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LUX & LZ

The hunt for DARK MATTER

Lea Retchhart - SHEP Sewunar 09/01/2015


http://www.calacademy.org/discovering-dark-matter

Fritz Zwicky (1930s) and Vera Rubin (197 0s) measure rotational velocities of galaxies and clusters
Expect Keplerian fall-off, but observe flat rotation curves

Galaxies are rotating foo fast

Implies presence of much more mass in systems



http://photos.aip.org/favorites.jsp

Much much more evidence since then

CMB + BAO: precision tests of ACOM ol
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Much much move evidence since then
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Darvk Matter properties

Universe content

visible matter 5%
2/ :

dark matter 27%

/
* WIMPs favoured candidates for Cold Park Matter N
(alternatives: axions, sterile neutrinos, ...) Ny .

_drcrg Mif / W
* Interacts only weakly with normal matter Lt
* Expected to be nevtral

* (old: Non-relativistic freeze-out e mdliriesorg

* Requires beyond standard model physics:

-40 50 2
* Super-symmetry: LSP nevtralino,0-10 to10 cm,
Mass range GeV—TeV

* Universal Extra Dimensions: Stable KK, similar detection properties as
nevtralino


http://www.quantumdiaries.org
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Devedt detectHon a]’f ﬁ@la,afic Adavk matter

Elastic scattering of galactic WIMPs of f target
nuclei in terrestrial detector

WIMP speed ~ 220 km/s expect recoils 0(10) keV

Estimated local density: 0.3+0.2 GeV/em?®

Spin-independent cross section o« A?

Less than ~ 1 event/kg/year

Requires SM backarounds -0 (underground operation)

dR £0 /OO do

==, E d :
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do my QTE=) SD 12
dEgr 2030 (00" F51(ER) + 05~ Fsp(ER))

integral rate, counts/kg/year
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Vitaly Chepel, Henrique Araujo
Journal-ref: 2013 JINST 8 R04001
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http://uk.arxiv.org/find/physics/1/au:+Araujo_H/0/1/0/all/0/1

Diredt detection tedméqm

* Requirements: large mass (scalability), low-radioactivity, low-energy threshold, high acceptance,
discrimination (ability to reject electron recoils)

CRESST-1 -
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A : 0 A i ";I_Nuclear Recoil
] o 4 Y (neutrons, WIMPs)
SRS ol
Ionization Scintillation
IGEX 7EPLIN 1
GEDEON ZEPLIN II, IIT DEAP T ——
GENIUS A [ XENON < CLEAN
GERDA - XMASS . :
e iR Sy Py + Nuclear recoil (NR): WIMPs and
SIMPLE ArDM KIMS neutrons scatter predominantly
PICASSO DarkSide off nucleus
COUPP
+ Electron recoil (ER): Interact
Plante 2012, XENON1 00 thesis predominantly with electrons



The Large Underground Xenon (LUX) experiment

The worlds largest dual-phase xenon time-projection chamber
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Sanford Underground Research Facility (SURF)

Former Homestake gold mine - refurbished for science only
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Sanford Underground Research Facility (SURF)
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LUX tn the Daves Cavern

Clean Room

Breakout

Control Room LN Storage
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<« Cherenkov Water tank

Gas System
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An ultva low ézw@romd enwironiment fmf LUX

Breakout cart

Thermosyphon

d

* 300 tonne water tank
* 0.1 min height
* 76 mindiameter

Water tank

Source tubes

Cryostat




The LUX tinstruument

Top thermosyphon Feedthroughs

Titanium cryostats

Anode and electron
extraction grids

Xenon recirculation
and heat exchanger

230 kg active liquid xenon
(370 kg total)

PTFE reflector panels
Cathode grid

Photomultiplier tubes

Bottom thermosyphon

Full deseription of LUX:
NIM. A704 111-126(2013), arXiv:1211.3788

Hamamatsu R8778 PMTs (61 top, 61 bottom) 19



The LUX istruument

Top PMT array
Time
4
S2
Top
grids
=| 250 kg xeno = | .
= L B = ?\Zf‘c;'?;? depth
z region = indi
P"lf“lFE 5 : |
rerlector = -
= = L S1
panels 2 =
=1 47 cm =
Bottom i f ——» ionization electrons
: : - NN UV scintillation photons (~175 nm) wmape by C e (v
grids
T —

