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What do we know about dark matter?
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It's mysterious




We have a lot of indirect evidence...

In rotation curves of elliptical galaxies...
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In collisions of galaxies..

Use gravitational lensing to determine
mass of clusters, while x-rays show hot
gas and optical images show stars

1E 0657-56, Bullet cluster
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CMB moments

K.T. Story et al., arXiv:1210.7231
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L)

We believe it makes up ~25% of our universe

Universe content

visible matter 5%

dark matter 27%

dark energy 687%

quantumdiaries.org



What don’t we know about dark matter?
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LEX

A lot!
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L)

Basic idea of WIMP direct detection experiments

* Look for WIMPs
elastically recolling off
a heavy nucleus

Electron Recoil
(gammas)

* Reduce all non-DM A
baCkgrOUﬂdS tO ~ O | “ Nuclear Recoil

(neutrons, WIMPs)

* Remaining events
= DM signal

10



WIMP direct detection in noble liquids

Excitation Excited molecule
X
—_—
VUV photon 1/75nm

\\
(Xg2t) — ./ @
 —
i . VUV photon 1/75nm
e @ lonizaton lonized molecule

Ce

Recombination

All recoils produce light and charge

11



Use light vs charge to discriminate nuclear

and electronic recolls

S(E)/S, or Q(E)/Q,
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E. Aprile et al., Phys. Rev. Lett. 97, 081302 (2006)
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Noble Element Scintillation Technique (NEST)
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0.101
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Original Lindhard

Hitachi correction |

10

nuclear recoil energy [keV]

100

Uses full Lindhard model with Hitachi
linear energy transfer (LET)

P. Sorensen and C.E. Dahl, Phys. Rev. D 83, 063501 (2011)
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Reproduces NR discrimination data

M. Szydagis et al., JINST 6, p10002 (2011) 13



Liguid xenon self-shielding

Mean Background in Fiducial (dru)
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Self-shielding in liquid Xe TPC

10 kg H/@ =1.00

- === {00 kg HO =1.00
— 300 kg, H/Q =1.20
s 1000 kg, HD = 1.00
LUX goal
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10°

Make use of self-
shielding to reduce
external and internal

backgrounds
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The LUX

=Xperiment
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LG

Sanford Underground Research Facility (SURF)

Lead, SD, located in Black Hills Former Homestake gold mine -
\ repurposed as a “science mine”

N - Location Map of
A ccun cavaoa SOUTH DAKOTA
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LUX at SURF
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LUX In the Davis Campus

Control room Breakout system Clean room

Liquid nitrogen system
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recovery ‘
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Gas system
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L UX Detector

Breakout cart

Thermosyphon

Water tank

Source tubes

Cryostat

D. S. Akerib et al, Nucl. Instrum. Meth. A 704, 111-126 (2013) 20



Cryostat

Lc (cooling)
Condenser

(L

_T/

Ly (heating)

Evaporator
(Cokd Head)
Lp

Use thermosyphons for
efficient, passive cooling

Hamamatsu R8778,
12 stage 2.2” PMTs
(61 top/61 bottom)

Top thermosyphon Feedthroughs

Titanium cryostats
Radiopure Ti < 0.2 mBqg/kg
Constantly circulate and

Anode and electron purify Xe in gas phase

extraction grids

Xenon recirculation
and heat exchanger

300 kg active liquid xenon

PTFE reflector panels
Cathode grid

Photomultiplier tubes

Bottom thermosyphon

21



Water Shield
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LEX

300 T de-ionized water shield,
20’ high, 25’ diameter SS tank to
reduce cavern & cosmogenic backgrounds

Flux Attenuation in Water
(Normalized to Number of Incoming Particles)

1120 ] eemgenm Rock Gammas
I - Rock Neutrons
335351355331 3553 —O—muNoutrons

10 meefusi e N T T ———
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111anl ll ll llll !X ll lll

10 “Il‘}ll Ilotll- | ‘H 1) II i.t i H‘ Il i II.H IHI H II i
0 B i 103 suppressmn ‘of neutrons
4 ::::A'.ifi::::if:::ii - 10 SUppI’ESSiO of YS

10 hun gi;gg £y n SETENY u i h n ERETRRISSINRIaLY h IHTE

Flux

7 Muwnla

0 500 1000 1500 2000 2500 3000 3500 4000
Z [mm]

