XMASSEER D IRIR &5 F

RRAE T HGH R AATE R T HRER
B&U
AR AR ERS SRR T R E ST E

1 A FE—ER

2012/0722 Y. Suzuki@CRC_Town_Meeting in L X



Contents

* Overview
e Current situation (XMASS phase )
e XMASS 1.5

— 1 ton fid volume

— Intermediate stage of XMASS between phase |
(100 kg fid. vol.) and phase Il (10ton fid. vol.)



Physics Objectives of XMASS

Multi-purpose lig. Xenon detector V. Suzuki, hep-ph/0008296
* Final Goal: 10 ton fiducial mass, 25 ton total(2.5m¢)

— pp-solar neutrinos: v+e = v+e

— Double beta decay 13¢Xe = 136B3 + 2e-

— Dark Matter: x+Xe =2 y+Xe

=» Phase-l (100 kg fid.): dedicated to a search for WIMPs
(Weakly Interacting Massive Particles ) dark matter

— Search down to o, ~a few x 10> cm?
— BG level in the fiducial volume: ~ 104 /kg/keV/day (dru)

* XMASS1.5: 1 ton fiducial mass, 5 ton total(1.5m¢)
— Dedicated to Dark Matter
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Galactic Dark Matter

* |sothermal Halo Model (Standard Halo

Model)
— with a Maxwellian velocity distribution

— Typical Values:
* Vv, =220km/s, v, ~ 550km/s,
* <vpy?> =270km/s, p, = 0.3 GeV/cm

* Seasonal variations (15 km/s)
< ~ 10% modulation effects

(depend upon spectrum shape, trigger
efficiency, analysis cuts....)

* Detect Nuclear Recoils: ¥ +N=» % + N

antanNx(]\pj‘)x/vf(F))d73

X
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Signal

* Event rate:

— ~ 0.1 ev/day/100kg-Xenon
for m, =50 GeV and
0,=10* cm?

* Recoil Energy:

— Kinetic energy of DM: p~103

— Eg (Typical)~ 50 keV, for
m, =100 GeV

* For low mass DM,
spectrum become very soft
for large target masses like
Xe, Ge,...
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Current Experimental Situation

Low threshold
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Liquid Xenon

Atomic Number (Z=54)
— Good for a few 10s to 100 GeV MIMPs search

High density (p=3g/cm?3)
— Compact detector

Can use scintillation and ionization (TPC)
— XMASS uses only scintillation light
Purification

— Many methods in gas and liquid phase
Study Spin dependence (option)

€ Easier isotope separation (odd S even)

(0.10%) (0.09% ) (1.92%)|(26.4%)|(4.07%) (21.2%)|(26.9%) (10.4%) (8.87%)
Mostly Odd

N

124Xe 126Xe 128Xe 129Xe 130Xe 131XeJ132Xe 134Xe 136xe

| Mostly Even



The phase-I XMASS detector

* Detector

— Single phase (scintillation only) liquid Xenon
detector

— Operated at -100°C and ~0.065MPa S
— 100 kg fid. mass, [835 kg inner mass (0.8 m¢)]
— Pentakis-dodecahedron

< 12 pentagonal pyramids: Each pyramid € 5 triangle
— 630 hexagonal & 12 round PMTs with 28-39% Q.E.
— photocathode coverage: > 62% inner surface
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Events [/cm”3] (normalized)

— Single phase (suited for a large detector) < Double phase

High light yields & Large photon coverage (15 pe/keV)

Characteristics
Why single phase
XMASS is a new type of detector

Background rejection through S2/S1: ~102~103
Sensitive also electron/y events
Large volume and BG less fiducial volume inside
— Large self-shielding effect
— Eventual neutron BG rejection

Large Scalability, simple to construct and operate

— Low energy threshold (< 5 keVee ~ 25 keVNR ) for fiducial volume
— Lower energy threshold: 0.3 keV for whole volume

1
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Efforts to reduce BG in advance

Backgrounds are crucial for a single phase detector

External Backgrounds

 XMASS detector was placed in the
800 ton water tank
— First experiment to use a Water Tank
— Active: 72 20” PMTs
— Giving > 4m water shields

£
— v: 103 reduction by 2m (smaller than =
PMT BG)

