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The Noble Liquid Revolution

Naoble liquids are relatively inexpensive, easy to obtain, and dense.

Easily purified
- low reactivity
- impurities freeze out
- low surface binding
- purification easiest for lighter noble liquids

lonization electrons may be drifted through the heavier noble liquids

Very high scintillation yields
- noble liquids do not absorb their own scintillation
- 30.000 to 40.000 photons/MeV
- modest quenching factors for nuclear recails
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Fasv construction of larae homoaeneous detectors




Liquified Noble Gases: Basic Properties
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Background reduction through self-shielding and position resolution

-
N S
i, | i
ke -~
i,
: - W -
4 v = = o & e
= S - II.H.-‘
— - e -'"1-"‘;"
= iy -
= - - 'd.'-.1'..
B - - = -
i - - - = - -
s 60 cm dameer
c e Bd om dam
* 120 cm diamets
. - s | ‘i |
Enerc B
- —-n =
- BCAM M _.:I‘ i S AT oarm
= Bl L SN = h L=l B

V aximum | kelihood zlgorithm

ncorporates scatterning wavelength shiftes

11090087

- r s el T T Page 4/4
JLLOdRIEY 2lld L N I-,IlL JN5EY g

Ecaarnnarncle Phwarce 25 355 (2005



11090087

WIMP direct detection: two phase Xe

Top PMT Array

Gamma

Drift time

~ Bottom PMT Array
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New Leff results from Columbia group and ZEPLIN-III collaboration

Consensus emerging: Leff drops at lower energies
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LUX Detector
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LUX Detector

Water Tank Titanium Cans

=N Thermosyphon
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Top PMT Array
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Teflon Reflector
Panels

Detectnf" Stand
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Trickery: Xe self shielding

PMT gammas PMTs are dominant background source

e — __ﬁ
Self-shiedding in liquid Xe TRC
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Sanford Lab Surface Facility




LUX Program Timeline

LUX Surface Run LUX DM Search Run
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LUX dark matter sensitivity
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Why helium?
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LUX dark matter sensitivity
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Why helium?
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LUX dark matter sensitivity
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Why helium?

+ Kinematic matching with \t dark matter candidates
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Superfluid helium as a detector material

Jsed to produce, store. and detect ultraccld neutrans. Detection based on
scintillation light (S1

— Measurement of neutron lifetime: P.R. Huffman et a. Nature 403. 62-64 (2000).

.-".I'

— Search for the neutron electric dipole moment: R. Geolub and S.K. Lamoreaux
2hys. Rep. 237. 1-62 (1994).

» Proposed for measurement of pp sc'ar neutrino flux using roton detection
(HERON): HE Lanou. H.J. Maris, and G.M. Seidel, Phys. Rev. Lett. 58, 2498
(1987).

ar

* Proposec for WIMP detaction with superfiuid He-3 at 100 microK (MACHe3): F.
Mayet et al, Jh- Let:. B 538. 257C265 (2002

11090087 Page 21/4




]

"2, molecule G 1 2, Molecule
11090087 e s : radiativaly Agecs Page 22/4
allid : Luclaya adlauVely Uklay s




e -
- -
. o = = —_
i - 29+10 |
(| — e ———— —
- __d_.—F'_d_ e -
- o -
- =
- -
‘: w  — —
S " L
: i L
- - . 2 ~ =
= - e -
= 10 -
L - L
- -
- =
e N -
— L 4 -
T -
E -
- =
- e 1 :: " - =
= o D —
| I | | I |
) - 1 i 1 5 ) ) & ]
11090087 - T - = = - == - Page 23/4




11090087 ¢

Liquid helium for light dark matter detection

Concept: A liquid helium time projection chamber (LHe-TPC)

Advantages of LHe inc:ude good kinematics for light WIMPs,
E‘IETE{‘“EW effective purification, hom ogeneous detector voil
no long-lived isotopes.
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Rich set of signais:

Prompt light (S1)

Drifted electrons (S2)

Triplet helium molecules (S3)

Other signals (S4. S5... from rotons, phonons, quantum turbulence, ...)

For direct dark matter experiments, discrimination is crucial!

S2/S1 should give electron recoil/nuclear recoil discrimination, as in LXe
51/33 should give discrimination as well (like pulse-shape discrimination in LAr)
S2/S3 is also plausible

Discrimination needs to be studied: This is not a mature dark matter technology
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New experimental work at Yale on charge
extraction in superfluid helium
(W. Guo et al, expect paper on arXiv next week)

Helium ¢
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Data from charge extraction measurement

o kV/cm will give 23% ionization extraction at higher LHe temperatures (1-2 K)
(compare to 30-50 kV/cm in n-edm expenment)

Monte Cario results Expermenal daia
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How to detect the charge signal?