Instrumented with 20 Hamamatsu R7081 10”
diameter PMTs for veto of coincident NR candidates
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Detector calibration

Collimation Hole

Reducer (Tungsten) /ﬁ
N »
Tungsten Shield | ‘l
\\\
_— Source
- -
V

> ~—__ Tungsten Shield

Casing (SS) Back Plate

Handle

Casing (SS)

External sources:
241AmBe 252Cf

Internal sources:
83mKr 3|_|

Due to self-shielding of LXe, internal sources preferable! 23



LUX-AT

PC at heart

LEX

Read out light signals, corresponding to both initial
scintillation (S1) and electroluminescence (S2)

Particle 8=

i

Wire strung, 50 um wire, 5 mm spacing T

Wire mesh, 30 pm w

-3 kV/cm extraction

~——— jonization electrons

NN UV scintillation photons (~175 nm)

Image by CH Faham (Brown)

The LUX Detector Grid Configuration

!!llllllll!ll!!Ill!llll!llll!lllllll!lltu— -

-6 kV/cm electroluminescence

lllllllllllllllllllllllllllllllllllll

S mm spa
;100m
| Wire strung, 100 pm wi eSmmspa(W oooooooooooooooooooooooooooooooooo

There are 47 field-shaping rings between G and C, spaced 1 cm apart

49 cm

1.9 cm warm
4 0 cm cold*

Drift time
indicates depth -180 V/cm drift field
‘ Wire strung 100 pm wire, 1 ¢cm spac ng C RN AR AR - ~ -
LS
Wire strun ng, 100 um wire, 5 mm spacing B aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

10cm
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WIM

P search data

25



Underground operation since January, 2013

83mKr gas events injected into gas circulation line,

1.8 hr half life

Load .evt and analysis_settings.xml files
[Volumes/LUXUndergroundData/LU;
\' analysis_settings.xml
Event List: [33 911 924 935 1089 Load

Colorbar range: to (Update Hit Pattem)

Hit Pattern phe

1656

<< [ 1689 ‘ >>

Status
[~Average gain: 15.786250 mvns
| Elapsed Time: 13.8s
| Running LUXCalibratePulses...
‘ Elapsed Time: 2.8 s

Running LUXSumPOD...
| Elapsed Time: 16.1's

lux10_20130104T0933 - event 1689
L[ — - e e e g e

phe f sample

phe ¢ sample

samples

Options (tum off RQs for speed)
() Timing () Prompt Fraction (] Seperate Traces (] Threshold [} mV

(C) Exponential Fit () Gaussian Fit (] Area () Sum only (faster) () No Hit Pattemn (faster)

I 'I I
.
. . o, .
. . - .
.
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Data collection

Data-taking April 21 - August 8, 2013, 85 live days
Non-blind analysis!
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Light and charge yields

0.3 19.3

I LUX 2013
- 0.25 | 1161 1 = Plante 2011
s [ : 2 |----- Horn 2011a
S 02! 1129 E |----- Horn 2011b
- ' ' <. | = Manzur 2010
) i . o
2 015 197 =
z [ | = NEST:
g L - o
= 0.1 64 2
< i ] ~ Zero field
= | < | ——181 Vicm
7 0.05 132

0 i / e ‘ L] ] 0
1 10 100
nuclear recoil energy (keV)
Chicago” cut € Photon detection efficiency: 0.14

= set hard threshold at 3 keVnr

Very conservative! Charge yleld 26 phe/e_
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—vent selection

LEX
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amplitude (phe/10ns)
— N
| |

o
I

S1 summed across all channels 52 summed across all channels
v 12 -
@oe» /ﬁ ,§1o ,il ‘
ST Sl .
gw " l "" g 6 ' l‘ *
§0.2- ‘ i. | | g 4 hN l'tb
\/ - 2 . ¥
§ o AN J V A\ \w,’\ § i “,‘a‘-.\, o
02 0 0.2 0.4 19 20 21 22 23
time (us) time (us)
triggered on S2
.l. L 150
l 95% single photoelectrons > threshold 100
I 50
o g g 7
5
10 15 20 PMT channel
number
fime (us)

Requirements for WIMP search candidate events

S2 trigger (at least 2 trigger ch. = 8 phe within 2 ps)
2 phe (2-fold coincidence) < S1 < 30 phe