— n << 10*/d/kg (by 2m)

e Screening of the materials

— we have measured ~250 parts by HP
Ge detector.
(smaller than PMT BG)
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Efforts to reduce BG in advance

e
External Backgrounds parts

U chain 0.70 £ 0.28 mBq
* Development of low BG

Thchain 1.5%+0.31 mBq
PMTs 40K <5.1 mBq
—1/100 BG of regular PMT  60Co Zo2) 25 LeciS MEE
— + Self-Shielding effect ,elf shielding effect

* Ypg < 10 /keV/day/kg

2012/0722
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Efforts to reduce BG in advance

Internal Backgrounds
* Distillation to remove Kr (*Kr (Qg = 687
keV))

— Kr has lower boiling point than Xe
— Distillation was done: 10 days before filling
into the detector (~ 1 ton)

e Charcoal for Rn deduction
— target value

e 222Rn: target 1.0mBq for 835 kg inner volume
e 220Rn: target 0.43mBq for 835 kg inner volume

* Prepared lig. phase circulation (a few litter-

LXe/min) to remove contamination: not
used yet

201 2/ 0722 Y. Suzuki@CRC_Town_Meeting in B L X



Detector Construction

e 2009.11: PMT holder
and PMT installation

e 2010.09: Construction
Complete

Y. Suzuki@CRC_Town_Meeting in L X



Xe filling

Evacuation and Baking

2010.10.16 Test filing
2010.10.16 Xe Collection
2010.10.24 1%t Filling
2010.10.26 Xe Collection
2010.10.31 29 filling

Gas circulation <30L/min

Cable line

Calibration line

as pump €mergency gas pump

filters

Water
X 2

evaerator
Condenser o

360W °

0 gas
"D storage
vacuum liquid pump 700L
Lig.

filtens

100kg
1129kg Recover Xe as in
a liquid phase to
clean up the
1065 kg inside of the
detector
e 2011.01.21 Xe Collection
for the work to fix the stacked
calibration rod
e 2011.01.31 3" filling
1085kg

g in ETX 14



Commissioning run

Calibration

Source Rod (57Co, 241Am,

137Cs, 109Cd, 55Fe)
External sources: 60Co, 137Cs,

232Th, Neutron

Normal Data taking (physics
runs)

Development of Software

Change of the physical
condition of Xenon.

2012/0722'nside of the detector

« 1.8
High/Low pressure run 21 75
Change of the refractive index of & 217
Xe 331.65—
O2 runs: change of the o
. 16
absorption length -
Boiling runs: create convection o
160

Y. Suzuki@CRC_Town_Meeting in

Gas run
- Important to identify the
surface BG

BG measurement of the
detector parts (attach the
material at the end of the

calibration source rod)
Al, GORE-TEX, Cu, Ni plate

Lig. Xe: current
174°K ~
0.165MPaG

Range of the wave length of
. Xenon scmtlllatlon light

175 180 185

wavelength (n
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2010

12

2011

01

02
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04

05

06

07

08

09

10

11

12

2012

01

02

03

04

05

06

2012/0

Commissioning run

© ATM
(Old SK Elc (ADC/TDC)) =>

Low Pressure Run © FADC (60 channels)
High Pressure Run  (using 10~12 PMT sum) =

3" Xe filling

Xe Collection

4th Xe filling Gas Run

Add 1ppm 02 02 Run (add O2 1ppm) started

02 Run ended and Boiling run

Xe collection Remove 02
st Xe filling  Gas Run

© FADC (642 individual
channels) =

Calibration rod falled and stack
Xe collection

Now XMASS is empty and ready for refurbishment

Y. Suzuki@CRC_Town_Meeting in ’6



Event Reconstruction

e Pattern and detected photoelectron
based event reconstruction ’

— Grids in the detector
* Make expected pe for each PMTs

— Look for a vertex grid to have a
maximum likelihood.