% Primary scintillation: PPE of 14%

%k 82 single electron extraction efficiency: 65%

Bottom PMT array

% Single extracted electron: 26 phe/e-
16



Principle gf detecton: dual W xenon TPC

* Sl - Pl’inary scintillation Sig"al WIMP Signals in a Dual-Phase Xenon Detector
—> light yield "60 ph/keV (ER, 0 field)
—> NR threshold "9 keV

* S2 - Secondary ionisation signal from electroluminescence
—> Nuclear recoil threshold < 1 keV

* 30 position (mwm resolution) from drift time and $S2 XY

* S$2/81 particle discrimination
—> ER/NR discrimination (>99.9% rejection)

* Recoil energy correlated to S1 and $2

* Powerful Xe self-shielding

Electron/Nuclear ' ee e o e .o e, 1
recoil 0.9 NA. light |
\ 083
Excitation lonisation pr L ‘
a o s ER, charge
L
P -~ e
Y N o — ®
Xe Xe ©_ os ’ A
\ [ , % 0.4 $ ¢ )
§ +X e :g,____). & +Xe 1 i3 ER, light
Y W L
- N +
g\c! . < Xe:’ v 0‘2: NR. charge
1 7% Lpler 47 % Sule 1 TRy ':’-',? ] e g 0.1 alpha, charge 1
L ™ 4 W s w» W € : : > -
i 0. i _ ¥ (rccombination) pLmmeses © 9 - : r s '
- ‘ 0 ’ = s * S
2Xe 2Xe ' X+ Xe Drift Field (kV/cm)
< £

) 17 E. Aprile et al,, Phys, Rev. Lett, 97 081302 (2006)




CMVW LUX

An array of calibration techniques: internal & external

Icirculation
heat > o [pump |
exchangers ) : .
: — : g . hot zirdonium
Simplified representation of f/';‘:l:um = getter10
circulation system: .
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CWW LUX - NR

* External sources via source tubes:

* Awmericium-beryllivm (AmBe) and 222(f: [ow energy
neutrons ——  WiMp-like

+ Used for NR efficiency, to validate NR simulations

log 10(82b/51) mean

2 :
——— AmBe simulation
1.8 \ 0 AmBe calibration data
. "5 pure nuclear recoil simulation
+‘A
16/ e
R
e
1.4} LAIME S S5 o e ] |
‘ g B e~ e
%i—_;{:;*; _..Q.‘?_-i ‘=+=
1.2 ;#: : __}'_P :
1 4 4 y
0 10 20 30 40 50

19



CMVM LUX - ER

83Rb coated charcoal plumwmed into gas
system — 83mKr

* Xenon self-shielding — internal sources injected into
circulation system:

x 83mlr: half-life 1.8 hours, 32.1 + 94 keV betas
+ Used for:

+ Electron lifetime drift length measurements (>130 cwm)
+ Position reconstruction and S1 light corrections

* Tritiated methane (CH3T): low energy betas with high stats,
uniform and high purity

+ Beta decay withT1/72=126y
+ <E> = 9.9 keV, end point 18.6 keV

n @
s 3
PR ]

" —
-

178 | :
+ Used to define ER band and low energy threshold - -8
100;1;:

* efficiently removed by gefter ofit
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Top PMT freay
- = ellle
50 :_
151
2 Projection along the wires
10 :— ooF ) =
5F 8oF
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4-6 mw resolution for S2 signals in WIMP search region
improves fo “Imm atf greater energies
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log ; O(Szb/S1 ) X,y,Z corrected

(a) Tritium ER Calibration
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Discrimunation

+ For §0% NR acceptance average discrimination measured o be 99.6%
in range S1 2-30 phe.

leakage fraction

dataset __________ Se AN Bk + ___________ 4514 \

g Gquare
Zﬁﬁﬁﬁﬁﬁﬁﬁﬁbl_a_Ck.Gl_rcles_.co.un.‘tmgﬁﬁﬁﬁﬁﬁﬁﬁﬁbase' 1 e A e e e S e
.......... e VQ“‘[’S["‘I’H‘[’[UW[................gausmanﬁfs..........E..............%....._

