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Hunting for WIMPs in parametric space

I ) Bl Gendolo 2004 :
e [ 1 Ruiz et al. 2007 95% CL ||
. :| ] Ruiz et al. 2007 68% CL i

5

Spin—independent cross section [em”|

P il vy wm o CDMS IT 1T+2T Ge Reanalysis [
b i ] e e = XENON10 2007
| — CDMIS IT 2008 Ge
P70 e CDMS IT Ge combined
NS4 4 : o

I

WIMP mass [GeV/c?]



The Hunters Hut Homestake (SD)




Deep Underground Science
DUSEL and Engineering Laboratory @t HomEStake, SD

6 2 Empire State
Buildings
for scale

Geoscience




Raymond Davis
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Davis’ neutrino detection apparatus one kilometer underground in the
Homestake Gold Mine, Lead, South Dakota. The tank contains 400,000 liters of
perchloroethylene.
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4850L Access

Current Davis Cavity

Dimensions:
55ft x 30ft x 32ft high

4874L Secondary Access

LUX Experiment with Low-Background Counting Facility (LB’F:




Prep/Control
oom




[LUX-EXEC] Homestake dewatering eob svoboda | %

[% isvoboda@physics.ucdavis.edu to LUX show details 10:54 AM (13 hours ago) 45 Reply | v

It was announced by Richard Kadel today at a management meeting that they
have reached the top of the 4850 complex in their dewatering operation.

A major milestone reached!

Received yesterday, 10:54 am

best regards, Bob

Lux-exec mailing list
Lux-execi@dphlny3.pas.rochester.edu
http: #phlnx3. pas.rochester. edufmailmandlistinfoflux-exec
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Sponsored Links

Maintenace Free Living

The Park at Hickory Commons
Apartment Homes. Private Entrances.
wyywy theparkathickorycommons.com

Trash-Flow Pumps

Self Priming Centrifugal and Trash
Pumps for Water and Wastewater
Wy swastecorp.com

Sludge Dryers

Fenton Environmental Technologies
Class & Biosolid Dryers

wywwy ifenton.com

Rochester T1

Full T1 for $359.

Mo Start Up Costs.
wyywy Speakeasy net




: Liquidtar_get: - LIC]UId Noble

— Sezlziole to [zifc)e IHIESSES;

IqUIa Seintillator: 14C fatal for dark
matter

—Eveniin.petroleum:- 10-18 o M T1O0 GOy =
— 14C: U->a + rock -> n -> XL
14N(n,p)14C
= Xe, Ar, Ne(?)

— Xe: 165 K, A=175 nm

— Ar: 87.3 K, A =128 nm, 39Ar - 1 Bqg/
Kg.
Ne:27.1" K, A =80'nm, bubbles ->
= slow charg__gﬂﬂ'..

Recoil Enefgy* E [keVr]
gignals ionization & scintillation

— Single photons, electrons readily
measured




S Sclrrillaition sigriel,
SN CIyeYEnICVEr S

——

|t

———K‘ﬁ’ﬂand Borexmo

Rayleigh scattering:
— Position reconstruction poor.

— Need large volume to reject large rate
of Rn-daughter background on
surface.

— Multiple-vertex events hard to

distinguish.
(Seidel, Lanou, Yao, 2002)

= PVITE: highly radioACHVEM % | il
— (nm) theory. . (cm)

==Seltr-shielding in large detector ) | (cm)
— LXe best for this Ne 78 60

Ar 128 90 66
Xe 174 30 30-5

e



Scintillation pulse shape discrimination

+ Scinilllaiiion fromm exciimer gtelis:
-—-‘-A Ar2* —
— Triplet (long lived)
—=Single (shoertlived)

= Discrimination of electron recoill
backgrounds:

Nuclear recoils don’t populate triplet
No one knows why

:’A’r System by far most favorable

Pulse shape discrimination in LNe

T
<pe>=100 |

- Gammas

[}
% Nuclear recoils
. :
s

I I
03 04 05

[—

T [[lll [”l l””l”lW””“”[l”ﬂ]