— Energy is also reconstructed for the
vertex position

— Likelihood to evaluate the goodness
of fit
— Works for E > 2~5 KeV
* Leakage of the reconstructed vertex
into the fiducial volume

— Under the evaluation

2 012/ 0722 Y. Suzuki@CRC_Town_Meeting in L X 17



Energy Calibration

1~ * * * * R
| Reconstructed energy distribution | [ 122keV
L 57Co @ the center 7 I

. ; ; ! 1 L | ~40
0.6} R S e i 4/°rm5
0.4 r.eal_._d_a_t.a .............. T SN o .
0 gF —— S _I_mu_l_amn _________ TR T 1_3__5@_\/__

s 59, 3keV ofW o -
0:4 T S -JJP“# *1-“" i

i e e 20— T4 60
reconstructed energy [keV]

* Energy resolution for >’Co (122keV, y-rays)
— 4% rms

* High p.e.vyield: 14.711.2 pe/keV
< 2.2pe for XENON100



Vertex reconstruction

Reconstructed position
Real Data | Simulation

10°
& T L !

"~

E L T I
9O, I f— |""-.:,. AAAAAAAAA
N . 1

e Position Resolution for
>’Co (122keV v rays)

— 1.4 cm rms (Ocm: center)
1 cm rms (£20cm)

o X

300 Haw
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Measured Spectrum (Whole Volume)
Unexpected backgrounds
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 We anticipated that
the most
backgrounds come
from PMT v
(Measured by Ge
detector)

(shown by

vellow]

e But we found

unexpected BG
which dominates

below 100~200 keV.
20



Measured Spectrum (Whole Volume)
Unexpected backgrounds
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e Suspected detector
parts were examined
again, and found

Aluminum sealing used

for the PMT between

qguarts window and

metal body contains
238 and %1%Pb

210ph on surface

Aluminum Seal

Y. Suzuki@CRC_Town_Meeting in B L X



entries/day/keV/kg entries/day/keV/kg

entries/day/keV/kg

Measured Spectrum (Whole Volume)

| ~5keV

MC: GORE-TEX
Modern C: 7.5%

LXe inside scintillate
0.3mm photon att.

[ [5 10 12 14

16 18

scaled energy[keV]

20
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o il Modern C: 7.5%
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-
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20

scaled energy[keV]

Unexpected backgrounds below 5 keV

GORE-TEX

e GORE-TEX: between PMT and holder
used for a light seal contains 0~6%£3%
of modern carbon

 Understudy

— GORE-TEX might explain

* But parameters ( ex. transparency
of light inside of GORE-TEX) are not
well known

e We will remove GORE-TEX in future
detector refurbishment

 There may be unidentified
sources of BG or something else.

__Town_Meeting in 22



Background estimates

Material Measured Rl and activity Methods of the measurements
PMTs 238U: 0.704 + 0.282 mBq HPGe detector measurement for each
(per PMT) 232Th: 1.51 £0.31 mBq parts and whole PMT

60Co: 292 +0.16 mBq

40K: 9.10 £2.15 mBq
PMT aluminum | 238U-230Th: 1504 Bq HPGe detector measurement.
(2109) 210Pb: 56*23 Bq

232Th: 96 + 18 mBq

235U: ~67 mBq - By calculation
Detector Alpha candidates using FADC data
surface 210Pb: ~40 mBq
GORE-TEX for | 14C: 04+0.2 Bqg 14C: modern carbon measurement.
PMTs (6£3% of modern carbon) 210Pb: Ge measurement.
(1209) 210Pb: 26.5+£11.9 mBq
Internal Rl in 85Kr: <2.7 ppt 85Kr : API-MS measurement
xenon 214Pb: 71 mBq 214Pb : ~222Rn concentration in detector
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Internal BG (Rn)

222Rn: Identify 214Bi 2 214Po - 21%Pb decays
— 214 Po decays with 164 us half life
— P and a coincidence
— 8.2+0.5mBqg in the inner volume Fitting with

)y 1stevent (214Bi ) | 80
5 2“deven}(”4Pocn 70

H H H H H H 60 |
) ST S s e
40 ....... ........ ,,,,,,,
g B I 015 T P A s s o
20F - ....... _ ....... ........ _ ....... ........ _ 4444444 20 N\ _ """"" _ """"" ' vvvvvvv
SPY N e 11 L S W SO O .1 O O

0 10 20 40 50 60 70 80 90100 oﬂ

| an expected
| decay curve

Entries

40F - ....... A T N ........ .......

: Tail:due to

100 500 1000
total number of PEs x103 Time difference (us)

220Rn: |dentify 22°Rn =2 21%Po = 212Pb decays
— 216pg decays with 0.14sec half life

— two a’s with short coincidence
— Upper limit <0.28mBg (90%C.L.)