5

10 15 20
S1 x,y,z corrected (phe)
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90%

99%

99.9%

99.99%

discrimination
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A LUX event - 1.5 kel electron vecoid
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Effsciency

Independent measures using AmBe, tritium, LED calibrations and full MC simulation of NR
events (includes analysis cuts)

N

T I T T T T T T T T I T T T T T T T T I

o LUX AmBe Neutron Calibration S1 data (lhs) _

-
oo

2 T~ _ Monte Carlo $1 LUXSIm/NEST (hs) o

% 10 ¢ _+__¢_ =4 11.6 S
A= . gray & red Efficiency from AmBe data 114 9
© o =
= it | . BEHERrIR:
[ pgin e L ‘ e o
— i E'i‘i"} 7 1! 4] mp O
O — —-= PN ANAANA ANNAN-ATA AN |— oo s = s g ey e 1 -
Y 1 I ‘ﬂ [ 1] ‘ | (@)
Y= 1 4 i | [ ] S o ‘ ()
PARLIER: — | 10.8
o [ —O- i) O PS5
> 0= Efficiency from|LUX Tritium data, . | =
E; [ %J-L applied to ER background model for PLR - 10.6 >
(O] I 4 —
i / Flat energy source nuclear recoil sims, applied to ‘+‘ e 0.4 %
/ WIMP signal model for PLR 5 —

0 = . 0.
107 (LK’ . SN . Sl R
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S1 x,y,z corrected (phe)
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Lise of Time

B Cevelopmant
Troubdeshooting

W Calibration

B WIMP ssarch data

100.00%

B0.00%:

B0.00%

40.00%

20.00%

G.CII:I'%

* LUX moves underground in July 2012

* Detector cool-down Januvary 2013 Xe condensed mid-Febrvary 2013

* Kr and AmBe calibrations throughout, CH3T after WIMP search
26



g/ day

ee

counts/keV /Kk

10

-
C)I

10"

10"

B.M@rowwé: i LUX

—_

=t

228AC (232Th)

black = measured
red = simulated based on screening

6OC 0

|

Background Component

Source

103 x evts/keVeel/kg/day

Gamma-rays

Internal Components
including PMTS (80%),
Cryostat, Teflon

1.8 £ 0.2stat £ 0.3sys

"7Xe (36.4 day half-ife) | o o Eogr;g%i?:gg | 052002t 005
214pp 222Rn 0.11-0.22(90% cL)
Reduced from
85
Kr 130 ppb 035 + 1 opt 013+ 0.07sys
Predicted Total 2.6 £ 0.2stat = 0.4sys
Observed Total 3.6+0.3stat

500 1000 1500 2000
Energy deposited (keVee)

2500

3000

R

s%k Neutron background predicted to be 0.06 events in 5.3 day (907 C.L. from multiple scatter analysis of 0.37)
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Bzw@rowfwéf i LUX

Measured DRU (89 livedays. 89 eff)  log,,(DRUes)

logl 0 evis/keVee/kg/day

1.5
- -2
-2.5
11
600
Squared radiuﬁ =::r"n21
118 kg
31+/-0.2 mdru
r<18 cm & z=7-47 cwm

..and still dropping

Measured DRU (44 livedays, 44 eff)  log, (DRUee)

50
0
45
-0.5
40
— 357 -1
=
S,
%,3{:' 1.5
£ 25
..

S

-2.5

0 200 400 G600
Squared radius [em®]

The most radioactively quiet place in the world!
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Run 3 event selecton and cuts - step é/v step...

Cut Events Remaining
e allliripgers s b R AR AT
detector stability 82,918,902
single scatter 0,585,686
S1 energy (2 — 30 phe) 26,824
S2 energy (200 — 3300 phe) 20,989
single electron background 19,796
fiducial volume 160

* Non-blind analysis:
* Application of minimuwm set of cuts in order reduce tuning and bias of event acceptance

%* Hpa)trdwa;;e trigger: at least two trig. channels > 8 phe within 2 ps window (8 PMTs per trio.
channe

29



Run 3 event selecHon and cuts - step b/v step...

