FIRST RESOLTS FROM LUX: TOWARDS DIRECT DETECTION Of DARK MATTER

peter sovensen on behalf of the LUX Collaboration

what is LUX?

® 3 particle detector

® a monolithic, “wall-less,” radiopure, ~370 kg xenon TPC
eviewed by 122 Photomultiplier Tubes

® able to reconstruct (x,y,z) for each event

e self-shielding

LUX, Nucl. Instr. Meth. A 668 1 (2012)
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how would LUX see dark matter?

e it detects scintillation photons and ionized
electrons created by particle interactions

o if dark matter interacted with a xenon atom,
energy transferred to that atom would be visible to
LUX

e ~ O(0.10) and &2 ~ O(10) are the probabilities
for detection of each quanta

®n,and ne are the fundamental measured quantities

— ionization electrons
N UV scintillation photons (=175 nm)
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WE KNOW THERE IS DARK MATTER OUT THERE: WE CAN "SEE" |T.

Dietrigh et al, Nature 487 202 (2012) Apall 2073

(above) weak-lensing mass reconstruction of a
dark matter filament stretching between two
clusters, separated by ~15 Mpc/h

large-scale dark matter structure filaments in the
Bolshoi simulatign
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BOT. WHAT IS IT?

® Weakly Interacting Massive Particles are a prime candidate

® |ots of effort to detect them (below, plot from Snowmass report)

e L UX presently the most sensitive search

SuperCDMS Soudan Low Threshold
XENON 10 S2 (2013)
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MANY MODELS Of wiP DARK MATTER. SIMPLEST CASE SPECTRUM IS ~EXP
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i dark matter direct detection seems to require:
% 1.extremely low background
=4 10 2.background rejection
~ 3.lowest possible energy threshold
n

1= 4 .large target mass

= 5.patience
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% ~ O(1) event in 30 kg xenon in 225 days
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LOTS OF WORK WENT INTO BOILDING LUX..
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WENVE GOT EXTREMELY LOW BACKGROUND

¢4850 ft (1492 m) underground in the black hills of South Dakota (4300
meters water equiv.) ... reduces muon flux to <1 muon per day

esurrounded by a 7.6 m diameter water shield ... reduces gamma and neutron
backgrounds to <1 projected event in 300 days of searching

elimiting factor is detector construction materials ... this limit is <2
background events per DAY in the central 118 kg target in the energy window
of interest.. and decreasing

1492 weters be\owm
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AND, THE BACKGROUND RATE 1S DECREASING.

Measured DRU (89 livedays, 89 eff)  log,,(DRUee) Measured DRU (44 livedays, 44 eff)  log,,(DRUee)
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SHOWING EVENT RATE 0-5 KEV
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A TYPICAL BACKGROUND EVENT AT )5 KEV

S1 summed across all channels

:

S2 summed across all channels
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log ] 0(SZb/S1 ) X,y,Z corrected
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WENE GOT BACKGROUND REJECTION!

(a) Tritium ER Calibration
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S1 x,y,z corrected (phe)

99.6% background rejection in low energy region of interest

leakage fraction
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NB: data reduction built on robust event identification and extremely minimal software cuts
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AND, AN ENERGY THRESHOLD Of ~3 KEV

=> (ENERGY OF RECOILING XENON ATOM

Total signal (electrons + photons) L UX 2013 in terms of photons only
— — Aprile 2013 |_ - 19.3

Aprile 2011e—
050 = Plante 2011
- conservative energy calibration { g |----- Horn 2011a

following dashed curve 3§ |77 Horn 2011b
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SIGNAL DETECTION

o(right)
esame efficiency curve as a function of recoil energy
efall-off at 20 keV due to search window defined in S1

10’
S1 x,y,z corrected (phe)

EFFICIENCY 1S ROBUST
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160 EVENTS IN 85 DAYS SEARCH WITH N8 KG TARGET

log ] O(82b/S1 ) X,y,z corrected

S1 x,y,z corrected (phe)

inset gray curves defined from E; = €(n., + n,)/ f,
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SIMOLATED wiiP SIGNAL FOR Y000 GEV MASS

At 1000 GeV particle mass and cross section at the existing XENON100 90% CL Sensitivity 1.9x10** cm? ...

We would expect ~7 WIMPs in LUX Search (trial experiment shown as filled circles)

\ T T | T
2'6 I \ Probability Density Function (PDF) for WIMP Signal used in profile
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SMOLATED wiMP SIGNAL FOR 8.6 GEV MASS

At 8.6 GeV particle mass and cross section favored by CDMS Il silicon (2012) ~2.0x104" cm? ...
We would expect 1550 WIMPs in LUX Search (trial experiment NOT shown :)
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LUX 85 LIVE DAY SEARCH. AND PROJECTED LUX 300 DAY wiMP SEARCH

® First results from LUX -- consistent with
background-only hypothesis (p=0.35)

® additional dark matter search analyses under
consideration

® \We intend to run LUX for a new run of 300
days in 2014/15

- Extending sensitivity by another factor 5

* Even though LUX sees no WIMP-like events
in the current run, it is still quite possible to
discover a signal when extending the reach

¢ “LUX does not exclude LUX”
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CONCLOSION

® | UX has made an 85 live day WIMP search and released manuscript (arxiv:1310.8214) within 9 months of commissioning
the detector underground at the Davis Lab at SURF

* Low backgrounds as expected, inner fiducial (118 kg) ER rate <2 events/day in region of interest
 New calibration techniques including 83™Kr and Tritiated-CH4 injected directly into Xe target (not discussed in this talk)
* Very low energy threshold achieved: 3 keVnr with no ambiguous/leakage events

* ER rejection shown to be 99.6+/-0.1% in energy range of interest

® Extended sensitivity over existing experiments by x3 at 35 GeV WIMP mass and x2 at 1000 GeV WIMP mass

® | ow Mass WIMP Favored Hypotheses ruled out
* LUX WIMP Sensitivity 20x better

* LUX does not observe 6-10 GeV WIMPs favored by earlier experiments

® Results due to lots of great work by a large number of scientists!
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EXTRA SLIDE: BACKGROUNDS WELL UNDERSTOOD
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EXTRA SLIDE: BACKGROUND SUMMARY FOR N8 KG FIDUCIAL

Background Component

Gamma-rays

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

103 x evts/keVee/kg/day

|.840.25:2:+0.35ys

127Xe (36.4 day half-life)

Cosmogenic
0.87 -> 0.28 during run

0.5%0.025tac20. | sys

214pp 222Rn 0.11-0.22(90% cv)
Reduced from
85 +
Kr | 30 Ppb to 3.51 | Ppt O I 3_0.07sys
Predicted Total 2.610.2502:10.4ys
Observed Total 3.1£0.2¢ac
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