24
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current(pA) | Kr < 2.7ppt, goal: 2ppt

100

10

2012/0722

85Kr

[ Xe sample

Kr calibration gas

/ (0.230.05) ppb

ngh purity

7100 200 300 400 500
time(sec)
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Summary (Measured spectrum)

* Around 5 keV region, we have more than 2
orders of magnitude larger BG from PMT Al seal
and 210Pb surface BG although we understand
those backgrounds above 5 keV.

— They are all surface BG, but there is a reconstruction
tail into the fiducial volume.

e Below 5 keV

— There may be a contribution from 14C contaminated
in GORE-TEX, but not proved yet

— There may be unknown BGs or others
* No problem for the internal backgrounds



Summary (Measured spectrum)

* Our BG level (whole volume) is still ‘low’ even
with the unexpected surface backgrounds.

E. Aprile, 2010 Princeton
PRELIMINARY RUNO7
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Physics analysis
(sensitivity study)

Different analysis volumes and thresholds Light WIMPs & ALP:

. Low threshold
* Whole Volume Analysis f—————

BG less important

(Large BG, Large target mass of 835 kg, low
energy threshold, no reconstruction)

 ArXiv. 1109.0702
| pummm CRESST 1o

1) 4 hit threshold analysis
* Low mass region search

2) 2keVee threshold analysis

—
1 ol
b— W

—
o
7

| ==y CRESST 2
— CRESST 2009
=« EDELWEISS-II

= CDMS-II
== XENON100

DAMA
CoGeNT

DAMA chan.

—
Bl

e Check DAMA modulation

3) Axion DM (super-WIMPs)

o)
£
c
2
=
13}
@
»
»
173
4
S 10
c
o
2
o
=
<
o
=

4) Solar Axions

* Fiducial Volume analysis

1) Standard WIMPs search (> 5 ke

* Event reconstruction/reduction program
Standard WIMPs:

Prefer heavy mass

2012/0722 Low BG
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Whole Volume Analysis
with lowest threshold

 The lower the threshold, the higher the
sensitivity for low mass WIMPs

* Even with the current high BG level, we have
similar sensitivity for other running
experiments

 Most backgrounds in the low energy side
come from the Cherenkov events from 4°K
decay in the photo cathodes.



Whole Volume Analysis
with lowest threshold

We took the data with 4 hits threshold and
analyze the events above > 0.3 keVee for entire volume

. g 106E Tttt o
6.75 days in Feb 3 i oas ST SN
 Clean up 1: time difference to hd:
the previous/next events > 10tk (
10ms f
* Clean up 2: RMS of the hit 10"
timing < 100ns (rejection of QZH"
after pulses of PMTs) 8,
e Cut: Cherenkov rejection 10
— 40K decay in photo cathodes i
to create Cherenkov in the s
window of PMT _15
— Most BG in this energy regiion 100702 04 06 08 1 12 14 16 1.8 2

energy [keVee]
2012/0722 Y. Suzuki@CRC_Town_Meeting in 30



Counts /day/kg/keVee

=
URRES|

o©
o

0.01 |

0.001 '

0 0‘.5 i 1I.5 2
Observed Energy (keV)

Trigger threshold and
Expected DM signal

* Trigger efficiency (4 hits)
— For 7 GeV DM
— 30% @0.25 keV
— 50% @0.30 keV

Expected DM signal
* w/ trigger efficiency
* Before any cuts

e Poison distribution for
energy resolution



Cherenkov cut

TheadZ0ras

e “head to total ratio”

= (# of hits in 20ns window)
/ (total # of hits)

e Cherenkov event: ~1
scintillation: ~ 0.5

" * Low energy events

40

60 80 100 120 140 160 180 200

nPEtot observed in Fe55

0.8 r

0.6

efficiency

04 |7

0.2 r

0

Thead20res<06 —— calibration source and DM
simulation (t=25ns) show
similar distributions

e Efficiency ranges from 40%
to 70% depending on the
p.e. range.

0

201_, . __

2

4 6 8 10
XMASS observed energy[keVee]
Y. Suzuki@CKC_Town_Meeting in
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counts/day/kg/keVee

Extraction of the limit

| l 12GeV 0 ;=3.05x10%cm?