Cut Fvents Remaining
all triggers 83,673,413
| detector stability | 82,918902 |
single scatter 6,585,686
S1 energy (2 — 30 phe) 26,824
S2 energy (200 — 3300 phe) 20,989
single electron background 19,796
fiducial volume 160

* Rewmove periods of live-time when liquid level, gas pressure or grid voltages were out of
nowinal ranges:

* AT<0.2K
* Less than 1.0 Z live-time loss! x  AWVP1Z

- *  liquid level variation <0.2 mwm



Run 3 event selecton and cuts - step b}/ step...

Cut FEvents Remaining

all triggers 83,673,413

detector stability 82,918,902

single scatter 0,089,680
S1 energy (2 — 30 phe) 26,824
S2 energy (200 — 3300 phe) 20,989
single electron background 19,796

fiducial volume 160

* Exactly 1 S2 and 1 S1 as identified by the pulse finding/classification:
* Separate Sls from S2s using pulse shape and PMT hit distributions

* Sls identification includes a two fold PMT coincidence requirement

31



Run 3 event selecton and cuts - step b}/ step...

Cut Fvents Remaining
all triggers 83,673,413
detector stability 82,918,902
single scatter 6,585,686
S1 ener 2 — 30 phe 26,824
S2 energy (200 — 3300 phe) 20,989
single electron background 19,796
fiducial volume 160
* Accept events with S1 between 2-30 phe (0.9-9.3 - e ::
keVee, “3-29 keVu): i e
i )
* 2 phe analysis threshold allows sensitivity S| | % s s
down fo low WIMP masses =l . 332
* Upper limit avoids 127Xe 9 keV.. activation i R R R R e s

3 2 S1 x,y,z corrected (phe)



Run 3 event selecton and cuts - step b)/ step...

Cut FEvents Remaining
all triggers 83,673,413
detector stability 82,918,902
single scatter 6,585,686
S1 energy (2 — 30 phe) 26,824
‘lSQ energy (200 — 3300 phe) 20,989 “
single electron background 19,796
fiducial volume 160

* S$2 threshold cuts subdominant to SI:
* 200 phe ("8 single electrons)

* Removes small S2 edge events and single electron events

33



Run 3 event selecton and cuts - step é/v step...

Cut FEvents Remaining

all triggers 83,673,413

detector stability 82,918,902

single scatter 6,585,686
S1 energy (2 — 30 phe) 26,824
S2 energy (200 — 3300 phe) 20,989
single electron background 19,796

fiducial volume 160

* Require less than 100 phe (< 4 extracted electrons) of additional signal in 1 wms period
around S1 and S2 signals:

* Simple cut to removes additional single electron events following large S2 signals

* Only 0.8% hit on live-time
34



Run 3 event selection and cuts - step b)/ step...

Cut Events Remaining
all triggers 83,673,413
detector stability 82,918,902
single scatter 6,585,686
S1 energy (2 — 30 phe) 26,824
S2 energy (200 — 3300 phe) 20,989
single electron background 19,796
ducial volume 160 \
* 118 kg fiducial volume defined by: - I
* Zcut: 38 < drift time < 309 ps (320 psis max drift 2 N

I.
PeE

time) corresponding fo 7 ewm < z < 47 em

loal 0 evis/keVee/

=h = | %] W ol ad - -
1 3

* Reconstructed radial position < 18 ewm

39



LUX WIMP search data, 85.3 Wfa{azf, 1718 kﬁ Fv
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LUX WIMP search data, 85.3 ém,daz;, 118 kg EFv

26 A
L 815 2 phe: S1<30 7phe:
1! i avoid 127Xe
q conservative S pulse
245 1\ identification> 507 7 keVee i
e JE
o) =3
"5 22 "_ \i a
) s
= R
O o2 fradic]
N.. !
>
U8
%
a° 1.6F
)
o
gv_ 1.4F |
R ety e e
. mip ) st W $2b>200 phe: - T TsopR~bo o |
Tl Y removes SEand small] L H T TN TSR s
i \ edge events
1 AN ] ] | ]
0 10 20 30 40 50