200 phe (8 e-) < S2 < 3300 phe

total area of other pulses in the event < 100 phe
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Position reconstruction

Resolve gate wire grid
for high energy events
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Fiducial volume

160 candidate events after
all selection reqgs applied

T A s . AT —_— gate grid __
I I
- e
50\ i
@ 100} | S
= L T | !
o 150F - ' | - | WEE -
= S 3 R
= 200f Bosis
= | 8 IS
S 250} AR £ 8 -
e i Sl AT et RS i
3501 . . . . . cathodelgrid i
0 100 200 300 400 500 600
radius? (cm2)

Define fiducial volumer< 18 cm, 7 <z < 47 cm,
corresponding to 118 kg fiducial mass
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Use S1 signal as energy scale

Parameterize ER and NR energies as
a function of S1 size using NEST

ER energy with <S1> / keV

TTTIITTTIIII]IITI[IIII

Electron recoils

0.2673 + 0.004571
p1 0.3301+ 0.002878
p2 -0.0187 + 0.0005524
p3 0.0009972 + 4.389¢-05
p4 -2.709e-05 + 1.525¢-06
() 2.862e-07 + 1.919¢-08
| L A l L
0 10 20 30
<S1> [phe]

NR energy with <S1> / keV

25

20

15

TIIIIIIIIIII

Nuclear recoils

10— 0 0.4157 £ 0.01011
= D1 1.438 + 0.005674
B D2 -0.05727 + 0.001005
5H p3 0.002528 + 7.494e-05
B p4 -6.107¢-05 + 2.468¢-06
- | PS5 5.919¢-07 + 2.958¢-08

O 1 1 | 1 1 1 1 | 1 1 | 1

0 10 20 30
<S1> [phe]
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Tritium calibration
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0 10 20 30 40

log , 0(82b
/

S1 x,y,z corrected (phe)

Parametrize as Gaussian, with power laws
for mean and sigma
1i(S1) = A,,S18m
0i(S1) = A.S51P —A,,518
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LG

2“TAmBe & #°2Cf calibration

Events at low (S20/S1) due to neutron+X
and multiple scatters where S2 is below

reconstruction threshold
/ (all features of calibs, but not WIMPs!)

2.57

—l
O

/S1) x,y,z corrected
N

A
1

log , O(82b

S1 x,y,z corrected (phe)

Parametrize as Gaussian, with power laws
for mean and sigma

pi(S1) = A,S15m
0i(S1) = AS15 — A, 8518 34



WIM

P search data

2.6

2.4

log 1 0(82b/81 ) X,y,Z corrected

160 events in
search region

20 30
S1 x,y,z corrected (phe)
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—fficiency of pulse finding and selection
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LG

Several iIndependent estimates of total efficiency

AmBe data (circles) & sim (line) 1.8 _

N

=
e
B

NR efficiency | 4

I
©
5
= 10
£ [
©
_ \/ Tritium data
10° / | Fle}t NR.SI,m. o
10° 10’

S1 x,y,z corrected (phe)

We find good agreement between the data
and simulation-estimated efficiencies.

D.S. Akerib et al., Nucl. Instr. Meth. A 675, 63 (2012) 37



The Likelihood

38



LG

Use an extended likelihood

e~ Ns—Ncompt—Nxe—127—NRn222 N
Lws = A HNSPS(:B;O’? 93) +NCOmptPER(33§9Compt)
' i=1

+Nxe_127PER(;0xe—127) + NRn PER(T; ORN)

Discriminant between ER/NR

Energy Discriminant against
\ external/internal radiation

Observables: x = (S1, 10g10(S2/S1), r,/z)

Parameter of interest; Ns

Nuisance parameters: Ncompt, Nxe-127, Nrn/kr-85

/

Gaussian constrain to within 30% of the predicted rates 39



LG

Predicted WIMP scattering

R o0 l C. McCabe, Phys. Rev. D, 82, 023530 (2010)
e 'p—X/ "vf@f’” )——d®v
dER M, J, . dER

do \ Mpyon, ( pr+fn(A Z))

F?*(ER)

dE R ‘21)2 [z, 2 %
5] €

R = /r? —5s?

