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The Physics of MAX

® Discovery potential
e Confirmation in twin target

e Confirmation of A’ dependence of
Cross section

® Measurement of the mass of the
WIMP by comparison of recoil spectra
In different targets

® Indication on spin-dependent or spin-
Independent nature of interactions
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NODIC LIJUIU
Detectors

e Excellent scintillation and lonization detectors.
« 40 photons/keV (Ar), 46 photons/keV (Xe)

e Con: photons are in UV:
e 128 nm (Ar), 175 nm (Xe)

e Excellent ionization detectors.
e 40 electrons/keV (Ar), 64 electrons/keV (Xe)
e Electrons not self captured: long drift distance!

e Photons and electrons not self-absorbed.

e Large multi-ton detectors possible and “cheap”

e Background discrimination possible
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NODICT LIGUIU

® Single-Pst@EcemglEagoI:\S

e XMASS - Xe (Japan, Kamioka)
* DEAP/CLEAN - Ar/Ne (US/Canada, SNOLab)

® Two-Phase Liquid and Gas: Scintillation
AND lonization

* ZEPLIN - Xe (UK/US, Boulby)
* LUX -Xe (US, Sanford Lab)
* ARDM - Ar (Switzerland/Spain/UK, Canfranc)
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Discrimination 1n Xenon

reduces the background from construction
and external materials in the fiducial region

Is strongly dependent
upon recombination of ionizing tracks, which in turn
depends on ionization density

e Rejection ~ 102-10°

e 1I-5mmx-y, 1 mmz

e Additional rejection for multiple neutron recoils and vy
background



Discrimination in Argon

based on the very large difference
in decay times between singlet (= 7 ns) and triplet
(1.6 pus) components of the emitted UV light
® Minimum ionizing: triplet/singlet ~ 3/1
® Nuclear recoils: triplet/singlet ~ 1/3



FIrst Iwo Discrimination

h T
(B) Argon recoil

' S1

Amplitude (Photoel.)
Amplitude (Photoel

» Drift time

-
[
kS
2
L
O
k)
2
s
S
<

secondary (52)
* the rising time of the S1 signal

Minimum ionizing particles: high S2/S1 ratio (~100) and
by slow S1 signal
Ar recoils: low (=10) S2/S1 ratio and fast
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piscovery ofr
underground reservolr
of argon with low level

of 3°Ar

Discovery of underground argon with low level of radioactive *"Ar
and possible applications to WIMP dark matter detectors

D. Acosta-Kane,'! R. Acciarri,? O. Amaize,! M. Antonello,” B. Baibussinov,” M. Baldo Ceolin,* C.J. Ballentine,*
R. Bansal,” L. Basgall,® A. Bazarko,” P. Benetti,® J. Benziger,” A. Burgers,! F. Calaprice,’ E. Calligarich,®
M. Cambiaghi,® N. Canci,? F. Carbonara,'” M. Cassidy,'* F. Cavanna,? S. Centro,* A. Chavarria,' D. Cheng,*
A. G. Cocco,'” P. Collon,*? F. Dalnoki-Veress,! E. de Haas,' F. Di Pompeo,? G. Fiorillo,!? F. Fitch,'® V. Gallo,"
C. Galbiati,'* M. Gaull,! S. Gazzana,'* L. Grandi,'* A. Goretti,’ R. Highfill.® T. Highfill,® T. Hohman,'
Al Ianni,'* An. Ianni,' A. LaCava,'® M. Laubenstein,'* H.Y. Lee,'® M. Leung,' B. Loer,! H. H. Loosli,'”

B. Lyons,' D. Marks,! K. McCarty,! G. Meng,* C. Montanari,® S. Mukhopadhyay,'® A. Nelson,! O. Palamara,'*
L. Pandola,'* R.C. Pardo,'® F. Pietropaolo,? T. Pivonka,® A. Pocar,'” R. Purtschert,'”>7 A. Rappoldi,®
G. Raselli,® K.E. Rehm,'® F. Resnati,?’ D. Robertson,'? M. Roncadelli,® M. Rossella,® C. Rubbia,'*