PRI

Event from Na-22 run with 67 prompt pe, Fprompt = 0.31

y-like

1
w’

Digital PMT Pulses from LAr

time (ns)

HIH ]H‘lll”“l

lel

T Hll]lllll]

"ﬂ'rm.V—v‘"'\' A e L N D S O oE Ca

Event from AmBe run with 48 prompt pe, Fprompt = 0.89

neutron-like

WIMP Signal Region

| - L PR B P | L PR

Electronic recoils |

20 20 60 80
Energy (keVee)

100




Why Xenon?

' lejpl Z — Siali siplleile ’e‘ > Ve

M_—‘_“

- SCl‘ﬂIatlon + fonization: (+ phonons for SXe) |
s=Scintillation light wavelength good match for QE PMTs
= | ow natural radioactivity

= Easy to purify

= Good gamma/neutron discrimination (>10%)

= _High,atomic mass

e | 06 2 —
Coherent scattering, cross-section A,_,

— = Goed WJMPmnsfer Infthe'range of ~100 GeV/c?
"“[Cow cost (~$1500/kg)




WIMP Signals in a Dual-Phase Xenon Detector




UMD Liquid Xenon Lab

\‘-mu,

q.lW" '

Liquid xenon detector R&D @ UMD

UMD Xenon condenser
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Shielding Gamma Rays

Water, 2.6 MeV gammas

0.4

T bt
08 08 1

“TmWater shielding

0.5

z(m)

y(m)

0.5

z(m)

05,

Water

100 keV

06

Liquid Xenon

0.2

X {m)

04

100 keV

500 kev

2614 keV

06

08 1

34




Single Scatters of MeV photons

asp

|_ws004_58. 4days_40keV |

Background | T AR,
QT? \: T ¢ T L e
. ~ Si°118.1 W00 o N Ok .. _"'\":':. "..“
¢ Dominant background in N 323 Bh e

foreseeable future

Enargy fkeVea] (basad on 2 2 Dh

e Rare PMT

e (Can approximate analytically:

Pl = %e_%

T. Shutt, LBNL- Feb 10, 2009




Self=shielding effect

LUX300v4_R8778H - TopPMTs, BotPMTs
(U 18.00, Th 17.00, K 30.00, Co 8.00 mBg/PMT )
(All Events) (5-25keVee)(RFR=5cm) log, , DRU

Self-shielding in liquid Xe TPC

T

1
0.5
0

-05

— 10kg, HiZ=1
10°Ll = 100kg, HZ=1

| m—LUX: 300kg, H=15
= 1000kg, H*=1

--15

Depth [cm]

-2

-20 -10 0 10 20 100 1‘01 102 103

Radius [cm] . e .
DRU = cts/keVeelkgiday Mass inside fiducial cut (kg)

|
-
¥

2.5

3

Background inside fiducial cut (dru)
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Electron/nuclear recoil

&N

Excitation

Ny

&S
/ \""

iy

CIIar 2o LI It
|

- - s

o
»

T. Shutt, LBNL- Feb 10, 2009

lonisation —
' +Xe

Xe* === Ye‘L ’?e

Xet

Xe,®

+e
{recomb-

R<100 me

Electron recoils (Background) =~

NHM Cenmroa

T Wol 12713 eves (3-20 heV_)|

w (3] N

o

ogic Charge/Light

n

—
o

Singe phase, separale champalign
Single phase, sivudlaneous chargefight
Duzl phasa, simuktanaous chargalignt |

030:'
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S A T SR 1 T
Nuclear 1ecoﬂs (Signal) skev,) |

ER centroid
NR centroid
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e
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Gamma/neutron discrimination

Electron recoil calibration (Case data, . Nuclear recoil calibration (Case data,
22.6 1 8 3 50.0 125 22.6

3.50.0 . 12.5

.

