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Outline

e Large Underground Xenon (LUX)

* First Run3 Analysis (90 live-days)

* Improved Analysis of Run3 Data arxiv:1512.03506
* Preparation for Run4 (300 live-days) Data
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Dark Matter Detection

Our Universe

e 4.9% Visible Matter
e 26.8% Dark Matter
* 68.3% Dark Energy

Weakly Interacting Massive Particles

Rotation Speed

Measured

 Weak! Interaction cross-section e/ . Distance from centre
0<10%cm? @ 33 GeV mass -
* Massive ~ 100 GeV range Walaroue ' Dark

Matter
Dark

WIMPs scatters off normal matter
and imparts small amount of energy
Excited atom releases this energy

* Heat (Loss)

» Scintillation Light (S1)

* lonization (S2)
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Low-radioactivity
Titanium Cryostat

370 kg total xenon mass

250 kg active liquid xenon
118 kg fiducial mass

- Thermosyphon

, Copper shield

| Top PMT array

o Anode grid

PTFE reflector «
- panels and field
cage

—— Cathode grid

~Bottom PMT array

Xenon at 165K

Thermo Isotropy

S2/S1 Reconstruct
Extracts Electrons
~99% reflectivity
VUV light

Applied 180 V/cm
drift field

S1 Reconstruction



Dual Phase Xenon TPC

e Particle interacts with the Xenon
and deposites ~ keV of Energy

Time
A
* Prompt Scintillation Light (S1) g2
* Delay & Localized Charge on the
top PMT array (S2)
* Drift time of the electrons |
1 S1 52 «?S] Drift time
F=—— ( -+ ) - W, Particle / - indicates depth
EE Ao o Ry g
Gy gy gy, - 4 >
* gl = Light Collection b 4.‘”’?%!,@5:;3" plsing
» g2 = Extraction Eff, Light ' bl

L(E) = Lindhard Factor
— ionization electrons

Fraction of Energy Loss to Heat SN UV scintillation photons (~175 nm)

Image by CH Faham gog'r)



Original Run3 Analysis
Exclusion down ~ 6 GeV
Energy threshold: 3 keV (slide2)

85.3 Live-days with 118 kg of
fiducial mass (10k kg-days)

2 <S1 <30 Phe
S2 > 200 Phe
Event Radius < 18 cm

160 Events observed in data
after selection cuts
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—1 Reanalysis: The List

PMT Pulses

* Energy Calibration for Electronic Recoil Events (A.Dobi)

* Inclusion of low energy Nuclear Recoil Events (J.Verbus)

* Improve background models (B.Tennyson, C.Lee)

* Improved signal model full Energy ->S1 /S2 simulation (W.To)

* Created a new sensitivity and limits framework using Profile
Likelihood Ratio (W.To)

Exclusion
Curves
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Mono-energetic: 2.45 MeV * Qy = Charge Yield (S2 Size/ E)
fired into LUX * Ly = Light Yield (S1 Count /E)

Two line segments so the * Fit to Lindhard/Berzukov model to get L(E)

energy of the middle scatter is 1 (31 32)
E=—v. W
known L(E) 3] 25!

Nuclear recoil energy (keV)
1 10 100

#phel/PMT : C : I R
Sl SO SO R RIS
a9 %} ~ L --t 3 ER
- C : N
W ) ;
" <o o
Q i | | i | i | I I I | | i | 1 1 i
5 Q ! T T 11 ! 1 ! 1 L L 1 1 ! 1 1 |.;.
b 10
o
2

R

N
rr

Pres

- (ph / keV)

|
o

e Blenardo -
10




Ay

% Background Model

e Detector Material: Gamma rays from Co-60, K-40, TI-208, Bi-214
* Global Fit to 3 MeV
* Asymmetric source from top and bottom

* Internal Background (in Xenon): Ar-37, Kr-85m, Xe-127

R vs. S2 of Wall BG

Wall Background:
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— Signal Model and Limits
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* First Result used S1 as a proxy for Energy { E(S1) = 6t Degree Poly }

* Noble Element Simulation Technique, M.Sydagzis et al, arxiv:1106.1613
* Implement full NEST simulation in the sensitivity calculation

