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MAX - Multi-ton Argon & Xenon

MAX Collaboration = DarkSide + XENON
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MAX G3 Detector (at DUSEL)
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Roadmap to MAX
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(SI) WIMP Energy Spectrum for LXe
(Cross Section = 10-4°cm?)

(SI) WIMP Recoil Energy Spectrum for LXe (6 = 10™"°cm?)

. Evellz rate ﬂkgldaxlkean
2 2 2 % =

-
o
&

10°°

107°

ps

a

I IIIIIII| [ IIIIIII| [ IIIIIII| I IIIIIII|

Xenon

(,
&

50 GeV

IlI|III|IIIIIllllllllIlllllllllllllllll

— M =20 GeV
— 50 GeV
— 100 GeV
— 200 GeV
— 500 GeV
1000 GeV

0

20

40

60

80

100

120

140

160 180 200

E, (keVr)

2/24/12

Katsushi Arisaka, UCLA




(SI) WIMP Energy Spectrum for LAr
(Cross Section = 10-4°cm?)

(S1) WIMP Recoil Energy Spectrum for LAr (c = 10'45cm2)
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1- o Error of WIMP Mass vs SI Cross Section
(10 ton*year Xe and 50 ton*year Ar)

1-c Error of WIMP Mass and Sl Cross Section
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1- o Error of WIMP Mass vs SI Cross Section
(10 ton*year Xe and 50 ton*year Ar)

1-c Error of WIMP Mass and Sl Cross Section
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1- o Error of WIMP Mass vs SI Cross Section
(10 ton*year Xe and 50 ton*year Ar)

1-c Error of WIMP Mass and Sl Cross Section
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1- o Error of WIMP Mass vs SI Cross Section

(10 ton*year Xe and 50 ton*year Ar)

1-c Error of WIMP Mass and Sl Cross Section

< 1048 - Y
g B 1@ ton*year Xenon /
p- |
o — 56 ton*year Argon
o= _ * * Xenon
b (5.6 events)
o
0
7)) -
2 —~—
O
1047 | /
_ Argon
- (4.2 events)
- 100 GeV
10-48 | I I oo | l l l [ T R
3
10 10° Mass (Ge\w
2/24/12 Katsushi Arisaka, UCLA 13



(SI) WIMP Energy Spectrum for LXe
(Cross Section = 10-45cm?)

(S1) WIMP Recoil Energy Spectrum for LXe (o = 10*°cm?)
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(SI) WIMP Energy Spectrum for LAr
(Cross Section = 10-4°cm?)

(S1) WIMP Recoil Energy Spectrum for LAr (c = 10'45cm2)
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+1 o Error of Annual Modulation Amplitude vs WIMP Mass
(10 ton*year Xe and 50 ton*year Ar, Cross Section = 10-4°cm?)

1-Sigma Error of Annual Modulation Amplitude vs WIMP Mass (c = 1E-45cm?)
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+1 o Error of Annual Modulation Amplitude vs WIMP Mass
(10 ton*year Xe and 50 ton*year Ar, Cross Section = 10-4‘cm?)

1-Sigma Error of Annual Modulation Amplitude vs WIMP Mass (c = 1E-44cm?)
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+1 o Error of Annual Modulation Amplitude for various WIMP velocities
(50 ton*year Ar, Cross Section = 10-4‘cm?)

1-Sigma Error of Annual Modulation Amplitude vs WIMP Mass (50 ton*year Argon, ¢ = 10*cm?)
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Technological Challenges

> External Backgrounds
* Deep underground

= > 5 m water shielding — Water Tank (15 m)
> Detector Materials

= Photon Detectors - QUPID

= Cryostat — Titanium

= QOthers — Copper, PTFE...