Use standard isothermal
halo model with cutoff

Velocity of solar system in the galaxy: vo =220 km/s
Velocity of earth around the sun: VE = 245 km/s
Galactic escape velocity: Vesc = D44 km/s
Local dark matter density: p = 0.3 GeV/c?/cm?
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WIMP signal model

Events/pb kg day

Ps(ZOQIO(SQ/Sl)|SI@NR(®DS(T)PS(Z)

dR l dENR
PS(ENR(S]-)) — g(Sl)dENR (UOamwimpaodm) dS1

yd ~

v

3
14010~ 1 1z 2400 ~
: 2200
1200 8 GeV /c2 WIMP 100 GeV /c2WIMP = 5 2% 2 TeV /c2 WIMP
E 2 2 1800/
100 £ 35000 £ 1eool
80} 30000 § 1400:
1 @ 25000 & 1200}
6OL 20000 1000 &
: 800
40 15000 600
g 10000 400}
201 5000 200
% 3 8 O 20 "4 60 8 100 O B0 R e e 100
Enr [keV] Enr [keV] Enr [keV)
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log10(S2/S1)

LEX

Use simulation in final model of WIMP signal

Ps(l()glO(SQ/Sl)lSl)PS(E

\

Model as uniform in (r?,z)

!
Use realistic simulation to model 2D pdf,

INcludes resolution and efficiencies

LUX Simulation LUX Simulation LUX Simulation
2.4 = 24F = 24fF
22 8 GeV /c2 WIMP l_ S 22 100 GeV /c2 WIMP |1} S 22 2 TeV /c2 WIMP |0
20E § 20 _ = 50 -
1.8 >  18FE D 48E .
1.68 l - 16k e
1.4 - 1.4F 1.4F
1.2F 1.2 1.2F
1.0 - 1.0 1.0
0.8 0.8 0.8
o6p- 06 06
10 20 30 10 20 30 10 20 30
S1 [estimated photons] S1 [estimated photons] S1 [estimated photons]
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Radioactive materials background

Tune simulation to match observed
high-energy backgrounds

10

3127Xe T T T T
j129mx'e
I \ 127ye 2145 @8y
/ /
>
5 -1
2 107"}
S :
-
3
>
()]
-
wn
= -2
S 10 ¢
(@] N
O -
- Single & multiple scatters
107

000 1000 1500 2000 2500 3000
Energy deposited (keVee)

P < L
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log10(S2/S1)

Radioactive materials model

!

Model as uniform in Eee € [0.9, 5.1] keVee

LUX Simulation log  o(ctskgiday)
— ‘
l >0 I0.5
= _ 40 0
T B . 1-0.5
= 5 30
__ | = =
- = p
_ = S
— T 20 1-1.5
-2
10
' —q 25
10 20 30
S1 [estimated photons] 0 5
0 5 10 15 20
Radius [cm]

Predict 129 events in WIMP search data 2



127Xe Background

Electron capture from S-wave orbital,
D+€ —N+Ve

Energy released via cascade x-rays, or Auger
electrons.Total binding energy shown, and also
expected EC probability from that shell

~ K shell (35 keV) (85%) or Internal Conversion Electron(s)
tiz = 36 days L shell (5.5 keV) (12%)
M shell (1.2 keV) (2.5%) IR o R S

N,O shells (0.2 keV) (0.5%) 375 keV (17%)

202 keV (68%)
172 keV (26%)
145 keV (4.3%)
58 keV (1.2%)

l27|
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12X e model

Ponllogio(52/S1)|51) Parxe(Eee ST Porxe (1, 2

Again use simulation to
model pde, iINncludes LUX Simulation l0g ,,(DRU/MBaq)
resolution and efficiencies

— 50
‘Z’ 2.4
Al 2.2
7p)
S 20 0
5’ 1.8
1.68 30 -4
1.4 ;—
1.2 ;— 20 4.5
1.0 ;—
0.8 ] )
= Model from LUX simulation 10
0.6 | | | | | | | | | | | -5
10 20 30
I 0
S1 [estimated photons] 0 . 10 5 20

Radius [cm]

Predict 15 events in WIMP search region 4



log10(S2/S1)

214Pp/%°Kr background

@QIO(SQ/SME%%ﬂP@

Model as uniform in
Eee € [0.9, 5.1] keVee

|

Model as uniform in (r?,2)

LUX Simulation

- Model from 3H
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Radioactive materials |

85Kr

~

S1 [estimated photons]
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Energy deposited [keVee]

Predict 10 events in WIMP search region 7



—stimated background rates

193

Background Component

Source

10 [evts/keVee/kg/day]