N UGS
‘99”/a;§jeg{tib[! L

o

t
IR

Recoil Energy (keVr)




XENONAOWIMP.search data

- Blind Anlelysis

- '—, _.J.:EE) c : \ ’-. 74 L . - . - - e— - :"»"'"

— J

e

e ws004_58.4days_40keV

~ fiducial
= ~50% acceptance of
Nuclear Recoils

= 2-12keVee / 4.5-27 N
keVr
— Assuming QF 19% ke

4.5-27 keVr

= 10 events in the “box” 2
after all primary
~analysis blind cuts

— Calibration

S eXpectation: 7.0
+2.1-1.0 (gaussian}

— Data: 5 ~gaussian;
S Non-gaussian

1.5

|II||II|I||III|.II|I|IIII

IIII4L|I|III|III|IIIIIIIIOIilIIi;Il

4 6 8 10 12 14 16 18 20
Energy [keVee] (based on 2.2 phe/keVee)

O—l
N_



LUX Inspiration: Xenon 10— New bestlimitin 2007

Top PMTs
Grid-Anode-Grid

GXe

. 2 ™
Cross-section [em™] (nommalised to nucleon)

LXe Field Shaping

Wires
PTFE

Bottom PMTs
Cathode

4 keVee event; S1: 8 p.e => 2 p.e./keV

Hit pattern of top PMTs

20 cm

.

26 kg LXe

.siiliiEd

------------------------------

http: dmtools brovn.edu.
GaitskelLMandic Filippin

1o

WIMP Mass [GeV]







LUX Experniment

The LUX Cbncept
— 100 kg fiducial dual phase xenon
detector, 300 kg total xenon mass

— 2.5 m thick purified water shield

The Physics Goal -

— Detect (or exclude) WIMPs with a
cross section of 7x1046 cm?2
about 100 times more sensitive

than current limit

Project Cost =2.8 M$

_l ‘
\
. T
',I| "I‘» j 3
& & & \%a& |
s s a\e%e 3
—¢
[T
\VAH: :
LTS

Water shield LXe emission detector

instrumented . X
with PMTS 300 kg total 100 kg fiducial

26



LUX Detector

Xenon Temperature 170K
*Gas Pressure 1.5bar

*350 Kg of Xenon

*Drift Field 0.5kV/cm

*Active region g50cm x S0cm




| Muon fl ux vs overburden N

i A  Proposed NUSL Homestake I

1 06 - e  Current Laboratories —

| WIPP I

10° = 3

= Soudan =

> 1 Kamioka i
3

= 10 = =

& 3 Gran Sasso -

% ] B

2 1 i

10° = Homestake Baksan =

. Chlorine -

i ( ) Mont Blanc [

10° = Sudbury

] NUSL - Homestake -

10" 5 —

5 6 7 89 | . > 3 4 5 6 7 89! )

10 10

Depth, meters water equivalent



LUX goal

Source

PMT gammas (for

highest activity estimate,
HM R8788 PMT)

PMT and other
internal neutrons

L.b. cryostat/PTFE...

External “punch-
through” neutrons

Muogenic neutrons in
water (after 0.99 eff.
Veto)

External gammas
Total Predicted

Background in 300
days

—~ 10
:
o
=
events in 300 o 10
day run (>99% O
rejection) —
: 2
= .
= 10
5
0.1 =
S’
NI
0.05 = 10
L
0.01 -
9
0.0025 o 10
7
s
s
S
0.0002 &)
10
<~1

! http://dmtools brown edy
G;u't;chsl landigJertThpe]
i e\ws
N\ gde\W <\
42\
43|
SRR
[ \
3 ‘( \ Qg
44 N, S q_Q
= -~ - —
3 S —_ - S T
i ~ Pl ?x 2 *“,gp‘sﬁé“ 1
© -~
‘. . e - - — ‘
45 ' ' g s W Q
- > bl 4
il T J LL N AS
1 N2
10 10

WIMP Mass [GeV/c]

Predicted WIMP rate =4 events in 300 day for 7-1046cm? @ 100 GeV
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LUX Deployment Plan

LUX-0.1 test unit - summer 2009

DUSEL/SUSEL cavern renovation - late 2009

Deployment LUX-1.0 in DUSEL/SUSEL - Dec 2009

Run LUX-1.0 for ~ 1 year of 2009




Cryostat atiCase 2007/2008; .







