation

-Rn is one of the major background for ,especially, the future dark matter
experiments.

-Currently it has X 10 or more than pp solar neutrino and the goal for future
experiments is to reduce 1/100 or more. ~10 uBg/kg (=> ~1x10-4 dru)

-Dark matter detector can be used for not only WIMP search but also
-neutrino physics such as pp/7Be, double electron capture, double beta decay
-axion or axion like particle
-model independent search by annual modulation and so on.

-t is very important to reduce Rn background in the future experiment.
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Background Budged for low background LXe detector X

Dark Matter Search

BG in the fiducial volume before any kind of PID
- pp solar neutrino (v+e -> v+e )

- 2V[3[3 136Xe

-it can be reduce if you have depleted Xe.
. 85Kr

-The goal is less than 0.1 ppt.

- Less than a few ppt Kr in Xe was achieved by some
groups. (e.g. distillation)

. #22Rn background
-21%Pb daughter beta decay
-Currently, X 10 or more than pp Solar neutrino

- Ultimate background will be neutrino coherent
scattering(solar atmospheric)
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Comparison of background rate

Background rate in the fiducial
volume before separation of
nuclear recoils from e/y.

XMASS achieved O(104) event/
day/kg/keVee
at a few 10’s keV.

Even modest background at
low energy, XMASS has good
sensitivity with a large mass
(832 kg) and low energy
threshold. (~ TkeVee) by annual
modulation search.
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Search by XI\/\ASS

pemes gome Solar axion

et
b 3
k"s it

WIMP mass [GeV] PhyS. lett. B 724 (2013\ 46

\
DAMA Na w/o channelind:l
DAMA Na w/ channeling \\
CoGeNT 2011 !
CRESST-II
(olp] VSN EEE— h
CDMS-Il 2011 —-—-—-
EDELWEISS-I1 2012 —--—-- -
XENON100 2012 - - - -
Leff uncertainty ]
XMASS 90%C

o)
=
6\
© —
L
c
2
e
o
)
n
()]
n
@)
—
o
9
e
©]
—
Q.
&
>
(7))
<<

9 10 12 14 16 18 20

' Inelastic scatterin L © 2 S Sl
Ilght mass WIMP Rl J s QRO

\.
il Al

Phys. Lett. B 719 (2013) 78 PTEI"‘*@OM 063C01 s W s

e ;,g.&; cqhere‘nt,v n spatt'éru;ag G

T A vy

N 3 Sy ¥ - OIS b, <N <
- . » R . Y
R 2" . . . 8 o "NPn Ry © 3
- .. » ‘- o . ' “y't 4 e N R R ate
- . % - . . ' S aeer mg WAL . o >V in .
. . : . o, L. . e 2 X r R he ¢ ) ‘
. . .'..' ". ... . < o &N e ” ._' R | " -,
» - ‘' (. o'y .
"' u : r $ OV'a PEERAL ¥ St A
CREN TR . ¥ " . e i i3 4 s A -
ol ® - g b i A 3 S 4 p . »
. . “wlar . v ANg Mostralan Obsevatory/David Malin [mages » < 5
- : .

Rare decay search
Double electron capture

lefused ¥ i

Y2 ‘
’ ]
' 1

Y4
l

60 80 1007120 140
vectar bosofi mass (keV)

anual modulation
arXiV:1 51 1 .04807V1 arx"f\ﬂ%ﬁ%@a%g!h%a ICRR, Univ of Tokyo

Phys. Rev. Lett. 113 (2014) 121301



Rn background in the dark matter community X

ark Matter Search

Experiment L Xe Mass|kd] 222Rn[uBg/kg]
XMASS 832 0.8+0.6
XENON100 62 33.4+1.3
LUX 270 20
PandaX-I| 500 8.6+4.6

XMASS: K. Abe et al. NIM A 716 (2013) 78 1uBqg/kg ~ pp solar

XENON10O: E. Aprile et al. arXiv:1702.06942v1
LUX:arXiv: D. S. Akerib etal. PRL 112, 091303 (2014)