J. Ruderman,' R. Saldanha,' C. Schmitt,*® R. Scott,'® E. Segreto,'* A. Shirley,?! A.M. Szelc,**:?

R. Tartaglia,'* T. Tesileanu,! S. Ventura,® C. Vignoli,® C. Visnjic,! R. Vondrasek,'® and A. Yushkov!?

) ' Department of Physics, Princeton University, Princeton, NJ 08544, USA
“INFN and Dipartimento di Fisica, University of L'Aquila, L’Aquila 67100, Italy
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vwWwny IS
underground
.argon desjraple?

produc y COSMIC rays in
atmosphere

 beta decays, Q =565 keV, t;,, = 269 years

® In atmospheric argon:
e 33Ar/Ar ratio 8x10-1°

specific activity 1 Bg/kqg

® Limits size (and sensitivity) of argon detectors
to 500-1000 kg due to 3°Ar events pile-up
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QUartz Photon Intensifying

Detector
US Patent (No. 53
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Extremely low radioactivity:
< 0.1 neutron / year | | |
<< 10 times lower than conventional low radioactive PMTSs.



New 3” QUPID (Production Version)




Spectrum of QUPIDs and Background
(4 QUPIDs x 1 month data)
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Slide courtesy of Hanguo Wang, UCLA



Summary of QUPID

> Extremely low radioactivity: < 1 mBq
* < 0.1 neutron / year

. I§I\</I'I:'lo times Iower than conventional low radioactive
S

> Large diameter: 3 inch
*= 6 inch is also under investigation.

> Special Photocathode: Bialkali LT
* >30% QE at 170 - 450 nm

. !_8)\,\, resistivity even at Liquid Ar temperature (- 185

> True photon counting.
I|ithotoelectron peaks clearly visible.
" 100% collection efficiency.

> Simple HV supply (?).
* Common HV (-6 kV) for all QUPIDs
* Resister chain not necessary

> The first successful operation in Liquid Xenon at
UCLA!

Slide courtesy of Hanguo Wang, UCLA



Standard Detector
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SCreching ir uc
Detectors

* We anticipate the need of use, starting in
2015 and going through 2020, of one Ge
detector, with sensitivity of ~10 uBqg/kg, for
screening and qualification of materials.
We expect that MAX will keep busy one of
such a detector almost continuously.

* We strongly recommend the early
development and procurement of a set of
high sensitivity Germanium counters at
DUSEL as part of the FAARM program.
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Radon Counting

« We anticipate the need of a dedicated underground Rn counter,
able to measure Rn concentration in the air of the assembly
clean room with a sensitivity of 1 mBg/m3. We anticipate that
the duty cycle for the use of such Rn counter will be almost
continuous, starting in 2017 and going through the entire
duration of the experiment.

« We anticipate the need of a high-sensitivity Rn counter capable
of performing dedicated measurements of Rn in pure gases (Ar,
N,, and Xe) with a sensitivity of 1 yBg/ms3.

« We anticipate the need of performing Rn emanation
measurements with a sensitivity of 1-10 decays/day or better.
We recommend development of low-background chambers for
Rn emanation studies of adequate size (1 m x 1 m x 0.5 m).
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SCrecrirng 01 NOIrI-
Radioactive Impurities

o BN OISR S

Ievel. A dedicated CRDS system is being
developed in the BHSU campus by MAX

collaborators and should be available starting
2015.

* We anticipate the need of measuring Kr
contamination in noble (Ar and Xe) and non-
noble (N,) gases with sensitivities of 0.1 ppt or

better. We also anticipate the need of
measuring Ar contamination in Xe and N, gases

with sensitivities of 0.1 ppb or better.
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SQCrecrhing ol
Radioactive Impurities
IN Noble Gases

* We anticipate the need of screening
of radioactive contaminants in noble
(Ar and Xe) and non-noble gases (N,)

at the level of sub-uBg/m?d.
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Alpha Screening

* We anticipate the need of measuring a
contaminations of surfaces of up to 0.25 m?
(0.5 m x 0.5 m) with a sensitivity of 10
events/(m?-d).
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vLner screcriing
Facilities

 We anticipate the need of performing
ICPMS analysis at DUSEL. At present, it is
difficult to estimate the duty cycle for
occupancy of the ICPMS station. We
strongly recommend procurement of one
ICPMS station.
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