Internal Components including

Gamma-rays PMITS (80%) Cryostat, Teflon 1.8£0.2stat£0. 3sys
"7Xe (36.4 day haliife) | 3"835%3?.',?9 | 050,020,
214Ph 222Rn 0.11-0.22(90% cL)
K 1 BORpepdbutCoe gf5r?_rr1n ppt 0.13£0.075
Predicted Total 2.0£0.25tat£0.4ys
Observed Total 3.1£0. 2stat
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Comparison of low energy data with predictions

Data

I Prediction
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o O
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counts / phe /day

O
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an
T

0.04

o 10 15 20 25 30 35 40 45 50
S1 x,y,z corrected (phe)



Calculation of the upper limit

0%
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Set frequentist one-sided upper limit

Use profile likelihood ratio as test statistic

Fixed point to test
/ X )/ Nuisance parameters, not fixed

E (Utestn 9

Gl
Value of maximum likelihood

§go = —2In A (o)

A (Utest)

Generate pseudo-experiments for Oiwest, compare the value of test statistic in
data with the value of gg,i from each pseudo-experiment

Set one-sided limit, so if (o-hat)i > Otest, Qo,i = O
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o A

LEX

Hypothesis tests
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Profile Likelihood Ratio
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First WIM

Cross—section [sz] (normalised to nucleon)

P search results!

T T TTTTTI [ g W TTTTT

)

10

WIMP Mass [GeV/cz]

10

CREST Il (2011)

CoGeNT (2013)
CDMS-II Si ROI (2013)
Edelweiss Il (2011)
CDMS Il (Ge) (2011)
CDMS II (all) (2009)
ZEPLIN Il (2011)
XENON100 (2012)
LUX (2013)
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Null hypothesis test

e S

LEX

— model
] —— model_with_poi 0
33 GeV/c2 WIMP — test statistic data

..\;\\\\' |

.

10 12 14 16
Profile Likelihood Ratio

Observe null p-value of 34% at 33 GeV/c?,
corresponding to 0.40 significance
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DISCUSSION
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“Sub-threshold” fluctuations

>

m | -

X i Nuclear recoils

=~ 20

A ¢ 1

v Ex 1
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N 205!
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k. — [ 1

2 15F!

= ~

(@) :

E =~

c 10 p0 0.4157 + 0.01011

@ 2 D1 1.438 + 0.005674

C - p2 -0.05727 + 0.001005

— 5 p3 0.002528 + 7.494e-05
B pd -6.107¢-05 + 2.468¢-06
/\ | p5 5.919¢-07 + 2.958e-08

[ | | l | A L | l

L ] ] L ] L | L ]
9% 10 20 30
<S1> [phe]

Fluctuations from lower energies into
WS in minimal, due to 3 keVnr cut-off

P < L
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Systematic uncertainty on N

Mean log10(S2, /S1) (phefphe)
N

—
RN

1.7F

.
w
| 1 1l 1

LG

R discrimination

We adjust the mean and width of the data (red) to match simulation (blue) and adjust
NEST predictions by the same amount, treat shift in UL as a systematic uncertainty

- NEST Prediction

(Gaussian mean

— Simulation

- Data

NEST prediction for
flat NR spectrum

,
1

i . . ' : ' ' A | S ' A
5 10 15 20 25 30

04r

Sigma log10(S2, /51) (phe/phe)
o
N

0 5 10

—— NEST Prediction |

Gaussian sigma —— Simulation
- Data

- NEST prediction for
- flat NR spectrum
- - T s 20 25 30
S1 (phe)

Find systematic shift of ~25% higher in the UL
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Improved light collection with respect to Xenon100

Light yield (pe/keV)

3.2

2.8

2.6

2.4

2.2

1.8

1.6

LGX

ll|lll

—&— Data

—®— NEST MC

:— —ill— 122 keV best estimate

E % LUX estimates a comparable light yield

- N / of 5.9 phe/keV at 122 keV

- % " i

:_ XENON100, A. Melgarejo @IDM2012 i

1 | 1 I 1 | 1 | 1 1
40 60 100 300 600

Energy (keV)
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2 [imits in 2009

Cross—section [sz] (normalised to nucleon)
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Edelweiss | (2009)
CDMS Il (all) (2009)
ZEPLIN I11 (2009)
XENON10 (2008)
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2 [imits in 2010