T T
6.64 days x 835 kg (5545.6 kgedays) e
18GeV 0% ;=1.57x10%cm?

7GeV 0% ;=4.76x10*cm?

L1

{
i*ll *
:
i ”“4 *””
' {*Ii*l*'t

0.5 1 15 2

XMASS observed energylkeVee]

Compare Dark Matter
MC to the data above
the analysis thresholds

Obtain the maximum
cross section (upper
limits) of the spectrum
not to exceed the
observed data points.

Then, statistical and
systematic errors are
assigned



Results on low mass dark matter

10-39 i

* Theline (90% lower bound)

includes all the systematic
errors except Leff .

e Leff uncertainty band is -
shown separately. 104 |

* Current XMASS is sensitive
to the allowed regions of

cm2

104 |
DAMA/COGENT/CRESST - DAMA*ii /o hanhoting
DAM. Na w/ ci anneling
« Some part of the allowed '  CRESST-
: 109 CDMS-Il ——
regions are excluded. _ COMS-11 2011
EDELWEISS-II 2012 —
 We expect to reduce - Lo unceriainy mm—
backgrounds further soon 104 v ——
5 6 7 8 9 10 12 14 16 18 20
GeV
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Leff

EeelkeVeel

0.8

0.6

04

0.2

0.2
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0.05

0.3keVee

Center Lo

Center L

10
ENR[keVm]

100

10

Most systematics
(Leff)

~ PRL107 107,131202(2011)

X Bemabei 200
A Akimov 2002
v Aprle 2003

O Chepel 2006

025 ® Apnle 2009
= & Manzur 2010
2 0205w Piane 2011
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Energy [keVnr]

FIG. 1: All direct measurements of L.g [12, 13] described by
a Gaussian distribution to obtain the mean (solid line) and
the uncertainty band (1o and 20). Below 3keV,; the trend
is logarithmically extrapolated to Leg = 0 at 1keV,,.

1_Meeting in B L X
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Annual modulation

In a few keVee region
including 2 to 6 keVee

Same event reduction for low
energy whole volume analysis

Use most of the available data
from commissioning runs: 165
days

Energy scale based on 57Co
data (+3% at most)

Data sets in 11 periods

Scale factor re-adjustment by
60Co in each periods (0.1 ~ 0.6
%)

Count number of events

14.8

146}

pe/keV

142}

140H
b

not used (high/tow pres. runs)

e

Y
/

0

50

100 150 200 250 300 350 400 _ 450

Elapsed days



2-6 keVee

21__ S

¥/ ndf 222179
Pl 1.124e+10+1.326€+10

2.09 :_ ..... + .............
208 i ........ + ....... .
2.07 T "

2.05 :_ T

Mar
2012/ 0722

PRI B PR IS S S S S
200 300 400 500

Sep Mar

* DAMA modulation
— Parameters: A=0.0098,
365 days, peak=159.2
days, 2-6 keVee
* Good test for
electron/gamma
events
o XZ
— 22.2 for flat

— 31.6 for ‘'DAMA
moduration’
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Xe << Na

QF(Na)~0.25, Leff(Xe)~0.15

2~6keVee(Na) =» 8~24 keV, =» 1~4keVee(Xe)
— but 1/30 sensitivity € recoil shape, A?

v?: 10.8 for flat, 23.8 for a modulation

1-4 keVee(Xe) < 2-6 keVee (Na)

,,,,, 9303010, )T [n—
Cls | 0021?403113 - | it nh- I e R

e e - s "1-35'+'0'002~3-36 ------
2 A . 1692+...0... E S — i -

® L 2130£0002456 =0

............................................................