* NEST parameter are derived from DD-data

* All parameters including g1, g2 and L(E) are allow to vary in fits
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=\, Sensitivity Exclusion Calc

Limits calculation switched to physical quantity of cross-section instead of

number of events

Signal Model is generated on the fly

Parameters can be varied during fits

Profile over parameter space

Nuisance Parameters

Both Signal Strength and Shape could be changed by the NPs

The kappa factor in L(E) is found to be dominated in Signal Strength
g2 is found to dominated in Signal Shape.

kappa is allowed to for all mass points

g2 only floats above 4 GeV (huge increase in computing time)

Each individual background contribution also have a NP

The likelihood ratio is calculated with all NPs variation so we get a profile of
the model parameters (PLR)

* “Goodness-Of-Fit” between Data and Background Model 13



e 1<S1<50Phd S2 > 150 Phd Energy Threshold = 1.1 keV
e 10 additional days from dataset with tiny amount of Kr-83 from calibration
e 95 Live-days x 145 kg = 13800 kg-days (increase of 40%)

* Total of 591 events
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—=<0 Maximum Likelihood Fit L@X

* 95 Live days * 145 kg of Parameter Constraint  Fit value
Exposure ,
Lindhard k 0.174 £ 0.006
52 gain ratio: gy.pn/o.us 0.94+0.04

 Observed 591 Events

e Background Model

Low-z-origin y counts: 72474 165416
Predicted: 589 Events g by bottom )

_ , Other y counts: ply et UTE106 228+19

* Signal Model of various ) r L0 i
masses are included into p counts: g il Bl
the fit with Lindhard k and X e counts; I e-127 01+27  TW+12
g2 allowed to float At coutts: e ) 1948

* cross-section for all Wall counts: fhyap U7 N4

masses fit to < 1e-4 zb
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LUX Run4 Data

LUX is currently taking data until the end of 2016
Additional 300+ live-days of data
Increase exposure by a factor of 4

Preliminary estimate approximately factor of 2 improvement
in WIMP sensitivity

Improved Modeling of the E-field in LUX
Better background models with full 3D information (¢)

Improve treatments of nuisance parameters in order to allow
variation at low masses

* Large number of events needs to be generated currently
* Avoid this by parameterizing s1 and s2

17



Conclusion

Reanalysis of LUX first 90 live-days of data improved the
sensitivity by factor of 2 at 33 GeV

Pushed lowest mass limits from 6 GeV to 3.4 GeV

Improvement s from PMT Pulses to Final Limits calculation
were implemented

Additional calibration sources allowed us to use data drive
methods for background and signal modeling

Work is meant to be carried over to 300+90 live-days of data
being collected until end of 2016

PRD with analysis detail coming soon.
SD and Axion limits are also coming out

18
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Exclusion of CMSSM
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Sharp Time (S1)
Diffused Position
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Single Photo-electron

——PMT 121
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Distribution of pulse

areas of single photons ==

— VUV [gzas)

— VUV [louid)

Used in
original Run 3
analysis

Used in re-analysis

LUX

Preliminary

1] 11l

« Photon — PMT photocathode — single electron
Except...

30 40 50 G0 70 B0 o0
Pulse area [mV ns

— Xe scintillation: 175 nm (7.1 eV). Callibration LEDs: 470 nm (2.6 V)

» Two photo-electrons about 20% of the time in Xe

— phe (photoelectrons) — phd (detected photons)

08/07/2015 APS-DPF, Ann Arbor
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* Radial
parametrization of
the corrected
Mercury radius vs.
S2 size

Wall BUS

counts
=

counts

AN
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\
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Wall BUS

Hadial comparison data vs. wal model below MR mean
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*222Rn, 3.8 days, alpha decaying to...

«218pp, 3.10 minutes, alpha decaying to...

«214pp 26.8 minutes, beta decaying to...

«214Bj 19.9 minutes, beta decaying to...

«214pp, 0.1643 ms, alpha decaying to...

«210pp which has a much longer half-life of 22.3 years, beta
decaying to...

«210Bj 5.013 days, beta decaying to...

«210pg, 138.376 days, alpha decaying to...

«206ph stable.
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