Cross—section [sz] (normalised to nucleon)

10

WIMP Mass [GCV/Cz]

CoGeNT (2010)
CDMS-II Si ROI (2013)
Edelweiss Il (2010)
CDMS Il (all) (2009)
CDMS Il (all) (2010)
ZEPLIN I11 (2009)
XENON100 (2010)
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WIM

P |imits in 2011
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P |limits in 2012

Cross—section [sz] (normalised to nucleon)
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XENON100 (2012)
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LG

Race to the bottom...
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R ... In.a good way
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Sack-up
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Table of events after selection requirements

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

fiducial volume 160
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LG

Validation of charge yield in simulation

AmBe data (circles) & sim (line)

relative differential rate

10 £
/ 10’ 10°
S2 x,y.z corrected (extracted electrons)

Turnover in data primarily
due to S1 efficiency;
we require signal scatter to
reconstruct NR events
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LO

83Ky source data
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corrected radius squared (cm”?)

100 200

0
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=ST - NR recoills

25

yield [photons/keV]

1

1 10

100
recoil energy [keV]

yield [electrons/keV]

6 ¢ T
5 2
4 3
3 [ 50 Viecm
: 100
200
2 [ 500
- 1000
2000
1
0 E s ey |
10 100

recoil energy [keV]
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ST -

R recolls

yield [photons/keV]

yield [electrons/keV]
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Surface commissioning - light collection

0-16 | I | I l I I
+ Data 25 cm
0.14|-|—Fit Compton Edge + Photo Peak | | i __.*x il
' ——Fit Compton Edge. n=5243+27 : :
——Fit Photo Peak. u=5624+8
012 ___Fit BackScatter. u=1741+34 i
0.1F ? .
0 s e
2 T z
8 Wik
J i, W
“ 7
L \
0.02f 34+ -5 .
+ HET
,-/+
ol

0 1000 2000 3000 4000 5000 6000 7000 8000

Pulse Area Phe

Obtain 8 phe/keV from a 662 keV y (13’Cs source) at zero field
= more than 2.5 times the value reported by Xenon100!
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Surface commissioning - simulation tuned to data

7 07 = 2400
< = 5 C
s F £ 2200
€ 06 3 -
8 > 2000{—
e F 5 F
& 05 2 1800~
1600—
0.4 — -
L 1400— 164 keV
03 1200
: - 236 keV (=39.6 + 196.6 keV)
0.2 :_ 1000 :—
. 800— ; -,
0.1 - : Y
BO0KG, wp ™ M ""‘""-'-.-.‘-
iy | I I I | | I I 1 "1
Bhoo v o s v b v b oo o nna bowwa b valaid 40_]lll BEEENESEE RN b s v e b v v bew v losns
% 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 900" 300 400 500 600 700 800 900 1000 1100 1200
S1 Weighted Yield [a.u.] S1 Weighted Yield [a.u.]

By tuning simulation to multiple
sources, we extract:
PTFE reflectivity = 100*°2%
photoabsorption length = 1124 m
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Simulation reproduces the
resolution of the S1 energy
distribution!



85Ky removal

Use gas chromatography to remove Kr

charcoal

85Kr is a “naked” beta emitter
with half-life of 10.7 yrs

Use He as a carrier gas to
pass the “dirty” xenon (100
popb Kr contamination)
through charcoal column - Xe
20 times “stickier” than Kr in
charcoal

Goal: < 5 ppt Kr
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Chromatography
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Improvements in S2 threshold

Extraction efficiency

1.0

0.8

06

04

0.2

0.0

E, kViem

LUX operating fields

From Chepel and Araujo, arXiv:1207.2292

N photons/e/cm

dN
P —aE— P—y [photons/e/cm].

NN

Electric field

Pressure
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50% AmBe source N

R discrimination

L)

Mean “discrimination” at 50% NR acceptance (AmBe) of 99.6% between [2,30] phe

leakage fraction

5

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

90%

99%

99.9%

99.99%

discrimination
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L/ projections
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Mean free path length in LXe

Scatterlng Iength (aII processes) for shleldlng materlals

....... LXe

10 10 10 10 10
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Attenuation length (cm)
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Photon attenuation in several materials
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PMT light response functions

LEX

Ratio (PMT Intensity)/(Total Intensity)

Radial LRF

Data

®  Median Value
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Distance PMT-event (cm)
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