PandaX-ll: A. Tan et al. PhysRevLett.117.121303 (2016)
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Rn removal from gaseous xenon with activated charcoal/\

/7" Dark Matter Search

Nuclear Instruments and Methods in Physics Research A 661 (2012) 50-57
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Rn removal by charcoal

- It is well known that Rn in Air/Ar can be effectively removed
by the activated charcoal. (e.g. RADIOISOTOPES,59, 29-36

(2010) )

In 2009, for the first time, we reported about Rn removal ir.
gaseous xenon with activated charcoal.

Release run
C,o=15. 4+0. 2 Bg/m°

10° | y'd
: M

ﬁ 7
~ Source run

o | 2.920.1 B/

i .
/Col lection run
% 0.24+0.02 Bg/m3

. Our finding was that Rn actually was not absorbed by the
charcoal (Shirasagi G2X 4/6) but it only slow down the
propagation speed in low temperature charcoal in gaseous

Xenon.

Rn Concentration [Bg/m

From our measurements we infer a linear relationship
between the mean propagation velocity vRn of radon and vXe

of xenon in the trap with Vrn/Vxe ~ 1/1000 at -85°C.
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Rn/Xe velocity in the charcoal

. We observed ‘oscillation’ of Rn concentration and

Bg/m?

Rn injected in the circulation system with Rn
detector

from arrival time information, we measured a

velocity of Rn in the charcoal.
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Rn concentration

decay curve
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Set up (Abe et al. NIM A 661(2012) 50)

Dark Matter Search

nano-filter

- Based on that study , we built a

X X—
: Radon
removal system with 5.5 kg Source X XX | X ¢
(Shirasagi G2X 4/6) . | X il ! L—IFilter
X API — —
- Xe 1 L/min with Vg, will be 1.47x103 | Mass Flowr— Getter
, , Controller
m/s in the charcoal housings
X 4'Cold
. Trn becomes about 14.7 days. X Head
Pump L -
- This corresponds to 3.8 half-lives of _
Dew Point L
222Rn or an expected reduction by | I Meter
\
a factor of 1-(1/2)7(14.7/3.8) ~0.93 [70]4
Radon Detector HFE
_|_9
\_ /
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5.5 kg charcoal test

107 &

106 é’: ........................ T ........................... ................. . Po-218 N ~
g g + Po-214 -
Decay curve

1 4.75+-§O.5 daysé : 5 S
1# [ S — — —

f Wi estimated emanation
- <3.1mBqg

0 10 20 30 40 50  estimated from 120°C
time [day] temperature.
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Rn source radon [ 5eMy L

Source <}

|_><_ API = =
Mass Flow Getter
Controller

X

X
Pump i

: AT Dew Point
”“;;,ﬂ | 1T Meter
\- W | \
\ 70L
s=1 Radon Detector

-Rn source current set up

|t is called ‘radium ceramic ball’ to
have Onsen(hot spring ) at home!!

-buy at Amazon
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Charcoal A B9,

At same time we are looking for new material s AT
as well. flte
HPGe couing (U-chain)

NIM(2011) Shirasagi  67+/-15 mBg/kg
CharcoalA < 11.9 mBag/kg (909%CL)

Tested with Rn source. (next page)
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Plan for Testing in XMASS



XMASS experiment

AT

;’, 832kg LXe,
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-@10m X 10m ultra pure water shield with 20 inch
X 70 PMTs for muon veto
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Plan for XMAS

S

XMASS-

PMT

Rn removal

Getter

Water shield

Cold
)

[Head

Dark Matter Search
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Summary

-Rn will be the one of the main background for

future dark matter experiment with liquid xenon.

- The activated charcoal was tested for this
purpose and we found that Rn atom moves

more slower than Xe atom in the cold charcoal.

-Prototype Rn removal test show ~1/10 reduction

@1L/min and will be test in XMASS detector.