S1 x,y,z corrected (phe)
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LUX WIMP search data, 85.3 ém,dazg, 1718 kﬁ =

2.6

2.4

N
N

N

1.8

log : O(82b/81 ) X,y,Z corrected

0 10 20 30 40 50
S1 x,y,z corrected (phe)
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* Noble Element Simulation Technique
M. Szydagis, JINST 6, P10002
(2011) and JINST 8 C10003 (2013)

* Uses full Lindhard model with
Hitachi correction Sorensen and

Pahl, Phys. Rev. 7 83, 063501

*  conservative approach: 0.8 of light
at 181 V/ewm compared to 0 V/ewm

*  No fine-tuning of NEST to fit LUX
data. Only uses experimental
parameters (light collection
efficiency, extraction efficiency and
phe/e-) as input.

* Primary scintillation: PUE of 147

* Single extracted electron: 26 phe/e-



relative detection efficiency

3 keVnr
S2area "230 phe (8.9 extracted electrons)

Slarea“the
1 . l!,;;;;xxAAAxxA.‘Avvvvvvvvvvvvvvvv
g signal model mpu’r
BES RS e s s e e e / -------------------- 5
0.6 L e e R e e e 3
—>50 @43keVnr )
OEA AR B s T S T R S RS T g PR 3
0.2 '41‘1“@3kevm """"""""""""""""" ' """""""""" 7
0 5 10 15 20 25 30 35 40
recoil energy (keVnr)
S2-only
S1-only

+ < O O

S1, S2 combined, before threshold cuts
S1, S2 combined, after threshold cuts (2 phe <Slarea<30 phe & S2area>200 phe)
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Pmﬁée lekelihood vato fmf Lemits

* Unbinned maximum likelihood comparing data with prediction on event by event basis.
4 observables: x = S1, log1 0(S2/S1), r and z

e~ Ns—Ncompt—Nxe—127—NRn222

Lws = AT ~N3Ps(w§ o,0 )+ NComptPER(m; OCompt)

“
"
-

-
-
'3
-
-
-
b
-
-
-
-
-
-
-
-
-
-
-
-
-
-
"
-

gl l
s or given mass :
- efficiency from validated NR sims ggﬁlaf&r&"e'}gf as huisance

- Ns is parameter of interest - detector efficiencies included
- 307 uncertainty on overall rate

Ratio of this to null hypothesis used to create test statistic and extract 907 C.L. upper limit
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1 XENON100(2012)-225 live days
1LUX (2013)-85 live days: 90% upper limit



Low-mass WIMPs excluded

—_
o

WIMP-nucleon cross section (cm2)
o

—_
o

10

S
oI

N
o

|
N
ey

|
I
N

|
I
W

-44

avored

LUX (2013)-839 live da

CDMS Il Ge

PAMA/LIBRA Favorec

COMS 1l Si Ravored

>20x more sensttivity

XENON1 0

0(2012)-225 live days

6

7

8 é 510 12
e (GeV/c")

43



.
:

:

3

1= 23 R L

v Dlizarce nilz L¥a Cxa0

N

to 15.5 cm
liquid level

top hit pattern:
X-y Iocalizatio -

Monochromatic
2.5 MeV neutrons

-~

-~
-~ -

44

Deutervvmn - Deutervumm neutvon jmemtor

200

150




NR absotlute c/m/rﬂe )/c'e{d

* Absolute charge yield measured

from wmultiple scatter to below
1 keV

* Sensitivity for recoils below
Run 3 cut-off

Blue Crosses - LUX Measured Qy; 181 V/
cm (absolute energy scale)

Green Crosses - Manzur 2010; 1 kV/cm
(absolute energy scale)

Purple Band - Z3 Horn Combined FSR/SSR;
3.6 kV/cm (energy scale from best fit MC)

Orange Lines - Sorensen IDM 2010; 0.73
kV/cm (enerqy scale from best fit MC)

Black Dashed Line - Szydagis et al. (NEST)
Predicted lonization Yield at 181 V/cm

Run 3 WIMP result 3 keVnr
conservative cut off

Double Scatter (S1, 2xS2s > 50 phe) |

f ra]