> Purity of Liquid Xe/Ar
= Radon (<0.3 mBq/ton)

= 3%Ar  (>100 depletion) — Depleted Ar

n 35K (< 0.2 ppt in Xe) -1 event /10 ton-year
> Physics Backgrounds in Xe

= pp-chain solar neutrinos —1 event / 10 ton-year

= 2v Double beta decays from %6Xe -1 event/ 10 ton-year

> Neutron Active Veto
= Boron doped Liquid Scintillator
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QUPID (QUartz Photon Intensifying Detector)

Photo Cathode arXiv:1103.3689
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Comparison of Low-radioactive
Photon Detectors from Hamamatsu

R8520 R8778 QUPID
1inch 2inch /) / 3 inch

<0.3 mBq

~1 mBq




QE of two types of QUPID
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1, 2 and 3 PE Distribution with 2 m cable
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7 QUPID with Holder

esied both Xe.and Ar at UCLA
; Ready for DarkSide 10




Xe 10 ton Neutron Background

100 Years arXiv:1107.1295
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Ar 50 ton Nle()u()tvgall?sckgl‘OU“d arXiv:1107.1295
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XAX (Xenon-Argon-Xenon)

WIMP (Spin even) WIMP (Spin odd)

arXiv:0808.3968

Double Beta Decay pp Solar Neutrino WINP (Spin even)
1291131Y o WOAr
12 ton 70 ton
(§ton) (50 ton)
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136Xe Double Beta Decay and Gamma Background
(1 mBqg / QUPID, 2m Xenon Detector)

o
[

=10 T e Solar v B8
= — — (v decay(t=10%yr)
"i - e ey e 2v decay(t=10""yr)
© - All Volume
5 0Ocm 10cm Cut
;10‘4 = T L e 20cm Cut
® £ .2vDBD(2x16 i
X £V ( X YI'S) #F Sy 0 | eceee- 40cm Cut
- — *\\\ 10 em —— 50cm Cut
n - .
£10°
]
>
(L
10%5 | AL RN T
I
107 i
10°
AL b
1 9 ¥ 1 T T N ! I : :1 Ly 21 |
%000 2200 2400 2600 2800 3000

Energy (keVee)

2/24/12 Katsushi Arisaka, UCLA



Double Beta Decay Experiments
with 0.1 mBqg QUPID
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MAX G3 Detector (at DUSEL)
Xe 20 ton (10 ton) QAr 70 ton (50 ton)
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MAX G3 Detector (at DUSEL)

MAX Layout In
Homestake 4850ft

40 Ar

Xe
20 ton 70 ton
50 ton
(10 ton) ( )
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Schedule at DUSEL Kevin Lesko

Year FY11 FY12 FY13 FY14 FY15 FY16 FY17 FY18 FY19 FY20 FY21 FY22

(Upgrades?
Generation-2
R&D and Prototypes

Construction Lab Module 4850L
Generation-3

Dark Matter Davis Campus

R&D Efforts

MJD Electroforming [Temporary Clean Room
Majorana Demonstrator Davis Campus

LBNE (possible timeline)
CD - Approvals CD1

CD2/3a
CD3
Construction

LBNE
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Xe

S|
Ar

Xe

Ar

SD

US Dark Matter Programs

2010 11 12 13 14 15 16 17 18 19 20
} | | } } } | i | }
SuperCDMS Soudan
15kg  1.5x10™ g ;hercDMS SNOLab 3x10°
100kg GEODM $93M 2x1047
1.5T

Xenon100 LNGS 2x10%

160kg-total ¥ XenoniTINGS  2x10%7 $119M
30-50kg fid : MAX 1x10%
8 2.5t-total, 1.5t fid
DarkSide  1x10%5 N DAr 20T fid Xe 6T total
50kg fid
: Xe (10T) + Ar (50T)
LUX 350 8x1046
LZS 1.5T fid 2x1047
->  $96M 1x104°
MiniCLEAN 2%x1045 LZD Xe — 20t
)
150kg fid 1x10‘4‘1) $83M 1x10%7
DEAP 3600kg CLEAN 50T
WARP 140
5x104°
COUPP COUPP 500k
PP 4 2 ®  COUPP-16t $66M  1x10% SD
4kg 1038-10 60kg 1x10‘)48 S|
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Conclusions

> MAX
=10 Ton Xe + 50 Ton Ar at DUSEL

= Joint efforts by XENON and DarkSide
collaborations (currently at LNGS towards G2)

> Science cases
= Sensitivity down to 10-*¢ cm?
= Precision measurements if > 1046 cm?

= Possibility to combine with Ov Double Beta
Decays > XAX
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