Many options:

» Proportional scintillation (like in 2-phase Xe, Ar detectors)

» (Gas Electron Multipliers (GEMs) or Thick GEMS, detect light
oroduced in avalanche.
» Micromegas. detect avalanche light.

» Thin wires in liquid helium. This should generate
electroluminescence at fields ~1-10 MV/cm near wire, and is
xnown to happen in LAr and LXe.

Charge will drift at ~ 1 cm/ms velocities. Slower than LAr/LXe, but pileup
manageable for low background rates.

wosed ) @l cases, use the trick of changing the charge signal into a light signgks. 2
raad nit with the cama nhatodatertare that datact the nremrt Q1 linht




Light WIMP Detector Concept
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Idea: Use 2-photon excitation, 205+ ¢

: 7 2
tluorescence detection to boost
sensitivity to He; melecules
(D. N. McK nsey et al, Y
PRL 95, 111101 (2005))
L o F [

~ S W
Uses: - .

J ¥
- WIMP detection = ’
- ultracold neutrons 5 him —2—
- gamma ray imaging My,
- Turbulence visualization ool """-ﬂ%;_ )

Recent support:
Packard foundation, DTRA
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Pumped He-4 system at Yale,
with opTical access
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[mages of Helium Molecules
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Scattering gamma rays in liquid helium

Cryostat
Laser
511 keV
gamma source
Sodium iodide Camera

detectors
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Scattered vy

(absorbed in

sodium iodide) Energy deposition of 300 keV
-> about 4000 He, molecules.

511 keV ¥

Signal strength of

0.1 photoelectrens/molecule
(given 1% solid angle coverage,
10% quantum efficiency)
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Helium molecule tracking experiments (Guo et al, arXiv:1004.2545)
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W. Guo et al, Phys. Rev. Lett 1035, 045301 (2010).




Capture of He,™ Mo
Lines in Superfluid *

.
~

ecules by Vortex
He at T< 0.2K

.E. Imeev:*, = Pakpour?, PM. Walmsiey?, Al. Golov?, W. Guc®,

=
D.N. McKinsey*-, G.G. |[ras®, W.F. Vinen

> and PV.E. McClintock®

00 ysics a~d Astronamy, The Un Manchas n OPL |
Car L of Physics, Jniversity, New Fan ect 06520
partrent cf Ph ers orid nesville, Flo 2611, USA
) Vs As Ureversity of Birmingham tham B1S 27T
artm Lan Lini 3 LAZ JYB
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Motivation

At the moment there i1s no technique allowing one to visualize quantized vortices In
a supertiuid in the T=0 limit

£ 4
|

e

Our gcal was To see how E":.*-ECUVE‘.«, the exc:mers zre captured dy the vortices.
excimers can inceed be captured, the vorices can be visualized us ng the indu ced

e e il T e e W e

fluorescence technigue proved successful at Yale University.

L)

The He,™ molecules are goce candigztes for the trace particles as they zre sm
and light enough. They are electricallv neutral, optically active, can be easily

L= =

injectec

/isualization of vorticas will facilitate measuremants of vortex cynamics on a wide
range of lengthsczles and the energy spectra of cifferent types of quantum

turbulence.
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Experimental cell
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can be subjected to rotation




Dependence of the signal on angular velocity

The signal can be almost
L - : = . :
entirely suppressed by = slow
rctation 2t 0.2 rad/s
This suggests that the
moleculss are effectively

tr=0ped 2y voruaces
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Pulsed measurements

subtracted (to do this “dummy” pulses were

appled with a low voltage setting on the
detector grid
The oulse length was 30 ms and the pre-zmg
2 3 t"" JW ':'L..:J;:' g ¥
The oottom figure shows s:gnals taxen with
: Uy.=-1000kV at 45 and 200mK with the
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How to detect S3 (helium molecules)?

Again, many oplions
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» Detect with bolometer array immersed in s
molecules travel ballistically to b

- ~ few eV resolution possible
resistance low enougn, anc allow
2 liquid helium.

- Temperature must be < 50 mK to keep Kapitz:
neat signal 10 be extractec before itis lost to t

_-T I;‘I\.I
@

ANICh will moslly be reieased as neai.
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- Zach molecule has ~ 18 eV of internal energy
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e Note that the same bolometer array cou'd also detect S1 and

T




Summary

» New charge-only technique effective for low-mass
WIMPs, will scale up well in future LXe detectors.

» Liquid helium looks promising for light WIMP

searches

— Technology already partially developed for ultracold neutron.
op neutrino, He-3 Kibble-Zurek mechanism projects

— Lots of signals available (prompt light, charge. triplet
molecules, rotons, ...).

— New Yale results on charge separation show that charge
signal may be had with reasonable fields.

— Needs R&D on nuclear recoil signals, charge. and triplet

o molecule detection.
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