4 Flat Sys. : : ] . :
'IO _E.rroron.Blu.e ......... .................. . .......... ‘ .................... . ......................... -

PomtS—I—

(1-sigma) ; + |
| j :

mEnwr=sfme®
=
R
-------
.....
.
...... == .
U
.....
P
-
_____
Ll

-

LUX

lonization Yield [electrons / keV

Preliminary = :
1 5 Reconstructed lonization Yield with
: : : Associated Statistical Uncertainty
QO : : : : : :
1 D 1 i . 1 i 1 1 1
10 10

Energy Measured from Scattering Angle [keV ]
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NR relative scenittllation aW )/c'e{d

* Using single scatters

: : . : Run 3 WIMP result 3 keVnr
* [etector simulation to simulate single- RS BRATIVE Gt o

scatter spectra

* Fit for Less in slices of $2 using x2
minimisation between data and 310
simulated Sl-spectra o

* Energy scale from charge yield
measurement

~ Single Scatter (51, 1xS2s > 50 phe)

Blue Crosses - LUX Measured L ;
reported at 181 V/cm (absolute = 1{].'1
energy scale 1

Green Crosses - Manzur 2010; 0 V/ecm _
(absolute enerqy scale) |

Purple Band - Horn Combined Zeplin IlI +

Flat Sys. |

Error on Blue |
FSR/SSR; 3.6 kV/cm, rescaled to 0 V/ Points
cm (enerqgy scale from best fit MC) L UX

Orange Crosses - Plante 2011; 0 V/cm Preliminary (1 sigma)
(absolute energy scale)

Black Dashed Line - Szydagis et al. 3%10-2

(NEST) Predicted Scintillation Yield at 0 ' Y ' .

181 V/cm 10 10 10
Full details: Energy {kevnm}

http://www.pa.ucla.edu/sites/default/files/webform/20140228_jverbus_ucla2014.pdf
(forthcoming paper in preparation) 46
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NR velative scenirllation e]ﬁcéeng/

What does this mem]%r low-mass WIMP sensitivity

* [ecreasing cut-off from 3 keV to 1 keV means

we expect almost 1000 * wmore signal for a o S2-only
| 6(}3 o S1-only
W MP mass Of v v S1, S2 combined, before threshold cuts
ol STt M it 6GeV 'U' ' '1'0' '41' g '2' et + S1, S2 combined, after threshold cuts
[ 1 | W— =
= L f— szlOGeV,U:10_44cm2 Hioii g o
S 00l T e My =30.GeVo g = 8. x 10-% cm?2 e e e
QL : 1 : . 4+ : : -+
%D O b Ry 0% @43 KeVAr
5 102 s
£ 0.2y
R~ el 1 - @3 KeVnE s LSl
'..g 10 OF .a-';!v:-'- BRNRPNNS PTTWE TN EARYR I
o)) Iy | | | | |
& d 51015 F R0t
4 0= ' recoil energy (keV
i S il i e N ) Po’ren’ﬂal for sensitivity down
g—+—————8——d———5— 1 ——F——B———9——10 0 ¢ 1 keV

Recoil Energy [keVnr]
Calculation courtesy of Aaron Manalaysay
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What's mext: LUX 300 p{ay rumn

* Run04: A 300 live-day run with
results expected in 2015/16.

* Predicted increase in sensitivity of a
factor 2-9 in comparison to 89 days
result.

* Still discovery potential

—

o
IS
N

WIMP-nucleon cross section (cmz)
> o

—h
o

wah
o
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Longer tevm: LUX-ZEPLIN (LZ)

ZEPLIN - park Matter program at Boulby Mine, UK
ZEPLIN | ZEPLIN Il ZEPLIN I

The first 2-phase LXe Park Matter detector!