Thermosyphon cooling system

Thermosyphon principle of operation

dQ/dt=k A (T, - Tc) /L |g

L¢ (cooling)

L, (adiabatic)

Ly (heating)

Fig. 3.13. Model of evaporative tubular thermosyphon standing vertical.




'I;hermosyphon cooling system
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Thermal conductivity k = (AW/AT)(L/A) = 30 KW/Km
¥ diamond 1-2 KW/Km
copper 0.4 KW/Km
—— 150
= 100 —
o
g
<
- 50 Pressure
p O I ] | ] | ] | ] |

0 200 400 600 800 1000

Power, W




Thermosyphons at oil-pipeline in North Russia




Photomultiplier Tubes

Hamamatsu R8778 : QE ~30% Background < 50mBq

LUX-0.1 PMT ASSEMBLY

LUX-1.0 PMT ASSEMBLY




LUX-0.1

Installation LUX-0.1:
Aluminum filler to be replaced by LXe in LUX-1.0 38




— —————

= : . — . e = e —

A — -

Existing Cryostat at Case can support large mass LXe
operations

_UX-0.1 test platform is under operation
_UX-1.0 components — in production

Kr-85 removing system updated to process 350 kg Xe
in 2008

By the end of the year LUX should be installed at
Homestake gold mine




L.Z220

e New collaboration between LUX,

a&d ZEPLIN III.

— ZEPLIN III: largest European LXe dark
matter collaboration: UK, Portugal,
Russia

e [.73: 3 ton, at Sanford Lab

— Proposals: Sept. 09.

e 1.720: proposed part of ISE for
DUSEL

— 20 ton LXe mass

— “ultimate” direct dark matter detection
experiment

T. Shutt, LBNL- Feb 10, 2009




[.Z20 1in Context

Searches Past,Present & Future

107, ~

o : ® Oroville IKDM ® Edelweiss 98
= ' H-M94® “'g "™ VAMA 98

o = ,,H omestake - 0:!.—.&'1 9 -y o
- 10 : YAMA Of ® / DAMA 00
D ; o ® CDYW JF 99
G | @ ,DMSI SUF 02
= delweiss 01 e WARP 0
=10k Edelweiss 03 8§ 3¢p pll b L8
o N | IXPLIN |@ZEPLIN |
= i CDMSI| Soudan 04 ®
S 1a3] CDMSII Soudan 05+04 ®
S 10"- = L 2 Mo DZEPLIN IILT 3
a) llll.llllllllllllllllllllllllai.l'i"l IIINII . ,-I' ~
3 ~ Nal NOW cDMSII Soudan 2007¢ L DMS bOUdan 2008
2 10* + Cryodet ZEPLIN 111.2
& *  LNoble SuperCDMS Soudan gﬁ(ﬂ: | <
§ i 1 Csz N\ l’ |/ » o “{'\ 1\‘_’
o = . ¢ -
A 10 O projected oupsr(,L)Mb QNOLab 25kg -~ 1
ot X ___signal LUX 300kg™ 3 :
-E pert ~1 event 100 kg yr! ‘ | | *  (Gross|Masses kg)

1990 1995 2000 2005 20;0
Plot updated from that in DM Review Article: LZ3
R J Gaitskell, Ann. Rev. Nucl. and Part. Sci. 54 (2004) ?ﬁ? 359
T. Shutt, LBNL- Feb 10, 2009 ~4 event 20000 kg yr? LZ20 ,. 43