TTT]TT Il:l Bl
i
=

» 2~6 keVee (1) = 3.5~13 keV keVee(Xe): understudy
2012/0722 Y. Suzuki@CRC_Town_Meeting in
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DM Axions

* Event Rate for the axion dark matter (through axio-electric effect)
Rlkg~'d ' =12 x 10" A7 g2 maope

* 8....strength of the coupling constant, m_: axion mass in keV,

O,.: photo-electric cross section in barns/atom

(ev/kg/day)

event r_qte
o

10

10

2012/0722

Xe M edge
Ge \;\

-1

Ge L edge

g,.. = 1X1020

calculation see PRL 101, 251301 (2008)

1 enerngeV)

4.5 -

) ||||“ Obtain absolute rate limits
3.5
K
3 |||
25 m IOblsc?rved spectrum
| |
2 ’Imﬁ“ WHWMMll"i""wﬂhf"uml‘hﬂﬂ'iﬂuh|
i H}Mhlllllw*l'h"iﬂmi
1 Expected spectrum
for m_=3keV
0.5
0O 2 4 6 8 10
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DM Axions

 XMASS results have similar sensitivity to the current
experiments.

* The fitting the signal with backgrounds above 5 keV,
where we know the background very well, will
increase the sensitivity by factor of 5 (in future)

-9
10 ¢ ' ’ -
DAMA allowed
-10 XMASS
010 CoGeNT 2011
Q e, CDMS 2009
(] -11 O S
Qo 10 i
2 NS - “---1 XMASS fitting result
L >5keV
a Preliminary (sensitivity study)
10 I S N T S O N O I B S N N N
1 axion mass (keV3O
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Solar Axions

* Production: Various mechanism

1.

2.

3.

Bremsstrahlung and Compton
scattering (gaej

Primakoff effect (gaW)

Nuclear de-excitation (57Fe) (g.y)
Line signal @14.4 keV

 Observation through axio electric

effect (g,..)

2012/0722

a_ J
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Solar Axions (gaee)

* Limits from absolute maximum: g__. = 4.5x10!
* Allowed mass for particular models:

< 200 eV for KSVZ Originalﬁgurg from ArXiv: 120'6.4142'v/2
> V) A\l £~ NCQC7 1 4 \ iI J{
S 4L CEV IV Voo ey, on
4.5 10°4 - o
\\ \ ;/ Y, |

ot
o

107 XMASS \ f 1] Derbin

event rate /kg/keV/day
N

a1 a0

3 Data ’ 4 5X10 \ ’/./ ’éi \_‘\'// /,
2.5 - / Y o

Ml t-present )0 =N L CoGeNT

2 MI | N.WW WM”I 1 0-9 l work / \ . .’;

s | 7
Ny VAN i
1 Axion signal (MCS‘“'W!MMW,I\ 3 = + /-’g‘--: XMASS

8.0 = 4.5x1011

0.5

/o152 1877 | By DM Axion

0 2 4 6 8 10 12
obs energy (V) Solar I|m|t

2.8 X101

10'2 10° 10? 10* 10°

2012/0722 Y. Suzuki@CRC_Town_Meeting in W €V 42



Solar Axion (Primakoff: g,,.® 8,ce)

* Black body spectrum with ~ 4 keV peak
* 8oy ® Baee < 1.1x10°12

»
o

| :
lk gagg x gaee <1.1e-19

| Iﬂ

\

«
o

event rate /kg/keV/day
N

w

25
J

2 WﬂwH | WM'WW

5 "N,

' “H"'\..Mymﬁ\

0.5 !

% 2 4 & 8 10 12 14
2012/0722 obs energy (keV)
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2012/0722 °

Solar Axion
(Nuclear de-excitation: g, & g...)

Axion emission through M1 transition
level instead of y

The low energy excited state is highly
populated due to the temperature of the
sun

57Fe is the best candidate of the source
of axions.

§4.5
g l Non linear energy
2 ¢ response causes the
§ 35 I‘ shift of the energy of
g 3 the 14.4 keV signal
2.5
2| I
1.5
1 L |
0.5 i

|
10 15 30

obs

20 25

f\/
Q¥ 271.79d
AN =2
S 57 =
toyéb&;'? 27C0
S VO Y v
NOET J Q..=836.0
SAND IS ECT
VOIS
SISO 6,00 &
41ps 32 SOV ANV o 706.416 _0.183% 7.7
IV r‘:‘/v »\“Q/
e JAA S WON
SN
10.5 ps 3/2- SIS A 366.759
S W
g ~
87ns 52 SE o 1364745 _998% 6.4
98 1 ne 3/2=: T=5/2 IIQ; ~14.41300
A S T
stable 1/2—: T=5/2 57 v 0
gFe

