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Energy In Our Universe

Dark Matter Dark Matter

Dark Energy Dark Energy

Dark Matter s 44 4+ (.14

Our Matter
Before Planck After Planck
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HNN
The WIMP Mi raCIG, (weakly interacting massive particle)

1) susy® restered at absvt
weak scale gives LSP (X°)
with weak interaction with
our matter

LUX

7_) Cross —The d\'aﬁf‘am[
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Weak Interaction Diagrams
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LUX

Milky Way:
nainly a dark cloud

Sun: moves In
plane of disk
vic=4=0.7x1073

ticles in “halo” : 3-d
mc? xn = 1/3 GeV/cm?3
/2 of total mass density)
axwellian/Gaussian (simple
vic=£=0.7x103
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HNN

Billiard Ball Scattering

XO ” vic=4=0.7x1073
>

Massive: M, c2~100 GeV \
We use Xenon,

A=131, mc?=122 GeV
others: SI, S, I, Ge, W

“Weak Scale’

Er~V2 My C* B
~(1/4)122 GeV/(10°)
~ 30 keV
~ X-ray energy ! Easy!
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Signal Shape
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Our Moore’s Law (thanks Mike Witherell),
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- 1
State of Play In the “race to the bottom
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" The Attractions o Xenon e

e Large atomic weight, A, about 131
e No long lived radioactive isotopes (not Ar, Kr) (1)
e Scintillates all by itself with no additives (!)

» Response different for electron vs. nuclear recoils (1)
y UV easler than Kr, Ar, Ne, He — glass, no wave shifter

e Boliling point (165K) above liquid nitrogen (77K)
e Liquid can be continuously Purified
y Heat, Clean, Condense... LUX Thermosyphon, Heat EX.

e One big detector, self shields... aluminum floats
y 2-phase time projection chamber (TPC)

10/30/2013 KITP 19
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Discrimination
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Xenon 100 Separation (flattened)
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CUX Dual Phase Xe Detector X

(secondary
scintillation
Time light,
g9 Mmeasures
lonization,
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E signal/backgr
field | ound

Drift ime Separation)
indicates depth

| (primary
.S scintillation

light,
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— ionization electrons ene rgy)
N UV scintillation photons XENON10
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LUX being

built
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LUX

In the tank and detailed cross section

Detector outer —

stand cryostat (Ti)
Inner

370 kg xenon cryostat
250 kg active regio
» 118 kg fiducial mass

10/30/2013

— Thermosyphon

» Copper
shield

_~ Top PMT
array

_~ Anode grid

PTFE
_— reflector

panels and

field cage

— Cathode grid

~Bottom PMT array

KITP

24



HNN LUX

TheLUX Water Tank

TN g-- ‘ |
‘i!a‘ e EELISAIE 1 mile underground near

e G *

T ;,j Mount Rushmore in SD
e ke - (Lead, Homestake Mine)

25 foot diameter
20 foot height
Stainless/pickled

70,000 gallons of ultrapure water
(>18 MegaOhm-cm)

Recirculated/cleaned once/week

10/30/2013 KITP 25



LUX Is Instald (Fall 2012)
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L UX Is Underwater (Fall 202
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Ray Davis... same location where LUX 1s
(but all his equipment was removed)
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HNN

Dean & Susanne

29
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LUX

Typical Event in LUX

51 summed across all channels 52 summed across all channels
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HNN
Kr-83m Calibration

* Over 1 million Kr-83m events, giving over 10 events/cc

Kr-83m — 1.8 h 1/2 life — injected into the detector (like Radon), decays
Position-based S1 corrections

Fiducial volume determination
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‘Calibration of COX Response
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. X
ate of Confusing ER as NR ( Dlscrlmmatlon%
Average discrimination from 2-30 S1 photoelectrons

measured to be 99.6% (with 50% nuclear recoil acceptance)
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Black circles show leakage from counting events from the dataset

90%

99%

discrimination

99.9%

99.99%

Red circles show projections of Gaussian fits below the nuclear recoil band mean



"M OdeT of Detector Response X
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" “ETficiency Checking. -

LUX

: 2
Neutron Sim (line) 13
, Neutron Data (points) 3
) i OO0y &0 - _1.6 C
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ETficiency

o  S2-only

o S1-only

v S1, S2 combined, before threshold cuts
+ S1, S2 combined, after threshold cuts
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Gamma Ray Environment — High Energy
10 - 127xe T T T T T
i 129mx,e
\ 127%e 214g; (238
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Gamma Ray EnVIrOnment

