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Dark Matter Properties

B No electromagnetic interaction

No strong interaction

Stable

Neutrinos are too hot

Likely weak interaction (WIMPs)

One possiblility is LSP of SUSY
x =aB+ W +yH, +6H,

m |f SUSY is wrong that won't stop galaxies rotating too fast!

B /oo of WIMP candidates - direct searches must be broadband
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Dark Matter Properties

No electromagnetic interaction

No strong interaction

Stable

Neutrinos are too hot

Likely weak interaction (WIMPs)

One possiblility is LSP of SUSY
x =aB+ W +yH, +6H,

If SUSY is wrong that won't stop galaxies rotating too fast!

Z0oo of WIMP candidates - direct searches must be broadband

The existence of Dark Matter points to BSM physics
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Dark Matter Searches

Collider Directly

Production Annihilation Scattering

see M. Gustdffson’s talk on indirect detection with Fermi - 5:30pm tomorrow
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Direct Dark Matter Detection
Signal: XN =>xN’

Backgrounds:
nN=nN’
Yeye’
N=>N+ «, e
VN=>VN

B \Weak elastic scatters

B ~tens of keV nuclear recolls
B Underground operation

B Background rejection
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http://www.deepscience.org/contents/facilities_popup01.shtml

F Isothermal halo
L v=220 km/s, vg=240 km/s,
V=600 km/s, py=0.3 GeV/c?/cm?

My=100 GeV/c?
o, s = 10 pb (105 cm?)
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V. Chepel & H. Araujo ‘Liquid noble gas detectors for low energy particle physics’
arXiv:1207.2292
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Current state of play
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SD WIMP-neutron cross section [cm2]
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Drift time
indicates depth

LS

Particle

——— ionization electrons
NN UV scintillation photons (~175 nm) {mage-by/CH Faham (Brown)
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Particle Discrimination

Light (§1) and charge (S2) depend on recoil dE/dx

C. Ghag
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(neutron, WIMPS)
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XENON 100

A LNGS
A 1OOX Iess bkgd than XENON1O Exposure: 225 days x 34 kg fiducial mass
B 62 kg target (34 kg fiducial) IS S e S S EPE Lo
SRR RN I ARE N
B 99 kg LXe active veto L:wh“ ’*;.i“;'xfgj
A 1" square PMTs =" A —
| : \ "
’ E -
m 225 day WIMP run 2011-2012 B i BT\
W p— :\. s e S = B R s "\‘Gf!‘"‘“”k'; """""""""" .
s imitt 2x107" cm? \\ \
Fidt\JciaI mass region: gigc:r:t;e:ri:::bserved
34 kg of liquid xenon 0.79 + 0.16 gamma leakage events expected

406 events in total 0.17 +0.12-0.7 neutron events expected

(1.0 = 0.2) events expected
2 events observed

- 26.4% probability that background fluctuated to 2 events
— PL analysis cannot reject the background only hypothesis

No significant excess due to a signal seen in XENON100 data.
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Next up!
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/tePLIN Programme

ZEPLIN | ZEPLIN 11 ZEPLIN 111
Single phase, 3 PMTs, 5/3.1 kg Double phase, 7 PMTs, Double phase, 31 PMTs,
Run 2001-04 moderate E field, 31/7.2 kg high E field, 10/6.4 kg
Limit: 1.1*10 pb Run 2005-06 Run 2009-1 |
Limit: 6.6*10°7 pb Limit: 3.9*1 08 pb
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350 kg LXe TPC

Homestake Mine (Davis cavern 4850ft)
122 low bkgd PMTs and Ti cryostat
Sensitivity reach x10 over XENON100
Active water Cerenkov shield

Fully assembled and tested in surface
facility before underground deployment
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Could surpass XENON 100 sensitivity in 2013

Y

18N
v

see H.Araujo’s talk - Wed 9:30am, Track 4
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EDELWEISS-I

Laboratoire Souterrain de Modane

40 cryogenic germanium detectors
Phonon-ionisation for discrimination
5 keV recoll threshold

24 kg fiducial mass

Upgrading to 32 kg Ge in summer 2013
2 year WIMP run to begin by end 2013
Sensitivity of few x10-° pb (depending on

o L

CRESST

backgrounds)

100
M, (GeV)
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DEAP-3600 & miniCLEAN

SNOlab, Canada
Single phase open volume, 4x PMT coverage

No E-field (maximize phe/keVee)

Pulse shape discrimination, ~40 keV thresh.
Active water shield

MiniCLEAN (150 kg fiducial)

construction: 2011-2013, run: 2013-2014
sensitivity: 1E-45 cm?

B DEAP-3600 (1 tonne fiducial)

construction: 2011-2013, run: 2014-2017
sensitivity: 1E-46 cm?

see |.Walding's talk - Wed 9:20am Track 3
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DarkSide-50

Based at LNGS, under construction

Liquid Ar 2-phase TPC

Low background science device (unlike DS-10)
Neutron veto inside Borexino CTF

Used underground (depleted) Ar target

Adopts v. successful Xe technology

PSD + S2/S1 discrimination

3D position reconstruction for surface

background rejection (ala LXeTPCs)

DarkSide-10 decommissioned last month
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XMASS - J1

B Based at Kamioka, Japan \ 5o . y g
B Single phase detector (no E-field so no S2’s) = 4 :‘ A

B 100 kg Xe fiducial (800 kg active) \N ’