Double phase, 7 PMTs, * Double phase, 31 PMTs,

xk
*  Single phase, 3 PMTs, 5/31 kg * woderate E field, 31/72 kg * high E field, 10/64 ko
* Run2001-04 * Run2005-06 * Run 2009-11
*  Limitf: 1.1*10-° pb *  Liwmit: 6.6*107 pb * Limit: 39*10 pb
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Longer tevm: LUX-ZEPLIN (LZ)

Water Tank —

HV Conduit

Veto PMTs

Veto Liquid
Scintillator

LXe Recirculation

50

Cryostat

LXe
Skin Detector

LXe Heat
Exchanger

C RERIE NI NN R IR

Linear size: x LUX
Active mass: 28x LUX
Sensitivity: >100x LUX
instrumented LXe Skin
Outer Veto Detector
Water tank from LUX



Longer tevm: LUX-ZEPLIN (LZ)

10 v v L A A A v v o ER D\ X 15 5 2 |

- gy —r—r—rr] N —— -
- 0
N 6 L . 2 EK i s FUll TPC (7 ton)
K E i \EB : - ?gOngﬁcyvV{lmP § R w56 ton fiducial
> B\ 500 GeVic’ WIMP s 10 |
(U U 102
3 2
g e Full TPC (7 ton) 2 10°
px s 5,6 ton fiducial ! 104
5 |
. T 109
10°®
107
10°®
T 10'91 10 10°
2
10 10 Er [keVi] Er [keVee]

* Dominant backgrounds from astrophysical neutrinos —— interesting in ifself!
* (oherent v-A scattering, solar pp v-e scattering ~1.9 eventsin 1,000 days

* Radioactivity from detector materials (n, )
* Radiopure construction, self-shielding & veto strategy - clean ~5.6-tonne fiducial
* Limit for contribution set fo 107 of pp solar v background

* [ntrinsic electron recoil backgrounds in the liquid xenon (f)
* ER discrimination, prior purification (4?Kr) and material assay (Rn) subdominant
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Onwards and downwards

SuperCDMS Soudan Low Threshold

XENON 10 S2 (2013)

~ (Green ovals) Asymmetric DM

(Violet oval) Magnetic DM
(Blue oval) Extra dimensions

| (Red circle) SUSY MSSM

A MSSM: Pure Higgsino

L @ MSSM: A funnel

@ MSSM: Bino-stop coannihilation

Y MSSM: Bino-squark coannihilation

4 CDMS-Il Ge Low Threshold (2011) 10—3
) TR preshold O11),__ .
=2 o\ \& CoGeNT
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OREON \\ \ O 107
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R

WIMP—nucleon cross section [pb]

Mﬂﬂﬂﬂg CF1 WIMP Park Matter Detection summary

1

100
WIMP Mass [GeV/c?]

10

5T ——

sensitivity goal
2x10-48 em?

at a WIMP mass

of 50 GeV/e2



LZ - UK R&D

Whwir

. HEhEFad
Regian

Cryostat design

LXe [evel sensors .
Source delivery driver | |[f
Cold HV-feedthrough {isa
Slow-control test bench
LXe system fest
Background simulations |
Screening (HPGe, ICPMS)
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LZ and all ‘G2’ Projections

LE40 g .
=~ 1E41 A |
. W 50 GeV
= % 1.E-42 [ | ®Crystals 2 - WIMP
O = ® Cryogenic @
Q R :
g E 1.E-43 A Liquid xenon A‘a‘ : mass
Z 3 1.E-44 | ¢ Liquid argon A 0
5 o ALUX and LZ A’ 0
A 1.E-45 | | axenonaT 4 %
g 1E-46 DThreshoI.d ' AD ©
O Cryogenic A
1.E-47 | | ©Lliquid argon <
A LUX | iz A
1.E-48
1985 1995 2005 2015
Year
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fwmma/r)/

* With 85.3 live-days LUX set world’s best limit on spin-independent scattering:

* 907 UL. of 76 x 107" cm” at 33 GeV/e” — first sub-zeptobarn WIMP detector

* Previous world best sensitivity improved by a factor of about 3 at higher WIMP masses and
significantly (by a factor of 20) at low-energy due to low energy threshold.

* Strong disagreement with low-mass hints of signal!

* Low-energy neutron calibration post Run 3 provided direct measurement of NR energy scale in LUX
* Expect re-analysis of first WIMP-search data with reduced threshold

* LUX at the frontier of dark matter direct detection - exciting times ahead with the 200 day run,
WIMP discovery possible!

* LUX-ZEPLIN proposed successor will approach irreducible background limit for direct detection
experiments.
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