Background Component

Source

103 x evts/keVee/kg/day

Internal Components including

Gamma-rays PMITS (80%) Cryostat, Teflon 1.8£0.25tat0.3sys
IXe (36.4 day halfife) | 3°§?§%i?.‘ﬁg | 05%0.020:20.14
214pp 222Rn 0.11-0.22(90% cL)
oK 1 30Rpepdbuf: gfgiql ppt 0.13£0.075s
Predicted Total 2.6£0.25ta120.45ys
Observed Total 3.1£0.2¢tat

10/30/2013
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HNN
Event & Cuts Summary: 86 live days
Cut Explanation Events Remaining
All Triggers S2 Trigger >99% for S2>200 phe 83,673,413
o Cut periods of excursion for Xe Gas
Detector Stablllty Pressure, Xe Liquid Level, Grid Voltages 82,918,901
Single Scatter Events 'Sdfantig'f igf nof S1and S2. Single 6,585,686
Accept 2-30 phe
51 energy (low energy <5 keVee,<25 keVnr) 26,824
S2 energy Accept 200-3300 phe 20,989
. Cut if >100 phe outside S1+S2
S2 Electron Trains identified. (0.8% drop in livetime.) 19,796
Drift Time Cut away from grids rCel;tlt(')r:]% Ay o cahods and gate 8731
Fiducial Volume Radius < 18 cm, 38 < drift time < 305 us, 160

118 kg fiducial

10/30/2013

KITP
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The Events In our Detector
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N LUX
The 160 Events on the Main WIMP search plot
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Fit Pr0|ect|ons All qud Rejected at 66% CL

|
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events line connecting
red dots crosses 10%
(Frequentist)

About 2.4 events

WIMP Mass 7 GeV Limit (Higgs Tec:hnologﬁUX
- ——
B —4—
:_ - + o
E 90% CL at # signal
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Igh Mass Limits
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Expand the Vertical

LUX
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HNN LUX
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HNN LUX

The Future

e LUX — 300 day, blinded run, 4X sensitivity in 1
year

e Upgrade... LZ (LUX-ZEPLIN) to 7 tonnes
y Factor of 20 in mass
y Factor of 100 in sensitivity... 10748 cm?

y Background from atmospheric, solar neutrinos starts to
creep In.

y 2017

10/30/2013 KITP 48



2 =Tits in COX Water tank

Water tank

- Ti cryostat

HV connection

™~ TPCand photomultipliers

Veto photomultipliers
Scintillator veto
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N LUX
The Future of Direct Detection (o1)
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SCIENTIFIC
MAMES 7

DENNIS the MEN

SURE. SCIENTISTS COME
UP WITH GREAT, WILD

THEN THEY GIWE
THEM DuLL,
UNIMAGIMNATIVE

TR AR B U DMLYy e ~\=
7(_._,11}@- aass

T v o e oS

“LOTS OF THINGS ARE (NVISIBLE, BUT WE DONT

KNOW HOW MANY BECAUSE WE CANT SEE THEM .

FOR EXAMALE , SCEMTISTS
THINK SPACE 1S FULL OF
MYSTERIONS, INNISIBLE MASS,
SO WHAT DO THEY Call T2
"DARK MATTER"! DUHH!
1 TELL YOU, THERES A
FORTUNE T BE MADE
HERE ¢
\ —

f

LUX

I UKE TO \ INSTEAD OF
SAY "OUARK 7 | MAKING AN \DIOT
QUARK, QUARK ’DF YOURSELF, Wi
QUIRK QUARK '] DONT You GO
FIND ME SOME
SCENTISTS? |

THANKS!

10/30/2013
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1000 GeV Signal ala Xenon-100

*Pick a mass of 1000 GeV and cross section at the existing XENON100 90%

10-** cm? - Would expect 9 WIMPs in LUX Search

CL Sensitivity 1.9x

Conservatively — |
assume no signal
generated for
recoils < 3 keVnr
to reflect lowest

log10(S2bc/s1c)
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8.6 GeV Signal a la CDMS o -

*At a mass of 8.6 GeV and cross section favored CDMS Il Si (2012) cross
section 2.0x10-41 cm2 - Expect 1550 WIMPs in LUX Search

2.5 -2

Note how WIMP distribution
- appear below the calibration
NR mean ...

\ .

Conservatively
assume no signal
generated for
recoils < 3 keVnr
to reflect lowest

—_
(6}
T

log10(S2bc/s1c

et - -

energy for which 1 by O S - .

Jy 1o WhiG .. the shift occurs because for a given S2 value
NR calibration is . . . 45

. the S1 is more likely to have up-fluctuated in order
available.

to appear above threshold
0.5 -5
0 5 10 15 20 25
S1c (phe)

]
10/30/2013 KITP 53