1L ¥

0

|gANOI3+gAN3|
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o
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axion-like parameter limit for m = 0eV
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Derbin 7Fe 2
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Fiducial Volume Analysis

We are still developing the software 79.6 days
to reduce backgrounds further __ 0.004 |
Today: intermediate report % 0'00882 ~ R<39cm (751kg)
— Eobs > 5 keV % 0_().025 ‘ 3 ‘
— Reconstruction of the energyand < 0.002
vertex position S 0.0015
— Fid. Volume cut 39 cm (751 kg) ? 000'88;
— Topological pattern cut = 0
Total efficiency at 5 keV: 14% 0 2 4 6 8 10 12 14 16 18
Background level 1.8 x 103 dru Scaled energy [keVee]
(events/ day/ kg /keV)@ 5 keV
~ 100 times larger than originally 5
designed ~
— Software to reduce backgrounds %
further g
— Signal + backgrounds fit L
— Removal of the origin of the _ _
backgrounds =» refurbishment 0 2 4 6 8 10 12 14 16 18

Scaled energy [keVee]



Summary (Analysis)

We have obtained similar sensitivities to the other current
experiments in the following analysis:

— Low mass dark matter search
— Annual variations

— Axion dark matter

— Solar axions

Even with the situation more than two orders of magnitude
higher backgrounds than we anticipated.

This is due to, large total mass, Low threshold, sensitive to the
electro-magnetic events as well as nuclear recoils

But fiducial analysis: two orders worse
So the results :: encouraging? or discouraging ?

In anyway we will reduce those backgrounds physically in next
several months and we can expect one to two orders of magnitude
improvements.



Refurbishment

e PMT Al-seal
— Difficult to remove

— Installation of Cu ring around
the PMT quartz window

* Place a Cu-cover on the gap
* Remove GORE-TEX

e Clean up surface

e Dis-assemble of the detector
will start in September

201 2/ 0722 Y. Suzuki@CRC_Town_Meeting in B L X
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Improvements
by refurbishment

* Expected background reduction
— Cu-ring and Cu-cover over the Al-

seal

e ~1/100 reduction above > 5 keV

— Remove GORETEX

e ~1/100 reduction < a
few keV

— Reduce surface 210Pb

* ~1/100 reduction above
> 5 keV

File Edit View Options Tools

e P
Lol O
25
File Edit View thion\ols
N
‘J,_r"'"‘".-*‘ '""""'w‘L_rH—#M 41_‘11'.11-
102 JE
aal o l
A L S B
Y i
+
10 Froens b b s
1 i aan 3 6 ffff-l:“::ff -J 55 gt B F]
0 20
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XMASS 1.5

N
73 /3 5888 ¢55 4.8,
AWERHE 650 4dmin.

e Total mass: 5 tons

| R ST
31v¥1d30v4

G 0¥8

e Fiducial mass: 1 ton [

€ 100kg
e Backgrounds

G 0¥G Gp

[

J00H1¥I-0LOHd

— No dirty aluminum i i
— No GORETEX ; 5 -
— Less surface 219Pb -

* Identification of the : g531381

Surface BG new round

shape windows of
PMT

]

]
T H
=

748

$54 841

W3ILS 39NL VL3N
IVLIN (v [0 cs|©)
3 \ r
G 0F00 |
XWi6
S X3pyi}
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PMT for XMASS1.5
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 Expect 10 dru

 Sensitivity sq; < 1046 cm? (>
5 keV)

 Low threshold analysis
could reach a few x 1042
cm? around a few GeV
region

e ALP search: two orders
better than the current
experiments (DM axions,
Solar axions

10

: 2 .
Cross-section [cm~] (normalised to nucleon)
ot
o

[Bremsstrahlung and

Compton])

2012/0722
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Sensitivity for XMASS1.5

"1 http://dmtools brown edu/
Gaitskell Mandic Filipping

we e e annual: 1yr |
rate: lyr

oSl

107 10
WIMP Mass [GeV/c’]
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XMASS-I

Time schedule

[irv2012  |urv2013  [irv2014  |irv201s  |uFv2016

refurbishment iy

XMASS-I
Physics run

XMASS-1.5

Design, R&D
construction

Physics run

XENON1t

2012/0722

M

: . Gl

ﬁ

commissioning
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FHE (BEER)
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