A 47 PMT coverage \
m Unexpected background observed

B Performance severely compromised

B Undergoing refurbishment of PMTs

m Data taking to begin 2014

GeV
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Directional Gas PCs

uu u:”

CS2:CF4low pressure target (33 g fid.)
MWPC readout for 3D track reconstruction

1 m3 modules in Boulby Mine, UK

DRIFT-lle incorporates major modifications to
Improve backgrounds and track reconstruction
a DRIFT-lll plans for 24 m3

see 5. Sadler's talk - tomorrow 3pm, [rack 3

@ CFstarget (101 prototype)

B 1 m3 modules under development presently

B Charge and optical readout for background rejection
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Next generation (tonne scale) Experiments
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FURECA

European Underground Rare Event Calorimeter Array
The future European 1-tonne cryogenic dark matter search

Aim: <10-19pb

Detectors: Cryogenic Ge (from EDELWEISS) and
scintillator calorimeters (from CRESST)

Shielding: Radiopure Cu, polyethelene,

3m water tank with PMTs

Infrastructure:  Cryostat to cool 1-tonne target
Collaboration: EDELWEISS, CRESST, new members

see X. Zhang's talk - tomorrow 3pm, Irack 4
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Global convergence of CryoDetectors

eiion- B® CRESST
lonization B

R Gran Sasso
Germanium L SM e CaWO,
SuperCDMS Germanium phonon — scintillation
Soudan, 10kg 10 — 32 kg
5x10~9pb 2x107°pb

SuperCDMS < > m

SNOLAB MoU since 2009
200kg, 8x10~"pb Increasing collaboration 150 & 1000 kg
| 3x1071%pb to

towards common
experiment 2x10~"pb
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DEAP/CLEAN

DEAP-1 (7 kg) pCLEAN (4 kg) MiniCLEAN (300 kg) DEAP-3600 (3600 kg) CLEAN(100T)
2006 2007 2012 2014 2016

DEAP/CLEAN
O(10) tonne fiducial

future goal, TE-47 cm? sensitivity

ST WIMP—-nucleon Cross Section (sz)

WIMP Mass (GeV/c?)

emphasis on scalability to 100T-scale, for dark matter and solar neutrino physics
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DEAP/CLEAN

B Concept design: 140 tonne fiducial mass single phase detector with PMT readout, in
SNOLAB Cryopit Hall

@ technical design based on MiniCLEAN, DEAP3600 technology, R&D + MicroBooNE

B active Gd-doped veto

B same scale as MicroBooNE@FNAL, exploring similar cylindrical cryostat

@ coordinated proposals to NSERC (CA), STFC (UK), DOE (US) planned for 2014

m UK group activities: detector design, background model, 1] |

calibration R&D, technology synergy with LAr v efforts

. )
- b ',.‘-_
v N
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L UX-ZEPLIN (LZ) o
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Next-generation LXe experiment 6 kg LXe (fid) 100 kg

building on LUX and ZEPLIN programmes

* Route to detection & study: a progressive programme

— UK-led ZEPLIN programme pioneered liquid xenon for WIMP searches g P
— LUX (now with UK) about to turn on — expect leading sensitivity in 2013 : p—
g v 5
— LZ could discover at 10! pb or exclude at 1012 pb with 3 year run 3
Rt
 Experimental approach: a low risk and aggressive programme §

— Background free strategy (self-shielding, modest discrimination assumed) < _46"-.‘
— Two-phase Xe technology: high readiness level (ZEPLIN, XENON, LUX) ‘
— Teams with huge track record in DM searches

— Much infrastructure inherited from LUX350

Cross—section [cm
=

: ; % : : g 10 10 10
LXe provides exciting physics for light & heavy WIMPs (GeV-TeV) WIMP Mass [GeV/c?]

— Since we do not yet know what BSM physics looks like!
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Down-selects
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B Science Board Sub-Group convened in 2012 to review UK involvement in DDMS...

“...the UK undoubtedly possesses unique expertise and has the potential to secure significant leadership
within the relatively large international collaborations currently forming...”

@ .. .and propose a coordinated strategy for supporting next generation DDMS experiments
that could potentially position the UK for leadership

“...it should be made clear to the community that further consolidation of activities would be viewed as a
strength of any proposal.”
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DMUK ‘down-select’

@ DMUK founded to focus UK effort and as a body in which we build on mutual strength
B DMUK groups currently active in selecting the UK ‘flagship’ DM experiment

B Seclected experiment(s) should seek to absorb UK expertise across DMUK

B Next meeting: 15th April 2013

B Next generation experiment selection coupled to international partners and funding
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U.S. ‘down-select’

B DOE conducting down-select in two phases: R&D and then Project

B From 13 proposals to DOE, 5 selected for R&D funds and
continuation in the down-selection process:

|74

SuperCDMS
DarkSide-G2

COUPP

ADMX (axion search)

B 2-3 of these Next Generation ("G2") experiments to be funded

Pursuit of a wide-range of technologies is not expected

B Merging of the communities is expected after down-select
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B The nature of Dark Matter remains one of the most fundamental questions today
B Direct detection experiments have accelerated rapidly in sensitivity, with high
technology readiness levels or advanced detector development for the Next

Generation tonne scale devices

B Tonne scale experiments have sensitivities ideally matched to probe the bulk of the

favoured parameter space on timescales compatible with accelerator and indirect

@ DMUK making excellent progress in consolidating UK direct detection activity
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